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Gas Phase Chemistry of Superheavy Elements
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(GSI Helmbholtzzentrum fiir Schwerionenforschung, Darmstadt, Germany)

Alexander Yakushev

Long-lived isotopes of superheavy elements (SHE) with atomic number Z> 108 can be produced
via fusion reactions between heavy actinide targets and neutron-rich projectiles at a rate of single
atoms per day or per week only. Investigating the neutron-rich SHE nuclei using rapid gas-chemical
separation and subsequent on-line detection provides an independent chemical characterization and an
alternative separation technique to electromagnetic recoil separators. The highly efficient separation of
Hs in the form of HsO, is an impressive example for such studies of the nuclear reaction mechanism
and nuclear structure [1,2]. Approaching the heaviest elements, the coupling of chemistry setups to a
recoil separator promises extremely high sensitivity due to strong suppression of background from
unwanted species. The use of combination of two separation techniques, physical pre-separation and
gas phase chemistry opens the possibility for investigating new compound classes of superheavy
elements [3,4].

Electron shells of SHE are influenced by strong relativistic effects caused by the high value of Z.
The lighter transactinides with Z = 104-108 were experimentally shown to be members of groups 4
through 8 of the Periodic Table of the elements [5]. Early atomic calculations predicted copernicium
(Cn, element 112) and flerovium (F1, element 114) to be noble gas-like due to the strong relativistic
stabilization of the closed-shell configuration 6d'°7s® in Cn, and the very large spin-orbit splitting in
7p AOs resulting in the quasi-closed-shell configuration 7s*7p,,” in F1 [6]. Recent fully relativistic
calculations studying Cn and F1 in different environments suggest those to be less reactive compared
to their lighter homologues in the group, but still exhibiting metallic character [7]. Experimental
gas-chromatography studies on Cn have, indeed, revealed a weak metal-metal bond formation with
gold [8]. In contrast to this, for Fl, the unexpected formation of a physisorption bond upon adsorption
on gold was inferred from first experiments performed by the PSI-FLNR collaboration [9].

7

COMPACT I (IC) COMPACT Il (TC)

Fig. 1. Schematic drawing of the TASCA-COMPACT? set-up used for the gas chromatographic

investigation of the volatility of F1 and its reactivity towards Au.
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The second successful gas chromatography study on Fl upon the adsorption on gold was
performed after the pre-separation with a gas-filled separator TASCA [10]. Two COMPACT detectors
were mounted directly to the exit of TASCA (Fig. 1). Two decay chains, one from ***FI and one **’F1
were deposited on gold at room temperature. This result is indicative for the formation of a
metal-metal bond between Fl and gold, and thus, demonstrates the metallic character of FI [11].
Several further studies on F1 chemistry were performed. More Fl atoms were observed in experiments
at TASCA. The newest data will be presented.

Element 113, for which the name Nihonium after Japan was proposed this year, is the next very hot
topic in the SHE chemistry. First gas-phase studies on nihonium were performed at the FLNR, Dubna
and at GSI, Darmstadt. Nihonium has one unpaired 7ps/, electron, and therefore should be much more
reactive compared to the neighbors Cn and Fl, which have closed shells. The results of the recent
experiment on nihonium chemistry at TASCA will be presented.

The new compound was recently investigated for Sg (element 106), Sg(CO)s — the first
organo-metallic compound of superheavy elements. Sg atoms were pre-separated in a gas-filled
separator GARIS and stopped in a gas mixture containing CO gas. Volatile carbonyls were formed and
transported to COMPACT detector. The adsorption behavior of Sg(CO)s was studied by gas-solid
chromatography in comparison with nearest homologs in the group, Mo and W [12,13].
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D, AKIFETHEONTEERIELIFEFICLL T 5, 2O &1L, L JRFORINEE FiuE
DIpy, THY, Lr NEWRNPOOTEEIFZERLIBTIAHEL OO L LRI RET 5, pHl
BIZOEDDME 2B OETEEIL. p 7R Y ZIERTHLIA LTV TLRZ VU ARNET
% 13 R EFEIT 5, TUPAC IZ LU, BEBSREIT Al S Tniny d il %
Fo, HAHOWVNT dLBEICE S THA AL LD LR TE D] EERINTND, ZDER
IZHEZIE, Lr 3B AR ClIa . TR L WS Z LT b,

ZOE ST, Lr OFAMEOAEIZET D5mIE. 550 100 %48 2 5 BRI
BWT, A#HIFEREZEOWA TV EEZ DG LD, DA TEY Lu & Lr ®FEHFERONL
EIZOWT, ZV % A RBXORT 7 F /A4 REFXBIL, ATV T AS)BLOA v MY
TAY)E EBIZ 3 BEIELTRELWVWIIFEMAZ2IN TS, KRN Z o0iT Lo T,
TUPAC([EBEHIIE « )AL HEA) X Lu & Lr AR EOLEIZHOW TG 2B L7z, 3C
(ZH AT TN—T WA H EF o TR Y ., Ema D TV 5[3],

Tb Dy Ho Er Tm Yb Lu

Actinides

~

Lanthanides

&)}
—
—

The first ionization potential / eV

[1]J. -P. Desclaux & B. Fricke, J. Phys., 41. 943 - 946 (1980).
[2] T. K. Sato et al., Nature, 520, 209-211 (2015).
[3] E. Scherri, Chem. International, March-April 22-23 (2016).
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3501 FHHR—T D LADBRILFHARDI=HDH L LWAHTEDEF
— IRk & FEEALE —
(BRBEEE) O%EAR B 52

(3T oic] BUEOLRAMERORK T, 5 7 IR T 2R -3EF 5O ITRE 2R oH
TH, FHTETFES 104 FLUREOET 7 F /A ik (BEITE) OLAOHEICIIRE 2
BURNRF 7oL, WFE ST D, AR R E < 70 D HOTHE IV T, BB EE T
HDHEBEZLNDBEILEDILTFINEE & ZDRIFELHE & OFERIMEZT D 2 & I3 BBRRN,
— T, ZNOMEILRIL, HA A UEMA LSS E o TRWAERRTULNERTE S,
B2 B IREE T O IR 2 i L 2 T 63, JERICE LY., S5
(2 B HE o BREITIZIEIRE Sh, O 72O OFUEFHR & ERFH CEET 2 0 ER H 5,
o, BBISERM & IR ISR Lt 2 ISR A > 7 A UosdE, i
ERECE L ATEELLE S R CALFHIEZAT 5 720 DL Pk, o MIERENLETH
B ZDIH, BEILEOFHIIMEE DL AXELEFTIHI TR,

AAFIETIL, 104 Tk RE ZxtG & Lo LMot Fik L LT, IRTRSEBRIE & il o
MR EBNEZ T 2 Z L3 TE T,

(JLrkiE] 2 E COMEILRDOEIHRILT & LTI, EITA A 2 &HIEI TRHEM R IE DY F2 ki
SNTE T, AWPETIE, REBEEENCER L. 2 OMEZ#HD 20D FikE, REMHE L HE
i Uiz, H—BREE T, L@ 28T 2 La7ikn /e < BRI TO o BHIE D
HLSOLHETH o7z, AWIETIE, @OMIETO a MRIEICHKII L TV~ U v AL
EOBEITRE~OEM 2R AT, ~VTF b= —2HWT, tke RFEOCHE O LI 2EE)
R FEEREOWEZRE TR DR T2 ZOFETHRDLZENTEDLZ L E2MHERL, &
512 Rf OFIEILFE O Zr, HE, Th OZEB) 2 X 0 FEANZHH~ T R FZBRICHE Y 22 R A 2 IR E
Uiz, Flo, s> 7 A o EhR %2 R $ 5 7o O O RACEERE ., Wal HiadEiE 2 A% L,
NGEERA L T A DT A MFEBREFN L, REOLEFBRFIEL LTHYLT L2 LR TE L,
CPREERIIE] BRI 1 502 hEL F &2 5 BEEHOLFER L LTI, IR
WAL EA SN TE e, LL, 207D, ALFERISHF3I 3 < 22 WS R Tl
ERRREWNE L VIR D -7, Fo, BEITTRITK L TA A o 2-onh 258 o £
BEAMER LT2B b 2o 7z, ABFETIE, MR A T A 2 OAREE TNy FIEIC ThlH ZEE)
DR B 2 k2L L, ERIRERO TE 2Bz iG55 L4 H
By & LT, SEERASE & IMERR 21T o 7o, WIRALEEE O FIRICHIIE DA - T AL A OS85 &
REL, IRE DR, EREIZL > TEBNNORIRO A ZHEH U, ZRRBEZEZ I o SHIE %
HE)CEMTE 2 X DICEBZHRE L, ZO%EE FERITINHEEA L 7 A v ORETHEH
L. Zr & Hf ZWTZERZ £ L7z, fiRL LT, Ny FIETRIOERE L RO
RBEHLLNTE, FRFIEL LT TS LR TE L, £, EROMEZEB DR
KA DOBL S . REOFBRIZHEA TE 2+ ORISR EBR LITT Z &N TE 7,
(AHEE] AW, REPORS: IRURSEA, BURSEOIIERT P, BAEF T JER %
PG K Ham—RRSEE, UK BRI eE 21X U & T 2304 o THRE, ZHiE,
WNEAREZEF S, MALEHR S A, BRNEEBESAZIZLO LT 2REDTT 2 D IO TFIZ
FEEINZbDOTT, T ZITLLVEHHR L B ET,

Developments of the chemical experiment methods for rutherfordium: coprecipitation and observation

of equilibrium in extraction reactions
KASAMATSU, Y.
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3502 ARINGT—HDFINTA—42 LZENBEEFRA L
df 7Oy oot REME

(A AT I 5ER JEpkAE) O e+ BLE

(#E]

AANT T —0360%, BT 5 EOEMITE T DR HREZ FEICFE R T 5, A A
NOT —=GHNRNTGA—=BD—=DThDHAANYT =ML 7 MNO)IE, FBHT DR OBE
BRAE VIRRBICE > TEILT D, Bz, YFe ® s HEZRET D Lk b, SKLEHD
AV VHRBEEI THDH A 7 0 AL —R—(SCOBRSEEBH T2 Z LN TE, SCO MLz
LHINENEHETHZENTE D, IHIT, §EITR FEALE TOELHEE (po)l 2 Hfpl 35 D
T, JRPM#ELEDL s BFICG 2 0 EORELZ ERLTEX 5, WUDOXR T =0 AEEKD
SNP)EIALEMNZ Lo THEZR Y | Np-Bf FHOIEFR-EEDORE SR T 5 LN TE
Al
AIRIED BHIE, A ANT T =38 T 2 —2 % W CHEALFEN TIETH 5 5% LB
Brkut L, ZOHREFEEZAWCERT28S2ET UL T 52 THD, AR,
RELHGTTEZODT—~ (i) B AMEFEHLD SCO-on/off AA > F 2 F2EH), (i) 7
ZI)A KT IF A REEROREIREIITE 5725,

[$% — MEEFEREEIRD SCO-on/off R4 v F L %E) 2]

JRFAT d° FEF- AR o8k i A3, IENEESGIZ WL TE A B (HS) LR A B (LS)
ZHLY 5 %, HS(S = 2)-LS(S = OO R & a8 28 Th 5 SCO BIR DR BURIK % PR3 5
Tl DAL T T TN ADT A o NEDIRND, L LG, SCO FHLA D
= X DK B BGRIAFZEILZ < 72\, [Fe(NCS)y(pyridine)s] % == b & 4 EREAIGER T
%, 7 A MBS RCERIE I X 0 BB SCO WL Z A E N LT D, SCO M Z B
A(SCO-on), KIRIZEBWT LS, MiEIZHBWTHS &720 . SCO M Z 572\ A (SCO-off).
REICE BT HS THD, LEN-T, KRICBWTED A L IRREBNLEN R RFEDL D 2
& T SCO-on/off Zz FHITX 5,

Bk TAMEE IR O BT, BE O B S
HEAEZML, 11 {50 SCO-on $EK, 7 HD
SCO-off $fifkZ x5 & Lz, Higk=>2=v hT
& 5 [Fe(NCS)y(pyridine)s] % & 7 /L § 1K &
L. HS & LS OWGEFIZB N TR L F—
R 21T o 7o, W 5 3R 15D SCO-on/off
ZW) & B ATREDHED N D T2, N
A& F£41 5 Hartree-Fock AT /L
—DEGE OND 25%E TEILSE, £
DOFER. 10 %D Hartree-Fock ASHaIH %53
PR DY SCO-on/off Z#h a2 K< HEL LT, Z
OHHHZHWT, LS & HS ODRT v b

Low-spinﬁ

High-spin

potential energy / kcal mol*

Fig. 1 [Fe(NCS)x(pyridine)s] DR T > 3 ¥ /L il [
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T3 )LX— i % Fe-N il & Fe-pyridine @ A IZxF L T = RITTHIITHi W= (Fig. 1), =D
fE . Fe-pyridine i DZ{LIZEES T, SCO-on/off ZHENBAA v FTHZ LA LML
7

(52874 F-F7OF/ A4 FEFROIEERERSE ]

w1 LV BURYEBETEY) O Sy B DBIF I B W T, ~ A =T 7 F /14 FMA)& T &~
H A RLn)DBEA = AL ER ST 52 L ITEERRETH D, BRI X 55
BEEBRIZHB W T, MA/Ln BRIV D R —OMWEITEFET D 2 E0VRIB SN0,
MA L Ln &FEEIRIEBICKRTT 2 BRI ZE N RO ONTE, LML L, 7y
L& OREA I T 2 B EPLBEIEIE DS HEIX, Holc@Em STy, 22T, BEu
L BINp DA ANY T —BUER S 7 MEEZ W CEHEFEOR L F~v— 7 2T, MA T
» % Am, Ln Th 5 Eu SEIRKDFE G IREEZ TR~ 7=,

S MBI po MEIZEBIT D DT, ERIED s HEFHHEMED po 271> b L, —IROBIEMEA L
95 2 & CRAEFIEOZ YL T CTE D, Eu,Np ENEI 10 $EkEZ X TF~v—2r &y b
& LT, Bkx 73 Hartree-Fock ZZHEI S 2 & Teil B CLbi L 72, £ DR, 50 % Hartree-
Fock ZZHEHZFFOBERD po DY 5("*'Eu),
S Np)fiE & B < MBI L. 9725 Eu, Np 84
ROFESIREZHH LZ, ZoMHmEHW
T, Bu & Am OV TF A KRR T 4 V[
(RPPS:H)SEIR DAEAARBEZ T~ T, £ DO
Fe. FHE LR O TR E2 Y 3 Bu &
Am TH72 Y 4f(Bu) & SITER Y 2R/
WOIZXF L. Sf(Am) & S ITFEARIRE 2R Y
%~ L7=(Fig. 2). f BBEE - OfE A&~ D% 5- M=Eu
DD, AmEu HERBICERIT S 2 & pig 2 (MMeaPS2)s100 £ s o 43 L
R LT,

EXLD)!

FEEPLBEAEE AW d, £ 78 v 7 85RO EIRBIFEIZ OV CGlR 7o, B 7R 3R TR
RN TIEE o DT —~IZ X > TR D, LLAERL, AANRTT =W T A—H %
FAWTEEIBEBHEOZYMEZ TN 2 2 L8, FRENOBRRITHT D L0 BOBRIC
BNLZ LR LT,

(5% 3Xik]
[1] M. Kaneko, S. Tokinobu, S. Nakashima, Chem. Lett., 2013, 42, 1432-1434.
[2] M. Kaneko, S. Nakashima, Bull. Chem. Soc. Jpn., 2015, 88, 1164-1170.
[3] M. Kaneko, S. Miyashita, S. Nakashima, Dalton Trans., 2015, 44, 8080-8088.
[4] M. Kaneko, S. Miyashita, S. Nakashima, Inorg. Chem., 2015, 54, 7103-7109.
[5] M. Kaneko, S. Miyashita, S. Nakashima, Croat. Chem. Acta, 2016, 88, 347-353.
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BIaAd U ERVEERIR=RITTRATEDRRE
(FRAREER) O —EFIE

3503

B aAVIBEFLERIUBMRHEZEDL, BF0 20 (FOEELZFHHOFHNFTH D, AIaA
VB TEIET S L, SaFVETFEMRIEINSIETO—ONRAI aF VICEE b T
JFFREERRT D, 2 a2tV EFNDITE I 24 OBEICEV, BF ORE X O 200
FEOTINX—%FED, I a A U XBENBEIND, Bxld, 2O 24 U /FE X%
FALEHF LWE A TOIREBEDINEDORRICZNE TRV EATX T,

L2 A UREE X BRIIEEICE AL —TH D LD, WENTERS HER LEREIC
[ROBRWSHNAEETH D, FTLAI 2V OARZRX VX —2RIRTHZ LI, WE
PCOEIMIE, T720bb I a4 VB X BORAEMBELZHIET L Z LN TES, EHICT
FBILL-> T 2 AV FEFORRMER, bbb oICBI 2REXITEA LB LN &
DESITEY, ZRERESTNAETH D, ZOXIICAI 242K DRI,
IEMEE T, SR, SDHICELEERBOTEESHT N TE D E W) OFIEITIT/RNT
SR ERF > TWD, A 2 XD mR o O e, 40 FLL ERNICERM I T
W], 2 E TIREWMZR SO RN N OB TN DR TH T, Fox O
BTN —T1F, EFFHAFAREE R > RBEEDO I =4 i (J-PARC, RIKEN-RAL,
RCNP-MuSIC) #AWT, A 242XV ERIRZREESHTIZPD THREI L, #Hizie
TEEOMEE L CHESL L72[2-4],

Fax NEBRICAI 24 K50 &2To 72
FEERO—F L LT X1 ICITEH ORI/ NE D4
DEH R OVERE A 2R, ILFHO/NEIE, 2 100 —————— &~
DOFFRI 72 BUED O RETE CEOEHFENE N
BEESTVWDHZ ENmbNTWA A a2t
LB ChREE~A 7 0 A — hLOTE
IZEDERRNEFICEWEL S D Z & &k
ICHER CE T, T2 Z OOMTFERIZ. BEESHTIC
L0 mEmEN T\ D& DE R ROVRE S . . L =
IZHERIC—HLTWD Z &b T[4, 10 20 300

B 2 A E AW ORI FEE T Ly 8317 UFIERSE (um)
@%%@W%@&ﬁ%ﬁ%ﬁﬁ%@ﬁ“ﬁ#é 1 : 2 = X LD L 20
:&#f%é%f®ﬁ&fb&m@m?ﬂ%ﬂ 4] 0 55 3 AT 4]

ME LW HIFIR S D H OO A% EEREE A~
DHFITSHEN TV Z & 2 L2,

[ 30k ]

[1] H. Daniel, Nuclear-Medizin 4 (1969) 311

[2] K. Ninomiya et.al., Bull. Chem. Soc. Jpn., 85 (2012) 228
[3] K. Ninomiya et.al., JPS Conf. Proc., 8 (2015) 033005
]

[4] K. Ninomiya et.al., Anal. Chem., 87 (2015) 4597
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Development of nondestructive, position-selective and multi-elemental analysis method with negative
muons
NINOMIYA, K.
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Mg B o MR AR O I ETEB E B L ONHIERE "2 FE~ DS
(BIRKF: AEHRR) A BUE

3504

NFL®HIZ

HIERF I, S FE I E R RARB I OAN TR EEFESFE L TV D, FRZ, R AR
Do, SR EDBLE D ORI 59, #IER < BREALFFTEDOY — L E LTHE
TRHINTND, THHEREORHMEEZRI L, AT 5720I21%, MEO ST EERE 23 %41
Thd, EMETHERIE - EEICE, BREREAEDREI O~ Y 7 2505 i T
72 BWIREHE 2 2 HE - RSB 2 Tl & . DI ERFE OB E T 72 WK L L RTE H
DL T0 2, EFITRF, OBHYEREFE - BURRORERNEOSHEOBS., QBRI
HE -« ORI TE, QSR AE 7 u — 7 &3 A HIER - BEM LA IC D > T X -,
AFEE T, &b IEEWTE MR M ERHE, ROl Y 7 InB bR, OoHT -
BIEEOBF, BREEASHEMIE, HIER « BREALFM T~ A RO E R AR ST
Wi=72 <,

2) IMGTHERLFE, $FIC o SR RTED 24T - BIEEDREHR

EFIT, WU N —TORE, BERMTOBEREM L Raff A7 hr X b (X
ICP-MS) % #lAaEbEd Z LiCk v, YEFREETH - 72 BREE R OVEREEH o 2 < &7 ik
FHEEEEZBVEE CERETA I LA MREL L, TN OREOBERE AN, ZRENRIA K O
< MREFHIAFTE A IR < F&BH L 7o, T I TRE S IR ITIEME T b o 7o HRENE Pu FR{EIT DU TR,
WilEKET =7 AREEZ WD Z LI X 0 UESHT 2 ATRE & LT, £ 72, Frlil e it
Hi71] DBDECMP, DBDECP % FHV 7= 3fifigtt: N T Pu, Am fliH B2 ML L7z, & 51T, M TIMS
PIANCIRHIE Sk 72 0o 72 2Pu/*Pu ANV EL 2 Lx/ofRIEIC L W AIRE S L7z (IVRFSEA: &
JE[A]) . BREE TR TR TRIEREETH - 72 Z'Np 12OV T, Np P Am O T FREHE)
(I 2 Np)& h L—H & L THERE (15 50-100 g) 75 Np & HiH b0 syl - i
L. o A7 b A MVICE Y ERECERT D FIEOBRRICHEE Lz, Yk, KEOEZ
7 4 =/ RAEBREH AL 3% 550 O TE Y Ry 2 B & VBREE ISR D PNp T — X T ETH -
=0, WHRBREEF O P Np BESARC PNp/” P Pu IERELL A A B ST 5 Z E A K
Toe Fio. BEHMEFEHME o= ANV X —2ZE L ETHL—H %28 E L, Np ke
Pu &N Am (Cm) pHriEZEAA DY, F—iE b O E Np, Pu, Am (Cm) ZRHT
EHHEL LT, &5, BHYRAZ b X MU TEAYZ 7T 8 (BG) @<, M
IR EE D Ra FNLAHEIEIZREECTH > 72720, afp A7 o A R UIZ &0 BRE K O ARGE
O FE O Ra FNLARHIEREZ B Lz, ZOREETIE, FIRRE=4% & LT *Ra (B
BE . PTh OT-FE5FE) % AV, B0k - ik, Ae8ICES L7z Ra D HRE
T 5 RN T 2ot 2 AW CEIEZHE T 5 2 & T, e TERWIRE O Ra [RINZAE
(*Ra, ?Ra. Ra, PRa—>Th)Z E&T 2 &\ ) B RNEEZ LT 5 2 LI L
7o ZOFEIZ. KAMEOKANDE-II KFEN O AH Ra JEFEARRALICIR D T — &2 OILEC
Aubhiz, £72. %77 20 NEROHRENC B EA L, MREFHBHFZEIC b Bk L7,
NBVT URRAEAREDREMS AR

BREEICHRT 210D TIRW L)L DR Y 7 VLR I T 2 B IR EBIEDRFIZ L |
global fallout ® *Np 1L U &Y T L kORI T DMK, BT & 20
REEEZHOMNCT HZ LT, ZOREMBEESHTTO= RA A= LTHEHSND
BB Y 7 ViR EYRD BG 7 —# R L, R OB IR L-, EEO
YT 7 4 )b REREHELEL T30 6 ORI ST =T A U v 3 2 MO IR FE
BIZBWT, IRIERAICHEREY) H D Np, Pu, Am, Cm KON Te (Cs) JREECRIN AL 2 EHfE
IZEHIE L. T30 Ofg i EOHEE, IR COZEBOER | O S8 (Tc>Cs>Np>Am
ZPu) 72 E IR C OB O B TRE 2 520 Lz, R T AMmIZ OV TP "Am
DIFELH ST LTz, FEKBREEICEW T H KL OWKN (Z 7R COMfE s
M, KEEME PCs b EDTZBY 7 L nEOILME « HEFEFEI~ OB L R L, HEk L
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FIE~BE S, S5, T/ T4 VRBES FREN, LE - RIHFEE BV
HEWT), JCO MFAFH, [ V# Y 2 /%T F o R 7 B EBRIGE O MR o5 Ye il ¢ Olg =
VMIFFEZATUV, 7T 2 - 8D T UEFEDRNARTERSHT (Isotopic fingerprint analysis) (2 X 5
TEYSFGRRBIEC X0 2 ORI ORE G0t X < BREREMIC E ik L=, #RlC, FHEEIICK
~FL/7L: (%@WJ 0367\@?%))%\ 60C0\ 137CS\ 234’235’238U\ 238,239,240,241Pu &U\ 241Am 72’)\%0)%&*/"
TIEICEETD & LI PTUD TR TH D P'Np 290 CIERKICERT S Z LIk
L7 (Health Physics §(Z Research topic & L C#l), £/, BY 7 VR L H1HRECED
BOE < BREFHMAF RIS BV TIE, 1994~2013 EREE D7 2 2 U ILREO® I 37 F o &
7 ¥ IR M QRO ) & | (5 YREEA B O R < AR BRI O A7 & TR 17 -
T&E2, ZOZ ENFHE S, 2003 FIZiT A7 2 &2 oS fE (AL - HE - AR—Y
E) o T 2Z AHFEOS~OREES AT A~OFHK & U THFIEEZZE LT,
4) S ERGIAZFIA L /- #hEk - RIFCEHAR

R O R B R RE T E O BHFE SO [RIAL AR A3 AR+ KELARIC B9 2 R A W RRBR & E R A TS
HL., HER « BRE(LZ DB ~DISHMFTE LT > TE 2, KbEd D OI5EYRYE O 5L
EFETIE, — 7 HZLEOBRTY (B RAz 7Yy b0 ) Z2E. Thb
D*Pb, Be/yHr # 20134E £ T - HEAEICHOTVITH Z &L T MERESCHREA D =X 4,
HFETZN === g BRI = — =Y BIR ORI 2 A 7 v E b EFBH N —F L T
HZEERVELEDE, ZORPIFIEMT 2ty bOEEM L HRAM A - EHER G
& L TJ. Environ. Radioactivity® m sl i@ s LTh~—27 iz, MAT, U+ Th
B OV O ZRINEETE 2 V72 EHERRNE . R AKDOUICE D 5 oK BkBLR IS BIR S 5 BF
gt 2'Pb-*'"Poillf DN Na%s OB B IS TFEAE 3 2 Wi & O B ME R AR 2 i A L 7=k, [
KBBRFIERERME (R T ONAL INANRET L IND T T AT VI OHETEY % %t 5)
BT RS 2R I T& =, 72, PURAMS (A=A MY T « 74— K
¥VERA) CTHIE L., Za— )73 —1LT7 7 hMETE (1000 kg) % 45D CTREAf L
%L, REFBES~OIEH, S OICYRBEROAFERREICE B L, WEREKOE
BAL—V L LTHATEAEELZEELEZ, Zhid, BHEMA STV s PCsic
RDBT- R WHERE P L =Y LTOT LA 7 A= 0, WE LR CEER
ML —HEREE LT, BIEMANENRY 2o b 5, IR AP ORaFNMAKFZE Tl
KEFE (1000 m#k) Na-CUH O & /3R R /AK ORalFNAKIZAE B L, i 5 ko HE 78 2 1
TE™Rad A& (>1 Ba/kg) DIRFRAFEOEBMEEZH O N Lz, PFET, IERA—U
Y7 a7 ®U, Th, RaFfiELHEIE L., ERaF HIREOKK L, HREORIRIZE LD
b HEK D D VITEREE LR R X 0 Bk L7z iRIC k3 2 &0 # Tk (Razs
REETHDI L 2ERTHRAB) LT L UEHREOEARE (a—F 40 7)) O
FU A (Th) 26 Do BRICH KT 2 A REMERE WD & 2o L, S RE R AR E o — i
BN LT,

BEE . o, BARMMEFEOFSEZEE, BIZENORETT, ZOREIX,
CXBEICTH D ERKFLZHZ - IR EIEE., IRIA W AE L ofEELREE L 2
HOXDLIZARKE - KLUV RE R i ix (LLRL) BIfRE OO N FEE L
TR EOBYM THY ., BELEOENRTT, SHICEDLET, REZSOHREEND
TXPE - THREASELLDEHELET, FFIZ. LLRLO BB B Oz, SR KFED
AL O RAR . Rl F ATARIITFAERFRD2 L EVWHIMICHOE-TZ
B, BEELSEXEAEEE LE, £, Z0HIT., AKFICE L oRFENFZEE2 X
X CFIolfleh, MEFTOH 2, ZESLTEOLLWFAD T XRIZEDZLDOTH
D, HEDOZERANEDZ EZBVEHIRMEZXGT IR TEELE, ZTNET
DETORMREFIC OB LE T,

Development of measurement techniques for low-level alpha-emitting radionuclides and their
applications to geochemical sciences
YAMAMOTO Masayoshi
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1A01 BEHEE S LOFANIN S BKADBITIZHES
BANFH,IoOBRKRIZET S GAM ET LA LDEE
(HORBeE, * PERERE, PSR, THORRIC, BRI R)
O=JH#E ', Fan Qiaohui’, ZRJFUME— ', B’ fRIEIEE
AHLPE, MR, miffsER !

[IXCHIC] BT 4 (Cs) TR A BEEICRH LT, BAR2WaE 1% OB O
A MIWET L EEZEZX DN TS, fEEH—JRIE (FDNPP) Sl TR S 7o ot
Cs 1%, FIZIBERL 12 SNTDIREETHRIICHFTET 228, W HHgE~EB
179 28R CHIRES Cs IBE OBV BRI - DRSS L E 2 b5,
AR TIX, IR A B A~D Cs OWMAERINT R E LY 52 DR+ & U CHERE L
RINGHEMTIER U, 722 DR & AR L TG ER ATV, £ OWRMAE
JE~DEBE T, F£7-. EXAFS {EIC L DHEEITCA 4 BT TV (GAM)
IZE DA F L RBIEDET MEBAIT o T, BAERIZIE, 2D OFEFRITEED X ik
DB EFHIA NIRRT DK P~ EETHT Cs OEGERD D Z ENHIET
» b,

[RER) ZUBHTIIAR S b CERER U 72 IR, MR OBk, )1 DRRE R
ROVEEND 2 T, B LK T L D2 AR E 21TV, BRERTR CO AR RIRE
BHIE Uiz, FHEMIERERTR ORL12% LT, ) KSeMEK DRS¢ ¥Cs b
L—H—Z N CENR Y ECAR L Ke 23R 7=, b ki Cs @ L3 WU
EXAFS % Photon Factory BL-9A 8\ X BL-12C CTHIE L7z, KL FIZE STz
FDNPP H13k D ¥Cs 1Zxt L TH . D ORI THJIK « #EKIZ X 5 s K %
T, BCs OB EE T2, GAMIZ X DEFEEITV, e DR ESCH Y &
TODO KgZRDT-,

[#EREEER] Cesium-137 b L—H—DIFINER TIX, AEMORERL TKIT ER L
oo THUE. AL > THiF~D Cs DWENHESNTND Z & &R LT
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A chemical behavior of cesium in substrates for cultivated Shiitake
MURANOI, T., KINO, Y., ITABASHI, Y., NAKAJIMA, T., KORIYAMA, S., KIMURA, E.,
SHIGIHARA, T.
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Estimation of Sr-90 and Cs-137 contamination in habitat of cattle by measuring of
radioactive concentration in teeth.

KOARAI, K., KINO, Y., NISHIYAMA, J., TAKAHASHI, A., SUZUKI, T., SHIMIZU, Y.,
CHIBA, M., OSAKA, K., SASAKI, K., FUKUDA, T., ISOGAI, E., OKA, T., SEKINE, T.,
FUKUMOTO, M. and SHINODA, H.
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31 AJLIEFD etal. WAAORNF. WA AFMFE2:(2015)
Time course change in Sr-90 concentration in hard tissues of cattle suffered from the Fukushima

Daiichi Nuclear Power Plant accident

NISHIYAMA, J., KOARAI, K., KINO, Y., SHIMIZU, Y., TAKAHASHI, A., SUZUKI, T., CHIBA, M.,
OSAKA, K., SASAKI, K., FUKUDA, T., ISOGAI, E., OKA, T., SEKINE, T., FUKUMOTO, M.,
SHINODA, H.
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1291/81T ratios for airborne particulate matters collected just after the nuclear power accident in
Fukushima

EBIHARA, M., OURA, Y., SHIRAI, N., TSURUTA, H., MORIGUCHI, Y., NAGAKAWA, Y.,
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Fxix, Z< OBIBEROWH 1 %25 T, FERLIRYE (SPM) B B)FHHIEE T 2011 47 3 A DJFH
HHCY IR 1 BRI 2 &2 SPM MR SN2 T — TR ARE D PICs DEREE 2012 £ L V1T
TBY, INETICEICEBS RSB ICBIT D P s ORI HFZER 4540 2 B 5 i L
7. 99 HUSORIERRITT TITAR LI, BRI, S SICIRBZRREZE/M 04m &, B 7 C
DOFEM 7R ZE M A6 2 B D ST XL H =2 S T ¥ies EREFT 0D, —0, (ERO
X< ZRHET 5 £, EE A P IFEEE O 0, O KRKHPREILRO - s T L
WESNTELT, BEMOMIIAHTHS. £ T, [ SPMREE A, 3R 1
DEBEATV, JFEFEHBYLEED ' ORFZEM 54 O FE 2 R AT\ 5 [2].

%< O A SPMILER lem OMBRICHE SN TEY, 208 1/4 OHEHWT T OFE
BE{ToTWAS. 2010, £, 1/4 O ¥ s #EE%, T OEREA21TH. T LT, "#I/"Cs
TETBELL & 7Cs PR BT [Bq/m®] 7> B T #2JF [Ba/m*] ZHH 45 . Z O 7= b EAAMICIE, ¥0s & T
25 SPMAHETIZHE —ICH M L TWARERSHSH. L, BRBHZ Ko T, SN —I125
Fidd, SFIERRETHE SN TND X DI, HBAHERE OB IR E N SET D 2
CEF— N TVUFTT T LK VMR LTS, 22T, BEULEAFIERT, BOAUER P SRR AT
78t 2 — (TIRD), HHBRF AU CTHISE L 72t 1 OO JR W R KR IR - 50BF 2> & [EAE 10mm O
RE 2 EE AL, YCs/ T o) —ME AT

BELT,K1IDIZZ7WNIZTIRI Ta)3 A 15 HE (b)3 H 21 HiZRBRES =ikt o4 — b
TUFT T 7 AR 3/21 IXFE I IITIT Y — 2 BUR REREE S ELR S v 23, 3/15 13K RE
DFR SR S EBI S iz, 3/21 Ok HEEK
Sy ECL 72308 (10mm ¢ ) [} D ¥'Cs & T D BURREIZIE 2107 - T
1% Lo 12 (RESCHEHE(RSE 1T 5% & 6%) 78, 3/15 O cuEl @ .
BECIE, T R 9 hTORT oIS ~§ﬁf{
L, " Cs X 15 %DNNT DX ThHo7=. RN E ikt -
RBRL -3 ME & ¥TCs e S K& <, MoFEHT
BWTHREKOMEM A SN, £, 1R 1x107
£ 912, V0s HUHBER K E VIR L, P/ 0s Bt S ®) ..
<, 3/15 OFECIIHhfEHE D 1/ Cs LD A 1T —
ETRWZ ENbh-oTz. —J7,3/21 ORENT e L I R R
B EGIIT DRIIC, A — P T OATTTEED, B et e & 03 3115 & 321 CRRER
SIS G RE S AT DN e AN & T EEMREN Y ik TR (E R 10mm) DA — kT A
SELANE S ICEELTND. 777.
[1]9.Nucl.Radiochem.Sci.15,15(2015). [2] A< 1A08.

Autoradiographs and '1/*¥'Cs ratios for atmospheric particular matters collected just after TEPCO
FDNPP accident

OURA Y., EBIHARA M., SHIRAI N., TSURUTA H., NAKAJIMA T., MORIGUCHI Y., OHARA
T., NAGAKAWA Y., SAKURAI N., HABA H., MATSUZAKI H.
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1A10 BEFE—REILFERICE T LRAEYE E MRS TERFDOEER
R TR L LR ?) OEREE . RATEAT °, e 2

[ =1

BES B ELTIIT AT T A% EL LT-@F Cs R—/L EIMEIEN 2 b Cs 2 @ik
FEIZE TR 725 BB RN D IREFE TRO0 o T\ b, EHERL 1D % < ITRL1-23
R LT & EDOERER LI E EFRBEPITHE T 2720, K123 EOHUIBICFTET 5 iz
T5Z L. EFROWEREMIZT TR FHOERMATO ETHERWICHETH L, Ll
R NS DRLAIZOWT, A N2 b BROBHHMEDE DR BT T DR DOFE
X, O MBIEEAL TWR, THE TORITHIZE T b %8R R X 6k 2 5 G2 i kL
T OWBVIEE SN TED, REAITHHA N> b ERLTORRMEEBLE LI REIT R o T,
% 2 CARZE CIEALTE ksl s B 2B U 72 U PERL Tl2 oW R RIGET E FAR SN D TR D
i 195 G & B PERL 7 0O BIFR I DUV TR L 7,

[T —#]

ABFFETIE, 2013 4 6 - 8 HIC i R #E X Ik CHEREL L 7= BT & D 134Cs, 137Cs, 110mAg
DADEM U RINLR - e (FEfE D, 2014) &, 2O XA — NI OF T T 7 4 —&FHN
THyHE U 72 BURPERL - OB RS R (e S . 2015 - 2016) ZFIFH L7,

(5]

f T — IR BALTEIZ A D E R X, kBRI, 10 2, 3 5HICHRT 515
PeThHDHZENHBHLTWSD, 209 LHLDICHEMER B HFEET D EROLNZOF, 1,
2 BHIC L DI U T CTh D, KT 1 SIS K DI KEBRBERICHRAEL TR, Yk
W HITRENEE pm IZET RN RN TWND, F£72 2 BRETIHEYR LTS S I35 u
m FEJE DR 3 S HERE ST, 2 RSO BN 34 L= D1% 3 A 15 AT DM #R D
SHBREGIZL Db DT, KFBEEO LD RBIN L TiEa <, b filsic 7Y o — A03%)
HELIRIIBERICE DAL 722 b b, REWR B E TREL TWiene&E 2 5
Nb, —F., 3 BICK > THEREACEBFTNOIE, A= I V4T T 7 4 =2k DA ) —
=2 7T, ARy MROBRIIFIEFICD 72 ET2m0BE L TR 7O Cs [RNR ORI, 2
TR LRl —T2 o7, 3 FHEICH KT AR FIXINETOLZARAINTE LT, BURTIE 2
SRR T DR FORBL CE b D EHESIND, O XD ITHFMERLHIZ— Ik S
TWLOTIERLS, FEDA Ny MIBWTHH LIEREMERES W E B bILD, ARRER TITHL
TILEREOELIIZ, 1omAg ORI HHEE S5 HFEIIC OV T HREEZTT I,

Relationship of radioactive materials with radioactive particles at the northwest area of the Fukushima
Nuclear Plant.
SATOU, Y., SUEKI, K., SASA, K.
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RFNERIZ & YR SN BRI ENEOFEEADILE - FHED
AT oms

(BRFE L, PR RI &2 S RAEMBREDOE RN =fMmE . 58
SN D IR (RN 3/ S

pli

[BEYEEFH I8 EFTOFMIC X0 i Sz D EIE, EICE BRI O AR E
B LTz, Dk, EHMETHITEERRIUC X > THEMIERN A~ AT Z ERHE SN
TWb, LT, HHNLD 1 FEUERBLIE-OLTY, MEEWE YT TRy BRIy
ALTNDZERHESNTND, HBEMEMEOFRARA~OYINEEEORED 00, KR
IO D FMN TOIRSFHEWE DIEER B 2D 9 2T, MEEWE I LD X 5 icik
LR EN, b LITER A0 EMD Z LITEETHS, L LA BIREDHZETIL,
VR ~D W E OWRILE L OVABLIC OV T, B Y U I EICET 2 ERNIEE AL
ThY ., Eif LB T DERERE OS5 FAIREEIZE T 2w X STV 72R0,
AWFTEO B, &5 H T R EFTOFEHIZ B THH S E Cs o, filiE~D
AEZEE L OMERSEIC X DIEHEEEN O BB 21T 5 2 & T, FHRICHRMIE TR o ikt
REVEYLIRIMDIRIN 2D = & Th D, £ 2 TAMFZECTIE, HE Cs 2 & AR S L kT
TRV EREY OREGICEERE S, ERRBIOKICE o THEEEL . EASDHBUIREEDRE
HMEB X0 % ., BUHHERIE 28 L Cakm L7z,

[RERBSIURER)EmLE R TIL WK E LTUREDOHIZEASEIZ LT, 10° M @ Na,SO,,
Cs,S04, NaCl, CsClAIC, L —H—ED PV Cs ZMx b DZMEH Lz, =7 1Y L itsE
EETIE, RARZT oy DAL O/ TH 5D Na,SOy, NaCl &, AR & O befsts & LT
Cs,804, CsCLIZ, b L—H—8D 'Cs ZMAT-b D&M Lz, WWIE, FikaES o7 2
J X DOBEERMEH LT, FiRi~ORIMAESE LT,

WRHRIZ DWW T, 0.2~0.3 mL OFUERAIR &, 3E 07— ‘ .
o6 | EERE ¢ & B7Cs+NayS0,

D EIZ 70~80 i, BEIZEM LIz, =T L 0'5' Lah 18 | |6 6 TChrcns0,
WZOWTIE, TNFETIZER LT 2 Y LR ' 8h  2M

G USRI NE S 2h 3

LIC 2 mg B, SIS (U T, AT D 8

BR1BETHEL, KICEDWIEEITo720 ) = E

b, EAOEREELY 7L~ =0 LEERR I m* ¢

L0 ERLE, V0 ORILERE, W LIRS Ll
HERE., WHEN-BA2 I L TR, il SEAEESRI(hour)
HEVAWEIC 3510 5 vk 2 R Ok 5 % IR T S L
NasSOuCs,SO4 i JU S - BT, phr sy 1 P WSRO BRIE ORI
—4 B CIE PTCs OWINITRRD B o T2, 8—24 IR TIE, K 20% (EED PCs DF%
R OHERBC & 72, 3 L OERIIEINN S 2 KR ICHAKIE L2 2 &0 b IR DAL TiX ' Cs
IFENIZALTKICE DB S D 8, 2838 L CTEIRICZ2> THhBld, IEHINRWED R
HHEZEZXDZD, IR RICTHRET 5,

(11 51 78 [BREEHHGE] MFEs. KR &L — s oits . 2016 423 A

Study of depositing and eluting behaviors of radioactive materials discharged by severe nuclear
accident to forest vegetation
ZHANG Z., NINOMIYA K., YOSHIMURA T., HURUKAWA J., SHINOHARA A.

-37-



“Cr DA FEEEAE
GRACRFE T |\ SORIF 2, BERH R 9 O KA |, HEsE— 2
PNCRNEL P

1B01

[IFCHIZ) EFHEEREIC L 58 (EC #E) TIHHUEE PRIV IAEN L7290,
bR RE 72 KOS EEIRNC 0 Z OEZAESR CEE) 1328163 2, NskE 13 EHiEmR
WE < 72D T2 H 2 JAWIIEHE D "Be TIHEFAIRBBOENT L 0 FRGAY R & 20 B 2 b 2 R
L, ZL ORI HRE SN TETHD[1], BFESDRE LR DITONTHEEF BT
DR ELZ T <250, < OiuHETHEBEZ LA A EICBN CE U FE HL—
=L LTORAbEZEZXOND, £ 2 TR TIEE 4 JAHEHE THIE b IR S 7 48Cr
(Tuz : 21.6h) OFPW L KEEICHE L, (LFRICTL Y EOREEIINZD L D~
DTHET D,
[EER] AAFIE Tl CrID)DILFIE ([CrCl(H20)3]) & Cr(VDDAEZEIE ([CrO4)*) T *¥Cr 0
WA RE L=, SCr IZEbRFEy A7 e by - ST AV h—F v & —F 71381
FHFGEATO AVE A 7 1 e 2T 50 MeV I S 4v7z o bif- %4 1.5 puA 1 BEfLL E,
Ti &BICHHNT 25 2 & THREE L7z, ™Ti(o,xn) i CHLE L7z 7 v ARNLRIZZ E RN R A2
K& LTMAT, WEBSBEEE T a2 HniEistiEic k-T2 —4 vy hoF 4
VB LT, BRAKRICEEA AR T MEE AW TORBR L7 v AR, 12IESE
3T LT Cr(I) DO FEERATAIFS L O Cr(VI) D /KRR 2 df#E Lz,

BHIEILLART *™Te O 2 17E 7 5 72 DITHINE U 7o @ SR GBI & I 0 -3 4
TELEE[2]7 W e, Cr(ll)F X Cr(VD) OFEHEIRK) SmL 2 T 7 A4 7 OVICEFA L, @il
FE Ge -8R AR T 30 40 Z TR BN E A 2 WE LTz, JIET —# 1% Rb JE¥ R 1E
SREFEMILT=7 T v =2 ADCX—AD MCA % W CTU A ME— RThtek L7z, *Crilft L
EBIZVCs R AZRE L, B — V7 BEEZ IR 2 2 EIZ RV S NT v TEORBEEFIE L
77
(#ER] EEMNLEHERTIEH DD, *Cr @ 3 liDILZER[CrCl3(H.0)5]1& 6 M DIEZERZ[CrOs)> D Y-
IR ERERITZNENLU T O L I 1272272 (n=2),

[CrCl3(H,0)s] : 21.6340+0.0063 h

[CrO4]* : 21.6066+0.0081 h

PP OFENT(Cr3Y) — T(CroH)}/T(Cr31)IiE 0.12748)% CThH Y, ZiE THIE STz 3
fli(CrCls) & 6 ffi(NayCrOg) DAL A % Fi-2 31Cr O A2 b 0.053(21)%[3] & il L T 2 {572
ERERMEL IpoTz, A% BCr DL F D BIICRSGESCERBENMEOMR R E21TH L & b
2, B PR RE L L CEORENTER N L——L L CTHRAREFT L TET
b5,

(&% 3iK]

[1] T. Ohtsuki et al., Phys Rev Lett 93, 112501 (2004).

[2] %97k, 2014 HABIHMEFERFER, 1A14.

[3] S. Kakiuchi and T. Mukoyama, Bull Inst Chem Res Kyoto Univ 59, 27 (1981).

Precise measurement of the half-life of 48Cr
KIKUNAGA, H., TAKAMIYA, K., OHTSUKI, T., HABA, H.
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RS L. EFREE L 2" Th B OXFRE
(BRRBEER '\ BURAF * HALK AR + v ®) OB, Ak R | B
KEEEC KW, SR, R

1B02

[(#E] *Th &V HEEFEICIZ 7.8 £ 0.5 eV &) FEFITIRV VR = 2L ¥ — &2 R o B A
29mTh NFEAE L[], & O T 160 nm OELZZLEANLITHYS T 5, = O RMERII(L
SIRREIC & o THEARREE (NElEfy L< 1T vy #RER) TOLONRELT 5 &) IR ICH
BRIEOVBISE A TRISN TR Y, EEEICNEEEERE - HEIC L 28 Eorss Sniz2], &
A (p#R) OBIANCRRTh IR, (LIRABIC X B EEEZE D2 (b % K 0 EEERICEET 5 2
ENTED, ZNFE THFREITE L TIX. MgF, 7 7 A2 2"Th 2T HiA A 72 B s 5 06
HH 6 h @ "Th T Z#BR L= L V0O WENDH D M[3]. ZONTFOHkE L THERD
BRI TRAELEF oL rarzThsralEEbRERHIN TV,

ABFIE T FRIEC L > T *"Th OBENE R OLFRBEAEZ B L, 2" Th O
BMFEAMRIAT 2 2 E2BE LTWD, AlElE, KBRS E4) L PU oBERE 2 1E
FL T P"Th % MgF, 7/ 7 AR EmICHE Lz 2 L, St EE T 720
TEDORERICONWTIET D,

[RER-HE5R] P "ThITBEFETH 5 U O o AR KBZ & L TR B RO L7=*"Th
BT D Z L CHIEREN L BT D 2 LN TE D, ZODICEW U EERE(17.8+0.3
pglem® ) ZFHELL . SCBMEREIEE 2 VT, BZE5ME T C MgF, 7 7 AHC *"Th 24T H
AT CEFHEEE 2 AV T 4-10 eV O TEFRIEZIT o 7o, ZOFE, iR 221k
SHCTHEOREZRR LT, £, PTh A FO CRBED L TIREERE (P'Ra) %%
1L, PURBHCARMS L LTEHEEND 20U RIIERED DRAT DI OV THREETT
272, MgF, 7 AMHIUZ *"Th % 4T HIA A TEE0END DIZSEATHFIE & AR e O A
B S NT=A, NS ITEE ORI & Gl 2 L yinods, £, P ThitEa HnT
L U723 S BIE T 2 PR BB S 7z, 2D ORI MgF, itk 25
DONTFIIBEREOELIC L > TRELEHLDTH T
LrEzbND, £, HABCHBEEHET S . MgF2 sample |
Z Tk ARG A ST PTh i EHZ W T
LR L, HTFREEIT-T-DT, BETITIIND
DREHZDNTOfRR b GLETHET S,

Count rate [cps]

[1] B. R. Beck et al., LLNL-PROC-415170 (2009).
[2] L. von der Wense et al., Nature 533, 47 (2016).

[3] X. Zhao et al., Phys. Rev. Lett. 109, 160801 (2012). Time [s] [x103]
Y 229y = - =P
[4] Y. Shigekawa et al., Rev. Sci. Instrum. 87, 053508 (2016). 4~ Th & itk L 72 Mgh, 5
D> B DI EfE F

Search for the photons from the low-lying isomer ***"Th collected as recoil products.

YASUDA, Y., KASAMATSU, Y., SHIGEKAWA, Y. TAKAMIYA, K., OHTSUKI, T,
MITSUGASHIRA, T., SHINOHARA, A.
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80 MeV EEHFMFICLHBEAEEBRTRICINT SRS EEIEDRE

(B RBEEE ' FCORHF 20 BOK RONP®, KEK', JAEA®, BRBF 6, RFa2—K7, AV
T AN=T KON, EE L EEKR L @R L REE
B 2 N i 2 G R R IEUREZ TR O SR A — ® Marc. W. Caffee’,
PESRFREZ

1B03

[Fi#R] m= X —FEHBRIC LD TEL D, BEKESCEHFMEROARLIL, Tk
FICBWTEERMAZ 727, Bl OARE) BIEA KT 2 FH iR B O
HERIN 72 & TV D, ZORISIZEWTIE, 2 RIICEAE L T-ET R X —HE RN EE
FHHAELTEY, 295 L2 ED 5 ECIIEMKIGHTHEOEALETH D, Lo LER
F 72 REED S 50 MeV BA E D @ = v X —HHE 712 X D BOGWT RS O SR IT A E LT
5o & ZTCANIZETIL, T2 R 2 DO J51H TR 5 FIE[1][2] T 80 MeV H (4 i
T X DS WT A & FEBRAICIRE L, £ OMEE SCEE /2 L i 5 2 & T, 80
MeV FHEFIT K DS O Z I 5002 LD TG T 5,

[EBR) KRECRFEEMI It 2 — k1 SEBRER 2 C 80 MeV [ 112 & % Li(p,n) i T U
TeHPEF- D =RV X —434 % TOF IEIZ X VIE Lz, B AR FRNG 008 25°0D J5 1A T
KT HHMETF ORI —HITE R H D Z EZFHA L, 0°D AT RN 25°0 A~
MVEPES 2 Z & T 80 MeV HAAD HFVET-Ay DA ZHLAINICER Y (3 Z &N T& 72, R
AR TETH D 10 FED T (C, N, O, Mg, Al, Si, K, Ca, Fe, Ni) DO H A L < I13LEMITKT L
THYEFZ RN L7, B TR O RIS ERE A Ge BIHERIZ L 2D v #HIE CIH]
iE e ERE LT, 0CPRATEUEI DI &) D 25°FATEEIOINEZ 2 LI < 2 & T, 80 MeV HifaH
PEAIZ KD BEISWIEE % 55 OGS IZ 2V T

RE LTz, 10°

[(#REETINUEOICHT 5 Co MRADEEIL g2 | B —

MR I LR, A=d ¥ —icB i ol g ) e

IZ K DG 3][4) L e 5 &, HEEo KX g .
PR LB RS TR TSk sk bOsE 510 :
BEOHNKRE < ABRIF1Z Lo CRGHEICE, 107!

N B = & Bbino -, BEMO S TREE S0 Nieseo |
OBSISIZ BT b RO, RIS S (s R
ZID DOFFHRICOWT, R TIEIANE S V—T 2o 6 8 60 @
MER L CTE7 LD ET R X R TOER

R G E D M HRETT D, X 1 Ni %> 4 U 7= Co RN DU &5 A

C P8y

[17J. M. Sisterson et al., Nucl. Inst. Meth. B, 240 (2005) 617-624
[2]K. NINOMIYA et al., Proc. Radiochim. Acta, 1 (2011) 123-126
[3]R. Stueck, INIS, 1 (1983)

[4]Y. E. Titarenko et al., Phys. At. Nucl., 74 (2011) 573

Cross Sections for Cosmochemically Important Elements bombarded with 80 MeV
Monoenergetic Neutrons

NANBU, A., NINOMIYA, K., SHIGEKAWA, Y., TAKAHASHI, N., SHINOHARA, A.,
SEKIMOTO, S., YASHIMA, H., SHIMA, T., HAGIWARA, M., IWAMOTO, Y., SHIBATA, S., M.,
W., CAFFEE, NISHIIZUMI, K.

- 40 -



9Zn(d,an)?"Cu &It & S EMFAEHE 'Cu DHEE

1B04 (HEMHM At L, RIWHES2) OXRMEM L, PGZ L, SEmam— 1,
INRE AL, s Y, JEEBE L, WA RE—RR 2, (L AR 2, RARERE 2
(#6515 x O N—7"TiX, BER2Wr-168HA RL & LTI STV D “Cu(T,=61.83

h, lp- = 100%) Z[ENFIHEFICEMAT D720, HHFAVF ¥+ 71 har (AVF) ZHWT,

"Zn(d,on)’Cu FUGIZ X DG Cu OREEATBARE 28D TV D [1]. WEFE E TIZ, "Zn(d,X)
B CHbE U7z 0'Cu, “™Zn, ®Ga O L —Y—Z2 HW T, YCu DILFERERA F— 1%
fENL L, Cu DALFUER, Zn BEAIRPRISS AR Thd 5 Ga [FINARDFRYARE R & 25l L 72
[1]. F7=, ERAE °Zn FIAAER 2 0T “Cu ORBRELEZ 1TV, “Cu ofLEIN =R L LT,

4.0 MBg/pA-h ZHE L7Z[1]. AEl, OBESR[1ORIEEIC ST, HRARERE 722 & ORFZEIC 4
L X5 100 MBq A — 4 —0 Cu OB 23 A, P ERRRIE, EidEE, ik
TLHRRE R EOWEFA AT o7, S I, OMEE, @li7eiRHE Zn £ OENE Z Mt
L7c. F7z, OFFk, GBq AA—#—fyh - i B L, EROGBHEIZRITEN T L
BH s 27 LA &2BFE L, ™Zn &BER L 10 pA DEBFE— 22 AW TRHRRZ1T - 72,

[328k] D24 MeV I L7-ER 72— A (B — A 4.0 pA) % °ZnO ("Zn [N AHRAE
FE: 96.87%; JE &: 340 mg/em?®) (T 10 FE MRS L Cu Z28E U7c. BER[1)DO(bL 750 B A % —
L XY Cu OFERAEITV, Ge SR EZ AW y BAZ b A U —2 X R “Cu »
TERE & B MR 237 L7=. £72, ICP-MS (2 X 2{bZE ez o &4\, i “Cu
DIHETEE, R THRREZME L. @3 5IiZ, MEEA OZn AR 2 R R 2 A 4
UARMIEIZ I DR L, KER (b & U TR B L 721, BEME D DIFNTTEREN L °ZnO (ZH5
$il7-. @He H AT L DEEMGEIZhR &M LSS T v o " —Z2F B L, 24 MeV,
10 pA D ERF B — L Z BAETEIC L 0 VB LT BMEE RN E AR " Zn A2 112 20 43 RS L
7=, BREH, R % He (30 L/min) & 7K (1.5 L/min) IZX>THAILTZ. 618, Fx o
— EICRRE L2 — AU 4+ 77 —|2 80 B — AfA 120 rpm CTEAK 3 mm (Z[A)#E S, 425
B JFFTREAE SRS -, BB, ENoEeM2 AR EEEERICIOVBRE L. £-,
"7 n(d,X)*Ga SGIZ £ 0 AR L7- “Ga DARKSTREZ KD, BEFOSGKrmfE[2]& 0 B L
T REAE & DL S, 10 pA D B — LBREEIC K 5 Cu 0 E R HLE O W REM: 2 Mgt L 7.

[ 5 - Z42] OBESR[108EEE VT, 135 MBq OFHL Cy 2 80E+ 25 2 LN T& 7=,
T PR TR 1T, 99.9%LA E (FREH% 60 B CRIA T 5 & LTkl Tho7z. & L7z
TCulk, NADTZW - 6% B LI f BRI SEA O BRI 0 L72[3]. #fimes
(%, ICP-MS |2 & Y F¥li L7248 “Cu D IS REC A M e RIRE 2 I 2T h & T 5
TETHD. QREE M OZn FHEORIERIE, 99%LL ETH -7, RBIFKIGERY TH 5
R4 ©Zn (T1p=244.06d) DAL, 68 Bo/uAh TH Y, "Zn EHIOFFHIZIHB VT %Zn
DRI R Z 72 MBEIC R B 7202 E R o Tz, OIS v A7 AORERIZEB VT,
TR 1248 " Zn B DM A TR T & 2. YGa D ERETREIX, MRS, 47.1 MBq T,
BEEN OO BOSHBrIEmER] & » Tl SN D HEEE (46.6 MBg) IZB < —&& L7-. 5% Zn &8
ZUERC L, 10 pA OFER T2 — A2 X 5 YCu 0#&E#1To TETHD. £, K, GBq A
— X =D Cu & EHIHHEA LT\ 720, HEMESROBEEE OB LD TV 5.

[1] RAAEMIED, 2015 B AR LFERES - 5 59 RIS EFRER S, 1B1S, i, 2015
[2] Tarkanyi et al., Nucl. Instrum. Meth B. 217 (2004) 531-550.
[3] HEARBRHE D, FAE.
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50MeV EfFFRBE TRET S5 RTHEFIZ L 5EERAMSTEZIED
1B0O5 BREIE

(U1 ket BFAS 2. TRAET 2 2% OB L EATE 2
WINHE— 2, NS 1 23, FEfaFHhm 2%, ERE L ARIEZ L kIR 2
JERRETE 2, PN 2, AT

(5] EEELABSERMARR)Z, FIH 2 EIoxtd 2 @R E O 2 & ORI Al iET

HHEOWRPTEASN TS, Fxld, ZEARL & LT®Mo (66 %, 14
BRI & LTOY (FI64FER]) %, & L T2l - 1RO FICHIETE DRI & LTOWIRE
NEncu ([A112.785R) K O®'Cu ([FI61.8ER]) A [1]. 2 ERBEICEFEMN & 5 Mk #E T
SNDEETEFEANTART2E4 BIE L THFZE2 D, 40MeV D ESF L (R EEH %
FIRHLBEL@E P ETIC L 2B FERAITH D Z L 2L TE[2.3], i, 4
REOE R DEME B L, ES TRV X—%50MeVIC EiF 5 &3k, ¥—47 v NE%E
Be&BIZT D52 L CHMETRABRZMIMEIE IR EERDIUREIToTo, AREKTIZ, AT
EIZ K D RBRIG DBV & BIZERY) DR Bl TElET 2,

[F28r] EMFEEHS mIs & 1S FBFZERT AVE A 7 1 b a2\ T, I L7z 50 MeV HE [
+ (100 nA) ZJE X 9mm D Be &% — 7 > NI 3RS L, Be(d,n)bUi THA L7 @i
k-2, HR9E T2 RIOGRICHIH L7z, HiErFEOE=4%—L L THIMHT % Nb i
2Ly MIRO BN ®Zn L O *zr Bebdael (10mm ¢ . #9300 mg) ZHEA T, 4 —4 v b
AT DZEKHPICELE LIRS 21T o 72, A%, BUEREIZI0 L, 3o vy BERET 2
Lo TARBREEFE - ER LT,

[RES L 222] (0, d) ¥ (n, pn) RS & % ¥Cu, WONS(n, p)RIGIC & B Y DA 2R L
2o ®'Cu TiL. 40MeV HEW1 & [RFIC L D ARSI & ik LT 3.2 fFicHim+ 5 2 &3
Mmote, o, FBAET HEBAVETII(N, ARSI L DRIERYE TH 598, YCu DAk
ICBWTIE BERYORBEIT L TH R ZNETARIGEE LTS TE 7 ®2Zn(p
D) & L LT RIS 2 — 4y R D DAY BERRIC I & 72 D YCu DR D A B
EF T %L X —% 50MeV (1 L7 AR BN O, BIAERY OEBIIH:D Z & 3 5
Thd, 72721, OY OGS TIE, (0 pn)Iic &2 By CEH 106.6 H) O#MAR S D
. BHEMOBIERYORENL VEECHNSE Z L bbhotz, ¥Y OARICE LT,
BIAERM % BB LT BB ORKET 32V —IZET RPN TEICLETH D,

HPET-I X D IREHE, 100 g 2 2 2 KREOREHRF N FEETH Y . - omA L M
W EDE ML FIETORKN LA TH S, ZoZ EIFEFEMHICHTZRESR. £
LT, ZOHOIHE - BMBEICER b2 EERF T 5 2 EBNAETH L &, Hx
RAEDNEZ BND, YCu DERITE W T, ARSI A T, @ rEFRE o zn & —47
v M& 5gll, BIZHEBEGTE—2% 3u AN L= EREED, ~ T 2 EFHT KNS
BANCEZ B . EEAHPFRICHE R EO RIAKICKEIL TV 5D,

[2%E3CHk] 1) 1. Novak-Hofer and PA. Schubiger: Eur. J. Nucl. Med. 29 (2002) 821.

2) Y. Nagai et al., J. Phys. Soc. Jpn. 82 (2013) 064201.
3) N. Sato et al., J. Phys. Soc. Jpn. 83 (2014) 073201.

Medical Radioisotope Production with Accelerator Neutrons by 50 MeV Deuterons
TSUKADA, K., HASHIMOTO, K., HATSUKAWA, Y., KAWABATA, M., SAEKI, H., Minato, F.,
IWAMOTO, N., NAGAI, Y., SUGO, Y., WATANABE, S. and ISHIOKA, N.
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GARIS-Il Z AW =Ry k72— 3 VRIS ®cat+?®u—2eCn’

1B06 [ZRE9 H#K
EHHRE L ITEK A BER S, HBABEE ) OMARE | AAER
WPIGZIE . BRI RILERE 2, IR Eeon P, IINRERA T REN
%R

[FL&HIC

HUWRAER A R Bk B GARIS-IT ZAWVWT, Ry 72— 3 VRS $Ca+? U
—BCn"\Z ko> TAERT DS ERY ZRFR L=, Z ORIGRIZERBHEL pb A —4—
TH Y. GARIS-II D& & 72 D,

(a) (b)

%,%;ﬁ; ‘ Ez:gz;:s;z-gcT-201s, 10:07 (JST) :Zgaizizgm

FTHR L, PRMFE A A4 BN R Bl - gy
(RILAO)ffig% T1T > 72, MiHARIZ, 1 B fon 10740) Mev

4 172 MeV(=167+5) 12.2 MeV 5 ms
ATHREMRR g & SiBRHERT LA &2 1aas " by
oo EERFEREMAEEZLUTICRT, Chain 12 Z7t-0CT-2015, 0105 1) @ e
Target: 312 mg/cm® **U;050n 3 um Ti ) [ o | - ¥ 322(02205/';‘;
Projectile: **Ca''*251.8 MeV (from RILAC) B ¢ so0svev 115w “ 230(g) ey

EO 12 - aa 545 8.54(8) M:j7

Intensity: 5.8x10°" ions/s (0.93 puA) A Tl
Total dose: 2.2x10"® 154ms PN E el
Magnetic rigidity: 2.23 Tm 1 () BN HEOHRBEHEE, (b) JATHF
Filled gas: pure He at 70 Pa ZED AR E[2-4], DSSDID &5, XY &7 &L

Fo. REBHEEERDEH T X LXF—, BIW
o/SF DFREE T )L X — L BRI 2 52 5.

EREER

EBR 45 Bl B —LAREORR, “HRORBEEEAZBIII L 1), Zbid, %k
{THFE (Dubna-Livermore 7 /L —7°[1,2]1& GSI SHIP 7' /L —7[3])C 3n s & L ClRIE & T
VWD FREEEEE b R FrE A O b D TH o 72, GARIS-II OEIEFEE 70% EIRET 5 L.
AW A 1 Ls 5= 2027 5 pb &7 %, ME SN TV A ARMIEE[1-3] & T 5 &, a5
FANT—EH L TWD I ENbhote, %S5, KRR EREEZ 5 2 5 i A= %
WX =R DORBEITV, ATHRORGEEZ S| X HEITH TETH D,

AWRETIE, Ay b 72— 3 URIGICHT 5 GARIS-IT OHREUENES NNy 7 7T 0
Y Rl 2 &, DN REREIC OV G2 T D, MA T, FooRMEICmIT - E
BRF OBRIZ DWW T HL AT 5,

ZEXH

[1] Yu. Ts. Oganessian et al., Phys. Rev. C 70, p.064609 (2004).
[2] Yu. Ts. Oganessian, J. Phys. G 34, p. R165 (2007).

[3] S. Hofmann et al., Eur. Phys. J. A32,p.251 (2007).

Study on hot fusion reaction of “Ca+***U—?*Cn" using GARIS-I
KAIJl, D.,, MORIMOTO, K., HABA, H., WAKABAYASHI, Y., TAKEYAMA, M., YAMAKI, S.,
KOMORI, Y., YANOQO, S., GOTO, S.
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1BO7 103 FBRXFRA—LUIVILL)DZ VRIILERTKEICE T LWBEEE
(FIRK T TR JIHERE 2, BB RS, IRER A AdTER S, KRR, @K,

~A Y RE HIM®, GSI', PSI', ~/L K 2. FLNR")

o hTE 2, PERETH 20 VRIHEAN 2. BHEANE 20 SRR 2 JKEREKSE 12,
RWIZ 2, BOtZz 2 WRA 2, BERBERRS 2 Kk Ham—RB 2, S5mil s, aHEFR3 &
O ., RIL—5L 3, ®EE— 3 B FEY e B4 ARB4 LRSS, Silet s,
SEfn ELA o, EEEK O, BRIFIFR 7. Ch. E. Diillmann® *'° K. Eberhardt®®, J. Grund®, J. V. Kratz®,
J. Runke®, P. Thorler-Pospiech®®, N. Trautmann®, V. Pershina'®, M. Schidel'®, A. Yakushev®!°,
R. Eichler'"'?| P. Steinegger'?

103 FooFEr—L vy AL, BRI OB LV | E OB FELE A E 2R )
LM END [Rnlsf147s26d Tid72 <, [Rnl5f147s27pie 725 = &75&% I PRI TW
%o Lr DEAGREFELUE & LT Tpue ZFO54E. HRBEZBRICID &, 2T d
BUEINE T2 FF o7 F 7 ALw & TE S 225 Al riﬁﬂcefrs]é;nﬂ\é [1],

Lr (3EA A VARG L > TAKRTE S, LN LELNDRENMKIET X TEEMTH
D, EREL DRV FOFER - WEIHEEIRIZEA Em BTV RN, Exidn
F T, RABHEAZICH LT Lr OF—A b= VX —Z2F L, Lr OfIkE il
E Tpue TH D Z L ERBT HEREG[2], A TIX, Lr JRFO&RRm~DOW A%
Fha2 @5 2 & T, Lr 0ROV THRE LT,

FER IR I 2 o7 DS TR 2 /2o 72, 249CF(1B, 4n) S & oTAﬁj‘z L=
256Lr(¥ﬁﬂ;@ 27 )% He/Cdle H A Y = v MEEIEIZ X - TAH Y T A VRN BERRTSOL)

A LR mEREA A oA~ RGRICHE L, A A b Lz, RmEREC F%:bé%ﬁ/ﬂ?
i%ﬁ& LCIE% v % )(Ta) & iz, 4 F Ak LTz 256Ly 2 E &0 BE% . BURIIE A B 2 7
S>TA j-/4[ﬁfjj44(1§;‘fp) e L=, Rb. 127Ba. 128Cg 143Sm  142m. 143y 148m,149T 153,154mH g
157Er, 162Tm, 65Yb & OF 168 Lu (2 DWW T b AERICIL A d~ 7o, BbhicA 4 kb L
WA A2 & ARE L7 OHEEIEUSEO) & Ol D728, WiE Otr = ISP /IS % R 1=,
A A PRI EFEPH 2690~2085 K (2B T, Lt r OIREMRAFM: 2 & [FINLARIC OV TR~ 7=,

ZOFEF, 26Lr ([T DWW TA A PRIREOIK FICfE> T r OB R 67z, Ta Rifl
RFTOWEZ XNV E—PRREWV Lu T THREBROMEAA R O Enn, RimEREO
WFET, Lr O—5NA A IRBH~OWEHFIZL > TRbWZEEBELZLND, 2O b,
Lr X Ta RiEmlZxr LC Lu =X Th & FERZ2W S A2 R$ 2 & BRI ST,

[1] B. Eichler et al, Inorg. Chim. Acta, 146, 261 (1988).

[2] T. K. Sato et al, Nature, 520, 209 (2015).
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ET7V9F/ A FRFROE—A(F LT RILFT—

R IbE 1 RIORBE . TR BB R KOS, B, 7m—=v
7R GSE, ~A YK °, CERN") ofeiftith |, BAREA |, &nthiz 2,
AR, BRI T KERAKSE 2, BEEE S, RS, PR ¢, KT
9L 4, EYMER O, MRk, BRUIE L mIdE—  kBE#@—AL A
Borschevsky’, M. Schadel®, Ch. E. Diillmann®’, J. V. Kratz’, T. Stora'®

1B08

JRF-F50 100 48 2 503 Tk, Il a HWCEA BRI TEREND 2T oT
MR EFMENAR LI D Z LR TERWEH, ZOFEMMEEITIZEA EM LT
RV, EO—FH T, ZOXDREWVICROFE T, TOER O RO 2D R D
ENIHE LD | BB TIWEE CRESEEBEZIT2HER DL, A4 b=x
=PI, BINXETIEICH DETOM-ET RN —ENKMRT 570, EBRIIZ 1P
BRETDHIENTENL, MG LT IHRAFOEFHIEICET HIERPEFHND,

DIV IVX Z 4L E TUZ, an atom-at-a-time 72 FR W AR 8 & 11 2 BT R AR 38 H FTREZR 1P,
WEEE LT, REEMEREZICH L7 FIELZRRIE L, m—L 23U A(Lr Z=103)D 1P, #
ENRRI L[], AFEEZAWT, 7 2L 2 7 A(Fm, Z=100), A>T L B AMd, Z=101),
ZLT/—_U T AN, Z=102)D 1P, ZZHMINHE L= E T A, Fm 2B No £T, OhED
PO SFHIEICEFNTE L TV Z 8, &5HIT Lr 28 No Trek L EHBHEEICmZ T,
HSHESINTFINHETEROZ &%, IO TERIIIRT I ENTE,

FEBRIR T IS & o7 DR ERSERR s, TIT o 70, ARFEBRRIZEBIT A A4 ALh=D 1P
REMEEZRRD 720 2 7 2INEER 5 DO "B B — M2 X B EA 4 VUGS TAER L7 ¥R,
157Er, 162Tm, 168Lu’ 142’143Eu, 143mSm, 148Tb,153’154H0, 165Yb BIO 49Cr IZHOWNWT, %ﬁ{j{ﬁ@%ﬁ’%
BERFRIZI T DA A AR EZTNE LT, ORI Z 0 ARk UTo RIS, He/CdL, A7
AV x oy MEFEIZ LD BT H v T AV RNR S BEER(JAEA-ISOL)IC 24535 S 7o K&
B A A R~ R S D, A A IR TR ERE S WS ERIZ, A 4 E—2A
ELTHIEHEn, HENBisnhs, REEBECO»DLIREIZITZ XV E VT, B&
AYBIELT X 0 BRI L7 B O RIRIARA A ' — L% ISOL Kb THIE L BUHRIIEIC L v 1 4
VINEERET H, A A ALHIEREH O, HAY = v Mk SV ESOR AR O B
EE - WED HbE T T-o 72, *Am("'B, Sn)SUs TR T S *FmCEEH 2.6 70) 7% b NS
BAM(C, 4n) ST & D PIMACGEREY 4.27 43). 2Cm(PC, 4n)SUSIC £ 0 AT D P No (IR
#1245 )& FANT, [B—A A A FIcB T 2 FRNERD A F oAb A& HIE Lz,

IS OBIEDRERG LK 5.5 ~T eV OFiPH T IP, P& 23 FH ATEE 72 1P -1 A Ak ZhR
FHEAfIRE 2 & & 12, *Fm. ®'Md 8 L0 *No DA F 2 1bzh#E )35, Fm, Md 3 L No & 1P,
ROz, RFEETEHELNZERIEE . I E TIOERBROB L OHERHEIC v Eonk
HEEEZHELZEZA, K< —HL, BAEFNEDRICON BN FTE I TV EE
T EHD CEBRMICHOINZTDHZ ENTE T,

[1] T. K. Sato, et al, Nature, 520, 209 (2015).
The first ionization potentials of heavy actinide elements
SATO, T. K., ASAL M., KANEYA, Y., TSUKADA, K., TOYOSHIMA, A., MITSUKAI A., TAKEDA,
S., SAKAMA, M., SATO, D., OOE, K., SHIGEKAWA, Y., MAKII, H., OSA, A., ICHIKAWA, S.,

NAGAME, Y., BORSCHEVSKY, A., SCHADEL, M., DULLMANN, Ch. E., KRATZ, J. V., STORA,
T.
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104 FBETHFRf ORIEETHRZr, Hf 0 Aliquat 336/HC1 & TD

1B09 B E5 B
(FRBEER!, BOKER, BRMFM R’ OUTERE', KNSR, KW, =i
KR, mBEgR, smpgs, g 8, T

(=]

HMETHETHD 104 FoHE T VHR—T 7 AR, INiEEZ AW ZEA 4V ERGTORE
REND. TOERRITELS, BHEMTHDLZ LD, REODILEAMHEDL I ITMbA T
RN, Foa ITATHIRIC T, BERH B E 2 AV - Aliquat 336/HCL 52 T 104 F i3 Rf
O [ 2R B 0D S 2 2 2 LR U, AR ER 2 BUS 45 2 SIS Th L72[1]. = OfE R,
REVEFEIFEICHE T D Zr ° HE & 1382 5 0B REZ2 R~ Lo, REBRTIL, Rf OELDESIEK%
FOFEMICHRD Z 2 HIE L, ZORMEERE LT Zr BXOHf Z Wy FIEIZ X
D R 21TV, SBL ORh AR KM & & OARANK T, FEBREIFIC
L B AR OO L BRI L. $£7-, BErHE CORBERHICE L2 7 o —=XHhH
EEEEFIA2)DOF 2D, KIRKFAZW IS % —(RCNP)D AVF 4 71 hra v
Z T RE COEBR & L7 NEgs 4 74 U EREIT- 7.

[ 28 & A5 R

ARGEBR T, HH) A BE O A A AT o 5 Aliquat 336 2 HIV T, ZKAHIC 8-11
M Halg, AHEARICIEZ CHCL £ 7213 CCL & W CIasi i EBr 217 - 7=, £/, ¥*2r (11,=834
d) & 'PHf (T}, = 70 d)Z RCNP @ AVF ¥4 7 v b I TERIG ¥Y(p.2n) $z2r &
Lu(p,n) PHEIC XV AR L2, Ny FIRIC TS 2 AW IE S EBR 21TV, Figl O X
N EL L DR AR AR 24572, CHCL Z W= ZOFEBRTIZZ 7 7O E 8 1.9 L 73
ST EMD, Zr BILOVHE O LFEEIL 2 OB A AU BETH D Z LRI ENT-.
FREDEBRZ WL OIMDOERMETIT o2 L 25, HREEIEEIZ X 0 HhHAIEEREE O S 128
bR RE.BT-. £72, CClL & 112 M OEEZ AW EBR T, X130 1 Lol Z &b,
VI DIE M K D B O Z L3 Bl S A7z,

Z D XD WSS IE R B A REIZXF LTl DH 72012, BEInHRE CORERHICHE Lz~
o — A EEEEFIA) OB 2D, FIA 2 HOWIEEMHER 21T o772 9, ST
ETOEREFBREOSMT FIA ZHWTAH T 74 U HIHEREZITV, ZD#% RCNP (2T
Mz (Typ =418 m)¥B L OV PHA(T ), =234 h) & AR L REE
BRABUE LTImA Y T A LV ERET o, AT A v ER 2
TIE, BRI L » TARR L7 BRIE: %2 He/KCl =7 1
YV AY =y N CTHEREE THEMR L. WikbE % I
PO T VR &S, ATHEHR & BT FIA IS8T 5 = 3

L CHGRICHH A MEZ 1T 572, FiglioRT X o2 9-112 = | o rpatel)

M HCl % i\ 72 FIA EBRIC TR O - ofdtbid Sy Fik - 4 6 Dy |
ERVEERTELNIEEEVETH-T-. 20 f o HFiAmig) |1
25, FIA % R EBR~EHTEX 52 L 2R T, 23 ‘ %) ‘ |
[1] #AbsEt  fil, 25 59 M b FRame 1B06 (2015). log[Aliquat 336]

2] R, KBOKERATIIN, L 015),  Fiel CHOL: 112 M HCLG R R

Liquid-liquid extraction of Zr and Hf in Aliquat 336/HCI system for the extraction experiment of element 104,
Rf

KONDO, N., OUCHL K., NAGASE, M., SHIGEKAWA, Y., YASUDA, Y., KASAMATSU, Y., SHINOHARA,
A., KUDOU, Y.
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107 FLRAR— ) D LDBEBRILFERRICAITI GARIS H#RAD v b
1B10 BIZ& % Re AUADEEL 7O —BEHESFZALN-Re DA 54
DZ it
(BEAHM=FRRE 1, BB RBT B AR 2, TR B 3, SURREEE 4, AL RE 7Lk S,
RERKREEBEL 6, A 21 K7 O/NRAAT L, PG, KIL—i5k 2, SR 3, KEIFKSE 3,
VERRREE 2, A ILZ=yD 2, RARE |, RS |, iR, RS0, R
IE R, AR, e 4, FREAM 4, Jg7koeds 5, BMER 6, AR RIS,
Jon Petter Omtvedt’

(#&E] AWF3E 7 —7"TiZ, 106 T Sg 72 H N 107 H e Bh OIRIRILFF5e 2 B L,
BEWF GARIS A ¥ = v MROSEERE T ERE U 72 Ui s 2 & O BRI 2 D TV 5 [1]. A 1A,
Bh DO[EIEITLHFETH D Re OIPERNERE VTR AT LOWRERBR AT O 720, £F
"Gd(3Na,xn) *Re S 2 L VD 7Re (Tip =24 min) ZH3E L, GARIS A Y = v MEEE
ZRWTHRER ALFEREIC S M EREMGEZRKE L. 61T, GARIS TA TV x v K
WOs s B | EERAT L E (MDG) B L7 v —EEhHEE (FSE) #4554 L, HNOs- RV
F 7 FNT I (TOA) MV RITHET D Re DAV T A EBHHH IR 21T o 7.
[EER) HMES AV =T v 7 TMHELEZ PNa"" 4 4 % "™Gd,0; HEHIZHEE L,
"GA(PNaxn) Sz LY TRe Z#RUIE L7Z., EHHLTOE— AT R AX—B I OMEITZZN
21 124.3 MeV, 1.6 particle pA T ->72. GARIS DENHICH AV = v b F =3 — (HEEE
100 mm X R S 20 mm) Za%iE L, GARIS THrff 7z "Re 4 He H' (~80 kPa) T KCl =7
0 USRS &8, He 50t (1.5 £721% 5 Limin) (ICOW TEFEBR=FICKELZ. iz s
T A7 4 )4 — (ADVANTEC GB100R) |ZffifE L, Ge Higia AW Ty AT ha X R
—Z4T\, MRe DRI & 72D X 5 GARIS D & fcilifk L7-=. KIZ, GARIS A Y
= v MEEEEIZ MDG /54 L, =7 1Y /L% 0.5 MHNO; (1 mL/min) TR L
72, 0.005-0.1 MTOA/ F/v=> (1 mL/min) &{EH S, FSEOT7 7mr o F v 7 U — (N
££0.50 mm) T7 o —iEEHIH 217 > 72, FSE O3 tHEF THABER, MO EEEL 2> 5 7*Re
DBt ERDZ. Fr BTV —DE I & TOA REZ R HIICE{L S, "Re DB E
HIE L=,
(#EREER] (L PRERRICEB VT, ™Re & 60 s W U721 OMEHEIT 13 + 1 kBg/particle
pA TdHh->72.0.5 MHNO;—0.01 M TOA/ kL= > DI RICE T 5 T Re D4ECELIE, >30 cm
DX ¥ 7 U —TNy FER)DLRD T PR O Bl lc —B U 7e. A 30 cm O
Y VTV —Z i 2RI 1.8 s EEHE S, ARTIETEEE 10 s FLEE D 2°Bh [2] Dy
FHFERICEA CTE 2 EZ20N05. LML 5, TOABEEN>0.05M TiX, it P
BET L7012, FVEVWXFY T —2HWDAIRERH D Z LR b7,
(1] /NERA AT, 2015 AARBGHMEFSES - 5 59 BIBCH b EER< 1B07, e, 2015 4
9 H.
[2] H. Haba, Pacifichem 2015, INOR 1578, Honolulu, Hawaii, U.S.A., Dec. 2015.
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1B11 Rf BETTER Zr, Hf DEIEMIZR T H2FRERHARI BT NT ST«
CorB KBEHSR L, HriBRE ) ORMFR' WRER ' #%“ikEE—"
KiT—8L ", TR

[(ZFLIZ] 2 FE TR OALFEHIMEE 205 7212 4 R E A O KFBC 7203 T
NTE=N, BoNnzWET XLV E—L, FFETED Zr, Hf THIEH I A KE <, RfFH
{b#) OFEFEME O XN EE RIS D D[], £ 2T, SHFFE=RTIE. Zr B X O Hf BT
SNWT AT I VERICE VISR A7 a~ N 75 7 ¢ EBOMEZIT> TE7=[2],
ARWFIECTIL, FT 2T FIEIC LD b L—Y&ED ZrCl, 3 L OV HICl, D I 7eWi g o X v
VAL, GRS T ARAEOHBEERIZOWTOMREZSL 2D, Bx REICE
FRAERD A I a~ N TT 7 4 ERE{T-oT-,

[EER] ¥Zr B L OV PHE b L—H %2 & T MIAi 2 BUSERICRRE LI — AR 7 4 L2 —I(C
1B L., 650C TZERE & HITMEAA L TRk &=k LTz, X, Mg RFEZfafn L7z
He 7 A%y L 600C T Z ERk L, % L7 NE/LMZ 75C OEAL TSI HE
L72. %990 70t%., MH{LRFOMKG 2 W s HALWERH % ZrCl, & 5\ ML HECl, OFEFR IR
FELL RSB L=, HOELCOFTEDIREIC L TBWERE & 30 cm O Z2 @i U 7= b
Wy % KU THEEERIC CHEEE L. — WM & & I RE & Ge - (R 48 CHIE L TR R 2
57

[#ER L EE] Zvara |2 X HHERMLFEREO T 28T 7 LB T, SREIRE Tl
1F % SRRt (Tig)NTR A TR EN D,

LrTyP 2mR 1 AygsH
(tr(Tiso» = *To- € (_ = )

QoPo M iso RTiso
Lir: BT LRENT LR Q: AAVERIBARET, [E/IP)TOViE, P I 7 AET)
M : FEREPELEW Dy T, 1o 0 WA T ORE COWBEW . Ty, 1 FRD T ANIRE
\ . . T.. /K
S ORE LT 5 & In{{tr(Tiso))y Tiso} 1 440 420 400 38 360

UT D—WBEEE 720 fHE O WIET L H 8'5&”'1"" A -
WE—DRG B, BEE T A= F T L Slope :aﬁE)_SS?Oei 188.1
LTEEDBNS, "AygsH = —91.9% 1.6 kJ/mol

M 1ichlr—VELZ7OREICBITS 2
ZiICL SR AR R e T, Yo TeE 8

D LOCEMRBEEAE LN, ZoBEE AR A |
NI RA=ZFBEF LW T H L (&
— L LTChL—HETE-91.9+ 16 ki/mol, %
~ 7 n&TlE-81.3+ 1.9 ki/mol #157-. ~§
A TCIL, HICL OFERBIMA, Z O —
FEOZUHEIZOWTHF LT R 2 ®iE
L. &b, ~Z s hL—VETOWSE

® macro-scale
Slope : 9778.0%227.2
AysH = 781.3 +1.9 kJ/mol]

L |
T ANV E—DEWIZOW TR T D, 0.0022 QMMFJKQW% 0.0028
R 1 i kO 2 m 351 B ZeCl 0
: o
[5E& ] WL B L — DE

[1] A. Tiirler et al., Chem. Rev. 113, 1237 (2013).
[2] AR ERL fth, 55 58 MIAHHEF5 EmE P08 (2014).
[3] I. Zvara., Radiochim. Acta 38, 95 (1985).

Isothermal gas-chromatography of chloride of Rf homologues Zr and Hf
SHIRALI, K., OSHIMI, Y., GOTO, S., OOE, K., KUDO, H.
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BFNHEEI O TLMERTO Li A A VE—LERAVWEZTRAEIF UL
AVEMSERCADHEE & FIA

(B R B — L L @IRKERGRAE ° SRR U7 0t) °. ROKEET. )
O —81 Y BILEE(E 2 ATHZER S, 0, BULBAEZ . A

2A01

(8] BNATEEHARI & LCHHE SN TS o A 2VAL CEEEI 7.20) % 2'Rn/2At ¥ =
FL—FC"Rn 146 h) & L THART 272000 T m Y =7 FE2#EDTWD, Ry =7 b
TliX, V=3 b—% 285ET 5 72D O *Bi(Li,5n)*'Rn THEHAT 2 LiA A B —Ah%
AR L. =Pb("Lix)™7*At, "™Sn(’Lixn)™71 T, At, I BUENVERN A% 8% 758EL T,
AR T A X F o OLFEFEB R, Vo R —FERIEL TS, Ay T
BAFE U 7o o 7R T IS AP0 B COMAR At, T ORLGE, 2BE, FIHIC OV THRET 5,
(SEER] JF 7 JIMH% & > 7 DINERRHE% O RS o — R ZE%E L7z He H AMEER N EISRE & F5©
FREHEEE C, 8h, SRR Y —5 > NI, 60 MeV 'LiA A BE—ALZBE L, 7TAXTF
. 3R BEERN AR Z SRR LTz, ARk L7 RUEESEARBIEIC L > TEBEEY — 7
v DB LZ[1), @EEES —7 y FE2RABE (W 16 mm, & & 18 cm) [T AL,
BENEERTATEBL LR, RIVZFLURTANVADT 27— /LT EITEE LT,
RERE DIED S 6 cm DL A 650 CICIREFRE L7 EXFNIZHA L TNV L 7=, & DFE,
BRI N T O RI O BEFREE DOIFIZ LA 16 mm i DR ZFiOE & 3em ORI IC 7%
& L72 CdZnTe &R THIE L7z, S HICAEE%G, RBRE NEEIZAT3E LTz RI O KUH6E
SAHUE L, Z O 5k BEE D S BESR I & I T2,

($5R] X 112, MAEEOREREEM (O) HBRE O (@) TO At ibTHEIRE O RFRHIZ
L& 7, K10 S OMBMRER] T, @R L7280 D At BEH TE TV D, INEVE ORBRE
WEEICfTE LTz At OFURRE DA (K2) 13, 650°CIZHIZEA L 7= & -3 ClemE L 7= 5L o
M CHAMEZ RS Z EMnD, REE DMOMEIZL Y | At Z 3 BE NEE~IRAICNE TX
TWD I ENGND, E T, K At 1 OEBIAERE A Y e Lo —7 L TO

STBEEE[2)7R EL R L—H—%FIH LT ORI S W T H T 5,
3000 ———T—T———1— 25000
Py Y o Jol Y .
2500 1000 ... 1 20000 éf;o c L 2 3.C %ﬁ -
B [ 2 | i 1
£ 2000 C o 2 15000 |- By 2
3 1%00r PN T 3 & Py f
O 1000 F oo . O 10000 1y 'S i
. ©00o 0o 5000 |+l 2 -
500 F e ® o ©
0 .'.'I..I 1 1 1 1 1 O " Il L 1 1 L L 1 1
0 2 4 6 8 10 12 14 1 3 5 7 9 11 13 15 17

Position [cm]

2 At ZRBR ORBRE N AT

Time [min]
1 At ZREE I O RE TR R R 22k

[ 3R] [1] Nishinaka et al., J. Radioanal. Nucl. Chem. 304(2015) 1077-1083.
[2] Maeda et al., J. Radioanal. Nucl. Chem. 303(2015) 1465-1468.

Production and Utilization of Astatine and Iodine Radioisotopes Using ’Li Ion Beams at the JAEA
Tandem Accelerator
NISHINAKA, 1,
HASHIMOTO, K.

WASHIYAMA, K., MAEDA, E., TANIGUCHI, T., YOKOYAMA, A,
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BEI< 5135 At-211 B3k

(RBFC R | R 0REHE 2, R °, RT 2 ) OFlRe ', e ||

2R P ERNDIN SR S SN JUE SN T SN/ EP R SNE T RSN
AL L PR

2A02

[(#EF] At 1X, T4 RINHARIETORARRKOICHRF SN TS o HERETH H[1], VAt
IXEFEMZERE (Ti1p=7214h) THY ., EEEWNICEDFT LR W KR OEE 2 Ao CiliE4 5
VERH DT, SMEEBHEHE DS R Y b U —27 2Rk L, FIAFICLEC At 2856652 2 &0
PENTWDH[2], Fox DIFZES L—7"Tlik, HAFRIE—2A7 77 b U —72300F3k 2V At O BEREHLA
D=2 7B L& BELU N AVF 1 7 o ko v d o 2UAt OREEHATBI R 2 Bth L7,
[EER] AVF THIE L7- o B —2A (K 12 pA) % 2YBi &EEMICHE L, 2Bi(e,2n)?At i
WZRY MAtZRE L7, B — b xF— 3, #EMY Y 77 > 7 [3]% o TRATIREIINETE LS
K OPRE LT, 2Bi ) ((EX: £ 20 mg/em?) (X, JEE 1 mm O _FIZEZE28 3575 TR L7,
B 2 B — D7 okt LT 15T CRRiE L, BRET I, 2Bi A fEER~ Y 7 A (30
L/min) . S ZFEERZK (1.5 L/min) (2L > THmEILT72, BE%, BEROXMILEoBHE4] %22
B2 LT, MALE BRI AL EE LT, £, 2B AR A IR Z & A (R 34 mmx
£ 20cm) NIZEE A~ U T A% 20 mL/min Ot Tt L7275 6B RE XU T 850 CIT A L7z,
AU OIRE % 850°CIZ 30 0 FIARFE L. 2OBi A=) & H-4E L 7= 2At 2 PFA & (NFE 2 mmx &
S5cm) ZFBL TR N7 v 7~k L=, P v 7 ICid, DHARICHERLZZES 2m @ PFA &
(W 2mm F72034mm) F23058E (W 2mm) ZIRIREREEICHA L THW=Z, PEEK
BRI o7 (N2 mm) (X, WHREFELEDY ) — L EDRAEBT—71CITHBA L, 2MAt O
HE%, N7 v T ERRIRL, BRACTEANT N T v TENERER T LT 5 ok
Bk, EHEREZ 15 mL 25 L C (i 5 mL/min) 2"At Z[AUX L7z, 2MAt ORI REC LRI
KX, Ge R E AN yBRAT b A R —I2L > CiMli L7z, F£7. ICP-MS % T4k
FILHRIHTZAT, FERE ORI R 2 AL IR O ARl e SRR FE % 5T L 7=,
[#EREEE] FEMAS T F L —28.6 MeV TD At OARKILRIL 84113 GBg/C T, E—L4
SR 0.02 - 10 pA OFIFHT—EThH o772, ZORERIT, TAEA MBHELRE L T 5 2PBi(a,2n)*! At K&
OFERICES]OHRIE LIfEIC B —H Lc, W2 mm O b7 v 72 K 5 2At O(LZRICRIL,
r T o FEOMBEIZ L BT 50%TH - 72, 2PBi(a,3n)?°At FUSIC L - THEKT D 21°At 1%, EC
BIRIZ L > CHEMEOEWERMD 2P0 (Tin=138d) 24T 57720, BESHM A CRIBEE 25,
ABEIOEIRIE T, 2OAt T S, 20ARTAL R, <2x10°% CTh > 72, 2PBi 1Z
B DOBRGAREIE, >1.3x10° TH 7=,

[1] F. Guerard et al., Cancer Biother. Radio. 28, 1 (2013).

[2] PGS, RALKFEFICE e o 7 —FEs TR ERACHE (RD) SERHE & %50 5
(2B 2 RIFIHOHK], 201642 A 8 H, fliat

[3] JE4ERIF D>, Proceedings of the 12th Annual Meeting of Particle Accelerator Society of Japan, Tsuruga,
Japan, 1198 (2015).

[4] K. Nagatsu et al., Appl. Radiat. Isot. 94, 363 (2014).

[5] S.M. Qaim et al. (eds.), IAEA Technical Report Series No. 473, IAEA, Vienna, Austria (2011).

Production of At-211 at RIKEN
SATO, N., YANO, S., HABA, H., KOMORI, Y., SHIBATA S., WATANABE, K., KAJI, D.,
TOYOSHIMA, A., TAKAHASHI, K., MATSUMOTO, M.
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AT UAATAA—=D DT A Te-95m R U Te-96 D AERBE
(EAFEAE ' I OB °0 R RS ° GRS UK )
OWITE— ', BEAW ° fAFSE | i o0 SR 2 BREL 2
KR AARE RRER S, BROREAN Y ANEZ  mEEL e,
IRA S BN

2A03

[(E17 7 X F 7L - 9m T LI 141 keV O H o~ & 6 B O & W o 72
TERHED 22 h o & BIAFICEEFEZENCB W THOWLILTE Y, 37CI2 30 FJELL EORE
BALAMIEESZHEELE L TR SN TWD, ITHE, REYBAHFZERICE SN a v
7RI AT OBEFEZEA~DICHIZOW TR SN TWS, LirLary T R AT
DN E T RN X —H o~ ERERLETH D (141 keV O < TIZa 7 o
BELOERN X DO TL 7 ZOHMIZIE Te-99m (TR TH D, Te-99mDfH 0 (2 E =+
N =T 7 X F 7 LFENLAKRE 27 b o A T HRG ERAA DR IEHT LW BE ST
BEaERTH 2 ERAHEIC /R D, AWFFETIL 500 205 800 keV DWW R LF—D A <
R TH 5 Te-95m(T,p=60 d)F L X Te-96(T =4 )Z LR L. ZHho6DarF R T AT
Pl SR 2 AT O E 2 WL B R S 1A 7o SRR 2 21T - 72,

[ERRUHER] 0 ARSI T IRV ERSEET O % 7 2NEE IS B W T =@kt ) 7
FUH = F DT E— L DOBREIZ L > THI 20 MBq @D Te-956m &4k L7z, MREEH
R LICFE L2 BEEIC L 0 (bt ) 75 v 2 —7» MHICAR LTz Te-95m % 4y HfE, Fsid
L. 0B S 372 Te-95m ISIRITERR 10 mD 7 T AF v 7 BEITEH A LI BRIt & iz,
AT N A A THRGII AR FOE TR E T = 7~ F1 A (ETCC; Electron
Tracking Compton Camera) % H\T{T-7z, ETCC Tlixa 7 h U BELEFONE & =R /LF
— R OWELT o~ BROAE & =3 VX =038l S, 2 HIZEDNTA R MEl T %
1T9 2SR VAKRDT o~ BOMEEHREGD Z ENTE D, RFFRRITHN T Te-95m X
204, 582, 835 keV DA ~#AHET 52, ETCCIZ L W ZNEFND R/ X—THA| L -
Bz 2 WL AT MEK -1 27T, ZOREIVEONTNLESMHREN T o~ fHRoT
FNF—=NEL RDHIFERVWSIREEZ R L TWVWD Z NS0 -T2, 2 TlE Te-96 ICBT 5
FERLMETLTETH D,

204 keV 582 keV _ 835kev 1 oav TR R
7 ftg X,
ETCC ([Z X ViR Iz
Tc-95m D Eff, HFREH
AL ¢ 10mm DOFEIR DAL
B OERE R LTS,

150

- =150 ~150' - -
-150 -100 -50 '] 50 100 1! -150 -100 -850 o 50 100 1 -150 -100 -50 '] 50 100 150
ot} o (e

SCHK 1. Y. Hatsukawa,et al., J Radioanal Nucl Chem (2015) 303:1283-1285
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2A04 InEER R EFFI A Mo B2 E T 5 iRHE 1°MoOs A D EIYR & B A
(TARET 7 v B °) Ol 7+ ', ARER ' EEHH
Pron B REARNEE L AI-E— 2 R

(5] F~ 1%, "Mo OEWNZEMMMGIZIT TIESR T ZFH L CRME 'Mo0s 725
Mo(n,2n)"Mo S C Mo # i3 2 HikZ BT Th 5.0 AL TRIE SN D PMo 1T,
EEAE T 7 2 (HEU) A CRURPEBESEY 3D 72 WK, HEU OfEr G TRIE S LD
Mo £V HIXDNITHSRED /N E WA, Mo O KERLED 7912 100g LA ED MoO; 7k
B 53 2 38T o 5, BARAIZIL RS PE 7RG % 7 D 'MoO; % =il TR L, Mo
DOEEIEUAR L P NAEIE, T AL LS O REER CEMiRINT 5, ZOHhT
""MoOs b —EBA-HET 203, P"Te B bW & ITEEE SN B2 5 % 'MoOs D A3 EHIRES & L
THTHH LHBET 2 2 E R AHETH 5, AREEIZI W T, '"MoOs 2 EFED % 1 1% (Mo
BAE%) O 'MoO; EHIFINETEUL L, HFIHT 2 Z ENRAIRTHD, £ T, T
A3 B D 1OMoOs BUEF 2 . INEEER & KPR ko T mWINER TR 5 FIEEZ B LT,
[SEER) AN it 7 FRES CTAER L7z Mo MEEZAZ D "Mo0; &5t 117g & 3 2O R4 5 D1E
I EIRRE L EIRESITNICI T 830°C T 90 43 INER L T, 2™ T EVyBilE 2 ALt I 3206 L .
""MoO; Bt D—# %, 2 21F Db FAFEI W AFEANORIGHIZEHRAEMS & LTirt S 872,
FRIRAE A 800 CLL T O—E DIREFEBH LT oM L CTERESND T2, Za2 D H L,
EDOAFELREEIKN A ST — D —IiR LT, BHEEZHWTEI L, ZARETE S,
—J. BOIRITFRE LT "Mo0; X, 21T & % L FEEEHE 830°CT 5 MET % Z &2
L0, AR AE L CRRE LA s B ISR L7, ZORMER L2230,
1MoO; k92 AT REMEN & DO L HIT I b JICR A7 B E I e &2 9456 L, '"MoOs
ZEU L7z, JfziZ, ""MoOs DIRAZBS < 412 P Te [BIGT FRIICRE L, A%y —/L%
830°CTMEA L, v —d D '"Mo0; 721 Z #HikAkdh & U CHAEDEES W, B Lz, F
7o, BNCD&FEHAE VT, 1 BITHTHE L 72 $Hs dt 2 508 EEBICRRE L, RIEID P Te 4B
RFIZ 2 DIEHN D 'MoO; & HI FREERL S & IR O BEC 31T 5 '"MoOs $HIRFE D U
A 7 VAR,

(#ER]IAE L L THWE Mo0s 117 g DN 94% 75 % D
IEPNICFERE 5% DN RIS S & L CIalIERICEE R LTz,

Oy BRI HURE BICERE U, R & Sl HRAT S
ZEhEF L (K1), ""MoOs 2> 5 D P™Te By Bl U
TETIZ "MoO; DIREEZEAL D I TALATE 2L L 72N 2
OBV IR A BRI 2 2 LT r RO N
S AT BETYA L TE S T ENRERE, 1. 19MoOq BUR & i O FHFIR
1) Y. Nagai et al.,J.Phys.Soc.Jpn. 82 (2013) 064201

1%LLTF "MoOs 1Z 7 —/b, & D WIFIRHIAE L TR |
UL ATRE Cdr o 7o, ABIDEIERIL 99% &2k LTz, F

7o, 29 g OFEFE VT, ARk U 7o SIS i 2 YR BTN 2L _

FUNDHR S T D, £7o, fbamEIU S 3G D AREE T,

ANEND LRI N E WS R RN dh b, Zhbd

KB O BB R0 1Mo0s O FERIFIL 14y ATRE T 0 | Er:>

Recovery and reuse of enriched 1°°MoQOs sample for %Mo production by accelerator driven
neutrons. KAWABATA, M., MOTOISHI, S., SAEKI, H., TAKEUCHI, N., HASHIMOTO,
S., HATSUKAWA, Y. and NAGAL Y.
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AURAAJZITEBEETY FOTREF 211 £AVF-123 D
2A05 FIRIRE KU B~DEREH

(BRBE !, &R/ =27 V=72 FFERS, BORBEY OMEEN,

PO —ER 2, AN S, ARIFUR A, RIECT, R

(#EE12VHE- 1313 DT <O ABIEICH OOV CODEEHE T, FRZHRIRIRCE ~ LM
BHIENHBITND, I, NWAFRIEICHWAEFEEL T OO ot it MR N B S, H
ARTH 2016 4 3 HICHIIARDS A DIEFIREL THAL TV 45223 Nt i fas LTI CE
AETHEAE IC LIRS N T, af T SRRICHE N TREDNESIR =R T — (B RRENZEDND, N
FRIEIZ B W CIIBFEN RO R ER THY, B IE R~ D7 EIFFEIL T
WD, ABFSETIX ot N FEIE~OIS PRSI T O — D> THDH T AXF 211131 At)
2N, Ty RO RN ONE ~EDINERETLO0EH o~ A% DT, F- AN 258
DL LTIV HEE WD, RIFFETIIAA—V U 7ML L TavHFE-123(P) 2 Vs ii L
770

[EER)2VAL 1T KKK A B ZE 2 o 7 —C Bi Bl at— L & RE U728, REERTAIR X 0 TR IEAh
HBCX B LZboa2 vz, £ 83033 b FrIV DAL LTELEZ7 4 VAR 77—
FOBEALLELOEZHW-, 2 BT — NHRFCHEE LIZERWZ >~ M(Wistar 7> ~, o, &5
BF 12 RIS 2UAL F7203 P 2FARER B L O OIc L v 5 L, &5% 254, 38, 6KF
M, 12 KFfH, 18 KffE]C 10 T >~ A ZIC K D RBEIT -T2, 24 FEHT4 & 48 WEfi]f21% 20 7
BOWE 24T > 7=, 5D IVZEE ) S BRI L OVE ISR O E 2R E L, HE5RA A~ IE 21T
ST BEZ G HT1ER L OBHEIC L > TEOERERO 21T 7=,

[#ERYH R~ AL 35 L OV B OB EERO V' — 2713, #IREN B LR O onwFn b #514% 6-
12K CTH o7, MAtOEBERERIE ' PT O 1 HIRBECTH -7, BTG EEKRE ©—27 & L TER
HAME T L7,

3 hours after 24 hours after
21AL poo. 123 v 123 p.o. 2MAL v 1At po.

2MALI.

123 v 'E p.o.

(Figure 1) 3 B2 (1), 24 BRERIRR (YDA ~H AT THRIE LT v b7 T —li

Evaluation of Astatine-211 and Iodine-123 Uptakes for Thyroid Gland and Stomach of Normal Rats by
Gamma Camera
IKEDA, H., WATANABE, S., TAKAHASHI, N., SHINOHARA, A., SHIMOSEGAWA, E.,
HATAZAWA, J.
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L5 - RIGFREBHREEICEDLSIEREORFETIL
(KA ZEHR ', mRE)OKYE 7' mEE—1

2A06

WS DOFRIE A B = X N DSAHIIEICE 5 RIERIE O A sl fe & . A2k U 7= BB AT 23
EWEBRMHEZR TH AN~ BT 2R & I2hHI L, S DICEBEOIRBEEEO I H
IEREER BB < E WD ETAVEIED | IRE - RIFFEIES ISR O 5 BN A OREE
REBFHNTHO 5> 2 & 2l AHde,

BEFERT T LV OREEEIZY T- > TE, BEERADRIED = SDFWIEN TG IEGED 4
A » BRI EHFIICRIEO FBRATRINA Z L 28T H L TR BNICE LD DH 2
EMTET, BONTEBREIRBEOREMOLR— s VIciii SNz 33 HE0RBREF—2IC
WAL T, —JRilie 0T < BEMEE S,

INHOT =%, BRI 6 F CHENBESHIRBREL(LE RT IV —T"L  BIRY
A3 15~27 4 & B < QM SEHMERRELL 2R T 7V —T O ZDZhliL, B N Eiko 2
/3. BEHEN L/3 ONTIT ol 1L A EDE A THRIEME TN LT, B L otk
TR FIUEREZRTZENRARONDIN, HICHLBETEL BRRDERERT DI —AND
HTENEHIND,

HLZOHFETANIELWE T, T E TITIERNREESR T L0 o 2 BRI &
W BDON, EENABICIERICTETEDZ L. DARIEICHT 2B AN T FBIX
RITBKAAE 2> B A AFIR ~ D EBBFE ORI, FLl AR B Ok R 22 IS IS K » T, s
o FaBIE LT LI ETHLHILEZRR LI ERRROMELEFTA D, ZL, Z0
DS AUBEIE B4 25 T B E I B
WHDMWANENPTNN DD D
ZEBLRLTVS, ZOEF L, 30 LE A
T D72 O FLS RRIG I DS F D
FREE &2 S A ISR RS 2 &
TE 5, # 20~

AP U EGR, RS
OFHEZ 0 ([, FREERD %
WRFICTOEEHIETHETHD . 101
TN K> TSHEZIRS 752
ENTE D, b LEFRFITHRT D [E
EBNADERBIREERN G2 50 0 0

AP (M)

fetisk (M) _]

fE3E (F)
L | !

1
20 30 40 50 60 70

UL, B OB ANZDN T RERD YR S A K

N R TCTE T, NACHT DT

B & A D FIREMED B 5 B 1. KR - RIGFIBHRE D25 AREEROREZE(L
ZEBUN

[1] D. L. Preston et al., Radiat. Res. 168, 1-64 (2007).

Mathematical Model of Solid Cancers related to Hiroshima—Nagasaki A-Bomb Victims
BABA, H., TAKAMIYA, K.
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R—BEIZRY kO A RI)—
(BASKHE ', JRIA%, B a0 %)
O m7 ', 2EEag4AE . B 2 Eomks

2A07

[HE] _R—FMT BART M ERTT AT 7l Ho~E R0 AT ML
Y, ZOH, A7 haA RN — IRDLZ X —AT MLERIE L, U
BREZRETHZ LI LWEEZX DN TEE, —F, [EROR—ZBOFAIL, Emp
R OIEFEE SR EH & U TREFFZE e SICIRE S, ZORIEICIE, bo X bRy
YFL—varyrZ— (LSC) NHWLNTWD, JFRFEHSKZIL, BRI MR
DR—HEFENFAET D, LSC (X, — I AT ML ERTZENTE LN, WK F L
— S\ E BV LiATe dn JIE TIX, BT 7 2 F U I RRBAE L, ZTORKTFLF
— IR F N7 T D, BRI T L—XITR AT, BWERORE LW T T
AF vy FL—4 (PS) WD HED BNV, PSIETIR, A7 = F o 7 UsMIR
59 BRRENATEETH S, LLPS EAWEGEAICZ v F U /BRI LRNVET S
P, EBRAINCMCA D1 F v F% 05keV & LTS Z EIZHESHNTND, ARl #
AT MVERTNEIEHE 2 A0, F v o E )X —0RREZ RSO, 72D, PS LA
SMTIREEN R D L B2 OGN v F L —F 2 WA OWTHIE LTz,

[%Bk] & b~=/LiZ PMT; H-6231 (& k) (&, 77 74 %A 7D MCA ; Sensor Kit MCA
8 stage +HV, Part Number 600-7889 (H > I/ ) D72 <L 1 Kz, AR v 7 A2
ANHESE Uiz, 2O F L—% ; PS (A1) E GSO (A F VA K% PMT IEH
(T TSR ERLR ; OBi (482, 554, 976, 1048 keV), X — & BB HERIR "“"Pm (Ema= 225
keV), °°Co (Emu= 318 keV), **Cl (Epa= 709 keV), ***T1 (Emu= 764 keV) (LA L Eckert & Ziegler),
T OIEBE O FFMEFINL TEFE *H (Epa= 18.6 keV),""C (Epax= 18.6 keV), *°S (Epa= 167 keV) (UL L
Methionne; Moravek Biochemicals) % PS Z(Zi F L7-ilkBt21ERk - HIEL, =¥ —LF
¥ URNDOEBRE RO, AWy FL—F OB B ERITRT,

Y > N P H N —

[ﬁ\%%i()\%%‘%] 2 FEIAD /\/7“1/ 5‘@ £ AR EEDUF L—4 O
WTFRLEHWEZEAETH, = XX =0 Plastic Gadolinium
7B D ¥ — 7 2 ARII 52 RSB SR AR o T, scintillator silica oxide
L?b) L/\ %@%ﬁ’qﬁﬁ%&i;ﬁ:fcﬁ U . X/\Oﬁ }\/I/ﬂ:g:ljt I];I‘Oduct gsl BC'1400 GSO

ase olyvin .
TN R IR 5T, AT MLOE—T by mmwmsthJ ;8105
TERDT v RN EZFAFT—DFZRIT, W DenSit}_’3 1.032 6.71
FROWAE b BARERBIR R L, [y Ea)
A 2T O~1000 keV Z BT RMEEIFD 2 E13. () 0-9 >~-10
BG DR TH LWL OD, 7'M v %E 2% L Decay time 24 30-60

CE D B D 2 ADET R LT ko 09

Wave length

7 LB EH DRSO AN A A (om) 20 (Max#23) 40
Vb, BUOERBEGE T L, Refractive 4o 1.87
index ) )

ASBEEREONTEE2RADTETH D,
1) FURUTA, E., et al., Radiocarbon, LSC 2008, 19-26 (2009)
2) MERASAE M, BB R Z 2E B0 14 BT R e, Rk 27 4 12 A 2-4 H, P10

Beta-ray spectrometry
FURUTA, E., HOSHINO, T., KUSAMA, K., WATANABE, Y
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BIKSA FHA FEZRVAFHL L Y IRREFORR(FE—H)
CREER ', PERRME . U-VIX, HOKHE )
OB &L ', MARRE 2. MR, REHES, FHEE. FETR'

2A08

(2] Ik > F L —H 25T A A RLSLOIIE -5 2845 U728 Ly ##
R AER L=, i, 7 X U7Vt 7e O CRIER R O RIZE LY T, &
T DHZELTE D, MRG0\ E ZADMERTEGE LT, 2L X IXRENHR L
DBNZE R DO FEFHFRRE 2 T E . B ORIUTIE U ORI R SRR E 45 Z LT
Do Flo. BEARFERLHKIE DK ORSRED SAARERLA M 7 DL~V EE L TOIRH
L HEFOERENADOREIZHFHOIEER S D, WITAT 7 A NRN—RTTAF I AT
7 A N —DEHRE R R EMRBAR SN TE R, N T 7 A S IR 7
S TW5, AlEBA%E L7z LSLG fttasid, FEFICHHEE CRI b EHRICEZ b, L
HOHDLMHEETHD, T, FH—HE LTy BRI D AR RIS ERHEIC OV TS
%

[EER] VL XL TN T TRF v 7 Fa—TNERWEITROEFETCa—T 7 L, 2212
WEY o FU—F B AL TAHAET T AOBEEEFE LT, ThE 7 VX T NRMRET = —
TTNIZTLETTAF 7 2N ANV THEFEEE 2D 11T, LSLG Mg FR L
720 LSLG T a2 —7 DORINEL Db OZHE LT, LSLG F = — 7 OHUMIED D 1.5em (2
Bt L CRRE L7z Cs-137 D AHRIRD /L AP A7 RV & IE LT,

[#8] X1/Z, ES1m, FE5mm & 10mm O LSLG #8842 W CORE M8 2T
WATE = OFF CHIE L7z VAR @AY hVERT, BEERIE, 4 2 0nm ThH 5D,
BRIE A B EE NSRS T 5D L OMEDREICHEV., WEMEiT/ &< s, LirL,
Ty MEE. BRIEEICHEVELTIRE - EDEER LTz, ZORED S SR OA &
Dkt S b, LSLG D
W% 253 2 & M%)
FIX.3.23.6 5o T,

100000

Source : 220kBq Cs-137
Position : 15mm from center of tube

length : 1 m

Im & 2m O LSLG 45k | ] R e o
LT 3m @ LSLG f& % @D 10mm Near () 1221;{_3?:; SSLG10mmmdem
& LT %) 41‘|J F}q < % }:) o glOOO D 10mm“Far = SSLG10mmM1m90c
LSLG #HJEIZLTZx D N m

0 ====SSLG5mm1m9cm
HC T AR 22 BV T € 1007
LT T é SSLG5SmmM1m90cm

L . Total

L7e/7 VAP AT |k 10 T 1)360%3.3cps
ARELNT, Zhix (2)387%3.3cps
LSLG (T &V —#R7p T 1 ‘ ‘
0 SR B A I L 0 500 1000 1500 2000
ik B, HLINT Channels (Pulse height)

CIXMARET D,
X1 AN Smm & 10mm O LSLG # i 2e0 SL 2 & E ik
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ER P F RS KD R B RERA V=B Sr@Ceo D £
(EAREEEL T ' B 2 OfLinZ ' B THE ' P)IHE—
NEARERR !

2B01

[IFLBHIZ] LS T 7T — Ly CollBRBIRTANE LT M@Coo M IZEBI T2, @I
WENTREZRT,) T2 OHEER - BTN O &R 7 7 — L U3 24P X 0 IEH IR
DEFFEZNTE R, LOLARRL, M@Ce 13— X174 7 7 — L v OB IAEBI I RE T
HY . Li@Ce Z RV TZ M@Co0 IZ DWW TUITBAEE THEEIC T HE - T 7wy,

— i 7 M@CGO DEBIIMMOERNG T 7 — L > LERRICT — 7 EIETITbLD Z &
BEVR, BIERD E LTELNDKBED X A5 5 O4HE - Hit 8 Ew CEEETdH 5, Z0
W27 7 — L HLSORBIAE IO RAEZ T Z D M@Co DERIEL LT, I, 77 Av s
¥ U BB 2 R LR e R 7 7 — L U B RIE[R-3]78 EO&RIR T & B
Coo ~EANT D FIENEH I NLTWD

Fxld, TNETIZDT }iﬁi\fébé 14MeV mEHET 2 77— Co & A v F U
A(SOHHEDIRAIZIRE 325 Z & T (n2n) T & o TRBE L 72 8581 23 Coo ICHU D IAE NS Z
ETHURME St 77— LU ERRT 2 2 L AR L TV D, AR TIEa— AV FI A2E0E
% L7= St@Ceo % kIR 7 v~ w7 Z 7 4 — (HPLC)JEBRR L &%y TOF/MS HIE /> 5
Sr@Ceo VAT E 2 7 L, YRWNT 85Sr 7 5 — L ikl & A D 4 ¢ HPLC BRI+ 5% Z & “(‘
BSr@Ceo DTS 22 7AF+ T, d

qbc

KD

[RER] Sr@Ceo iEHIT — 7 JAEIEIC LV Bk i T
LR LIEAZDBT =1 T i@%ﬁbto | e o o
Z O#EHE FV T HPLC( 7 A i Buckyclutcher 1, L soun

BB T =V U)ICRB L, WS E 1 5T L RRAY
L1243 LT LD-TOF/MS HIE 24T - 7=, £ 7=, § Mt ]

hod L9 18-19 min

858r 77— L L SrCO; & Coo DIREMIT, AAR
- F1BIFSE R S B A% D 12 Rl G MR- IR(FNS) IS
TDT RIS TAEL 2 14 MeV O il k1% 4 ~

LCAM LT, ZoEtz7 =0 UL, fil 0 10 20 30 a0 s eo
HPAHE % F5g & AR OS¢ HPLC &R L, % Retention Time / min.

HIRRSY 2> B 1 S5 SSr HROYiE Ge i K. SI@Cw #UFHD HPLC 7 2~ k277 A
R SR L7, B L O3 E[ O TOF/MS

(#5R] XiT Srt@Ceo ikt HPLC 7 1~ k7T A% X OVAH S © TOF/MS Th 2, 47 c,
d, e (17-20 min.)?® MS(/]’ Uy MITIE m/Z=808.67 IZ St@Ceo FIRD E— 7 iR TE H 2 &
M5, St@Ceo 1 17-20 32T 2 Z 3o odz, ¥Sr 77— L ikl 2 HPLC JEBA L.
TRy DYRRENE 24T > T2k Ry 5. BFE St@Coo DI HINLE IZFTIA 25 EF O J HED 0.1%
BENSHRH SN, 2D OFEEND B5Sr@Ce DINEIZB L Z0.1%THDH Z DR TE 1=,

e. !9»20mm“
720 800 880 960
m/z

Absorbance / arb. unit

[Z2%3CHk] [1] S. Aoyagi et al., Nature Chem., 2, 678 (2010). [2] T. Ohtsuki et al., Phys. Rev. Lett.,
77,3522 (1996). [3] M. D. Diener et al., J. Am. Chem. Soc., 129, 5131 (2007).

Production of radioactive Sr@Ceo by nuclear recoil phenomenon, AKIYAMA K., MIYASHITA
Y., HATSUKAWA Y., KUBUKI S.
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2802 EFHETRICZEZAVEERART 53— L U BEDEHRE
(EHEARBEEL T BEOM R ) OW PRI ' FiifnZ !t PIEZEL?

(#E)] @RNEU 77— (EMF) (37 7 — LV B2 N0 LTI oS 2 FFo0 1
THU ., EEEELE L COISHBYFFI N TWS, ZoFRIGHZ BT 72902kl
FHEDE EMF DB E S50, EMF OGRS B W CTXREIERRY) T D Ceo, Cro 72 & DZE
77—V YDREIWZERT DD, FL——8ED EMF Z@E%E T, 27 7 — Lol
TOHHERKRD LD, Lo, —RWICHBEHCHW O TS @Rk v~ N 7T 7 4
~mn®fi%<@ﬁﬁ&nx%%zgkfétw 0 BRI GBEFIEDN RO HILD,
Hx 3BT FF—MEwEIC ;éEMF@EiL55k$$77 L RO BP0 B
P& M A G R T oy Bl 2 5 A C X 721, RAFGE TR, 2 OB W B BRI VREE 2 & 43 BfEsh
¢®%ﬂ%\w@eW@77*V/%mﬁiﬁv%ﬁ*kbfﬁw\EE%_%@@ﬁbto
[EER] Ce # G AT S ERFHRE T — 7 HETH T LTV AERK LT A X% “fitfbix
FCSHTHIMH L, PCeNBT7 T — L aEL7 7 — L UMM A 157, 2O CSTERKIZ b
VZF 7 I ATEA)ZK 1 : 20 DFEIETRSG LT h= 1 U/L(MeCN/TEA), A ¥/ —)L
(MeOH/TEA), =% / —/W(EtOH/TEAYRIK % ZNZE N2 TH#E L. EMF ORITE{T -7,
ZTOHh, TNHDEREA LTV T 4N —TABL T, AR E 7 4 V2 —FRIERRSY
AR LT, ATy 7 v a fiR(DCAYE N %, A U7 EMF 7 =4 v & il b L, 7%
BAKICEDTH T —2 a3 THERIFT S DCA 2B Lz, 2N EOWRIKOEEE Ge Y-
R HER CHIET 5 Z & T EMF 2R ORIEEEZRE LTz, 7 4V Z —RiEgs L, CS, TH
UL URIBRIC R RE A IE Uz, Fo, lstgel LT La 2 G RERE T — 7 ETH &
T7 77—V EAKR L., FEROFIETHEEEZITV., AIRED % ML= IZE# LT HPLC 47

Hr(% 7 2 : Buckyprep, BHEhtH : hv= | Y - 3.2mL ‘ (M PRRS B RS O RE
‘min")&17 o7, BN HPLC 7 u~ b/ T ADE— Rk
7 ﬁf‘ yARY) La@C82 @ Hﬁfji‘%tti)( Lf\_o Coo Cro * ;om (':f)J oo

(ER-2R] [ 1 (12 h2H O T L7 5 |

WAy & S BfERTEEI O HPLC 7 v~ ~ 75 A K OGSy
5 S T2 U RE O oy B RTRUEHC k9 5 B A & R

Crs
b Cgo, 84
U\U La@ng
L/Cb\%é HPLC 7 &~ k7 F 575 MeCN/TEA % iU L e @_
IEEEIT O & La@Cs2 {22V THEHKI 80%ImIIN 45 & &

ﬂf%\ki CHAET D Coo, Cro % 99%LL FiRET 25 2 JJLhMMAMJVM T
EAHRD 2 Lo Tm, & BT, MeCN Tl EMF 42 (b)

Intensity / a. u.
&

KD 50%LL E& ARGy E L CRIINT 5 Z &3 RIEET (a)
HAHAZ by hoT, ZOZ LB, MeCN IV - 0 20 Wgom
PR D J1 Tl & 2 RAIZ EMF L2287 7 — L D4y B Retention Time / min
NHEDL EEZ LD, 1 (a)MeCN/TEA, (b)MeOH/TEA,

1] FHEmME, EHAEITRFEN LT (2015 @EWHHEX%m“t s D
[1] PPN B N 57 (2015). (D4 BERTD 7 5 — L MY O

HPLC?HV ~ 77 5} O EMF 42
TR DEE

Development of metallofullerne separation by chemical reduction
TANAKA, K., AKIYAMA, K., HABA, H.
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BHR. MERFAOI LA VHEEEOSFICLSHELL
(BoRBest ' 8 °, ms ek, ERREZOCY)  OF I A
2 R OV AR AT v — SR w7 0 IR
ARG RS, =R SR ARk IR

2B03

[(#E] EF LRV P CBT2ER I 24 0%, BF LR UEMR. BEFD 200 50
BEFO, ADBEMEROI 24 VDR O EBMICHEINLD &, EAOHEZ RS
2 A VRS EKRT D, 2 24 VR FELEIZIER IS/ S efuE R E RO L b b T
JRFIZ LD R a4 v OfERRIIHEE TORBLEZIT L2 ENMbLI TS, FEEE, Hx
DIWBEDHFFETEH CO & CO, T, JEF—2Y720 D O JF I D C R DA% 70 fli ==
75> 0% LT HZ L EHMELTE[1], 224 VREFAEGERIZIZ, b)) —HDa2=—77
WENFELTEBY, 24 VEBRR L I TV 5, Tk, —ERERAICHESH
T a2 A PBET OIS TH D, 2 2 A VIEBIRERE TIEI 2 4V KFEORE=RLF—(2.1
keV)LL EO =R N =% FFOfEIC L 2 4 U B S NeWnWzd, 2 24 VR IZE
B Ihs L LBy BBERTOBTREORELZZFIC<NEIR TS, Hx
IZZNE T, CO, COZRRE LIFEREIT-> CTEIZN, ARIFET-IZ, COS & CS, %4k
L C, EEHERER X OB T Sz 2 24 OWHIRIE 2 70 THE T 5,
(EER] ASEBR AR AT O J-PARC WE E Pl FEBa X = 4 5% (MUSE)
DI BE—AT A TiTolz, CS; % 20 kPa THIE,  LL<IX, H; W AIZ COS BLDY, CS, %
1%DIRE L TIRET- A A(99 kPa)Z ikt L, HAF = U N—(FFE 7.0 LICEH A%, 224
VE—LERE L, a2 AU BE ORI SIS I 2 A VR XA S v~ = A
AR THIE L, ZRFNOH o T ITo X 9~14 BERIE Z1T - 7=,
[#8] #lE LT, CS,D S FFIcHES N 1
2 AT D I 2 A U RE X #R(Balmer SR
HN) % KX MR CHBSIL L7ZgRE & LT 1R T,
EEHERTRITI 2 F U EEE CS, D S LT
THESNT-RFO IEBRRILI 24V KENS S
JAA- OISR L0 i SIS 35 X R
T D, IHBIEFETIIO LX BRIREE DS E R
D10 73D 1LUTTHDZ DRI, Tk
T 2 AU S T O &R 75>Ef£5 0 - -
SEERLTS, MRTHE, ZORROMIC 10o3) o) 1) 1) o) 1o
HLAIT 272 CO, DFER EGHLET, C. O, S

ﬁ)%)ﬂzéﬁﬁ,{k S TAY T D 2 = A T Transition series

to i 1CS2 M S RFICHEIN a4 UAHKTHIa
‘ﬁ;f AIMEOENT L OMIEBREOZAC s e mtre /<5 ABaimer F31). 2-Dik
hikima T HTETHD, SAAUREEFE=2AD 1 AEBT ARICHKET

B X RKAHREBERT Do

-@-Cs, B AEiEE
—e-CS, 51572

0.5

Muonic X-ray intensity ratio

il = EETP 1 8-

2B R
[1] G. Yoshida et al., J. of Radioanal. and Nucl. Chem. 303 1277 (2015)

Muon capture probability of oxygen and sulfur atoms and differences attributed to the molecular
structure

YOSHIDA, G, NINOMIYA, K., INAGAKI, M., ITO, T.U., HIGEMOTO, W., STRASSER, P,
KAWAMURA, N., SHIMOMURA, K., MIYAKE, Y., MIURA, T., KUBO, M.K., SHINOHARA, A.
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SAaFVEFEEIZBITAI A A UMEBRESRICEDITE
2B04 8

CGRAERHED)  RBFEEE

(5] BETDO207EOEELZLHOI 24080 53 24 0T, tDJFT & e difdo
FOLX—PFIFE 200 5, KE (X200 50 1 O SN Tma v 7 "eRkEkDd, 20
7o OZIEREN < 720 | B OWEEBBIE O3 7 —r VEEEEO N O ) HMER 3 % 58
WTHERMEZ D, R 2ad VDTN TERSNREZ S, 2 a2F 0%, Slom b RIS % fif
BELTWD EDICHA DT, I a4 RS Tmuon catalyzed fusion: pCF| & KIE T
WA[1], 1980 FRFRITIFT R NAFX —AFEDOEBEN D RESEAEZEDTZZ L b b o7,
R a2 AU PEMETAER LAY T AR EREA L, uCF O A 7 Anbihnsd [ o4
VAP ERIEN AWK VBETEE R —AEIIRE S TS, S a4
U LRS- ERBIRAEE OFETRUF—EEICL Y L 2B U AR OB E SN
HHEIZ/2 D, O uCF A ZVIZRES [ a4 e k) & Xidhs@End s, —7h.
FKFE - ZHAFRIREFRD uCF T, d+t = a+n+17.6 MeV SIZE 5 14 MeV D ELAa
PEFR—2D I 24 DK 150 fE STV, Z OFPE IR MM & < SR 4R,
RSO ICIR S 3 OFETIRE LT, ZNE TSR R TIR, BRA R & okt
BHFE, RFHMZBEIY OB~ IS AFIE AT L TIThLCE e, fif, A=A
Y DERGNERMNA LU, HIRLAEEO DO TR E LTH uCF NFWNEEEHOH252dH
%, ARFZETIE, @B —T7 I X~ P TR IS I 24V EFEHRE T OMMAE KSROHE
iToTz, HH—T T X< uCF TiX, =24 U MEOHERNED L, 2 24 FEE b
FERSHIML . mWBSH R S I STV 5,

(Gt&] I = A EARRRTF (du)is & ZEARRE AL t OFMEREZE (dp)is+t — (duis+t &F
RZEZE (du)s+t — d+(tp)s+48 eV B XN O OW LSO E 21T - 7=, &R BAEH
IZ. d+ t BELOWHEEZ BT O NFRT vy VBB L, £, BERE T v xouid,
WHRT Y VOEIC L LZWMINTRIA LT, 2 24V OEBIIR FEOE & L A TE
RN =D, B OFEZETHO LD WGV LIS EIG TE 2, 20z, FHx
BAFE L 7o MBI AR 2 7 v RV OFRE (U ABEURBRIER]) IZ XV B R & KR D
HEEIToT, £, 2 aFd U MEOMELZZMERENE 2 C2 5B TOREENE I =
Fo~Y T AR HE E OER Y MHEHE L,

(#ER] KD uCF OIRESRM10~300K) & < X, @RS (10~10"K) TiE, E2Edi
A RIT ML BN L, X 2 A U S OMERIT M Lz, ARG LAV FHERRIL,
L1tk DFEBRGME O LIcFIA S D,

[1] K. Nagamine, Introductory Muon Science, Cambridge University Press, 2007.
[2] E. Hiyama, Y. Kino, M. Kamimura, Prog. Part. Nucl. Phys. 51, 223 (2003).

Calculations of muon catalyzed fusion reaction rate in muon atomic collisions
KINO, Y.
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EAEEECLITHMYE F—T L-EBRIE =KD BASEHRE
(BRRFEE A SRKELT %) O ik ' R | (ks v

2B05

[(ZL®IZ]

PUER L =8k (Fes04 ~ 27 RZA ) 13 =2 U —IRET: =858 K)UAFT7 = UEMAZ R,
TEAMSHORTREMENS . R—tr 712 X 0 BB RS 2 9 550 S ActTbd
IWTWD, Z0 LX) RAFZEIZBW T, AL OR A MEH CTOBEHRALECE OB 2%
BT AIEMIIKRERBETH D, Fx ZEITHZEICE N T, FeO4 IR i & L THEA L
7 —7% MIn(=""CE T PIEEITEIFE L T A MBEIT D & D BLEREWE S 28 L
7o ZO—J7, "mcd(=""Cd) 7 v —TIIEREIERFEE T, —EDOY A M E-TNDH I L
PR LTz, ZTNHOHRE X VIEGBRT D700, RKUF5E Tl FERSHE Cd 2 i) &
LT =7 L7 Fe;0,NIC "MIn(—=""Cd) 2 7 — 7k & L THEA L, EEfAHEPAC)EE
WC, Fes04 1 MCd WL ICE 1T B R FTERBE 4 i3 T,

(=88]
Fe;0, ¥y K & CdO ¥k % JF 14kt Fe : Cd=99.5 : 05 LA BETEA L, EBAIBELTH
WEICEZZE AL, 1173 K T 45 IR L=, & %Faﬁﬂb“(?“@ogabf_%@%ﬁ(}ﬁ

I L, i SRS 2T T L CL A ﬁ% BIAL, 1173 K T 45 SR L=, 556
ﬂfcﬁfﬁ*ﬂr 2L CER2 D 1173 K Ol EFLPH T PAC JIEZ1T -7,
(#ERLER]
Fig. 1 lZZ =R, 773K, 873K TH|E L7= PAC A7 hTh b,
Tc LLF(Fig.1b,1¢)? PAC A7 hUiL, JAIEE o2 a 873K
SARDERD 2 SOBKIBFRAERZ2RE 7%
LIEEFATT 4 57 427 LI, Mtos %[1] o
DR _5 oz, A MO RE RS 0.00
Fe;0, h%i@ﬁ’@ﬁﬁﬁﬁi‘ﬁ(“shell”) A7 AE ‘3‘67 Byl
17— 7R BB AR DY N & 7R il oy TR - INER -0.15
DR (“core”) DA A L i A B L 7- T e — gg(‘)::
TRACHET D LB BN D, 000
Tc YL E(Fig.la)® PAC A7 MUIZEWTIEL, 005
BUBALIC L 0 BHGIRES 82 L 2 OB o]
MR EERICHKT 2EBE) Y — TR 2 72 -0.10 1
{7poife, Elo, FTICBNEMO Y — 0 28] 32;: 4
U7z, ZAuX T LA R CHELUI X 417z shell iK1 005
LBb0LMbn D, BRTIES OISR o0

%%%i&%ﬁ«éo 0 50 100 150 ) 200 250 300

Time / ns

Fig.1 FREIZHR W CTHIE Sz,
0.5at.% Cd F—7 Fe;0, # "'In(—

[1] 1. T. Motos et.al, J.Appl. Phys., 117, 17D511(2015). ' 'Cd)® PAC A~<7 kL

Observation of local fields in impurity-doped magnetite by means of perturbed angular correlation

spectroscopy
TAKENAKA, S., FUIISAWA, T., SATO, W.
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ROTX B4 FEEEIEW Lag,CaosMnO; 1 D B IS A E
(BRKET ', —BE®E ., mRF ) OB W /AMamEybdm 2,
KA FaE°

2B06

(UECHIZ] Re T 2 h A N~ T BB (AMnO;) 1 3KEREIC & 72 - TESIRHLA
HHEWTELT 2 BERBESIEIER (CMR) 2R3 2 L TMOLNTWD, ~ U H B
ZREBEMERELE U COSHAT B 720121E. 2307 OB RIS 2 TREG M 2 AR I i~
HZEMBEELRD, T TAMETIE~Y B O T THEEE 7 CMR %2R~
Lay;CaysMn0O; (T-~250K) #HFFERtG L L, 7u—7 & L TS O b 4 i
ALT, v #BEIHAFEEE (PAC) ICX > THu— 7N E TOBMMSE ZHE Lz, %17
ZEIZBWT, A A MTEA LT "Ce(—"“LayENL BB 2 NEES 2 e+ 5 2 &1k
DyL TV D[], Z D MBI R & 728685 D HRIZH 6 3272 - TV, & 2 TAMFZE T,
AV A FEEHBETSZEAMGFESNDS MCd(—"""Cd) & FEHIE A L RG22 1@ L, FER
M7 — TN E T O transferred field O FHEEZ T, W7o —7 CORELHRTHZ L &
HHJE LTERZITS2[2],

[32ER] La,,CayMnO; 1ZLL FOREFGE TER L7z, La0s. MnO, 3 L O CaCO; % 7% %
ELTRA L., 12713 K TORBERMZICH RS « SEAIRA L T 1473 K THifS L7z, £ Dk,
AR XAREHTE & ALBIEIC LD BRORBRER SN TND Z & 2R Lz, "'Cd(—
Mmed)y 7 o — 7220l JARIFIZBWT "°Cd THEfE L7- CdO It 2 RE4+ 25 Z &
THMZD "Cd AR LTz, Z OO R Cd(''"Cd)O % Lay,Cay;MnO; LA L, EX
T 1373 K TRERE L CRBHZ 7 e —T7 2 E A L7=, PACHIEIZIX BaF, v > F L —X|Z LD
WkD 4 MHEREEZRA L, BEAZIZISATRREBLO 77K TPAC A7 a5,
[#8] Fig. 1 12 77 K IZ8F 5 Lay,CaysMnO;
Med(—"m"Cd) > PAC A7 MV ZERT, A
UTFTCTOHERRETHD-0, BGLBELAR%
8 LT H—p oy CRNT 21T o T2, TORER, 7
0 — 7 BENLEIS B TN RIS By < 0.014 T 2381
B ENTZ28, 2T Ce(—"LayENLEIZ BT 5
ZTNEY bENNSRETH D, 'Cd-O-Mn D
FEEA 907 (T, AV VEEOLEHEN /I W
ZEeEBETLHE, FHET R —TNETDOZD

0.1

INE RIS B LUME L WV 2 B, AR 0 50 100 150 200
TIE, Med(""ecd)y e —T o EHEY A R 5 t (ns)

\ZBEZE 5 Mn 205 O transferred field 7% "Ce(<— Fig. 1. PAC spectrum of ""'Cd(<'""Cd) in
WLa)7 m—T D Af WA DMIICOWVTE [, Ca),MnO, obtained at 77 K.

g Do

(5% X#]

[1] W. Sato, N. Ochi, A. Taniguchi, T. Terai, T. Kakeshita, A. Shinohara, and Y. Ohkubo, J. Nucl.
Radiochem. Sci. 8, 89 (2007).

[2] W. Sato, S. Komatsuda, A. Osa, T. K. Sato, and Y. Ohkubo, Hyperfine Interact. in press.

Local fields at impurity sites in a perovskite Lag7CagsMnO3
SATO, W.,, KOMATSUDA, S., OHKUBO, Y.
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Zn0 OBFEALABEIH 1T 5 BESKEFY
2B07 ) - I

(=B @RELT 2, UORIE ) O/Ma b dun ' Pefiis 2. KRR &

(IZCOHIZIERILHEN(ZnO) % FF-— & 72 % 13 JEICH (In,Ga, Al) D R LFUE U TR S 115
BB 22 L & W\ o To Mg T R DAFAEI K 0 8K D3 0 B35 L Wb TS 728, ZnO H Oz
RIS R —N R T HeE. RPTHEE, £ ORI OV TR Tn5, £
ZCTH~X L, ZnO IZ MIn(—=""Cd)EEAL, a7 r—7 & LTHWE p #4EE)4 FHBI(TDPAC)
EIZE Y ZnO ORTEE FHEEZFZE L TV D, SEITHFEICEBW T Min(-"Cd) 7 v —7 & Hu iz
TDPAC HIEIZ LV, Al & In Z A E L TEA LT ZnO O AHIY) O sy Ik is 2 ji -~ 72 [1-3].
ZTORER, 2R P TOBMIRZ XY ZnO FITIR S NI AHM Al & In OGN, AiERRRE
ZMETFICI T DB 0L 5 FR B2 L OTERRIC L - CTIREET A B 2 Rme T AR SN G -
[2,3] AHFZETIZZ OfREEOAEZ K 0 SN BT 2720, FbBeRiR 5 F IR/ L T
=— 1 > 7% i L7z 100 ppm Al-doped ZnO (22U T TDPAC HIiE 24T\, fREES I O FE I AEE
D, UGSOBMEERZ RO, & OICHEER ORI Z I MREOTE b= x L ¥ —%
RS o7,

[3EER] ZnO T AL(100 ppm)Z ZE5HNZ 81T D EFHSOGIZ &> THEA LTz, 5 b 7zalkEHT Mn Hi
FRVAWR 20 T L. 2850 1373 K C 2 WERIBESH L 7=, BESE L7=3ElD 5 BEk A X Iz EZEd 1123
K "C 1~25 B BES L TEANZNEIR T PAC JIEZATV, MRBESS DR EZ T~ T, 155
T2 AT NV EFRAT LTSRS 1123 K ISR T D RBEO L B A RS 5 Z LIk LT,
Y OFEHZI DWW TIE, Ezerh 873~1148 K T 24 BEIBES L7- b D& F N LN EIR T PAC HIE
ATV, FREESO S OIRFERIFIE 2 T2, O AT MLVOITFE RN D, FIREICBIT D
FRBESOS DR EER A A o7, TDO%, B L ARRICAEREBRESRE O T VI T
AKIE T CRED FEBR 2TV, fRBES S O BRI DV TR R FE 2 1<,

: . N \ 10
($EREBZEIFig. | IMRAELOS O E# 2 BULELR g ]

EoWHicL Ty LD THD, 1220
Tay ML, TL=u20XEAWTT7 4 vT 4

YT EATV, REEPOS DTEVAL = L —Ea 2 B2 <
IZEBWTIE 0.72(6) eV, TAITURIETIZBWTIE LS ,
243(10) eV & RIS o 7o, fRBESOSIT ZnO DOFRFEZE£L 10°
FRICHR SN DBRTHDH Z b, ZOfEIE ZnO i
DIEFZEHTCH TN F—ITHY T HETH L LB X I ]
BB, BERFHIC L > TR DAIETICHT DM 107 gt Dot
FZEILIE R T R L X —DAHE(0.8, 1.0 eV) S AR FEER I IT 104T (K

Wl ROZ A E IR LTINS, AR TE Fig. 1 Temperature dependence of the rate
Fes2 22 fLIE K= RV X —(HDIEWN D . ZnO DOfEFEZE constant, K. An Arrhenius equation was used
B RBE B0 5 BRIV g5, el

(2% 3Cik]

[1] S. Komatsuda, W. Sato, S. Kawata, and Y. Ohkubo, J. Phys. Soc. Jpn. 80, 095001 (2011)

[2] S. Komatsuda, W. Sato, and Y. Ohkubo, J. Appl. Phys. 116, 183502 (2014)
[3] S. Komatsuda, W. Sato, and Y. Ohkubo, J. Radioanal. Nucl. Chem. 303, 1249 (2015)

e N VaCUUM
—o— in argon gas

Atmosphere Dependence of Formation Process of Oxygen Vacancies in Zinc Oxide
KOMATSUDA, S., SATO, W., OHKUBO, Y.
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FRILESREERPOEARRMRICHE SN -THYMKROBHIES
(BRRFEE R SPRORBET % PoRBes! ) OV KoL ' Pekes ®. =I5k
O RIRIRID) L REDEIE S, Mk

2B08

[#E] FIRITHBNT 34 eV DJRWAY RF v v P2 RO LlER(Zn0O) L, £ OMEE NG
WA A — RROFBH BRI & OMERENET N A ZA~DISHN I S TV D EEME ThH 5,
BERENET NA 22 RET HITHT2 0 n BERE p BYEERB NI L 22 5708, —fXIT ZnO
1% n BUSEROME 2ok 3720, p B ZnO ORLERRHEE L 72 > T D, n BIEROME &
ARTRED—2L LTAMMIKEZERH Y . TOREIFTD< LY 03at.%E OWES H H[1].
ZDOARMMIKFEILT 7w T H—THDHEINE V) & 7 — 1 AHAEAIC L D EAEIERNV, +
nH) 2k L, p MOMWE ZMET 25, D78, AiKE & 228 KRG & OF BAER 2 F
7245 2 LiE, p A ZnO DOBRRICBWTEE L 25, [t- T, AWFFECTIIEGEFHIREM Y
HAVEPALS) A H L. 22U RIEY A N OFSRIBIZE 23 A 7=, TV E TIT Vg, + nH OFFAE
TS SN TE 2R, B - SEERRE I OW T im STV, £ 2T, Vg +nH
DI « fRBRERFEDS ZnO OG- 2 DB Z BT 5720 NHi/KFER L OZEFLAUK A
DOEZEE) & A L7z,

[3EE&] ZnO " OAHI /K SE D28 & BB 5 72 KIKKFD Van de Graaff JlEigs %
FAWNT 3.5 MeV @ 'H % ZnO HfE SIS IS L7-(BRE&: 2 x 107/em?), FRES#% . #9400 kBq @
ZNa ZHJHEE L THV., fastslow [AIFFEHEEIEGIC L v B CoBEFHma2 e L=, 5
LNTBE T Fa AT MV EEFMR DB L OEFMMDICoHETHZ 2L, &l
D AFn & Ry REZ ST, ST/ T A —X =IO IEE O A b OFEE & E
BEHE LT, o, BREZORENT | K OER T =— VU » 7 %2170, £ D% O PALS
BN L Rk sa & 2L R e OBV 25 8h 2 188 L7,

[(#EREER] M1 ICEEMRYB LORFMRSOBGE -Hmi KO SmEDT =—1
VIR E A R T, BRERTO ZnO HESEHHIZ, Va,

DED7p/NENZEILD D 8 EFREE DL —Z2 L THERL & 500 b o
NDORERENY TAL—BPEELTOD ZERDR Zaw | 0e® "o
oz, HHH %R, £y & bICHETHFmARED Lz & 300 =é$®®®® ©
ZEmD, W SIOKRAE AU T RS e cee" e
—THE S AR S N D keS| Hi- e
FOBOHERET =— ) L 7T XY 393573 K ITBIT B o } o
W A5y D FF M ORI ASBIE S, T, ZEfLICHE 100 [

SR R AR ORISR REBR A R LTl & D[l tteens
BrEzbNG, £, HOBRMCLY . Zkmo = F #% 3

INE Vy, BEIHEOT DICBET OUSIAMNT  $ o s’ ° Cege®os
E) f: y) N ﬁﬁaﬂ&ﬂ:ﬁgiﬂy@%ﬁ%éﬁﬂz%gﬁgﬁs i%?j][] L/f: k % O200 I 4(;0 I 6OIO I BCI)O IlOIOOI12IO£'.)I14IOOI16OO
ZHND, IHIT, 713K T TOHEMOTAE 72 HEMNL, P L JRE K)
A KSR O BiEOfEtEZ "R LT D, 873 K BLE F1 BETHE L L OEARED
DRI > TR R Tt %, R e

HY. EY SR LEEFWHES., B
kraRFGHSETT,
[1] G. Brauer et al., Phys. Rev. B 79, 115212 (2009)

Thermal behavior of impurity hydrogen trapped in vacancy-type defects in single crystal ZnO
SHIMIZU, H., SATO, W., MIHARA, M., FUJISAWA, T., FUKUDA, M., MATSUTA, K.
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3A01 b1 F 0 LEYRD 1= DEEAL S O R EFE KT
(FFRBERS 1 B ILUROKSEMT 2, B RBRSERIR ) ol AT A7 'L REIAIR ' Bk
R SRE N JRUER 2 WG . MAP 2 AR RRIRAS

(#E]

TR E RS TIIKFRRNAD b L—HP—L LT R FULARHNLNDH, TRk (KIE)
DRV F T LILHEPA 7 4 VX —FITHEINT ZO T ERETICKHHEIND, N T T LA
FIH OS2 52 @D D 72010, BRE~O KBNS 0> DR 72 RIS LB TH
Do AWFZETIE, NI TFULAEBRTHOONEZRRNOHER SN NI F U AT AMHD)%Z
X UT HAZB U TRLENZCEAL, NUTFTTLKEL AT TZ—THILTAHZ L L L,
Z OO ZHA LT 2 HNE L,

[EE&])

AR FE CILER [ P B B2 BRI E Sz U F 0 Ao A S EEE I PR
FUFOULATAEN S AT La5kE L, FEREIToT2, RV AT LN CIEHEAEHIC T HT 2%
{BLT=DBIZANT T =%\, N FULERINT S, BEEENOHER S HT 1E0F
WA AL & HIC—>H OIS (300—-700K) Zi@bv ., kS 7= HT IZ HTO & LT—
DHDOKNRT T —THE LT, EHIC "o HOBLAMBAE (973 K) I[ZTRibkFEE G
TO NI FULERILL, KT T—IZTHE L, AFETIE—2HE _SDHONT T —
FOKDOBIEEEZRIEY o FL—va o ZZTHIEL, B M) F U LBEORk
ERHAR L EF L, R Z 8T A —% & LR ORRL Al R FE o [EIN A A it M
FTHRELZHOZL, MY F U ARIIREZ R LT,

[RER - B2
FRL 8RR AE 2 0.2 mm 38 K TN.0 mm & U 7= R ORISR O IR BRI 2 3 L= & 2 5.
IR S OO A B LR ORIBEA/INT K VSR EIN T 5 Z RS T, KIZ, REE
LSS E DT L= A7 1w b &R T, 473 K LLEOJRFE fERL CIIFe b S O s BEPE A3
—ODRSEEIZ L SN TR Y | AR OR LHE R O LSS EE 1 k [s1]=5.4X10°
exp(-0.65 [eV]/ksT) : 1.0 mm, k> [s1]= 1.3 X
10° exp(-0.64 [eV] / kgT) : 0.2 mm T 4L

BRAL SRS

7L:o Eﬁ'ﬂf/‘%ﬁl*ﬁ?ﬁ@éb \VG\]E‘TQE“:I*/I/?P— 0 L A 0.2 mm

DOEALIT I B 7e o 72 SRR EURE 1 1%
K205 L7 olo, FTENH A RN &
& BTG HRE TN U723 | BR kit
0.2 mm KFDEU AT Ak 50 scem LL I
BV THRACLROSHE EBITITIE—E L 7
ST, TNHD I ENDIRHERAEY A RS 4r
FEALSPRIAEAR MW L7 2 Lz &
DECBENIRE STz, AR TIII HITK

R B S IRAEMEIC DV T OBFHERICO B oot e 30
WThikim 9 Do BRI 1T DRSO L
CuO surface area dependence for tritium recovery

Y. Uemura, S. Sakurada, H. Fujita, K. Azuma, M. Hara, Y. Hatano, A. Taguchi, T. Chikada, Y. Oya

¥ 1.0 mm

A.
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RBEEICK DEREEE M) FOLDOAHIZDNT
3A02 e 7

gty D OlF k', EAgEE!

(#%E]

BREFTO RN FULE=F U 7T, BEK, WK, BKREDIEN, A, BEWREE
WABHZOWTHRENM TN TS, EWRER N F o LAD 95, MFESR NY F U
2 (OBT) O3 TiE, 28RS, BAETIREEKERIEY v FL—varv vk
—THIEEIT O FEY BDROND ZENZ W, BBEEE=4 U 7% )& L7 OBT ORiALER
X, TR EENL S, BBEEE b K CHE L EMETH 0 oI b BT 5, AENE
27 ) —= 7% AL L= OBT Sr ORHLICOW TR 21T o 7o i B 2 His1 5,

[EER]

SINTIE ORI BT > I EERHREORENEETH D, NN LEMGEZ R
EL, B AT AOFIE, AiLER - WERE 2 Bl 5, ARBRCIE, BERHREEL 10
Bg/kg & L7=, Z Ui Codex |27k & 41 % OBT O guideline level (for infant food) 2’ @ 100 43 P
1 THY, A7V —=V7HME LTI RYREEEE VLD,

AWEtORE A (TR & L, 2g OREEREZ, Bz sRE  (800°CITEY)
LIeARER T =X —IC L VIR~ ICHIEL, BEXIT TR L, BIEKITa—1 Rk
Z v 7 2B OKKNaCl GHl, MR TA T A A+ & 7 —/LHH) TR L7z, [k % 7%
USRI 7244, 20mL (SIESR Y = F Lo, TAHTY v F L—4  (Ultima Gold uLLT)
CIRAEL, BNy 7Ty RigIEY v F L—3 g o H 2 Z— (Hitachi LSC LB7) 2LV
100 Z3RIHE Lz, F£70, REIORBEIK EOBREE RO D720, LRI L 0 koK
FEAFERENE LT,

(#&R]

ARBRZIBT AT EE~ER S v F L—3 3 o B 7 T OAERRE TOMLER I 3 K
MR Ch o7, FERIEE TCOD 7 FIOVEEERIL, IS 20mL ORIE A T %
D728, 5 REFRE L ERF TRWZ ERbho7z (100mL O KRFE A TV OE 135 A
FRE L), R FERE X, BREEKSHT-0 T40 Be/L, FikEIEEH-V T6 Bekg ETH
D, A7V —= 7L LTEALINLTHoT-, 7B, BEOKEEERNOLHE SN D
BeK & OBLMAE & FEBRIC X V1S BEKEITR < —2 L, BREEKOEIUCHEN 2N &2
sl s iz,

[ 25 3Ciik]
1) SCHRPEE BSERIEE Y U — X T Y F o a4k, (2002)
2) CODEX STAN 193-1995

The analysis of organically bound tritium by combustion method
SHIMA, N., TAMARI, T.
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HRRICE T LRI BHBAERESMRE
CHR I RG22 —) O AR B, REPIR S Ll B

3A03

(B8] 2011 4 3 HICHA LI AUE IR E S i ssEirsi (CUF & &S S
M o) BEOHR K OB O Pu B L-ULOHR, Pu LR & O
FOEFREOHEE A BRI E LT, FERNICB O TR L2, s+ &L Va4
Wi o Pu [FINEAR, B7Cs KON St 4541 L7-.

(ERA#E] B2 tid 2011 4F 10 A ~11 A2 TRINAECERR L7z 24 308, Vi 13 2013 42
5 AN B TR L7z 19 50R), YMBEEFRIEAEMIT 2013 4F 10 H ~2014 4F 5 AT TH
XD FRE I TR L 72 20 7 12 ikt %, T2l OR v 20 J Xk k1)
L, Ztricfik L=,

(5#7]

(D)Pu RINZAR : R REIIELE S Y — X [0 b =0 AWHTHE] IZHEV, AT U ARRICES L
72 Pu % Si YEARMHERIC L D a A7 bua A B U —&1T 572, 2Pu/fPu [FNLIRE RO
BRI CH D Pu OHTIE, BRI (F72I1XFEHFMD Pu % HF % AV CH
HE) L, A4 ZHIT LY Pu A kP BEs:, DUEMUR ICP-MS A2 W CHIE L7z,

(2)"Sr : JEETRERIETE Y U — X THEPER b a o F 0 DHTiE] ICHEW, St B AR L2 Y
DB|ENEN Y 7 T T R2xg WA 7o —dEEBEIC LD HIE L.

(3)**Cs J O PTCs : Bt R OIS 1%, #EH 50~100g &, A2 T T IIKEER 50g (F
HEME T kg fHY) Z U-8 HERICTE L, @MME Ge FEMEMBIHIRIC LD y AT b e
A RNY—%fToT=. TIHDOHHTIE, BEHERIEES Y —X [ v~ =0 B8R HE
WCEDT U~ ART v A R —] [ZiEoTe.

(58] WEFEROME % Table 1 (27,

(HFTBEANOREL, WEt, R &2 T FED 2¥pu, 272y OEOHIPHIL, & 5SIFIEFHhT
OENORELY, BAREOWHELY, KFUInLRHESNIEOHRENTH - 7-.

(2) Zpu/A 0Py JRELL, 2Pu/PPu, 2PuPu JRTAEE LV, BEEABHE SN PPPu
FOY P9M0py (T EOERICHK T I DL EZ BN, WHELERC U T1T, #E
DRNLE FREFEBRIC L AW ROMEBEZIT TS EE X b,

(3) HHEROMEER IOV TiE, PTCs DR EE AN B 5 Sl mil o0 1 I O i P 2 8 & 72 His
Nhotz. £iz, PCs PBRHENTVWEZ 0D, BERBEEROEENEZ ST,

@) St 3R BB FHATOMOHPANT, BEFEFLOFEIIZEA LR o7,

Table 1. Analytical result for Pu isotopes, *°Sr, '**Cs and *’Cs concentration and ratio of Pu isotopes
in environmental samples

Pu isotope 8r,134Cs,¥"Cs
Samples Concentra-
P tion units 238p, 2394240p, 28py/240py #0pyu/ PPy 90g, 1340 137
activity ratio  atomic ratio
. ND ~ ND ~ 0.017 ~ 0.155 ~ ND ~ ND~ ND ~
Soil Bq/kg-dry 0.098 39 0.033 0.195 32 140 230
. ND ~ 0.10 ~ 0.010 ~ 0.202 ~ ND ~ ND~ ND ~
Sea Sediment Ba/kg-dry 0.022 1.6 0.034 0243 037 43 93
ND 296107 0.011 0.199 0.031
Sargassum seaweeds Bg/kg-raw ~ ~ ~ ~ ~ ND ND
0.087x10°  8.85x10° 0.015 0.254 0.064

Distribution of long-lived artificial radionuclides in environment of Niigata Prefecture
Suzuki T., Ono T., Yamazaki K.
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MO LDOLIE-EYRERITREAOHEER - 2WAEIZESHEN
3A04 ‘ =

(BTHERES . Fo=a2—2 U7 ) Ol LET ', WHERER ' A

(#E] HEAEMEBITRE (TF) 22T, IAEA I3 Technical Report Series No.472 {2450
THIO TERMERNCE D £ D7, ThIZOW T, RIFESO TF 1 ZIRER O F N @ - T=—
FHC, EFEASDEED T, BUoFNERE LY H 12 HENEL . [REDRENE
2 BT, & 2 THRAILTRSA2 CHRAINIZUEO T — 4% % S HIZIUE L TG L7 (Wang
et al., J. Radioanal. Nucl. Chem. 306, 11-20, 2015), = ®HC Th @ TF % Z3#7 HiEIC L - THr¥
L7el ZA y AR b A MY =2k 5 TFEIZHA S 2T ICP-MS LV i &0 9 R
BT, y AR A RN —TIEThZDO LD TIEARAL FHREMZHIEL TWNWD Z LR E
REZZ DN, FElICHRFT 208N’ H D, AL TIX, Th O TF 23y AT b a A
MY —TIELLFHAITE D0 E 52O T, itz iT-o7=2,

(MBEBEEIVAZE] ETERHORT — & ZIWE - BB L, TF O a2 T/, /o, XK5
ke 25 OFREE I S du 72 B R 2 V) ICP-MS & Ge -8 (A kR HEEE 12 X
HEBEEIT> T2, ICP-MS JIEITIX, Foff U7-sefislrl (123 : 100 mg, 2K : 500 mg) 1Z#8
ERERE (HF+HNOs) ZIRIL., ~A 7 a v = — 7 pffdEE sz Ao Canfit Lz, Wikt L
TRk 7556 - W U | BRI 2% N IRTA IR IS LT, v R A7 b A b U —HITIE,
R 3RS LN 450 FECIRAE L7 ZkalEl 2 vy, Zhu s % 260mL & #+1Z 100 mL 47 E L C
BHL, 37 AULERE L THLEIZIT 72 (45 1,000,000 ), ZoKEEHRED & HIE
TR 1 8 Lo,

[(FEEBLUEZRE] X1 I THAEORE RO —E %2 /~9, 3CHkIZ J. Radioanal. Nucl. Chem.,
Radiat. Prot., J. Env. Radioactiv.Z(Z 2007-2016 |2 S 7= O TH D, Ge Y5 R H L E
DY, Th-232 76 Ra-228 (#0575 y) A48T Ac-228 (! : 6.15h) IZ72b 2 &%
FIF LT, Ac-228 ROF D F-#aksfliZ VT Th-232 2 E&ET 5 Z L 3%V, +31T Th R4
RIS I E L TN D7), ZOHETTh232 2ERETE D, L LERE O
A, Th IZHAT Ra WIS LT W SICERE LA TR, BUREesiTH> 2 &
2T X 72V (Uchida and Tagami, J. Nucl. Sci. Technol. 46, 49-54, 2009) , 9725 Ge Y-E Kk
HEEE S 572 Th @ TF %, EEIZIE

Ra % 5l L TU 2 ATREEAS S, O raitvegebies | Tealy vegsabies | Tuber 3

ZoKREEZHWT Th O &L ITo72¢ 2 100;‘ = % ;
5. yBARZ hEARY—TAc228 10k "7 f ? :
D 34l L 7= TF fi1%, ICP-MS X v & 147 §1i§l § T 7
o, BAESHIE Th % Ra ol § 0 f - %
BEOENEZELREORKBEIIZS §1ﬁi EEE ‘ E
WCEF AR RS, EWE S B —En ool j i ]
"o, FEMLHEEECES 2, e S SR SR

Ge ICPMS Ge ICPMS Ge ICPMS

ARIFGEDO—H0IE, BIRT R — T

MRS IGE I R R E S EX R 0T M1 SEEOMEN~O Th OBIFHREO 5
e HRIZ & % bl (i)

Thorium soil-to-plant transfer factor issues: effect of measurement methods
TAGAMLI, K., UCHIDA, S., TABEI K.
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ICP-MS/MS 1= & %38/KHhNp-237 BIE DA

3A05 HLIRHCER | B RBEEE, BB REE . Agilent', () BEBEHF)
O Mi#%'. Eigl Rosmarie?, AZEL! . KEFWP, £ Hsh—, FEFRT. &
IS, IIIEERE . RS

[#=1] B0 N TS AR P NpCEIU 2.144%10° 4F) 1%, #E/K HP IS B ER S 1K
NpO:COs" & L TH BT L, Vo THEOGHN G, KBWK~OBEANFERIL LOEARE
TLINATRECTH D7, WEKIEERZEBED FL—HY—L L THHAMETHD L FREND, FFiC
TR SN TWAHEKT O 23U L OUNZORAIFICE Y Bps7-0, ZbEEL S
THWA Z ECABERVFFETCEDEAR N L— =L 55, L, KT P Np
1%, 1,800 L OFEND B REMEALF BRI X 0 B « DBEER L, off A7 b A R —
T 10 BT TRIET D &9 HIED 1980 FRICHRAONTZDOHTH Y | KGR FL—1
— L LTHWD Z EIFBENTIE R o7, P Np ZIE R L —Y—L LTHENT D Z & 2K
AP E L ABFE Tl ICP-MS/MS DLW I« Sefthiifb & 8 2 b BEEMENL IS L D |
BV v MV OWEKF O P Np ORIE & kA7,

[FEBr] BREREBO X D22 @~ b Y 7 ZAERHPIAAET 2 e OREIZHE L 72 ICP-MS/MS
DFRETIE, HEEITLHEDOREE IR 0.1 Geps/l ppm TH Y, PRI ND P 'Np IBE R L OMEH
WKENDRFET D L 10 5L EORER EXAKLEL RS, MEETEOREZH LS5
D, O T A ~ORBHEAZNRE L 77 X TOA F AR, QHHTER~D A A4 FimE
WZOWTHFE L2, OIZ oW TiE, BEEEEEE (APEX-HF, BSHIZ X 0 3 UEHAR 2 Kb S,
RIAx=7uy )L LTICPIZEAL, MOBRITADRAICLDEEN EE2RFT L, ©
WZOWTIEA ¥ — 7 = — A ZEERB O OREE, Ax~v—a— | lLb /4 AF Iy
ThE, TLTAF—a—rORREBIOA ) 7 4 AR ZEB(LEE T, TREND/RT A
— ZBEALRED T 7 v NEAED B RNE S & il Lo, E70, WK Np OB RO E S e
[« PEAEEREE 2 ST D 72010, KER ek CHb S B 7230 2 10 M EERRTAIRICTREE L,
VA YT e —T U TER A BRE L2 1RIT 12 ml 272 5 £ CMNERME 217 - 72 alkH
@ Np [ R EZRRA LT,

[FER - B2R] BRI BREOKMIZOWT, PRI E L2 H\W - KT A4 =7 v v LaE
OEAZEVRI10 5, BETABRAICLY S LK 2 FOREER LR R SN0, BRET
5EEE 200 L EOEFEIZOWTIE, IRE TR 7 FOE EFICE EEoT, AF¥~v—a—
VEBLOL U XIROEFICL D E R 200 L EOEETIIS ST 5 FORRER EARS
Niz, A2 —7x—AEOIENZFKIN0C LTEGAICE B8 90 R OREIT 1.3-1.5 50
JBE LR ChHoTe—F, EEH 200 U OB CHELRGBEIRON R, £, AF
VA=V DAXI U IEEESETHRER RIIRO N7, FERE LT, H
M &3 2B 8 200 UL EOBRETIE, @5 OBRBEFEHIIERE & ik L TR 30-40 % DL )
bANER ST,

WGB3 I 31T D B 72 Np [EIRCERI3K) 50% T - 72, ZHUE, EEIZ Np(V)
NI L TN Z ERTFEIN, 4%, NpIV)~DiR Tk b EE 175 2 & TZ ol
NREH ESELTETH D,

Determination of ultra-low levels of Np-237 in seawater by ICP-MS/MS

SAKAGUCHI, A., EIGL, R, HONDA, M., OHNO, T., KAKUTA, S., SHIKAMORI, Y., TAKAKU,
Y., YAMASAKI, S., SUEKI, K.
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3A06 AMAUVFUOL- N0 RTABHES AT LOERERHSIT~DERA
(D B%H8 1 KEK®, BIRELHE °) Ok 1 B Bk °, kR SefE ',
REEZEN L DB

(BEIREBREFLIC I VBEERCKRESREZBEEDED > b, THEA he v F
7 A (Sr) IOV TR BERIEN ML E TH Y | TOSICIIERMEEST L2 &
MO, SHTRERIE DRy, ZokH, SFER25F 1 ANSR 27 3 A £ ToOMIMIC
BWT, HE{EHE T v 7 F A (v TF o7 L LT, IREREFT X v 0 A
90 pHTH B EME Y AT A OB% ) ICIY A, Sr o TR0 S b, JKiE (BsE
W OMEIEY) xR E L TCA MRy F U LAzHETIETCOTRERZAMELTE L,
ZORRIZHONWTIE, BIEIOKHLFF RSBV THEE L,

5T, FEEHELUE LA AT LAOEE/AAZHELTBY ., W OhDOWE
ATV, HEEEEZ M ESEL N TEL, BBEOHBLI AT 2O EZRET D &
EHiT, EBEOKRE ST 21TV, EEEICE D00 - WIEMKRE & ORI OV
THHET 5,

[5:£]°Sr TR0 > B, AR TRICB W T, MEAFICRB T 54501k 5
7O DEAERERORE G THELZEN LT, £/, MA T2 77 A5 TH, — &
HWETOSHEND 150C KN 2000C TENEFNIRE Z AR L THofiE L, Sz 250C
FCHIEIHEDI LI ITHE LT,

WIT, LB TRIZB W T, REHEAZORBHRR ORI EEL . vl EE %
BfieRy ML D2BELPDLAXY —F =X 28HICU 0 Ex T,

BHBIC, AT VKB TRICBWNT, A4 A8 H T LNOREBHRIRED B % H A
TIZEDHEBRIHETITo TV, L=V HE2FH LEERTECO B 2T,

FROKBEIT o, KL LM EEREE L, KAV AT A ToOW 24TV, 3k
HOSrRELZ RO, T TCHEONTERBREEETICIDIONMGR LR LT,

(#ERDE S TRRICB W T, ML 220 5 BHARICEMZER ZRE 1T 5 2 & T,
E¥EZ OB LEFABKODENBT LN, B EZEZRICHIET I ZENTE, £, 2
NICE D, BMEBMITICL D =D —NORENAROA MO N RS Lo T2,

%N TRICB W T, AX =T —ICX2BHBELEAT L Z LT, IR AR
DR Je O pH 5% o W ] & g T & 7=,

AF R TIRICEB N T, A4 UM T ANOTRIRO A K OFEEEE A 0 i K
DOMZ L —YHORMMEICVEZZZL T, HEITOA T U ZHBATHEIZITZ D
KXot oiz,

JRAL U7zt iarf °Sr 2RV A7 A THNT L, “SriE A2 IE LR, sHEaizEo 3
EOHPFANTIEEZEDHITERE —F L, A AT LA TREH Sr 5B FRETH D

NGl

AKBF L, B E T2 7T L (v F o 7EE) (JSTHEEEEY . % —) | CTE
L7Z2HbDTH 5D,

Application of automatic analysis system of Strontium-90 to analysis of environmental sample
FUIITA, H., NOJIMA, T., NAGAOKA, M., OSAWA, T., H., ONO, H.
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3A07 BRSO FL—2avho U3 ERVEREBEY O FL—2I12&5Ysr &
St )+ BRI TE K DR
(BRKBEER . ST . SRKET?)
OIS | B 2, fEILIE®

[(#F) FHEX hu o F o LI AMER~ORENRS  BERE=F Y T TH 5, 2011
3 AICRA LEBES /BSOSt & & bICHEEICE PSrCEi
50.52 )bkt STV, F D OEREFIZIEF IO, For ik, FEmic Psr
& VSt OFRBIBIEZ FIRRICT 72012, BT + A7 I X 2Rty v T L—H
XDy v Fr—a o Z(LSOME Z A bE T REERELFHAB L TE 7, —
A ¥Sr ORIEICITTF = L a Z7HRESLHAL Y V F L —H ZHND 2 EBZNDS, AW
FRIZBWTIL, Fo a7ty FLr—22 05 HiEzE g L,

(FiE] 7= L a7 KL D2RBIE TIE PSr & OStiREEIE D 5 Y Z FREHE L -,
LSC TF = L a7 ETIIUE, ¥Sr OFHENTE D, 0%, MR LHEEITV, B
TR LT Y Ot EZ EET X, St OSRENERES D, — T, MiHv T
—X L LT, M=y F L—H|ZHDEHP % 20%i8A L7z b OZ i, Fig 1 © X5
W2, TS pH2 TIZY OB S, pHS TIESr & Y Ol SN s Z Licky
FRIENTE D, £z, iHT U FL—F TiE, Fo b a7 etiEnEm<, 4
by o FL—2 I b7 F U IR/hESNd, Zhb ZoDlIEELY b, 1R K

WREZ T LN TE D,

[EER) aF =L a7y iy v F L —F 2 A G D lE /[:;:1\

¥Sr & 'St DIRA b L— I —IEIR A TR L THW, St Y & pH2! pH5

%, Y OERENMRND BIZTF = L a7l llE L, HisE !

YSr DFHAEIT o, OB, MY FL—F2EBML, pH2 v |&Y
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Study of Selective Measurement for *Sr and *Sr by Extractive Scintillator with a Liquid Scintillation
Counter
SAKALI H., UESUGI, M., YOKOYAMA, A.
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Do

References:

1) Tanigawa, S., et al. Hyp. Int. 2016, 237, doi
10.1007/s10751-016-1261-1.

2) Neese, F. Wiley Interdisc. Rev. Comp. Mol. Sci., 2012,
2, 73-78.

3) Yamada, Y., et al. J. Radioanal. Nucl. Chem. 2003, 255, 419-423.

Normalized counts

Velocity (mm/s)

Fig. 2. Optimized structure of (C) Fe(C,Hy).

Chemical State of Isolated >’Fe Atoms Decayed from °*’"Mn Implanted into a C;Ha/Ar matrix
SUZUKI, M., TANIGAWA, S., SATO, Y., KOBAYASHI, Y., YAMADA, Y., KUBO, K., MIHARA,
M., NAGATOMO, T., MIYAZAKI, J., SATO, W., SATO, S., KITAGAWA, A.
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Mdossbauer spectra of the rock-salt structured iron nitride
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19Sn Mossbauer study on Sn-TiO, nanocrystals with ferromagnetic and photocatalytic properties:
NOMURA Kiyoshi', GANESHRAJA A. Sundaram?, WANG Junhu®
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Correlation between the bonding property of f-orbital electron and the separation behavior of
minor-actinides
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Structure determination of extracted strontium complex from neutral contaminated water.
YAMAMURA, T., TAKAHASHI, A., NAGAI, M., SHIRASAKI, K.
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3807 Determination of chemical composition of nickel-based super alloy by
TOF-PGA technique

(JAEA', EHESRFH YD) O PIBE ' Bk Wl ' sR0T ° ANEU,
Frag ] !

[#E] Nickel-based super alloys are found in a wide range of applications, such as the manufacture
of gas turbine, military aircraft, power generation and marine propulsion. These kinds of alloys
generally have complicated chemical compositions. In many studies, their compositions were
determined by X-ray fluorescence (XRF) method since the alloys were not destroyed before testing
their properties. However, XRF cannot detect the deep layer of alloys (typically under 0.1-mm depth).
Therefore, thick alloys are hardly examined directly by XRF. Prompt gamma-ray analysis (PGA) and
neutron resonance capture analysis (NCRA) are well-known non-destructive methods which are
applicable to thick samples. Unfortunately, PGA is not very sensitive to some elements (e.g. Nb) and
NCRA lacks of sensitivity to some light elements. At J-PARC ANNRI, the two methods have been
combined as a new analytical method, TOF-PGA, which overcomes the disadvantages of PGA and
NCRA. It is feasible to apply the new method to the examinations on materials with complicated
chemical compositions. In this study, the compositions of two nickel-based alloys were quantitatively
analyzed by TOF-PGA technique.

[3E8&] 5-g metal powder with the nominal content of each - - -

—— Alloy
element in IN738LC alloy was first mixed by hand. Different 4000 T ploy-TaWiCol
amounts of mixed powder were then compressed into discs for .

- -Co

measurement. Five TMS238-alloy samples were made in the
same way. Metal discs with single element were prepared as 50007
reference samples. Each sample was irradiated for 0.5-6 h by the

2000

Counts

25-Hz pulsed neutron beam which was generated by 200-kW
proton beam in J-PARC. All of them were measured in He gas at
ambient temperature. Prompt gamma-rays were detected by two

1000
cluster Ge detectors and eight coaxial Ge detectors.

[#2] Concentrations of Ni, Cr, Ti, Co, Al, B in the alloy 0_‘~I" ,/ -
samples were determined by PGA while W, Ta, Mo, Nb, Re, Ru 0 1te0 | 1190 1200

and Hf were quantitatively analyzed by TOF analysis or TOF [us]
TOF-PGA. Figure 1 shows the result of TOF analysist for one of ~ Figure 1. Quantification for Nb
the elements, Nb. The contents of Co, W and Ta were first in 794.8-mg IN738LC alloy by
determined by other gamma-ray or neutron resonance peaks. The ~ TOF spectra. Reference samples
concentration of Nb was then deduced to be approximately are denoted by dash lines.
0.89+0.25% (nominal value: 0.90%) from the difference
spectrum (see red solid line in Figure 1). The accurate results of present study show that the TOF-PGA
technique is a powerful tool for the composition analysis on super alloys.

This work was supported in part by Grants-in-Aid for Scientific Research (25246038).

Determination of chemical composition of nickel-based super alloy by TOF-PGA technique
HUANG M., TOH Y., EBIHARA M., KIMURA A., NAKAMURA S.
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Production experiments of the insoluble Cs-concentrated particles released by the FDNPP

accident
FUJITA, N., NINOMIYA, K., YOSHIMURA, T., SHINOHARA, A.
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U LAOEHE B SGRNICIEIT 272D, BiIKFIEEIC X DKL E ZRE Lz, BEH
KT 7 > FRNECT U a VR EOIKAIZ BT 52 & T, @GNS EES D
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Holz, —J. BEKWHEE i L 7= RIKITK LT
WHRBRZITo7 e 2 A, BEE T U L D%
HERITRE D 30% 12z b2 LR TE -,
FBEKALEEIZ X D B IS R &2 R 92 729012,
A NEMEIR L OV AR Y <~ —[E bR 2 ER
L. RAROBEHRBRZRRT, TR EhOE 0 =
water-repellent
RUT. B AL FEETE 40%, TS 2 A No treatment ™ o iment
MY AfE O AR Y ~—FEALIK T 80% T Fig. 1 Results of elution test for municipal
B AL 0SB IR el ieereior iy ash
iz, REACAEE & KM Z A S DY 5 2 PR '
ETHRDEWEHMBI NG IS D,
(&% X#k]
1) O ESZERBEMFIEET EIRIEER - BEREMM JE | & —, “HA YEW E D286 7238 1R 72
FEFEN MLERAL 53 (2014)
2) lwahana, Y. et al., J. Mater. Cycles Waste Manag. 2015, DOI 10.1007/s10163-015-0408-5.
3) RMEF S, X Mo OHEHR, 47, 225-232 (2016).

Suppression of radiocesium elution by water-repellent treatment of municipal waste incinerator fly ash
FUKUDA, D., IWAHANA, Y., KUME, T., FUJII, K., HAGIWARA, K., OBUCHI, A, KOIKE, Y.
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Determination of Strontium-90 in Food Samples Using Automatic Radiochemical Analysis System
Shigeru Bamba, Takahisa Matsue, Ken Fujimori, Hirofumi Seto, Rie Kodama, Takao Morimoto,
Masahiko Shibazaki
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HolEE A L, Nal lES OSAYErr) CHIE Lo, Sr@ OKERIT A 7 A L Well
I Nal # >~ 741w % — (ARC-7001, Hitachi, Ltd.) CHIE L. Sr DAL Z KD 7=,

(BREEZR] B4 BV T Sr

Table 1 LS BHE/EIZH TS Sr @URE

[T 95% T 7=, BA A 2 25 Sr AU R (%)

BT AEHET = A - A ) — | 3B No.1 No.2 No.3
PRI K Y YT B B, e | AR 0B LIl 04
PREFIG & St ORI 25 /H L b %l X ) i/w;';?%‘%& . 18.2 o 12.5 o 3.8
WY R EBICCEMTHILERND D, | ReEtarh i g 45 2.1 1.2
TEAER 72 Y K T B DA TP B | RV 72.2 79.1 94.8

20ml THIEIZF470 St OSBENTEX 77, ZOFEIC X 0 KRB S O St O43EEN 2 B
THEEE IR oT=, A1, v v 7 AR EFE LIS AOFIERE L O R AR L-%., i
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Research of a rapid analysis for radiostrontium in sea water by ion exchange chromatography

MINOWA, H., KATO, Y., OGATA, Y.

-90 -




P11 ERHEETARVZRAWN RPN FO LS TRKRRED
&I 1 8%
(M KBeEE T ' BIRWESE - FnfA BRI BEAE °. U 7 °0 WIREE T Y)
OREFBER ' SAE— °0 RMBE ° hRFE L st

(8] CHRFEEDED TCODIMEANT F T LD GHE D X, A4 A HIECUL
EIZES TR T U LD BEZEAT O, AL TRIEEER U725 | I #2175 5 ik
ThHTD | MBS ST W H1E TS0 B YEIC R IT D, dr 4, B A AN L5 50 B
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HrELTOFRIHANERB ) THD, B E DB EAN L F T LI DOWTIEf TEBEMD
BT — &G 5TOIIE, BB E N EA 0 M B EL W, RAFSE T, S E AR
T DA AR IR A B O B ICERL 3272012, BE St KOV Y ORMEIL FEER I
FOE A H T 0 A2 2 ORI AE B O R 21T o 72,
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1 mL % HF, HC1O04, HNOs; DJRE2 TER 53 i LTz, B2 453 f#1% 8 mol L' HNOs 20 mL T
RLUEHAR IR E LT, i EHA W % Eichrom fLH Sr resin® K& (Y DGA resin® 71—k (2
mL) ZHE RSS2 T A2 1-2 mL min! Tl $5Z& 7T Srresin (2 Sr %, DGA resin (Z
Y xR L7, VT 8 mol L' HNOs 30 mL TilfE L7z T a2 L=tk . Sr
resin & DGAresin Z47BfL. Srresin 7°5 0.05mol L' HNO3; 30 mL T Sr Z¥&HEiL . DGA
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TERC Lo B E W TR L,
(ERERUEBE] FL—bT4AZ~D St K'Y DAL % Table 1 (Z7-F, Sr LN Y
DOFEIRIZIZIE 100% THY, REHAK T D St N Y DEBEEZFL —hTF A7 ~EHET
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T 5, AT L RO 5T HIETIE, B O S ENCT A A7 B O ST ETO LERE%
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Table 1 Spike tests for Sr and Y in JSO-1 extracted with inimodiacetate chelating disk

Element Content” / mg Added / mg Found / mg Recovery, %
Sr 0.0197 1.003 0.984 (1.1) 96.3 (3.8)
Y 0.0025 1.000 0.976 (4.6) 97.4 (2.4)

(): Relative standard deviation,% (n =5)
(£EXXE] 1) R FE, “HUNEBRESY—X 2 BN F U L5511E” (2003)
2) S. Terashima et al. Geostandards Newsletter, 26, 85 (2001)

Rapid source preparation for radiostrontium analysis using solid-phase extraction disk
FUJIL, K., KURIHARA, Y., OHBUCHI, A., NAKAMURA, T., KOIKE, Y.
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Ra isotopes in fresh groundwaters
TOMITA, J., MIYATA, Y., HAMA, K., SAKAGUCHI, A., NAGAO, S., YAMAMOTO, M.
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Fig. 1 Extraction rate of radium isotopes from yttrialite (a) and thorite (b).
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[Z£3#k] 1) Nagai, K., et al., Radioisotopes, 55, 567 (2006); 2) Nagai, K., et al., Radioisotopes,
56, 719 (2007); 3) Rauret, G., et al., J. Environ. Monit., 1, 57 (1999).

Chemical forms of thorium and radium isotopes in silicate minerals
SHIOBARA, R., KURIHARA, Y., NAKAMURA, T., KOIKE, Y.
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AN HEFE: 600 mm®) THIE L7z, 72k, kBB ZSFEEREX. 5 mm, HERRIZ, 180
TR THD, a OB CRIICE DA E—T7 DEL D IX,
WaveMetrics 4 IgorPro @™ Multi-Peak fitting £ #E % ] H
L. ZrHE - gt L7z, 08 .
(B3 L B22] Pu Ok FRIE, 1.3~4.7um Th o7z, 050 |- .
i H L7 SRM947 D8z o f%EkfiL, 7.7 £ Th oss |- f 3 i}
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N RIS K B e 7 DA BEREE L < . SR A :

B lcOMP A KX < P, ABEEZEATHA,
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(#E] BREAENC XV RESCRM AR ZE) LCd V) U, Th, Pb 72 & oo IEiEk L7
BREALFETHREDO 7 e —7 L LTHIESNTE T, 51, R Ihtisk O FH-CER - %
JRLR U1 K o TEREEHITHU S 7o B PEEFER & BLIK O 23 AR L DR > R B 22 R B
O THZET 572 DICPE STV D, FRC A THSHETTHE TH D Pu 0 Am I LENLIAK O
72 EERRET D Z & THRIHEFRCRIB R 72 EORIENHEE CTE 5, oot bt H8
BB ICFET 2 2O O HRITMEETH D Z ENEL, IO BRSO T 5729
WZIERREL D FTRERLTE N S O BN VETH D, FFIZ Am S CIHEFEMIZELL LT 5
T HECE, Ln LRV ZEICE TN TV HREE ICP-MS THIET 254, EiRE
DR THEBRNEZE LT LEDLRNE D Am IR LTSRS BERAT O LERH D, 2
FC—ROEAF M T1 7 5TFH ) 7T L FD Pu, U, Th, Pb, Ln 2 & KAVIZ H B THrif
TELHHINZBR L TE -, 4FH., 20O AT A Am HHE S HAIAAL THER DS ITHEFK
SR BIET, TOERITE LT, FALUT VBT VBT LRI LET L a—L & R
DIREBTPEC L2 HIMATEH SN TWD Am A 7 2 SSHYBERE O VERE A2 371 L 7=,

[EER] WL L THWL T v a— VITITARIBAIEEE O LEN RN Z ) — )L & v
72o *PAm A /%A 7 (47 pg) L Ln & & T ICP-MS B IEVANTR(50 ng) & T4 90vol% T &/ — )b
— 1M HNO; 3.3 mL [T L CTRlBHEIR & LTz, Tivhk 2 ROfaA F 2 &#i71 7 L(MCI-GEL
CAO8P, Fif% 75~150 um, NO; 2, 7 7 AN 4 mm, £ S 70 mm, 7 7 A% 0.84 mL)IZZ 4L
IR L TR BIC s S 7214, 80 vol% =¥ /—/L—0.1 M HC1—0.5 M NH,SCN % 8 mL
it L C Ln ZABfE S 72, kT 80 vol% % / —/L—0.IM HCl % 10 mL i L C Am % IA#fk S
7, 55472 Am & Lo Z7BES X ICP-MS THILHE DA A @2 HIE L, 0B L 720k
BHE DA A IR SRR Z RO T,

(#5R] BREFOA A2 ZHTIIEER T £ T 11 BB DD 572, Am X Ln X 9 % SCN
fadf A LR Lo = NH,SCN #4547 Ln Feeding son _\Ln Eluent,  Am Elvent
WREER CIXREEE 3, 2% O B O E O I 30t
90%¥AH, L 7= (Fig. 1), Ln T8\ La 7> HIEF ICIAEH
LT 100%[FCE 7223, Lu 72 EOHE Ln TIEKRF:
25 Am SrENCEAH LTz, IRG VRO iR o
T, A A ZBHR ORI R E R kT A Z b
(X0, Am & Ln O43BfEMERE 2 o T & 2 alREMEIT
& 5705, NH4SCN 25INEN « [0 S LT 122 RO . o A,
CE fcﬁ - Tﬁfﬁ'ﬁ‘ Z) 71?‘ &b‘ Ln 75‘) ICP-MS VC{’EIJ%—?A 2 j}g— EIJe?lt volun?g (r:olum:rgtlovolume)40
BB LENC R D, AR, T D Fig.1 Anion-exchange separation of Am
Kb &7 HIRETEEEA AW T Ln & Am OfE H45#f . and lanthanides with ethanol-acid media
FIZIX AT REETOBRKRTEEICERY 23055,

AFERNNIRIF L BT FE(C) (25340078, 16K00592)7> & DAL 252 1T T B IR D —E8 0 E
FNnb,

20r

Recovery vield / CV

10t Am

-96 -



BFARAEVHBECKD/NEONEBILREDHTE

CRAGK = 2ol |, AL RBERE °, HALKRZEEE °, BAL KB s )

Ofl 52 @lf i °, Aok —5 % WILHE °, REPREE °, BIR @ 2
KRR, THERE", siREZ", R /&', EaARE—", %l F'

P17

(&S] BEFEEERIC X > TRERISHRE SN RFEwE L, 4%, EMMcbz>TE
RRPRBLICHEE 525 2 ENTHEIN, HIE<KBREOHENMTORL TS, FxILETA
b4k (ESR) HBICE > THBWOREE T P H L EHIE L, & RAEENEOIEIE <
BOHEZIT> TS, ESR HIEICHEWTITH O = F A NVEDOHZ T 2 MER & D
DS, PERDITEESE TR ISR 0D, AL —F —DORME I L > TREFOE N
b5, REOMEN NS, Fo, Fxld 1 KO THRHIT < & NPT < 2B ErIZEE
MTHZEEZHBFELTWDD, WERIETEIRFEEZR-TLEI) ZELMETHSTZ, 22
THLIL, L2 5DT, TbEEICREICT T A VERMHNTZ D FiEE R L,

[EBR] ESRHIEIZBWTI TR T ANVEOENRLIEL 2D, IRIT A AD/hS i
DI BENHETER, TITC, FTIEKARZHNCHKREIT) Z & & Lz, D
TESOWARE ZGIM L, O LA S I 2 DIClr L7z, —HiINr RRU AL TEFE %
HID, NS SN TH D & BRI A EA 0.100 mm 205 0425 mm (ZHiz 7=, b 5 —FHix%
DFEFENSSHERBRERIZ 2%, =T ANVEERFEOEEZZFIH U ERTEEE T
BEL7-, 2 oOFETHH Lo A VE 2 LSS, ARalEHE I BEO%IZ ESR HI
Ex#IT>T2, #5472 ESR A-XZ kL% EPR Dosimetry [1] 7w 27 7 ATE—27 5L, 4+
X< MEOHEEICHAT 2 RIET 2 NV OMEZRD T,

(#EREEER] HIV Uikl KOEEERHE T L7e=F A VE O ESR MEIXIZIE KL
T2 es, BEODEEETHLEBAE LI T ANVEOSEENTE D Z LM LN R T,
ZFIT, BEREEDOE —OWREN DB 2AKDOHEDHI>H 1 ARITHIVHLET, 9 1K
IXERDEHE T A NVE Z M L, ESR MIEZIT-72, 2 ROWOBERINIII S AT
FEDZENRGH DN, 2L DHBREDOELLIZBWTY, SBEFIEICE S TIFIFEREED ESR A~
7 MR LI, BRERNOHETE LIAMTHRIEI<REDLIZERBEE TCH L 2 EBbh o T,
INHDZEND, ZOFRSEEEEFATE, AL —F —ORBE I L DI - R
BWIZ, 2, BRI T ANVEEMHTEL 2 LIRENT, ZONBEFEEFIAL CTEE
L L ) ZE R R O @ W s s DINEE St DR T UV EJIE L, BER» 54t
IR MEEHETE LEZBIRE2 RS T 5,

(BtEE] AWFIED — 80, TR A IR ) BRI e A = 7 7« 7IC L W FEfi S
= e b 2 W EERO#IE < BHEE TIEDOHESL] DR TH S,

[1] Koshta et al., Appl. Radiat. Isot., 52,1287 (2000).

Dosimetry study by electron spin resonance spectroscopy using milk teeth of children
OKA, T., TAKAHASHI, A., KOARAI, K., NISHIYAMA, J., KINO, Y., SEKINE, T., SHIMIZU, Y.,
CHIBA, M., SUZUKI, T., OSAKA, K., SASAKI, K., SHINODA, H.
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ESEAFFEBITIE N B AR AR JeBR st (R 0kkis) REERREL St ¥ —1X, WEE
—JRFIREFT ORI EEL LV R K EROREALEE & L CTRAFE~DIE
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¥rFE L, FHEEOBIHRE=5 U > 7 HEITOERE, 22 MR ERCHG W E O 1S &
D~y T OMER, BRYGHFE O M, i T EORFE RS, —#HOHFIEOFEISEOTRE) 2 FHi L
7=

BAE, BT, S LEORRKRIEICET 70, 2L LTO I£=4 Y 7ICET
LEMBAFE . @ [HURMEWE OBREEREMIZE) . @ TBRYL - WA BT 2 8MbA%) o =>
ORI L, BFERFEZEf L Tnd, O I£=2 U 7B 28N Tik, &
AU M ATRATHE, EKBER 2R b (ROV) 252 W RERYE O AR, 1, 7071
ORI TIEOMNLZ B L, HHBEE RO @B 2 I LM, @ ThideE
W OBRERENERIZE ] CTIE, WIACRZ iz, RERGEO LIRS KGRI L 0 B
BT L v U A0EB A RINC O VB L, BEGZRE AT - THT 57200
NEBFET D E L BIT, TRIRERICES X AFBICE T 2 HIXMEOZ(LZFHE L, #I1X
SHRESNDFENRKE WREOBURTEE > U AOBEIHIEOXREREZTH L2 HE
U718 B R IR BEEN BERF 22 (F-TRACE) Yy =7 & EmLTWHY, @ MHRYL « WA
T LHHEMEARE ) Tl BRYSEE SR S A7 A (RESET) ZHEEE L. BRYZHER O T RIFEM AT 0
FEMHC X 0 BIBR O R Z2BRYFER E O IESE 2 1T-> T oY, 2oldn, EROBIE
<FHIiD—BR & L CTRBEhA WBC B4 IZ K 2 NI < JIE . THUR#BRICEE 2 ZEMICE 22
&) HOFEROAE « BRI T a3 a =7 —3 a VIFESEOER~OTZFE 2 £l L
T3,

— 5T, BRI oMo =— XL, FEFEELS SE/FEML, HAZLLTWD,
SRR = — XA WIREICHE L, ZHUCIE 2 DIFZERSE . KIS 2 Eha T 5720, @SR,
E ST B B N ESTER B JEPT . R 01X, =B X 2 i st L. @R
BRIRAGEE ¥ — (WER=FT, BEHEET) 20T, “HEOEED T, ZHEEORL
LR &6 7 U 72 BREZEIE I OME B [A) ) 72 AP FE O HEtE 2 D . 5 < LE DEBLA~ZH L T <,

(%K)

(1157 ks Bt e B3 M (2016) S3RAUEE) (BR) M55 — 7 D FE AT H5UT AR D B I HT &
e OBRBERIE ~ D - T D HL D #. 72
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fEEE L RRENIC L0 i S tEE > & (Cs-134, 137 5 LR, JHPE Cs) o fikfa
RDO—>& U TRRED ILHBENIE N R T oD, 20BN TY ¥ — LU T8
VZAFFE U7 i Cs 031 2 i 2 RG> TREIT 2 2 L2k 0, BT 20
Z 5738 U O] s K OYA Rk~ L, RESCH AT K » TEMMER O L% 5] Xl
ZTHREMN S D, AW T, ZOBEBIROE R & 725 ILHERR ORI IZ 3 1T 5 gk m
M E OIS 2R T 5720, 2013 4= 5 0 B &2 i) T & 72 (L AR L2 R E L 7=
USLE 71 v hEB LKA A EFRIICH HI5ILA MB T HEME=4 U > FFERIZOW
THET 5,

[F4 - 5]

2013 4= 3 HAR XY, JIMRITIUARRMIXIZ 2 AAT (KEEILZERR), JITNFZKHIXIZ 1 A AT
(FHRkEHEER © A ANTAK) 12 USLE 7m v b LB Z3RE L, RTs=4V > 7%
W L7-, USLE 7'v v MIMEK 45 - 6m, £SK10 - 11lm TH Y, fi FEBICEHE %
o220, VEA—2FHO N v 7BIOIFEHY 7 2% E L, &l s oh
HEFHGRS X OT 21T o7z, SR L7-H/), U ¥ —8B X ORETIT Ge FEARHEIRICLD
TEHHRE T 24TV, SR OREE Cs 2 & Lz, BEHREUCHH T, Nal Hh—1 2
— X AN T 1Im @S OERBEREZNE L, 2013 4 -2015 FHM OREEE L T,
TRVLET IR HL X 00 KAt & 2 Bl N TR WIS & DR 1IL 2 2BV T, 2013 4 - 2015 4
ORNZE 4 B OB CRUBHRES L OEMBEROWEEITo 72, BH, 1HILKX MR EE
TREAAIRIE L 72 o TV D Z EN BB TH DM, ZORILA MIREE2IC W TS T
WRUNTZ D, Fil D O LN TR Bk T Tk b b, L7edi- T, 8RN
OHEFED A Z T T 5 Z LI Ko T, Wl b O &5 Z L BAEETH 5,
T HIRIL A AA~FRAVIA AT HEREW FHANL 3D L —W— A v F—% HW, RREF 72 28 &
TRV FTREE OE R BEE Cs BEFHMEO -9, RN D 0 -5 cm R OHERE 115
BLOU ¥ —%8EB L, Ge B8R Z W EGES T 21T - 72, 2RI ERIC SN T
B ey N EEBRIS, Nal —_A A —ZZ 02 1 m s SOREL, TOLEEEZFHAN
776

[FER - BE]

(WA I L OFRHIX IR E Lo REil 7 e v Mok s 108, V27—, ZEKcLDd
RO RGE Cs PEHIZR T L 0.1% & RHE M~ Cs BEIEN DN Z LnbhoT, %2
AR SR SEI S DWW T Cs DOIBEERIARIZHE O TE T L TWO LI TIlEH 528, Zh
AT HEHE Cs RETFIA~OBITE Y X —7 3 — N7 CIC L D805 OB ADEEL EE
TOMENRD D120, SHRANNBULETH D, —F, IBIUZ DT OWTIIHEHNE Cs Ot HE
DMVEM 0.5% & MBI 7 1 » B EHARTEZWA, ZOWHEED 7 ELLED 2015 D HJE 18
FATPE D KNOHIRIZHEE L TWS, BRICBW IR O S &0 TEREIT O,
[ZE k] 1) ELEFES (2016);3D L—Y —2AF v F—(2 X H1BILUE LOTEE > v
LHERE B OZALOHEE, HARMERERER Pl HEA KRS 2016 F RS

Changes of surface run-off substances and air dose rate in Fukushima mountainous forest
ISHII, Y., MITACHI, K., ABE, H., and NIIZATO, T.
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BMKHHE ' BMKBEEE D) OFFa AT || WERWD1 || fliER: 2, Ik 9

(# ) WEREBFEIC K DY E OS50 « JEHC- Sk IS T 2 0F5E 03 % < OFSEHEY
HLETENDH, WEOBREMAT S5 2T, T ERFE] LR KRETO=T vy vk
DIFERE (hifk, L) ICBELBEE > TN D, AL T, BEEWE OJER - ko ik
HEEROBGZ B, =7 1/ VRO okt EE % T, Be OftE Liz=T7 L
i ORI A OHE L, EMRERIA 2 v~ 27 F 7 4 (HPLC) %M\ 7z 'Be DIEVRTF L 72
BDREATT v VKA DAL R OHEE & ik 7=,
[E BR] 74—tk Woa—71L vy —A 87 Z(LP-20, WA L v 7)) R¥EF v
NANOEYORE EMH B 20mICRE L, KKTT7 v Y Lk FOfELIT> 7o, 2014 7>
5 2016 AT TR L, IR 2-3 M & L, LP-20 TiE, %5 &E% 20 L/min
ETHEE, RAR=T u Yy ud 12 BB (13 um~0.06 um) (250 S, 7 A7 L— 1 (80
mm¢) HICHIEESND, HIHE Lz 7 0 Y L 2Btk 22 ml (AR, B U Y oA
ZUSINL, KEBEHILE & LT 'Be 2k S W7, Wik Z & OMSHREILEME Ge =AM H
PR T 478 keV O y MAHIE L, Be DEREEIT o T, BMUKIZEME L 7o B IRIAE O —H 53
3ml ZHWT, HPLCIZ TR Z L IZHA A BRI A A2 E&E LT,
[(BREBLUEBR] KK=T7r Y NVICEENDA LBy DAF 7 v~ MolrinG, A
F > TlE, Cl, NOy BXU SO %<, BT SO 0 40p : ; —20
s> TH< FELTH Y, BA A4 Tl NHy A e L S '
TELFHELTW, FAT—VICHEINT-=T e
WRITHD "Be , EFEoTBA Ay, BA A ORiRYy
i % Fig.1 {8 LTz, Be it PE— 7 1 v/ v ki B3 4 1,
oA AT, SO BELO NH, &= 7 oYL i
RiF- D2 E BT - THEBLL TV e, ool
"Be U PET T 1L, SO B L UNH, & KT Aerotymamic dameter, D/ u
T a Y VRSB, S BOERL A LTV D S ARGE Fig.1 Typical activity and mass size

20

AActivity/A(logD, ) / (mBg/m®)
AM/A(logD,) / (ng/m®)

0.0

LC, SMMEBRiss i " RIEC L 28T 4 v T 4 distributions of major aerosols.
L7 RV R TZ(Fig2). = OMHTNG, Be HHMET T 1 e
N DIETTHIRREIE 0.44~0.55 pm LHEE SN, SOL | e
BLO NH #&0=7 vy AR ogmeskgxe | F00 T T
NZH, 0.54~0.67 um, 0.53~0.68 um &EE SNz, = | | | | |||
Db, BelisoF k< Gy ukresk | L]
O NH, 2 %< G 7 oV LR i35 LT Ra T & e

{%]ﬁ LTEY, LER-T, SO4271’6 IR0 NH4+ Zﬁ:é}?{y:ﬁ Fig.2 Typical result in the analysis of

aerodynamic mean diameter for

T u Y VRN Be OB AH > TWA EHEI N A, aerosols including 'Be.

Particle size and chemical form of atmospheric aerosols as a carrier of radioactive materials
MURAMATSU, H., MATSUBARA, R., HIWATASHI, M., and KONDO, A.
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DOJE I Z s, HARENOIRISIIER « 03 Uiz, PHEEEIA 1,570 T LR, B8]
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L7z,

[3E&] Wl L7- o a v EE2REEEIC LY TMAH (Tetramethylammonium Hydroxide)a
WRICHE L, WRNHD—#HE2 L CREIVRERMAREIE L, WIEEL LTS YU A
EHAWTHERSE 77 A~EBONIE(ICP-MS) TLZEa vH#E () ZEE Lz, EDOn
Wiz a v FRMEEIN %, AEEEZRWZHIC I a oRE2 o8 - B Lz, 3 v FEER
W SRIRZ U U, Ak Uz 3 oA bRIEEIC =4 7R &2 N2 T, B AR 7 IHFER 5%
BAE - HARTEB S E 2 — - LOFHEIT R KT MALT @ AMS (280 3 UH DR
bk (P1'77) 2RIE LTz, SONTERNS P eHRE 2R Uiz, o TREOZ 44 %
W9 D7, HEHEREL (NIST-1547) &R Totr Liz, £7o. CERRMAE I REllE S Y
— X7 [ Fh~=0 28R SR LD T~ AR fa A h U —] [ZHET T, Cs &
O BCs DRPEEATVN, T D ORLGIRERE 2R Lz,

(#EREER] EEE—FRIEEI & DK 500km FiPHN OFEHLE TlX, HFHE (1 #HA),
AFE EBR, BHRIE, @R, AR, BEEE, SER, TER, BT, sRIR,
IALIR . REPIR . fEJFR, BRI B A5 16 S CcHlest, "P1RE & P12 74
WARIFEC EF- L2 Z En@llll sz, £, BARENSIK COESHI%ORE LR 120
WRESATN S, VEHARICHAREAARD HRICFHORENTE RO DN, —FH, T 1
% D BCs IREENFHATIZ @ <HER L. Sl 21 & 7Cs OMBIFRENT 0.295, il
1 1% OFEBIRENE 0.692 TH V| FiltE OFERITIB W THRVMBENGRD bivl-, FHiknT, %
FEBRT +— T U N R OFALE SRR EN O BREE S S AL 2 U R ASBRIC AR E
Loz, FMATOBREZ Ny 7 7700 RE LTHEBEOOIERNS, 2 L3IV kER
(BREIR FE DR SY) 2 VT, 13¥Cs BBl S = A5t 13 MR CaT R, 1B R, Bk,
R, AR, BRI, WER, TR, R, IR, (LEUR, REIR. FRR)
THM—FRIC IS L2 121 & 13Cs OFERSI 0.808 TH VY, T b HILR OF % ERE
TEBO PLHRED ERIT, FRICGERT 2 B2 b,

Nationwide survey for '*°I activity concentration of surface soil in Japan

-influence of the Fukushima Dai-ichi nuclear plant accident (FDNPA) -
Japan Chemical Analysis Center (JCAC)
WANG, XS., YAMAMICHI, M, SHINOHARA, H., BAMBA, S., OHTA, Y., ISOGAL K.
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DEGIESIVAL KRR B2k AE T 5, 9752 OHFEK T ORI 30,000 4FE L ST
DEFE-T- WL 1XFREWFEKOLFENN ——L L THE B THD, ABFFETIE 21 OF —Z3 D70
e E AL REED 2014,2015 FOVEAR T 121 D53 AnZ i~ 2O ORI BT DILHOR ISR
FAEZAL 72 EICBE T D R A 13 A Z LA R AT,
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FHW TR A TIv B ARG LT, T D% AgNOs &%, Agl LA AR L . B RS MALT
IZBWTINEERE & I ZDRIEL T,
[#5 5 IMR1404 RATHECI T D mEmEAR S 21 #ES T ALE (79° N, 162° W) T LA,
=Y T, FTX 7 F WAL RDE 10 [FEVIREZ R LT, LR (47°N,160°E-131°W)
DERE A IERE TE <L RIBIZWOUT D FVR B AN A 3§ D8 m 28 S 7z, MR1404 IR AL
St.73 (47°N,160°E) & KH-12-4 YAt (2012 4= 8 H) O[ERAIAL BDO7 O 1 2 FE DS E sy ARlE b
958, g 50m FHTETIE St.073 @ 11 EEREL, 100m BLE)SIE 121 ?;;%r“ ﬁiiﬁwb
BDO7 O PLIRED SR EW AL, RO I K A8 S b7, AbEIZR175 21 §
EL3AR 1, 22/ (0-100m) KOV D )5 21 R E N EmWEhE A &2 R~ L= (K 1), JL E| /);%
r“@1£u\i<1/$7k75m~)/7/ﬁ@é%@@ e HEO B £ Tl S, ALK PEEED S B A 05
STz P RBEOEWREFEKNPHRENTZT20EE 25D, , ‘2’;0(x10;0atom;:)kg>
F72 MR1405 YKHiHfE St.009 (75°N,162°W) & 2015 4F 9 H DA 0

120

OB THD MR1503 WAt St.054-3 (72°N,155°W) % b . g
BEL72E2 A, 2014 T 300m (T ICHERE S FEL TV
782015 EEIATRIE 200m (HIEISAEEEL U, 2015 0 200m ™ [ 0 %Q
UL DOYFARHEFEIE 2014,2015 FED 300m LUROEELRIFLE CTH o | ‘-"%5---_:_._,
0, 1 AR DPLEE LR ThHTEMD, 2015 OB £ 96
WA CHE 1200 B DR\ K EPEK 2Y 200m BAERICIEIEL QU & i\
Zembhotc, £ 2013-2015 DT, 1 A XU R A L el — "
oA G T ORI TNz, IERTEED DA OATIED o0 | |ghusses | QB
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[1] H.Nagai et al,(2015) Nucl.Instr.And Meth.B,361,p.680-684

X1

Distribution of '?°T concentration in the Arctic Ocean and North Pacific
KUDO, A., YAMAGATA, T., NAGAI H., KUMAMOTO, Y., NISHINO, S., MATSUZAKI, H.
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P23 HRERRADRGEKD ) FOLRELAL
GBI HUIREE L o & —) OTHBFRF . MBSEHA, (LIFBIL, SLFSCZ

(#E) FBRICBITLBEETO MY F UL CH) bV Z IR 5720, EAHEXIPRE T/

F& TR T JE L BB U SR B B A A S0t L T 2 MR HIE 2 ol 2, BRI AL LS K 0 BEK,

KR, K, WARZNE L.

(4] 2010~2014 4RI TEREL L 72 A RIFEK 120 308 T8 1 2 A BTEREEE L 7= K& 120 3B

A ONT 2012~2014 4EFEITEREL L 72 Rk 66 7 OMEK 60 782 04T L 7.

(5 47) *H DT BEEERIEE Y U — X TR U F U L0H0E]) 126> TiTo 7. BEHFRZA T

JEARRBZ ORI ZDOEEF L v FL—2 2 M TURAL, By 7T 00 Rk FL—v

a2 THE L TV DAY, BIEDBREK T O 3H IR I L~V Th 5 72 DRFITHKEENT

BWTHHE TR (8 04Bg/L) R &7 Z L MZW. ZOMFETIEE TOREHI DUV TRIEA

%\ CEMIRENEZ N2 CH REZRE L. BEARIRMET, ERES FEMREE A H SRR

LB TR % OFEKH 300~1,000 mL 29 50 mL & THHE L7z, BKEKIMELICHRT D

72, FEKK 1,000 mL 249 50mL F THRA S H72 & £ 0 3H ORMERITR 10 5L 72 5.

€L

(1) HHB RN OB K 0 SH BT, 2010~2014 4EFE D 5 ER O EBMEIE, Bk P EEA 0.53Bg/L,
KA FHEFE D 0.59Bq/L K "R D 5.6Bg/m3 Tdh 0, 2012~2014 4D 3 B D
PIECIE, BEAKRTRET 0.37Bq/L, HEAKTFIREEIL 0.098 Bg/L TH -7z,

Q) BEAKFIREIZIE 3~5 HOFRIZE L 8~10 A DE M LRKITIEWEREIZBE R8O iz, (Fig.1)

() REHREIX 6~7 ADEZFIZHE <, RERKZHIREIX 4~5 A DFEFITE L 72 5 FEAB DG
D HAVTZ. REHREITHEHEE DR EA RE 2T L7120, RARPICEHEEN L KGENZ L
7L EATEINT 5. KREAKSHREIIEKTIRE S LPREH Y — ThoT-.

(4) BfEfEEACDZLICLY, KRECTHIMKTIRELHEET D2 LN TEE. (Fig2)

(5) BHNOHIZ L 2NEEIE < FHREEZNRE) X, # O EEL 6.4x10° mSv, W AFEEL 1.5%10° mSv
ERMEL BN, FEHRERE 1 mSv & HEREDEMNITEVETH - 7=,

2
. 0.3

—o— Niigata .
= 8
e ©
s —8— Kariwa 2
£s g °
P=a
g8 £ 02
c c g g
23 £% .
g % g ° [ ]
£% 201 e 8
z 8 o [ ] . ’ '
>a z e i .
E =3
s =
= =

0 . o .
o — o~ o0 < :: 2 :
Fiscal Year Fiscal Year
Fig.1 Tritium concentration in precipitation Fig.2 Tritium concentration in seawater

Recent levels of environmental tritium in Niigata prefecture
SEINO, U., KOHNOSU,Y.,YAMAZAKI, K., MARUTA, F.
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BN VT RIRORHR
(i e RAETEBR B | BIVERBE L 2, KRR 2 °)
OVEFEIA Sk ', /v g ?, &fs BE S, g A

[#E1]

WESREZ T =AY bu A M UETERT 256, WET 25 ORMAN 2R IEH
WCEEE LD, TOH, LITUITRB 2B L TR PRz b e ETHET 2L b
b%, LinL, BELFETFEERZR ST TS ITIFE THHELZHET D 2 ENEE LU,

Z T, 3DAF ¥ F LAERHX(SLA) 3D 'Y X 2R LT, B A ERT 572 D
IR 2 AER L, ET 2 752 s LT,

€|

REHIE EN TV DG FE(226Ra & 226Ra DIREEFED )M 50> T 5 b 2 vz,

IZUDIZ3DAF ¥ ) (Matter& Form) ZHWTIdtERAEZAF vy =7 L, RED 3 DIIR
DT =2 &G, ST =L Lizdt&AETVEZ 3DCG Y 7 b7 =7 (Shade 3D) % Fu>,
T VHEER A LA RA OIRICE DR EMA D & 5 R ZERk LT, 7V 7 Lk
M, BuafifgEX3 D7V % (UP'Plus2) T7 VU b7 o b LTIEADOMNELZEDED
e LTHWE,

WIZ, 3DV & OFCHEALPERIIE I RN E % & T Lue0s Z IR IAA, XU DI
A DT —4%% SLA 7V > Z(Nobell.0)TZ' VU > b7 7+ LEER O HE OREERRIR 2 1ERK L
7o LB LBHEHRRIZE NN ZICRETH o~ AT b X MY 2470, &5 7 il
REZ DR Zh =R B 2 AT B S EBR ORI OB E L KD, ka0 7 Uy MREZHE
L7,

[fER L BE]
RHERIR 2 IV TR EA O T V0 AREOKER L Table (28T %,

Table Concentration of 226Ra in hokutolite calibrated by mock-up gamma-ray source

Sample Weight(g) Activity of 226Ra(Bq) Concentration of 226Ra(Bqg/g)
No. 1 1.59 46.4 + 6.4 29.2 £ 4.0
No. 2 7.15 252 £ 22 35.2 £ 3.1
No. 3 7.23 247 £ 17 34.1 = 2.3
No. 4 9.99 434 = 31 43.5 £ 3.1
No. 5 12.24 766 = 42 62.6 = 3.4

Table LV dtFa DT 20 AEEIL 30~60Bg/g ThHo7-, WEICHRESNLTWDLIFEAD T
T LPREEIE 40~80Ba/g TH V| HEAITVMEN G Hiv7e, 241k Y SLA 7'V & & RRHUH
PERZFRZ VN, R38R T O HU REIR EE O IEIE R E S IRE & 72 o 72,

UL, LRI G £ D LueOs AFUERIETIZ EDO K5I L T DT EEDho
T2V, LugOs (ZHEED SW T2 ORALRTORBE D T IZEB L TW Sl b Ex 6 s, £
ZTCBIEA A=V 0 7T L— RROLETLHRE DOWE ZATV, FEEE O LueOs O 53 AR 4 e id
HTHD,

Development for mock-up gamma-ray source applied by SLA 3D printer and natural
radionuclide
NISHIMAGI, S., KOIKE, Y., TAKAHASHI, M., SAITO, T.
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P25 BERFRO "CERRMED-HDFEMAREDRFE
—EEMREE - BT - AEROBCHBEREICOVT—
(4K ISEE', uBFLRAFH) O/BEE ' BTN BAREK?

[#Z) 57 GEEMEREES, CuCos - Cu(OH) ) 1%, HERBIRETHIVTHS. i, F
RBFDOCuE KETDOCONLERENTZLDTHS. Tz, HFFIT—HBEHKRIND LENL
LEH - AREEOERERIET AHEEL LTS, Lo T, BREIZEETNIRFOHME L Z
OUCEMRBIENTREL T, ZOHBERINT-FER, SLICHEMBILERSNERE
KD LENAREL 25, "CERBIEZITIBIS, BENOCOLEZRESEIEMHIT, BZE
HCREHE#250C T 2BEHMAT L VI LDTHS. L, ZOFMFIX AREhEE
HERBEFEOERERICESSLOTHY, EEOFMEREICHEE L -RFICRELFMHT
HBHLITWHR. ZITERETIE, ZOKFIZL > THRERFMHELZRDDH~L, CuCo; *
Cu(OH) , & W9 MLER % & DA R M R ELSA (LATF, CUT), HézsRmIcRAE L7-F LT,
DDT), M THAILER (LT, CD)IZHW\WT, BEEPICRBIT 2 HREBEZHAE L.

[3E - ER] CUTIIUTO X ICLTHRRILZ. £, 5.0gMCuS0; » 5H,0% 100m1 DA EE 7K
VAR X, B L2, 1gDNaCo: &2 M2 7=, &RUE(CO) BEAEL, FARaA FOAEMK
BHERIN., —BE#REZETH LT, FREOLBMER L. ThzRsEaL, A
B XHT, 2.3gMCuC0; » Cu(OH) . Z757-. DDTIX, FakiLREmKFEEMREIBORMICREAEL
BETHD. 7L, MiRREE TR, HEHOTBEEEFNHbDOTHS. CDIX, =
vARFHMEICBWVTRESNZEWERZ AV, b i/ A Ly 7 ZEITEA(CUT,
CUDIZ#950mg, DDTiZ4%200mg) L, 100, 150, 200, 250, 300, 350, 400°CT 2 RfIMEAL, 4

R L7-Co. % ERLT-. F 1. CuCO; + Cu(OH) D fiFIREE & COMTE

(k2] # A L7-Cuco, - IBEE[C] | 100 | 150 | 200 | 250 | 300 | 350 | 400
Cu(OH) ;I8 Eh 3 ClzHL T, CUT[%] 0.8 1.7 |18.6 [86.0 | 8.0 | — |86.3
B85 N7-C0, D CONERE DDT [%] 0.0 | 0.1 | 1.5 [10.1 |16.8 | 15.6 [20.7
1icE &b, CUD[%] 0.0 | 0.5 | 0.5 | 4.1 [46.3 |93.4 |94.7

[£22] ARk L7-tE EMERBESACUTIX, 200°C TIXUNERIS. 6% & DR F TH Y, 250CLLLET
IFUNEB6% & R W EELTWD. Lo T, HRRICHLELRIREIX2S0C L fEMmfTiTHZ &M
T& 3. —F, ILEFRCDIE, 300°CTITILFL. 3% L fRRT, 350CLLETINERIA% L2V
RELTWS., £1oT, DRRICLERBEIISCCEVZS. ZRONR—EDIRERIZHHIT S
b ERTOITR L, HFFDODTTIE, 250°CT10. 1%, ZD#, 300°CT16.8%, 350°C T15.6%
LRBEDINEEZR L, 400CTIE, 20. 7%IZETER LTS, EOZ O X ) REIZOW
TUTOL3 Rz eMNEZOLND. T, IEMN, CUT, CIDICHRTELIENWI LIZ2o0
i, AEICAWERBPICHBSEORMYNKEIZEEFN TV EBbnd. ¥,

SATRRZEIZ 8N T, 250°C, 2 BRRMBMZ & - TDDT & ¥ £572C0.0" CHEMRIE, 1759+19(BP]
LELEEHRERLE B LEBREB TS, 2070, 250CTIINBRT L bEIOND
23, 300CLLETIXHBFOFRMPDRBENHEL TCOLR>TWHAREMELHD. ZOR
EHLMITARL, A% INODO CREZRE LV .

[#EE) AFEORE % ZHRV-12&, BEFERZHR ZREWZEE E LcEKILRA
EERT ILERFRO ZHEICE#H - LET.

Development of preparation method of radiocarbon dating of bronze implement: On the
decomposition temperature of basic copper (II) carbonate, verdigris and malachite
ODA, H., YAMADA, T., TSUKAMOTO, T..
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CO, HRA A ViEEBA=-AIRE “C-AMS DR
(L AMS) ORI L, FFAFT, MIAFIE., BIE%. IR THE, KAEN

P26

(#E)
IHZRE B0 #T1E  (Accelerator mass spectrometry: AMS) (Z331F D H A A A 1%, % pgC »»
5% mgC D COLZONWT T T 7 7 A MLELZ QLI L L2 “CHIEZ ATREIC T 5720, AL
HOREAL & B ECOBLE N DRIER H D, A3y N T FRFETIEL, TAALF % H
WT12pA D PCH LY FEFIEH L, 200 ugC — 1 mgC @ CO, (2% LT, [ERA A L7 & [F]
BREORE (0.5%) CTUCHIEZFEM L T\ 5, EWIEHIZWTH AL AU E V- C
HIESARILIE < | BRBBBRN TN D, FUERT: MV ¥ 7 AR S A A A
R, HANS RY 7y AT A BERTLEREEE 2 O CREC JITEE OB 21T o 72,
[EE&)
TANY RY U T AT MIEE LT @iE CO, 2 WAL A VRO Ti X —74 > N REICE
AL, "COFRI V> b ERETTREZ <72, 500 ugC & 1 mgC (T L7= “CREED R
HIEEWEYE (JAEA-C1, C7. NIST-HOxID) Zxi8:iZ, HEYATLEREERE 2 VT CO, g R -
B Uiz, CO, Z it & CH AL A VFITEA L, # 7 g < Ho/”c & Pe/c &3
BWL7 54yx10[E), Z—FEE 3.0 MV OFKMET, 12 MeV @ “C** % AE-E B AR
PRCRHL L7z, AUED 8°C % -25%l B L RN DRI R EZMIE L, Freicky “C
J2 % (Percent modern carbon: pMC) Z B H, U 7=, F 7 [EIRA A P C JIERE R & bl L7,
"C concentration (pMC) = 100 X (("*C/"*C gampie— "C/"*C gxa) [1 = 2 X (25 + 8"C gpie) / 10007 )
/(0.7459 X (*C/**C yoxn— C/"*C pra) [1 —2X(17.8 + 8"C poxr ) / 10007 )
[(HEREEBR]
HAN RY T AT DDFES % 11— 12 Torr IZF%E L, CO, % 1.6 pl min™' F2fETH A A A
VIERD T Z—4 Y MOHATSHZ 20k > T44-46 pA DR *C AL > F5EHEH
7= (K 1la), WAL A UPICTLD CO, D C FEFEIX, TIAEA-CT T 49.11+0.57 pMC, &K
NIST-HOxII T 132.14£1.14 pMC & 720 | FRZEGIPHN THERRE E —F L7z (K 1b), F7z,
NIST-HOxII OMIEREZET 0.6% TH V| EEA A A HORERZE (03%) LV EhoT,
IAEA-C1 (BKG) O "“C L. 0.48%0.05 pMC ("C age: 42,920 4F) TH V| [HIKA 4
® BKG (0.09£0.01 pMC) (ZHE_TENoTo, HAA F PRITEIRA A PRI A CTHIER
75 & BKG ERLR0m A D72 < & h 1 mgC @ CO, ikBHZ DWW T e o\ —F U HlE %
HHEIZT D Z ENgoT,

~1.6 ul min ' 150 . N N Y
. . (a) " [rassconts G B 1@ ARAARIEAT D
- A‘Q i | hy > = ~—
' ¢ g NST O, ik (N R Y VS VAT L
=z ~ 2 100
238 © P 7)) L RCH LY FOBR
§ s s X i .
o E (b) AL A A - FEYE)
& T 5 50 IAEA-C7 [ 14~ g ==y Fo e =L
T2 > s /// B MCRIERME (RFE R 1 mgC)
15 S0 /
1 004EA-C1 Gas ion source
0 5 10 15 20 25 0 50 100 150
CO, pressure in manifold and sample bellow Consensus value (pMC)

(Torr)

Development of rapid "*C-AMS using CO, gas ion source
MATSUNAKA, T., SASA, K., HOSOYA, S., TAKAHASHI, T., MATSUMURA, M., SUEKI, K.
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P27 20—A 2oz arnmiEERAL- 4 ExFR Zr, HF D
FL— b

CErERBE A ' BB 2. BOMORE °) O EsE . RiL—ak '
TR — ' TRRARE 2. PR, INRAFRT°

[#E)] chETHxlL, 7V E—TY 7L (R OF L— MMEEROZRICINT. ZORKET
RTHDHYIVa=U L (Zr), N7 =7 L (H) OEEMEEEZ S 1L — MBI TH LT
AN RN Tt TE Ry (TTA) KOV 2-=F b~F L Vg (HDEHP) % VW Ciid
LTE[1,2], LLaent, i EEICET 2 ETHRHSEL TB Y, EHmD Rf OFER
T, KOREICHHEZITORERH D, AFRETIL, 7r—A V=7 v a rohilk
(FIA)Z R H U 72 AR g 2 B OB 2D TH Y [3]. A RIA%EE 2 TTA K (Y HDEHP
28D 4 [HEeHEDOF L— MhHRICEH U, RIS 2 RO 217 o 720 Tt
T 5,
[EER] BRI D AVF 114 7 1 ha a2 fuv, Y R L “Lu EICER B — A%
PR L, %Zr (Tip=834d) LOV'PHf (T1,=70d) 28L& L7, S&E L7 b L—W—Xfa A 4
> AHAE &R AR VAT J 0 AR B oy B R U 7, AKARI I m R 3R e & 7o I LR SR %
AREMICIE TTA £72IX HDEHP & MV B LT b DR W e, X TNVT T 0V % —R
7% 2 BV TKM L AR A FEE 0.1 ~ 0.5 mL/min THEIER L, VoI vP=y X —%
ANWT FL—H—2ELKMHEZEA L, T0%. Y F=hYaA 2 FTKHEEAEHEEES
TS, HOTHEL0.17 mm, £ X 0.5 ~2.0m OHH = A LNICB W CEtRH 217 - 7=,
A S OWEHIRE — R 1.5mL ~ A 7 0 F o — 7\ L, =0 0BEL 125
B, y AT ha A R U —n5 87 PHf O 53fdtb 2R L=,
[#EREEER] FIA HEE 2 /- 3 M & E-1.5<10° M HDEHP/ kL 28T % 887r, 'SH
DoyBLkt D O AR R K T EZ K 11 0 ——
w1, 1 XY Ny FFEBRTORHREO | E
87r, SHf O3Edkt & e _TARIE LT
DELEIFE LIBWZ ENghoTz, ZTD
ZENG, AEIOSMTIX A OBl H] ]
) AT A I il G S R QG B o |
HTHAICE LT RN e B2 s, RE g i
Tk, HHEHEICET D E COSEOBE : o 87 1
2.3 M WEE-TTA/ h A= RITBIT B I a Phe ]
IZOWTHHET 5, \ : : é —— 1'0' —
[1] BFIED, % 58 @ﬁk%'ﬂﬁ??ﬂ?@%, —FEEEh R / s

PO1, (44 &R, 2014 429 H).
[2] IENED, 5 59 [mlH b Fatames, ¥ 1. FIA 3£{& %2 v 2 3 M i #%-1.5x107

P05, (fili&, 2015 49 A). M HDEHP/ h V=281 5 BZr, SHf D4y
[3] /IHIED>, 5th Asia-Pacific Symposium on i b oo — ke fil iz R (e 721

Radiochemistry’13 (APSORC 13), BRI Zr FERT HE D8 o FEBR TOAEL L,
25NCPO3, (4R, 2013 4 9 H).

—
o)
>
T
1

Distribution ratio

S
-
»o

»BO
@)

—_
<
o

Chelate extraction of group 4 elements, Zr and Hf, using a flow injection analysis method
YAMADA, R., OOE, K., GOTO, S., KUDO, H., HABA, H., KOMORI, Y.
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Rf DREIETSR Zr. HI D 4-4 Y TOEL FORO U ERVBEEMEZE

P28
AR RBE A ' B RE?, HOMCRE °) OXKIL—ik ', IhHEZeT | HBERE
— ' LR AL PO INRA AT

(5] AWIETIE, 104 B FE T FR—I 0 LAOWHCFIEO -0, FFETHE Zr BL O
Hf % L— M AIZ AW ERZED TV AH[1,2], Z4E T2 HTTA B LD
HDEHP % HVN, Zr, Hf O53ELE(D)OHl AR BEAK A ED & 2 Of B O ffir 217 o 72 &
Z A, M(TTA), <° M[H(DEHP),]; (M = Zr, HO) Ml STV D Z EAVRIEBE S fu7z, L L2
5. HTTA X° HDEHP ClE, fiHPHEIEE Clo+oREL2E L TRV, HEMTH D Rf
DALFWFENIL K 0 P RZE O R WA OFIHNE E Ly, ZHE TIZ, 6 EE#E Mo B X
W OB IR ICBW T, 44 YV 7 a )L kiR 2 (IPT)H FE s B 4 7R §
ZERHE SN TE Y [3]. AWFZETIZ IPT I &K 5 Zr, HEf OEBHRMHIZ IS 1 2 2]z R 5
T OB I > W CHEA L=,

[EER] EHmMEE b L —9—%zr B X OVPHF &2, BYLZBFSERT AVE o1 7 10 b o o %
WCHLE U, 2o A 2 A3 B ds X ORI 0B L0 2 — 5y SRR L TR L7z,
NSO L —Y— A EMBIRE Y. T 7 a UREBENICEB T IPT- LT AR LIRS

L., 25°CIZBWTIRE 2 2 1To 7z, mLODBE%,. “MERIA oL, SOy HEEN D
ZDORERENG  Zr, HE & 12 45 s FLE T
- o 88Zr ]
HDEHP & b U C Py 2 22 e 23 Klg 1
IR D A T D72, Zr, Shaking time / s
Ly BRA AT IPT 28 4 DENLLT-

Zr, Hf O EORHETT 57,

WICBIET 2 2 ENbholz, 72, 0.1 M

HfShTWAZ L aRLTHY . Al A”5Hf

Hf DIyFLL O IPT IREEKAFPEZ TS0 € Fig, 1. %2r 38 X OV PHE OB OIR & 5 BEH
PR S TWD 2 R STz,

(4R LEER] Fig 1123 M H,S0, 12515 10’ . . : :
Zr. Hf O3 Betb DR & 5 BERR M 2 /R T,
H,SO, TIL FHEGED 4 min FRE & OO
X72BH5HLDD, ZHbDRERIT TTA X

0 .
T RE B~ 005 SIS S %, A 10100 100 102 10° 10°  10°
@%%\ 0.1 M HZSO4¥§%’TQT&& Zr\ Hf k %) 'f&ﬁl[\ﬁi« 7J<1:H . 3 MHzSO4, ﬁ*%{é*ﬁ : 1'9 X 10—3 M
log D vs. log [IPT] 7' v F OEZ 23FIE 4 PT- F Ly
— 5T, 3MH,S0, TIHMEEZ N 3SFBREL /NS 2D ERbhoT-, M THI s A 4
DB L CWDAREMENRE Z DN, SBRFELIGARTWSBERD D,

Distribution ratio

[1] HP# 5, 5558 [EaHbEatime, POl, 201449 H 12 H, 4 &, (2014).
[2] HHFEES, 5 59 B bR, P05, 201549 H 26 H, &, (2015).
[8] = FE S, % 56 M LFatime, 2B02, 20124F 10 A 4 H, HAL, (2012).
Solvent extraction behavior of lighter homologs of rutherfordium, zirconium and hatnium, with

4-isopropyltropolone
OOE, K., YAMADA, R., GOTO, S., KUDO, H., HABA, H., KOMORL Y.
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5 j&5t% Nb, Ta D 7 vAbkEEH S D Aliquat 336 BiEE~ D -
P29 DEFRBOHMEFREEKRFHEORE
(TR RBE 85, 2ERH AL, SR T MM, LR T, 5 BB AED
O PRl 1, A LB 1 RIT—3L 1, AL 1 PR 2, INRA AT 2,
BLBIEL S 3, KRR 3, AGAKIEH 4, IR 1, THEAM 5

(8] AW7ETIE Db O 7 bW Z B S 0023 572, 2L E TIZ Db ORW AR T
FETHD PN, ""Ta b L—H—%H\T 7 vALKBEEIEIE D D DA A > bl A Aliquat 336
2 X DI ER 21T > T 72[1], £7-. Db O FER Tl H BN L E ARCA %
HWi=iti 7 v~ 777 4 —FRE1T9 TETH Y | Aliquat 336 ZHEF Lo BIE 2705 L |
Ry FHEIZ XD 7 ALK FEFRISHE ) B D Nb, Ta OEHEHIH FEBR & 17 o722, Lo L., b
HEBRICE T D 7 o ALKFBERRE IR 2 Nb Ol H 288 A3 B il 526k & B 7p > Tz =
EMS | MFITIIT D Nb DRSS N 22 > TV B ATREME DNV R S iz, % 2 T4 (A, Nb, Ta
Doy BRI ORIE H D Aliquat 336 HHFFEEFHELZ AT 2 Z & T, BFICEAE LT Diza1
FUSERICEIT A E M A BUSG CE eV RE LT,
[EEBR] EBRIZH = PNb(T12=35 d) & °Ta(T1,=665 d)ITFHFD AVF Y1 7 1 kv &
T Zr, Hf O&BEENNCER T2 B L CREE U, BA A4 2 ZZHEIC X 0 AR D D 4y Bl LAl
ML, & % U—Hh—% Gl x ORED 7 v {t/KHERE 400 uL & Aliquat 336 5 10-15 mg
v rinte . T EREIRE L O BB R T T2, K %&@%ﬁ/7»#gmm%
ZEih 250 uL @“o THUL . Ge PEMAMHERCHRREZTIE L, it K 2 HH Lz,
72¥5. Aliquat 336 BIAE 2 AT TR IREEA AT o 7o o PV 2 W UREE L L. B Dk
BRI U BED BRIIE D A S T- Y o VO KOS EEZ = LI Z & Tk,
(#EREER] FERO—fFIE LT, Nb, Ta D Kqfli
O Aliquat 336 JHFEHEKIFIE R 10 M 7 v LA 10° |o o, Ta
IZBWTHANTREREX 1 ITRT, 1 b,
Nb, Ta & b ICEARBIRSENZ AT S iz, It 10*
HHZEBR TIZ Nb, Ta & Hic—1 i1 Aol
BRI ST, ARELREZR 1T O 10t L
FESL & b3 5 & | R SEER Tk Nb o
m%@ —1@@@4ﬁy%¢&i£&éﬁ% 100 , )
FHRUZOWN i e 7 95 179
SR i g I TIOMEFI=B02 TN, U
B0 5 T KRR COREL & bio, o T IHREKa O Aliquat 336 FEFRHE P
F COWRBHIC X AL RO R }:Gﬁif A TF1ED Db FEBR A~ T O ATRENE 2 K i
T 5,
[1] ERRREIZD, 5 58 RIMGHEERRS 1A10 (44 i EK, 2014).
[2] VeRERERZ D, 5 59 EIBGHMEFFme P07 CGRIEKRF, 2015).

slope=1.4

slope=2.0

Extraction of group-5 elements, Nb and Ta, from HF solutions into Aliquat 336 resin:
dependence of the distribution coefficients on the extractant concentration

SATO, D., MURAKAMI, M., OOE, K., MOTOYAMA, R., HABA, H.,, KOMORI, Y.,
TOYOSHIMA, A., MITSUKALI A., KIKUNAGA, H., GOTO, S., KUDO, H.
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5 &7t Nb, Ta DIREABENOD R A VXTI FILT I VIZED
P30 s —7a rL—v—mmone

CHBRBGE ', T JBEHS . SRR *, BB ) OAILZED |

KIL—BL ', A LB B, B TR

[(#E] AWFZETIL, 105 FoHE R7 =7 L (Db) OHALMA A & OSSR DOfEIH % H
fe L. [AfETC3E Nb, Ta DHEEEIRE NSO U A VA7 F LT 22 (TIOA) 12 K D iEEH %
IToT&ETZ, ZHETIZ, Ta LV & No OHIHERE L RD T LD T2R, Nb A~ o1
BETOERIZBWTHESN TWAHE[EBBELZEZ—ET 5T, TalZB L TILCEME %
DB E BTz, Eo, REBHICRIE LT Ta b L—Y—% FW TR F2 5
BWT, BERP~ORGFHEORBE E & LICHEEMET T2 2 E08bhoTz, CHEE
k1% Ta DFELEDRIK E LTF A AU ORBNREZ bz -O, Bax D Ta b L—0—Fk
TIEICE D F A A DpEZRAT, £, v~ 7 0&TORE L KT 5720, fAEEZ TN
L7z RICOWTHET 5,

[EER] FEAF AVF 1 7 12 b 1 22T ™Ze(d,xn), “H(d,Xn) ST & o T %5eNb (Ti, = 34.991 d),
PTa(Tip=1.82y) FL—H—Z8EL, A4 RO LR L, BRELEZFL—
P —1T | MHE IWIETIRTE (A by 7 V) a—ay) L, ERICHODERIT— BRI
S, HF B X OB X DB 21T > T b H AR ORISR S TR LT,
FIRBIMOBRIZA hy 7V U a— g b L BICEIRE S, @R A EEN 10 ‘MR
LD E IR Lz, ML —Y—2E0EMRARK S TIOA/X VLV U IRROE&EEZ R 7
2B L CRBENTERS L, 25 CICRE L HEE T C—ERRRE Lz, @00, %
&2 — TR L., Ge PEAHH ST X BB L Oy MOBPIE 21TV, KR &AM O i g
X0 rEde D ZFH Uiz, RO IO Ta DEEIZIT ICP-AES % 7z,

+ D = 179 S M — >
[%ﬂ%&%g] 1 ab\ Ta A }\ b4 y / J -~ va s 104 o A : carrier free  ---- :gSng(Pffgﬁ1ﬁ)-
EAFHES, TOE FEMERICEMR S S 1008 8 il o T GOD |

(1) &, HF VAR A I 2 CHfE S, & 5 It 4 I -
A CHER S A HMER 2 T -7, el 10T . 1
EMSEREL Q) I RLE T, Ak O ]
(2% 10 M HCL, AH#ARIZ1X 0.12 M TIOA/F 3 L IR 102F .
Wa H -, HF B X ONRERIC X 2%E 21T 2 107 LI
& THBLERITIR T L7223, KPR & L Coemkiia % b m] 10* i L . L
DiELIeole, =7 nBTOXEZMHET D720, Sample number

FHAK (TaCls JEHEFRIRTR) WML, KOS A & % 1. fAOHES L OFHREDEN
ORI AT R VK1 3, 4) 1TRT, &b ([CE 2 PTa B O LR
DOFMETHHAERZRM UGB ME T35 2 3 booTz, £72. HF B X ORE
RIC L DREE 21T 12856 (4) ([IISUEMEZ FEIDE eSS o T, ZnbDZ &b,
HRZRM U85 LA TEEKOREND F A4 OREEZT RS Z EIZRETH
LlEZOND, BUE, HIKE FL—H—BOZEBOENEHERT D720, HIKOL02EH)
IZOWTHEZED TNDEZATHDLDT, ZOMELEDLETIHKT D,

[1] T. Ishimori et al., H A T- /15435 3, 698 (1961).

T

Solvent extraction of Nb and Ta with triisooctyl amine from hydrochloric acid solution—Effect of the

preparation method of Ta tracer—
MOTOYAMA, R., OOE, K., MURAKAMI, M., HABA, H., GOTO, S., KUDO, H.
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J0—iHEEZ AT vibKEEE-Aliquat33e RICEITEHE2 TR
P31 T U DBEEHH

(RRBEEE T, R ORHE 2, BRI AL HOKEIRKRE 2, Blg s s 2

INBRATT, PG IR, EEFC, RETh . Kk B

[#E] FxITINFETI6ETLHE Y —R—F T A(Sg) DI G & TR D 7=, B[Rk
TR THDLEV 7T Mo)k X v T AT U (W)E W TZIRIE L F IR a2 1T C& 1=, 7 vk
SR BV TSR OA A ERB KB E 72 D53, MoPW L D A A2 PR E N
ETHESNTWDSgI L VEEERLICS WEEZXDILD, FDT8, SgDEETERL % FERIIC
HOMNZT DI LT, 203 L PRICET DIERDEOND EHIFHTE D, L L s,
*Cm(*Ne, 5n)*P*P SgF it TARL S 52 Sl A AN K9 105D & HE5 148 < | AE R g b b T
INEWTZ 8, LR TR E D BT 72 & NS RV RS S OB S ME T 5, AFSE
Tl AL BED D ofIIE F T AT D Il 4y B FSE (Flow Solvent Extractor) Bi%g O —
i & LT WD 7 ALK FEAEREMHFHCH OIREF 5 7 I Al #IC & 5 Aliquat336-~D I 1
HHZs 8 2 5~ 7,

[328R]  PEAF AVE B 7 7 b 280 T ®ITad, 2n) MW s L0 #'W (T, = 121.8 d)
AR LT, A B 5\ T A A 2 2B % IO C TadZH0 5 MW D53 BER 1T - 7214,
10*MHF/ I MHCHAIRIZERE L. A by 7¥IRE LTz, ZOA by ZVER 10 WL & 107
— 1 M HF/ 1 M HCl ##% 700 pL (2 [FAFED 0.2 M Aliquat336- kb U EHR 2 12 T 10 53 [RR
&9 LTz, 30 B o oy Bt . &4H 500 pL 92 & 43 HL L | Ge MR &5 T X ARIIE 21T > 72,
SyELbE D IXAHEMR LKA E ED PW OREEL (D= (Awg/ Vorg) / (Aaq/ Vag)s Aorgs Aug: i
HTBE, Vorg, Vag: KR & LTEZR LT,

102 L D DL L B B

[RiR & ER] £ IRE SKFRREDT
¥, 10* — 1 M HF/ 1 M HCLHEKIZ 3B\ TR
EOKEHZE 1 006 30 nE TS ET,
ZDORER, THENDREEIZ BT 10 47LL i
N CHNH P ~BE LTV D 2 Lo i $
Too WIT, H SN DILFFEOERESD 3
72, D fE®D HF BEERIFEIC OV TR i ge
70 % DRk B % Fig.1l (=7, HF S8 107 i $ o o
MU ETDEASEICHEIML THWD Z &R
b, TAULHF BRER 102 M LTk
A F 27 ACEERP R L, fili ST
WAHZEERBELTND, RS Tl DA 10° 10% 10° 102 10" 10° 10’
1t L e 7 RO Al L 5 [HF]/ M
AWz 7 8 —=RBROFERIZOWTHHERT
2o Fig.1. Variation of D values of W as a function
of F- concentration ([HF]) at [HC1] = 1 M.

Solvent extraction of W in the HF-Aliquat336 solution systems using a flow solvent extractor
MITSUKAIL A., TOYOSHIMA, A., KOMORIL Y., HABA, H., ASAIL M., TSUKADA, K., SATO, T.K.,
NAGAME, Y.

[Aliquat336] = 0.2 M
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T AR TFUDEALET & IAEMEEE)

(FF OBERE SEmtlt ' BORBEEE ° BRAH Al °0 BoREE Y, BROKRI & °)
OEMGE S M2 P SRTE %, Mg | SR 5200 I 2 2 it
IR BT

P32

[(#E8] % 17 B ETHLT AX T (A X, KIEKRT T 2ELIRRER & D FENH D
NTCWD [13], £72, FETH LI UHELY bR ENT <, KBEHKR TOEMBEN T
< OMDFLIREEZ IS & % 2 5TV 5D [1-3], UL, Champion & IXER{LIETTHIZ HVWT
At OFIHZEE) 2 & T A A o ZHAEB) DL Z 7, 0.1 M HCIO, KK CTORR{LEICE
fLza®E L7 3], LLAn G, ZNENOMESALEREIC OW TOEBRMERPSE LT
k%# ZOWEIITBHR I NS, Bxld b L —V—RETOEMBBCLIEILH ATRE/R 7 1
EAES 7 DIEE [42HLTEBY . ZREHWD LELIREC /LA E L BB IR ET D
TEMNTEXD, T2 CARMIECIEZ 7 v —EMT T L% HAWT At OFEMBRLETEITV., D
BALRZNE N OB LIRRBIC R T D s 8 2 i~ 7O THET 5,
[EER] EBRIIRIKFEED BRI E Y X — /KRBT V4T A4 Y h—TREt ¥ —7 50N
BALFAZERT RL E— A7 7 7 MU —IZBW T To 72, MEIZHBWT AVF 1 7 a hr o
RV ZEEEICL VR L B A~ R (Bi) &BREEIC 27—28 MeV Dot — A& RS L7,
29Bi(a, 2n)?M At SUSIT Ko THEEN 7.2 B0 AL 2SR LT, ZRRRIEIC X o T BN D
At XA BE U 7=1% ., Z8887K 1000 uL IZ At 23R L. “E A by 7R E L=, TilOA
YV A —FHWT20uL DA by VIR %EZ 1.OMHCIO NZIRA L, Zhve 7 a— &R 7
LALE T 1000 uL/min OFRIETEA Lz, WIRIEHOM, 17 2O —R 7 7 A N—H
Fﬁ IX—02V 75 08V (SRAE(LIRS PRER) F‘aﬁf—ﬁﬁéf%ﬁﬂbubf:o 71T KRR D
VABIER 2 1500 uL ffi4E L7=%%. 700 uL 372 3Bt 2B 2 12 F 2 — 7120 Lz, ZiuHia
ﬂwf‘/ WML 01M VU VR E A(2-=F)L~F /L) (HDEHP) %224 700 uL iz <
JRE D Lz, 30 RO OB U721, MiFEN S 500 uL T DHEREHT T E L, Ge g T
X MREWE LTz, CIEIUKIE & AREFICE £ D At OIREHE L THELE D 2 EHR L, &%
ZMCB TS DEEREH L,
[(#EREER] THOHBETIISH 52, 1.0 M HCIO4%# & 0.1 M HDEHP [&] 0> D fEIZFINE
JEDOHEIMZLE > THEMZ R TERN DN T, £, —0.2V 25 0.2V OELEHFE CTlE, DTk~
\ZEEINE R LTz, RIZ0.2 Vinh 0.6 VOELETHE, DEITEEGBEAN T EDEEZ R L,
51T 0.8V Tik, DEIZE Y REZRMEZR Lz, BAREERAGIEITTRISZ X > T At ORBR{LIREENZ AL
L2728, HINEEOEBIZ X iHERN B Lz EE 2 b5,
(5% k)
[1] E. H. Appelman, J. Am. Chem. Soc. 83, 805-807 (1961).
[2] A. Cavallero and K. Rossler, Radiochim. Acta 47, 113-118 (1989).
[3]J. Champion et al., J. Phys. Chem. A114, 576-582 (2010).

[4] A. Toyoshima et al., Radiochim. Acta 96, 323-326 (2008).
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BB TS CRAET HMERRETIC & > THET 5 A AR 70U
P33 pammiicms ams

(EWHRERE'. TR T 27 2 V2 R OfBATI=E' . )l 7 1.

EAAFs W, e —2, WA, EAmE" KRB, 01—,

W AL A

[(#E]) 6°Cu (W 61.9 BFfH) 13, DATRHIZHE LIz _—2 i (FH =3 /L¥—141 keV) &
ERAIZE L7 T~ R (185 keV) Z[RIRFICHH T 2720, BAIREHAER E L CHEHR S,
Z DAL BEEEPIBR STV 5, fEK, 67Cu 2 8iET 5 101E, m= R /L¥— (50~100 MeV)
D% A7z 68Zn(p,2p)s7Cu M il Tdh 5 E B X LAV TN DM, ERENELNTNS Z X
EARK RT (6667Ga, 64Cu %) DL IFEORMERNEH SN TS, £ 2 THha i, 1ERIEICRD
LT EE L LT, E A2 U U AEMICHRE T 2 EFETRET AP &
687ZnO (MRS L C 67Cu ZHfliE 4 2 Tk [68Zn(n,067Cu (i (x=np, d)IZFEH L. Zn-Cu Ay
B D AR L CTE T, AN, JEW Zn0 #—77 v NiEHE WGBS AR D RS S iz
67Ga (Y 78.3 IffH]) OB vt X ZBMN3 25 & &Iz, ICHIZIT CTHEHERBECTH H L
BERE DT 21T > 72D T, ZDREREWMET D,

(EER] &AM IRV 7 2 herO&ER 78— (50 MeV, itk 3 pA) XY U oA
FERNZ IR LTS o il 1% 68Zn0 J24H 2 — 7 v b (RAEE 99.291%) (2 5-10 I
MG L C67Cu 24 LT, 2B, BETOFHEE~NEL, RXT7 7007 my 7 20T
1To72, ALFEDEEIL, L — MR (Chelex-100) K ON&EA A v a2 #iktis (AG1-X8) 47 A
EE MG DT Zn-Cu EAGHHEIZ, A A4 o8l (AGS0W) 717 L% 8L TITW,
Ga BREREZRDTZ, X512, 67Cu OLHEEEZ M 2 72012, &K BT 67Cu AR
ZHRWT, Cu & ORUGEIZE T DOTA ik A 320 L7, £7o. IBHE 8Zn0 ¥ —7 v MIH
EFN D Cu DHEFREEIL FL— MIED T LEZHWTITV, 0.001 M HCl T ENn5
JRAE 68Zn VHRIZ mdiE NaOH ¥R A N2 T, Kb & LTkl - o8 - Beigr L., BEXF
1 130°C—400°C THMEVL T, 68Zn0 FERLEE S LT,

(#ER-BR] 7Ga DEETIEOBRIE T, BEROEARDGBEHEC, BiA A 2SI 7 2 %800
THZLICLY, 67Cu DEYLER 90% LA E2HERF L F £, Hi& 67Cu IRk o 67Ga & B2 M
[RALLTFICT HZ ENTE T, ZHVE TORREE O, IdEEGEHETIZ L > THEES 5 67Cu 2 ¥
—77y M (Zn) KOEIER RI (N1, 67Ga) 7D 0BET 2 FiEA i L7z, Wiz, Bonl
67Cu D HRE (GBg/ug Cu) #5721, 67Cu-DOTA =52 D> DOTA i FE {17
Z I AFIT 100% GRS H D DOTA Of/NEEEN, WiETIAAET 5 Cu (1) o
FEIZELWEB X T, CudfbFEasR Lz, TOMEE, 5 g ik 6Zn0 7 5 i - 4y
BEL7- STCu M TPIcE £ 5 Cu EiE, 3.7ug TH O, Fx NBEL TV 5D 40 MeV, 2 mA
G IERE (RFEHERY) 2 C 24 B IRE CTHRIE L7254 @ 7Cu DLk REIX. 2.1 GBq/ug
Cu tHEHEND, ZOMEIE, BFE, 7Ny 7 ~7 U ENAFZEHTO LINAC T 24 FEE 51 R
Sl STV D 67Cu D HEE (0.7 GBa/ug Cu L ) ¥ @ 35 Th 5,

(Z&3Hk) [1] M. Kawabata et al., J. Radioanal. Nucl. Chem. 303, 1205 (2015). [2] Y. Nagai et al.,
J. Phys. Soc. Jpn. 82, 064201-1(2013). [3] D. G. Medvedev, et al., Appl. Radiat. Isot. 70, 423(2012).
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AURN SRR DT 7
(ERABEEA | BIKET ?, R T E— 4, SR REIRAE )
OWMREA L B W82 KRIEA H A2 AR, mh—p,
BEILSELE 4, BRILE

[FFiw] 2MAt (Tip=72h) T afbMHERFETH Y, B SN D afRITMRENE L & LET T
H5, TOOEBERD~OABEZMZ, BER~ONREH RNV —(FHENTEL &
Mo, T4 Y M—TRFEIFIHTZA2EEO—2 L LTHEEIN TS, oL, YR
BN LD ICES U CReRIRY, BREERIHRIR2SNZ Hivd, AR T D7Dk~ 1%
B THD MRn (T1p=14.6 h) Z1EV, TZMHDOINF U2k -T, MAt ZEY HT
HIRp2MAt V2 R — X — DR EED TND, THNETRTICBLR100%A X ) —/V %
AW U o OmEHH R AR L, ¥ T 2R OBENIII Lz, L, AKX ) —/L~
D 2MAL I OBRIZ 30%FEE 2'Rn bIHH SN TLE Y L WHRENRH 7=, £ Z TAIFET
1%, L0 At OBREMENEWVRE ROT 572012, NBS N-7BER7 VA 2 R) &R
LIz AH ) —VET X ) — ) VIERIZOWT, Tba—LiBE 22 SH7- AtRn 2Bt
B EUPAD v a sl [P A ke (PR 2/ [PURD] k) )) B AR LT,

[3282] JE T I EB RSSO % 7 AIEEHZ L 5 60 MeV 'Li B —L4%, Bi ¥—% v b
WIS L, 29Bi(’Li, Sn)*!"Rn &S C 2MRn 2B L7z, 2Rn &2 % —77 > b KT 0 A2 hhi
Ly U U ONICES Lz, MAt R ZF o712, NBS 2 LIZIREDIES A ¥ ) — VT
IZ=Z ) — VKSR A -T2 ) 2 b L, 28D L 722 L9 I 2V A Wfifli i 217
ST, MBS y AT e X U —B XU PERALS ik > F L —a v v AT AEH
WC, ZFHD 2MRn, VAt BUNTEIRE 2 EE L, At ®© Rn 3T 2 0 BEHRE &2 157,

[fER L 2] KT 0o — LIBREEIZ %

42 BRI Fig. 1 \Omd, AX ) — 2.0

JZEBWTIE 90% TR e EA-% R4 200 | exx /— °°
TEBY, =& 7 — LB TIE 60%&  15.0 °

D 2l ERA BTz, Z UKL S | T

TTIENBS DRIETHZ ENEELT R

W5, FTz 40%LL EOYREETIR AR 5.0 g ° o
Iz X 7 — DTN, BRI K 0.0 @

TN Dol FRlo & s —v 0 50 100
90%ICHBVTHRANE (=22+1) 27 L TV == VR (%)

2MRn & VAt OSBER RS, At filiHER Fig. 1 5 BERE D 7 /v 20— )L K 1R I FE R A

H 90%ITVMEA R LT\, Ll

ZOSEEERETIE R (3FE72 20%E< HiHEh TRy, Y=L —Z—ofmitiEs LTidt
SIRFER STV R R, AROBEE L THIHAIOWRFIZ L S S b5 0HHREom L
RErd %,

Development of a ?''"Rn/?'' At Generator with a Closed Extraction System of Syringes via

the Determination of the Relevant At/Rn Separation Factor

YAMADA, N., SHIN, Y., OOE, S., MURAKAMI, K., HASHIMOTO, K., NISHINAKA, I,
WASHIYAMA, K., YOKOYAMA, A.
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(BORRBEBE ', IR OBERS SE it 20 BoOREE °. BRORRI & 9)
OMmSTE ', SRR 20 Mg, S5 ERE!

P35

[# S LEF, o SRR T 2 21AL D o SN HAFRIEIZ AT T2 BFE 3 B A AT LT 5,
— R AL AR RN, 2AL & 29Bi(a, 2n)2NAL SO CTHELE L. Bi 2RO 5 2UAL 2B
CoBEL T, PUAR L AT AL PRI T 5 Z L TEH S LD, ARIFZETITZ O
TEOfEELDT=D, At & Bi OFELEY & OFUSEDENEZFIH L, BEZ AW T At D5y
Wl & A FIIEITAT 5 FEO M 2 A7, e

[ZEBR] RV (co-ATF L -~ LA VEREKY) R b
7 A Kbii(average Mw = ~1600)% =F L > e T
T U THEL TRIBE L OB, N-E R N[ 97
YA L L, ARFE T T3 b ) AT | (L] o
AH 2 NVRBER BT AT L & L TR XTI |- 1.
& LTI Fig )& 72[1,2]), Ziid, 72x  — L 1y m n
F B FURICE#R T 50BN TN D Fig.1. L Vv O,

5% ?TJ?)ZD 3- FJ)‘?"/VX5’/M/I/§§% OBiO,{U%
BE-N-2 7 & A U R BIRIC A LB — j AL =20

bDERHSTWND, ZORREZHWNT, IROT KT mIETHR

T At OB AT o T2, RIKKS NaHCO, topH 4.6
MBI #—0D AVF A 7o ba il 4-6 At + Bi solution

WL, 29 MeV @ o B — A% Bi ip{biE 12 F] {Q 10 mg/ml N-I—KR & A 3E(NIS)
55 L, 2Bi(a, 2n21 At KUSIT & o T 21AL % il ‘”’g —" S Ny EFERR 204 min
L7, MR OERZ Fig2 O A% — L THIE

100 mg/ml 7 A3 JLE ENaag 1 ml
B, % (MeOH/1 %BEES)
AL . AR LT RHE & BSOS S 72, AeikiaiR 1oe e

(X, HPLC (2T UV=254 nm THLIHT LoD " 1 me/mi BN,

30 BT LA L, Hr=h vy 2 —% A ° nostcoseEm

T2AL IR 79 keV X # 2 HIE L7z, lmm

U R AT A [EA A L 7B 2 TRk S B, %

WDz ERpipotz, LLARE, 2ok L

E UL 1S%RE &S o 7o, Hfh & 72 N ImEm LR
LY AF U UG & VTR & O i

b REESRTVS At OBEZ 6.8 HIIZARY Fig 2. FIAT— A

ETD MY AF AR = VB TIE R < BHE

HORAF VUL ERIGLTWAS Z ERH LN ERoTe, £, IERMRW O HRHERIR T
FAT IV ERIGLET X RIFBHIS e oTe, TO70), BUERY AF Ly 2E&Em0n
BB DBHFE 72 & NS 1 2 W RGO 21T > T\ 5,

[Z% k]

[1] R. Chinchilla et al., Tetrahedron Lett., 2001, 42(27), 4487-4489.

[2] H. Shao et al., Tetrahedron Lett., 2000, 41(22), 4257-4260.

An attempt for separation/labeling of 2!' At with resin-supported organotin reagents
KANDA, A., TOYOSHIMA, A., IKEDA, T., YOSHIMURA, T., SHINOHARA, A.
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JTZILEAA LRI A A—=DU TR T LAERAVZEMERNTRERED T
P36 fRALR AT DB FE

(ROKRBEfE ', JST PRESTO ) OFZ M SE -1, /MRSl 1 BEE |

HHBP B Y 2, A !

(#EE VSHERNLAR (RD %V, A 2B e Os - ol - Efbe Co#) X
ZAf{E L, OB CE L2 BB LT, VT AZ A LRIA AT TV AT
L (RRIS) #MBIZBHFE L C& 7=, RORTLAIX, WM ELEFIZA$R163 % macro-RRIS & B8
WEET TRAMRIET % micro-RRIS D 2 DDHERM 5 B 5 AWIZE Tl MM O MIETHE TH 5 C,
ZSMg\ 32P\ 35S\ 42K\ 45C3,\ 54Mn 59Fe 6SZn 0){1,{_1 22N 109Cd 137CS fot. E%ﬁfﬂ‘iﬁ%ﬂﬂb\
a5 4 L OMRICEIT 2 & uR OEREZ Atk L7 DO THIET 5,
[RRIMEMIZT oA X7 XF (A thaliana) %, #ZfEIT “C. *Na, *Mg, P, ¥s, *
#Ca, **Mn. “Fe. “Zn, 'Cd B L 'Cs 2\ 7z, KEHK TH 40 A BIAE SE78KZ2 v,
FI. SRR A KPR UAR D> & H B~ DR IENRE O AT 24T > 7=, IRIZHE BN

SIR~OTTEBEO AL, ZFVET 7 BRAT SEkZ2 -, UC R R ER T A
X, “C-REEAKFET N Y U A LA AVER S, BCEMAIEEICVY U UIC X
L. EERICE D2V AR Z A LS T, EOMOBRRIT, BEICEAA L TRIRS T,

[F5 5] B~ RIS TIX, 1 B OREERIIS TR OBEEEOE DL, (1) e
(RIZH)—125347 L7z PNa, PP, S & Cs, (2) HECZTAM & il U CHEZE O I RS L 72
BMg, ®Ca & **Mn., (3) WEMIEEICHAM LN S G, BicH IR RER—N A LN ©Zn
L%Cd D3 o T A—TF TSN (K-1),

<a) '..‘_1 LoO4XFRFIZHB T
a \:' kE E£EEE, A ; R E#

¢ 5. TRUNBESS 24 BERARICE 1T
“' RI S AEE,
™ (@) #Na, (b) ®Mg, (c) '™cd

Z Aﬁr ¥ &A

imL*BAOD RI fiEfa I ot‘éﬂ%m@mﬂa I, MCOBAREYIT ERI L OMIAR DOIRIKIZ S
AT DRSS E S e (l-za)oﬂ% 2T micro-RRIS (2 & 0 FEMIC I~ & 2 A,
ROGEBEWUE R L T ZEpRasniz (1X-2b, 2¢),

(@) (b) (©
Zuece e ey B2 BISEBFD “C-HhER
EYDEHIEENRE

(a) macro-RRIS E&,

(b) BDEIRIZH T HEEE

(c) micro-RRIS E{&,

Development of Real-Time RI Imaging System to Visualize Ion Transport in Plants.
SUGITA R., KOBAYASHI I. N., HIROSE A., TANOI K., NAKANISHI M. T.
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ARNE, AT RREE °, SRR Y RRUE
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DT TFEOHREEIT 7, FFICEDIaF v HilENS I 24 VR TFREREIND & X,
R AV DOREEICEE ) A=Y 2 BRI I R 2 A VR FIESMMOIEA A LD, A
b, Fxld, BREZOI 24 VT2 ELTREITHZE8ICL0, INRDA A BE—A
ELTHY 720 02E@E 2% L, KR AR OIEZRMiEX J-PARC MUSE O KFREE X
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[RER] EBEOMEAX 1R, JFIE L UL, BZ2F = U X—NOEEY —7 > MZ 2
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K —/2ry hEEEE U CHW/Z PTFE (7702 0®) 1E, 2SVAL—W—SDREIC LD F JFRF
AFVMOHLBMESNTEY, AF, OBOREGTHLEWIHERH D, AL
R ORHIZiE~A 7 aF vy x2 L7 L—
k (MCP) %MV, TOFIEIZ LY A A HE
D m/z DEREZAT 5. AWFIETIL, MEEZE  muon beam
EBOTHERE LT, L—V—l2Ld7T @@ Whd - L
Fl— gL TA AR, NESES ® | \Efgé/
FEBRAEIT->TEY, ZOMEEZAOCER
Db 21T > 72, NEZRERRIT J-PARC
@ MUSE D2 7R — FZ TV, 20 ~ 40 MeV/c
DI atrE—b%X—7y ML, H1 Sa4 v EFRYHLEBEOHE
A Lo A A FiAd MCP CHELRI L7,
[(#ER] L —V—2HW =T HEERICE W il
T, SR EREE Lz & & D TOF 2227 K _ - ou
/l/% 2 &:i_\‘_g_o *ﬁiiﬂ”j m/z &:*@IE [/(1/\ * FWHM(Am)=0.22 o
5o AT hL 0 Scu & PCu DFNLARN
X T&, fifE R=300 2 EH T 7=, ik -
T, oM, EELEOFHEICLSE 0001 b """ . “. c e . "“.
62 62.5 63 63.5 64 64.5 65 65.5 66
—LDEHNFER L FERY AT LD m/z
fBIZ oW TG T %, £/, TEEGEFERT 2 @R~OL—F—BE L4 R4E - MEERO
BN PRI R RIC OV T HHRET D, TOF ZRIRL

_ PTFE target
Electrode

Detector

Muonic F atom

Electrode |/

=]
[
-~

Intensity

° .+« FWHM=0.2

o
o
=

Muonic atom extraction experiment by using intense negative muon beam at J-PARC MUSE
YOSHIDA, G, NINOMIYA, K., INAGAKI, M., TOYODA, M., AOKI, J., KAWAMURA, N.,
MIYAKE, Y., SHINOHARA, A.
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ARANYT7—RHREICKDAVFF4 FEEFD
P38 HKERMYHERDHE
(BIKBEER . AURKE T ?, EHRBEE T °)
OHIERG ' MAIRER ' ek b 2 e’

[f&E]
Ay F7 4 MEAIZKGRERFEORRKOKRELRAFEL TEBY ., P THLEMRTILEOOL
DTH LT, BREDAERBFRIIS C THRA b F W2 L D, DTz RT7 A MEA
POBGHIMOWIEIL, REREZIRYESEREE LMD ETREREETH D, AL TITIL
WK DRI D a2 KT A MEA % TFe A AN T —/03 i T SROAREMMT 21T - 72,
F7o. TFe A AN T =0 GIEIE, BE mg OFREIRHIUT N2 &R0, FEEE TORE N
AIRETCTH D7D, BEZRREITH L BADHIMAEREZH <D ETHRbELIZFEDI LD 1
DThHDH, AMIETITZNE DFRETENP L, AANTT —=ZAXRT ML DHTEHELN D IFR
O EFELIRITAFAET D2 R I A4 MEADILFRIEIEDMESLZ HIE LT,

[525x]

WiE= N7 A4 FThD Saratov (L4) LRFE = KT A4 FTHD Allende (CV3) %, £
ZAUEEI STFe A AT 7 — 3B K Y | IR THIE L7z, Boil A2 Ml aFe @
FIRANT MUKV REE T 72,

[R5 R & B
FRLIZRIT D Saratov D A AT T —3WHEDRER, AT MIVORRGHITa Y RT A B D
FEHM E L TEIHALS Olivine, Pyroxene, Troilite, Fe-Ni (Kamacite or Taenite) (Z/1Z T,
TDFETERVWFeS DX T Ly MAS 6.7%FAAE LTc, Hi ETORLIY T & VTIKIR Tl
KON EC D EB X, BUE 6K THIEZIT> T 5, Allende {22V T & [RERICHEIE, AT
AT 2Tz, AAUFZEORIER R BN, BEROCERICFEH SN TV Hkc 72 R T A ME
i (M ETORBEDB D72 nNE D) DRARNT T —/XF A =2 —(ZFDNT, BRI ERLAISE
¥ (sillicate, oxide) " OERDJFF-Hbk, Hitih 100

€£ $E
(ZETTHYFEY) (Fe-Ni, Troilite) OO - i, \%4 A:H
Hupxr7my FLEECA Figh, ¥y g | (om0
O EZ T oM RN GO, Car g %0 H . '
FoA4 MCBILCHIRICL ) KX AREDBS £ 0] Q
EBHY 0T ay MEFTHEOA L FT ] |
A REDUBIAKETH S, Olivine & = ] (T';'Ifes:::‘;_
Pyroxene " DERIZES L CRIERDOAEB 27~ 2% ° ;]' e a0 e s 100
ik, Hw=R74 F (H, L, LL) Feuiicate + Feoude (%0)

EDOHBINFRETH D Z &R ahole, FHE
T OB~ 72 3ROV T HIRET D,

Maossbauer Spectroscopic Study on the Composition of Fe-containing Chondrites
NAKAGAWA, M., KANO, Y., SATO, W., EBIHARA, M.,

Fig.1 BRLHIBEN &8 TCRIBEY D Fe JR 14k O AR
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SEBUBEARVZDRIZEFNDHDILFIRE
(BRI RARHIE . pREERERET. 2, KIFIRZ ) OIINE || SRR |
HIWFS2Z * I FERG—°

P39

[(#E8] A (Db E) &, HPICEMBH OGN LB TH 5, BIEFHEEEMIC
RESEBIND N, HEHMB LB AEIX. K& L ToOmINIEE 2 AR L E
FEHEZEAREET S0, BMLLEMLOMEE LTEMBETES S b, EARERICH
R BELZREICEAL TS Z ENEL, MO AFHITENTERT 2 L HEE S LTV D03,
ZOLFIRREICET 2 WA T b b O TR VARV TEE A LR, Eiz, HAR
ERENTIKIT, BIFKOEERLE L TBEIN TV, WELZAIEERH L2
ENX o T, RE T, BARK AR FOSFHEOFREICBE L, A AT T —4 ik
WX THENTMRERET D,

[EE&) SUkHE. 9 2500 4E/1T 0D B L LR B EE O BRI HIE L, 2015 4R IRk H B IZ M T TF
BESNTZAX Y 77,7V 0HAKTHS, HMARERHEEZ R —/L I L TH#:L., 18.5 mesh
D7 IVA Z i@ ST AR %, 105 °C T 24 RERREEE L=tk KM@t Uiz, F7o, il
O A Z BLIFNT, 2254 24 ] 600 °C THIEL L CTIKAL L7z, “Fe A AT T — 27
R VHIGE (BRIE: °"Co(Rh), FE¥E: a-Fe)lZ i3 Topologic Systems MD-222B Méssbauer spectrometer
EHWZ, 205 B X#R, IRIPAS, 7~ 0, B THMEHBES0O NI 21T o7,

(BREERE] M 1ICHHEARIKD 78K 21T H A A 7B K
Ny T — AT [V ERT, £ EICE IR PO FelCa Fe/Ca=1/1.5 AR
AR L WTROASS MATHEROBAR [ e
ORBRHIE N, AX LT YXFOKTIEZA 7Ly b § Fe/Ca=1/0.43 !f\k; R
= ' - 2110
BN TW5, 7KK TIL a-Fe,03 (2%t d 5 % E “\N"M
INDMERE STz AT R VIRITIZEE & TR T = Fe/Ca—1/1.8 N
DO Y RIRDBSRRS ST A =S 11 CaFeOs 5 [P RN
IS ERRIED ALY ML DB LIZT T, & Fe/Ca=1/0.74 L -
7 ) DIRIZIE CaFe,0, 735 T\ 5 mpettsvs 10 ,mv~fﬁwﬁxf
o _ 4 X
uﬂ é ﬁfuo
—Ji HREKRD A AT —RIE TR 10 0 10
Doppler velocity /mm/s

77, 7V TIERNT B TOF 7 Ly B L HEAD T8RS0 B A AT
S, BRII3MEmA LT, ¥r=r EEBEEE o,
B L TWD Z ERHEE S L7,
(BF] CTHHBELZES N O AR OREL 2T, EATHELRT,
[1] S. Yamauchi et al., J. Wood Sci., 57(6), 549-552(2011)

Chemical states of iron in the ancient woods excavated from the foothills of Mt. Chokai and their
ashes
YAMAUCHI, S., KURIMOTO, Y., YAMAGISHI, T., SAKAL Y.
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Sr(SnixFex)Os DT HFEICRIZT Ca DEBRHE

P40
(AXET ' B X . EXY

OfREM ' KAXE ' HFAER" . MEFERE . Mithisth '

[(#E] ZnET SSn0s N7 A0 A MR EEKEZ T Fe 20 BEHRLI
MR R ORI, R EIToCEe, 5 ~ELLED Fe #@EMT 5L, HRT
Fe e & A BN & 7R T L 5 A o, Fe 1% 43 L LT St 1o IG5 0.

NOTABNA MCBEERGAE L TWEEEZ NG, AH. A A FOBHICE 5
RFFMEIC B2 D BEM DL HME L, Fe OREZL 8% ([C—ERM L7 SrSnOs
Wkt L. St A MICIRIEDR 72D Ca #EBIET-Xun T A4 Mgk EER L,
T D DM E IR 21T > o R &2 R T,

[X£E&] 0.1M @ Sr KO Sn O, 0.01 M @ Ca, Fe X Fe OFERE, 7=
BLrF LS — A RIRA LT, FIEDE S THIEE R L,

Ay b7 L— k&AW CEIRIEN & Y O3 RE1T - 2%, 400°C T 2 K¢, 1000 °C

T 2 BEMBER LT 1% SFe & & Loy Rk 1.2

(Fe JREEDS 8%, Ca HEIEDY 0 - 15%) ZfER L 1.0 °
72. X #REHT (XRD), sUEHREEN R EL /)5 (VSM) 0.8 ®
BED Fe DAANT T =45 HWEZITo 72, Yy

[(ERERUERE] XRD 2LV, 2ToRE g o ®°% °

T SISn0; OB T AHA FBEHTH B = o 04

LATRR L. ZOMRBTOKE ST, EERN 30 = 0.2 T

—40nm Tholz, TOKFERIL Ca OREE 0.0

LI T BB AR L, JAUE St & 0 2 4 6 810121416
Ca DAF U HEDHELD, £72.Fe I8 8% & Ca conc./ %
ENTWDHID, T X TORE THBMEL R L Fig. 1 Saturation magnetization of
7. X1 DX 512 Ca &5 F720alElofafnm Sra-9Ca®Sno.02Feo.0803-5.

{E=ILH 0.2 emu/g (2% LT, Ca #EEN 2 -
6% EHL L7, ¥ 0.5emu/g THY ., Ca 2
FEDY 15% DR 1.0 emu/g & 72 - 7=, fafnfgfb
ST Ca JREEICE VBN L7, Ca IX St ¥ A 0.98-
MZE#T 2 2 L THAE -2/ L, X
et om Enm ET D2 ENghotz, 7272,
8% Fe #Hir A AN T — AT bV DRER
SYEESOBEIZ, KD 2 XHIC Ca #EF
BRWEAE X VNS Role, THITHEARE R
MO B, Fe' AR EOBKMMAEER XY

1.00+

Intensity ratio

LR TORMALIC NS v T T HETICL - -100 -5 0 5 10
THESNDIBENRRESSHFELTND LS Velocity (mm/s)
2 BN Fig. 2 5"Fe Mossbauer spectra of Sra-xCa)

Sno.9Feo.103.5. (a)x = 0, (b) = 0.1.

Calcium substitution effect on the magnetic properties of Sr(Sna-x»Fe)Os-s
SUZUKI. S, MIZUNUMA. T, NOMURA. K, OKAZAWA. A, KOIKE. Y
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SRS RETOAF IV LRNEIT—LUERKICAIT =, TAAFD LD

P41 oy

(EARBEEE T HAERE e Y OFPAEE ' AKILFZ || 49K 2 A
AR

[(HE] @BNE 77—V L, 77— L YNERICT v % ) A RuHie E ORI\ aeE
LCWBbkEmThH 5, Frxlx~U U ASmEERN E LIRS TEL e A TF U A
A143("Pm)EHWAH ZE T, INETHRESNT IR v ATV LANAL T T — L
Pm@Co) AR L, Pm B Cy 7 — YN T3l THLZ EEHLMNC LI, LrL, &
A% L 72 SPm@Con [ BFHEEDME L . 2L EOREMZ R~ 5 2 &L BNHER D > 72, Pm@Can
DOFEMRMEE 2T DIITE WIS EZ &2 WPm 28 ICHW D MENHDH Z LD,
=) & LT Sm O3 BER AR R T 5o AFTE Tl 72 LU BE 2 F52 '“PPm #4535 7291
WA AR ma~ 7T 7 4 —I2 Lo T PPm OB R 21T T2,

[5E26%] 10 gmm OXL v MIRIZL7Z 1 g @ SmO; & Hk Table. | J7HEARPE

KB HIFTEE v X — 2BV T, KT HAFE =50 [an oo vt Saistnm
MeV OB #RZ 6 RIS 5 2 & C, WPm ZHlyE  #seE 0smlm

Ure, B L7055 0.8 g % 8 mL OMRCHEIE L, v
26 10 ul B ELT 0.1 M HEET 1000 fECATRT D v osnin

T THBEMOREE Lz, ZOPFRLEZRABOS B 1mL 1S e
EHWCHA A s a~ 777 4 —%1To72, BiA s s

FURM T a~x N5 T 4 =D S A Table. 1 2R L

Too BT DIXBREEVERA A L ZHa A T A Inertsil CX Z U,
TUE=TKTpH ZiiB L7- 02 Ma-b a1 VgL
(pH=3.79) Z¥&EfEE & L CHW=, Fiz, RNA U7 A5
ELT4-Q2-BY DN T LY Ly ) —/(PAR)Z H\W T Sm
A F BRI, UVivis MIHERIZ T 530 nm QWL % E
=R TAHZLTru~v NS LRS- REREERT 0-40 S50
WHRATIZOWTIE 2 0 T L2 L, Ge Y-k HigRIC

TyBIE 24T - 72, ot N o
[#628] Fig. 1ICHA A 2y m~ b 7T LR O RS Retention time [rr]
DHHIERIE LI RER L, 70 b7 anbipss Tig 1Ty 5
RIS 18-22 3 DR T Sm ORI R S e, MUHRERIE

L 72l B D ARRFRERT 18-22 43 D43 i Tl Sm DA A, 22-30 43 D43 H Tk Pm DA AR &
AL, Gy BERE O WPm DEIEIL 94.7% Th o 7o, BEHBEHIE DR R Z b LI —2 7 4 v T 4
> 7 Z2FT0 Sm & Pm DEEE A RO D & R=1.65 & 72572, "¥Pm % 22-30 4y £ T B L7233
A, PmAHEITIEAT S SmITEED 5 5D 0.06%FLE & RIS Hiv, "Pm O IR HEITR
1700 5 & 72 5720, DBEZ XD Pm@Con A IS +53 72 LU E 2 R0 WPm MG H D Z &

NI T,

0.5

104

e
o

403

14
2N

402

UV intensity [V]
Radioactivity [cps]

e
w

—0.1

Separation and purification of Pm for Pm@C,, synthesis with higher specific radioactivity
MIYAUCHI, S., AKIYAMA, K., KIKUNAGA, H., KUBUKI, S.
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T I T ORGSR T S MBUREFHS
(R MR RREE T ' ST RSEEIFFIE0T 2, SrREL T *) OSIAERE || @ BoRIIFE 2,
B BHERR O, gnAGEM T BPARER

P42

[#5] BUEOKEZMREICE VT Te-9m 135K b ZH SN TV D RN TR TH 5,
Tc-99m DJFASEL & 72 % Mo-99 1 Mo-98(n, 7)=° Mo-100(n, 2n)JEE 2R THMRTE 52 &
5. Mo-99 DEFE(LZ B LIRS SRR I/ T T 5, ) B2 i 2 o)
NAR 2152 720 DAL RINLAR B R ffF D —> L LT, 7~ 7T 7 4 —ERMLATY
DM, EDOFETIEH I OBRMEEE 2 FF O FNLRZ 155 72 DI R 2R R 03 D, P B2
X, IRAERE DS 24.2 % T D Mo-98 2> 5 4 (5 DIMEHE(99.0 %) & 72D Mo %152 7= DI 20
EUFEOBANRBEL /D, P L LAanb, FNIROERNENROIEE & 72 5 RN BER
BNBIAED 100 15 & 72 2 Fl ARG %2 Mo D RINARASHARIGE T TRITH Z LN TER
X, TR o 72 110 BICEM S D, Fxldrz e~ 8777 0 —EZ Wz Mo Ofit
BERIRINL IR BEE 2122 U, B ORIRICH 3 2 RINLIR S BERE) 2 fighr L C & 7228, 2 R
+53 72 [FINE AR BIEER ETAS DL T 722, AWFFETIE, Mo(V) & Mo(VI) & D Df{biE K
S R S B A AR SR 2 L S8 5 Z L T Mo D RINERS BB D 1) A7k T,

[F£B7] 1.0 mM (M =mol /L, L = dm’) Mo(VI) & & ¢ HCl /K&K & #Efi L7, = 212, 1.5 mM
E72 % 5912 Sn(INCL2H,0 Z L, Mo(V)%& & T HCl KA 2 157-, & 512, 45 10 mL
ZELARY) Te e U B IRERICRA A U RBBIE(E R LR A I H Y — VAR & =
Z b WA20 5 ) O PA316 BUEIR O 3 FliSH) 0.50 g 2 N L SRS T Ty TR (R
& O IER]: 24 hyZ2 1T o 7o, %  PTFE 7 L & — % W TR A F 2 2SR 2 B D bR |
AR ZEEIN LTz, B L72 ARIZE £405 Mo O E &4 HT1X ICP-MS(7700x, Agilent) 73 HrikiZ
L 01T o572, Mo DEURE(K)IZ % CHRQ) & RO R E AW TR L, g R
B DA A BB R OREEMEHTIE FT-IR(IRAffinity-1S, Shimadzu)lZ k& Y 47 - 7=,

[#E5-52] |IESMET, 0.10-11.2 M © HCl KIFIE 10’ _
1 CREA A L AR & IV T Mo(VI) & Mo(V) D 3 10° o
FRAEAT S TRER, [HCr =01 M D & & | Ky D3 KME 10° S Whgo+ sn(l)

D Z Lo, T OIS ET Mo,0,,(OH)>
WAER LT Z EICERT 5, P —J, [HClr=1.0-2.0
M Tid. HsMoO, AT D72, Ky 23/ IMEZ B D
ZENDbhrol, Mo(V)Z V AlZiETTT 5 &, 0.1 M
HCI1 K % Bk < 42 HCI R T Ky 523 Mo(VI) & Erifig
LC—HREEW D25 2 L MERRT& 7=, Sn(IV)CL,*" P
(n > S)M[EA A AZHMINE & LV EIRAISHAE LT e
V2 & R(Mo(V)OCL),0" & Sn(IV)CL ™ (n > 3)M 4458 U e
{ZIK%}FZ}& L7 %) = :J:/E{'EIJ é héo Figure 1. Plots of K, values of Mo species vs.
(&5 k] 1) Nagai, Y. et al., J. Phys. Soc. Jpn., 78, 1-4 [HCI]; at room tempa;arature. [Mo]; = 1.00 mM,
(2009), 2) Tachibana, Y. et al., J. Radioanal. Nucl. Chem.,  [Sn];=1.50 mM.
303, 1429-1434 (2015), 3) Tachibana, Y. et al.,, “Effect of valence state on chromatographic

fractionation of molybdenum isotope in aqueous hydrochloric acid solution”, Submitted to Prog. Nucl.
Energy

K, of Mo species

Dependence of valence states of molybdenum for its isotope separation coefficients
TACHIBANA, Y., KANESHIKI, T., NOGAMI, M., SUZUKI, T., NOMURA, M.
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(BHHM-F) OffRIE, HHE PHEL
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(#E] BB W B IR E(PET) & R UFHLC L 0 fiiff2E 42 v, [misd 2%k Lo
B HUHBRIR D 2 IRIT /A % FERERR CRIE T 2 HIEZBR L TV D[], & O FE & R ERHE
FERERRIT 2,

[RER] AR08 A % I E o e % o, ‘oroml
B4 1R, B EER T 5 MK oo (r,0)DAr : : =
BICBE RO SREZE S, £0
WHIC 2 O T 2~ #ih s A TR TEE) S
H TR A 558 (LOR) THEIERAZ A
X 95, BBETHEEy SROFRFEHHE
Z AR ¢ & LOR DZENL OB L L CHIE
THEX 1 EOXD 7Y A ) 7T A0S
NUB. AR A IR & A DS o> [|mus
EEOIKATET HIEZHAR T, 2IRICOAAD o A . o

B IR B Eakiofng L O EORRETA S 7T
ORISR D, ZOVA T TN RID2RTHM TR T2 LN TE D,

GAITE] SBRHIE AN CEEOMEIILL T oMY Th 5, #ghlizd s 4 —r 7 —7
b (EAE 140mm) (ZHRRZ BEE L, £ O xR L CakiE S A7z 2 #10> Nal(Ti #5207
ITHEER) S B2 5 511keV o~z RIRFGEIHIT %, SHRHEZRITES 3om OHMIIZ L 5
iH 4mm OIEE O3 Y A—F T LOR DIEZIRET 5, WETIEY —> T —7 v EITAKREGES
kBq) & X975 kBq) D Na-22 #Ji & & & 150rpm CHElfe[alds S C M g Eis o b
+74mm OFIFH %2 2mm AT v T CEATREE) LTz, B pr BRI 13 43T 24 BT T 55
FEE L, K 2@ TR OA A= 77— MEERT, T A REE S 26mm
Tbh b,

[(#ER] K2bICHETHEOLNTT A 2 7T A ()bt E-WFFER RMbiE (ML-EM i)
THMER LIZBRIRD 2 () 4A—SudFL—k (b) 4 /55 L (c) B RE(R

WoEss A R T, Bilg . i

1% 13 150mm O E5IE
-60-40-20 0 20 40 60

Z—i12mm DB 7 )L
ToHEl Lz, RO
ERIZ LS HE LT

) Sy
-60-40-20 0 20 40 60

%o FToAMIRITR L , Ko o
T¥ﬁéﬁj;n£T@> X2 @XFMHDA A= 7T L— Mg, YA 7T 4,
5]

ZOHFETITEREOVIBRRIC X D RI O#hiE 4 R CRIZL T& 5 O T, #ik 2 1Eilis L7 5 FERF
[« FEBEMLCIT O B L D EEFRERBR /2 &, LB ~OIS AR S D, RBFRAFX —
TR & LT Zn-65 (SMBq) DIEFRYANR 2 FAW - HIE OFE R &bt THE T 5,
[ 3C#Hk] [1] T. Kambara, A. Yoshida and H. Takeichi, Nucl. Instr. Meth. A 797 (2015) 1.
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P44 J-PARC ANNRI (23511 & S %2 D FERIR 47
Rtk ' R ) O Wl ' g o2, 3 BIEE
NS B PR R

(8] BIRAT > ~oMrPGA)L, FIEFiERSIC L > TR &N D v~ o= x X
—IZE o> THRERT D TIETH Y . P ILIERE I, R 0% < BNESL Mt
LR —FHIEIC b OB DB R L F—I1C L > THRINT D TFETH D, kT2
Brcid, IATREREA(TOR)IZ L » TSV AFEF O XA X —Z2H[ETH Z LIk - T, HiE
TRNX—%455, MLF ® BLO4 [ZRRE S 3L TV 5 FVE TR SHIEREE (ANNRID) T,
B R L RIMERE D FA HES L, FiRo 2 SOSTEEHAS DET-FE, DF Y TOF
% PGA (23 H L7223 HriE(TOF-PGA)DHFZEBH 3 21772 » T & 72[1],

TOF-PGA BT/ B2 BT 2 iR O JER R AT & L COIHB /RSN D,
BEZSBAEEANT & IRy O Kig 72 A2 BfE L, & LSV TEEEY 2 < Do
TN—TIZhEE L, BEFMOLOEER L CEEMELT 28 TH D, s h=s v
—7DHH Te+ H&eETEIT, BHTRE Tc-99, Pd-107 OEHmOHMEEREEZ &GT—JF
T, FHRERERE LTHAMT 2 Z & bRFE SN TW5D, BRIHOZOIZIZAESEDE
BIZT TR, ZNODOBHMZFEDOER S EHEETH H M, PA-107 1IMBZFETH Y . Te-99
G ERAE y AT LW oD, BEIEIC K> THERT D Z ENRETH 5,

AAFFETIL, BEHER D Te » AAIRICHE OIFME ST 2§ 52 542 BIg L LT, ANNRI
(23T TOF-PGA JEIT X 2 i Mz i R 21T - 7=,

[3EE&) ZZBRIZ ANNRI D 21 5Sm(EICKEINTND Y 7 AX —Ge i 2 B a7+
v Ge fittids 7 B R HWTEM L7z, #BHIE LSV BUNYEBEIR 2] 2 B D 72, Zhic
ITWITERIL &2 5 X O ICHHIE LTz, Te-99 & Pd-107 I Al v 7B CEHINZL DT UL
AR E— A B BE LT, 7, ESITCRBWTIIE R L7 D Ag 2N A 723 BN MERR
L. Ag 2% TOF-PGA HITEIC5- 2 R 7=, HIERO B — AT 3K 500kW TH Y | H
TLRAEHZ DWW TIL 30 43700 5 1 IR AEEEGRIE IS DUV Tk 6 RFRRE ORIE 21T - 7=,
[(#ER )RR OME TIX, 1ERED PGA T TOF THHMAR Y — 7 2R T& -, —
07 LoV B IR A A L 7o R T, BUBHC B EN A ER O i EERE) o DT o~
MEFBOL—INELLLERD BT, £ DOILHFEIL PGA TH TOF TH MM 73 K &
Tdh o7z, LA L. TOF-PGA Tl TOF & PGA OAHEAZ VS EHENTE 5720, ffEE T
HoTHIE A DFTLBZEFFR) D DT o~ RO &S ENTEX, /2, T R
A ALEDHIEEIT) Z EIEY, Te99 & Pd-107 ZRAELONEMIZ L 6T EMICTET S
TN TE T, AFEE TITIRHT OB O D BUN TR O T — Z Bl O LBEVEIZ DN T H b
~2[3]

(SEEE YA ZE I3RS JSPS  (22750077) D BhRL %21 1= R % & T,

(5% k)

1) Y. Toh et al., Anal. Chem. 86, 12030—12036 (2014)

2) JAEA Review 2008-037 [FALEL 7 1 2 « {52 K7 o 785 2 fijl)

3) S. Nakamura et al., Nucl. Data Sheets 119,143-146 (2014)

124 -



English Abstracts



2S01 Frontline in superheavy element study using a
gas-filled recoil separator GARIS

MOIRTA, K.!'2, MORIMOTO, K.!, KAJI, D.!, HABA,
H.!

('Nishina Center, RIKEN, ?Fac. of Sci., Kyusyu Univ.)

The TUPAC/IUPAP Joint Working Party (JWP) on the
priority of claims to the discovery of new elements has
reviewed the relevant literature for elements 113, 115, 117,
and 118 and has determined that the claims for discovery
of these elements have been fulfilled, in accordance with
the criteria for the discovery of elements of the
IUPAP/IUPAC Transfermium Working Group (TWG)
1991 discovery criteria. These elements complete the 7th
row of the periodic table of the elements. The IUPAC
began a public review of the name and symbol—
Nihonium and Nh—that we proposed to I[UPAC. In this
symposium, [ will talk about the way to a new element
(Z=113) discovery and frontline in superheavy element
study using a gas-filled recoil ion separator.

During ten years from 2003 to 2012, we have studied
on a production and decay properties of a new superheavy
nuclide 2®113 produced by 2”Bi("°Zn,n)*’*113 using a
gas-filled recoil separator GARIS. Totally 3 decay chains
due to the 278113 were observed during net irradiation time
of 576 days. The 1st and 2nd decay chains consist of four
alpha decays from 278113 to 2°°Bh, and then ended by
spontaneous fission of 22Db. The 3rd chain was consist of
6 alpha decays and connected to 2*Md. Observed decay
properties from 3 decay chains were consistent each other.
In 2009, we also tried to search for the 2°Bh produced by
24Cm(**Na,5n) to establish the connection to known
nuclides and the cross-reaction. As a result, totally 14
events were assigned to decay chains from 2°Bh. The
identification was based on a genetic link to the known
daughter nucleus 2?Db by a-decay. Thus, the decay chains
from 2%°Bh were well established. Therefore, we
concluded the 3 decay chains from 278113 are clearly
connected to the anchor nuclides and the productions of
278113 are clearly confirmed.

New research program toward discovery of new
elements with Z= 119 via hot fusion reactions has been
started. In 2013-2015, production of Lv-isotopes was
performed via “Ca+?*Cm reaction using GARIS.
Although this reaction was already studied by FLNR and
GSI, the study was performed on the basis of two
motivations. The first is to increase the spectroscopic
information or possible to obtain the new information and
the second aim is to examine the performance of the
GARIS facility relevant to the future plan. These results
will be summarized in this talk. Furthermore, in order to
study the hot fusion reaction with higher efficiency, a new
GA:ss filled Recoil Ion Separator II (GARIS-II), which has
large acceptance and also the equipment such as gas
cooled rotating target system and focal plane detection
system, were developed. The status of GARIS-II and
future plans about new element search at RIKEN will be
also presented.

2502 Gas Phase Chemistry of Superheavy Elements
YAKUSHEYV, A.!2

(GSI Helmholtz Research Center for Heavy Ions,
Darmstadt, Germany, 2Helmholtz Institute Mainz, Mainz,
Germany)

Approaching the heaviest elements with Z > 108, gas
phase studies are best suited for the chemical
investigations. In some cases a clean chemistry allows to
reach a very high sensitivity, as in the studies on Hs
chemistry. In other cases the coupling of chemistry setups
to an electromagnetic separator is advantageous, as it was
demonstrated in the first study on the carbonyl complex of
Sg. Two successful experiments on Fl gas-phase
chemistry are published so far. The results are
contradictive: the physisorption of Fl on gold was
suggested in the first study and a metallic character of Fl
in the second one. Recently several additional FI atoms
were registered in two subsequent experiments. First gas-
phase experiments on element 113, nihonium, were
performed recently. The experimental details and the
results of the gas-phase experiments with superheavy
elements Sg, Hs, Cn, Nh (nihonium) and Fl will be
presented.

2S03 Discrepancy in the Periodic Table appears at
element 103; the Periodic Table of elements might be
restructured

Sato, T. K.

(Japan Atomic Energy Agency)

The first ionization potential (IP;) of element 103,
lawrencium (Lr), has been successfully determined for the
first time by using a newly developed method based on a
surface ionization process. The measured IP; value is 4.96
+ 0.08 eV. This value is the smallest among those of
actinide elements and is in excellent agreement with the
value of 4.963(15) eV predicted by state-of-the-art
relativistic calculations also performed in this work. Our
results strongly support that the Lr atom has an electronic
configuration of [Rn]7s%5f'47p,»!, which is influenced by
strong relativistic effects. The present work provides a
reliable benchmark for theoretical calculations and also
opens the way for studies on atomic properties of heavy
elements with atomic number Z > 100. Moreover, the
present achievement has triggered a controversy on the
position of lutetium (Lu) and Lr in the Periodic Table of
Elements.

3S01 Developments of the chemical experiment
methods for rutherfordium: coprecipitation and
observation of equilibrium in extraction reactions
KASAMATSU, Y.

('Grad. Sch. of Sci., Osaka Univ.)

The chemical properties of transactinide elements (Z >
104) are expected to be characteristic due to strong
relativistic effects on their electronic shells, and
transactinide chemistry is very fascinating. It is, however,
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very difficult to perform chemical experiments of these
elements because of their short half-lives and low
production rates in the nuclear reactions. Chemical
experiments on a “one-atom-at-a-time” basis are required
to be performed “online” using a transport system of
nuclear reaction products.

In this study, the method to investigate the coprecipitation
behavior of element 104, Rf, with Sm hydroxide and
additionally the method to observe its time-dependent
extraction behavior were established. The coprecipitation
and extraction behaviors of homologous elements, Zr and
Hf, and pseudo homologue, Th, of Rf were investigated.
In the coprecipitation experiment, the coprecipitation
behaviors of various elements (34 types of elements) with
Sm hydroxide were also investigated and the applicability
of the method to transactinide elements was found. In
addition, apparatuses for rapid and repetitive chemical
separation for online experiment were developed. Indeed,
online coprecipitation and extraction experiments were
performed using the nuclear reaction products ¥%™Zr and
169173Hf, which were transported continuously from the
nuclear reaction chamber to the chemistry laboratory with
a He/KCl gas-jet system, at RIKEN or RCNP. Consistent
coprecipitation and extraction behaviors of the
homologues with those obtained in the “offline”
experiments were successfully observed in the online
experiment. Based on these results, suitable conditions for
Rf experiment were determined.

3S02 Bonding investigation on d, f-block coordination
compounds by combining density functional
calculations with Méssbauer spectroscopic parameters
KANEKO, M.

(Japan Atomic Energy Agency)

This study aims to perform the optimization of density
functional methods using experimental data of Mdssbauer
isomer shifts and apply these methods to d, f-block
coordination chemistry. In the d-block complexes, the
validity for the spin-crossover (SCO) switching behavior
of iron(II) assembled complexes was confirmed. The
application of this method indicated that whether SCO
occurs or not depends on the dihedral angle between iron
atom and pyridine plane. In the f-block complexes, the
benchmarking of computational method was performed
using '"'Eu and Z’Np Mossbauer isomer shifts. The
optimized method reproduced the separation behavior of
Am(IIT) ion from Eu(Ill) ion and implied that the
difference in the bonding contribution between 5f(Am)
and 4f(Eu) attributes to the selectivity of Am(III)
compared with Eu(III).

3S03 Development of nondestructive, position-
selective and multi-elemental analysis method with
negative muons

NINOMIYA, K.!

('Grad. Sch. of Sci., Osaka Univ.)

A negative muon is one of the elementally particles that

has the same charge of an electron and 200 times larger
mass than that of an electron. The negative muons can
produce muonic atoms that have one muon instead of an
atomic electron when it stopped in a material, and high-
energy characteristic muonic X-rays are emitted after
formation of the muonic atom. In this work, we developed
a new elemental analysis method using muonic X-rays.
Because muonic X-rays are very hard, we can detect such
X-rays if the source is deeply inside of a material.
Additionally, we can select the depth of muonic X-ray
source in a material (muon stopping position) by
controlling incident energies of muons. In this way,
elemental analysis by muonic X-ray measurement unable
us nondestructive, position-selective and multi-elemental
analysis. This method has a possibility to be
complemental analysis method for the other analysis
methods especially for elemental analysis for valuable
samples such as archeological artifacts, extraterrestrial
materials, and so on.

3S04 Development of measurement techniques for low-
level alpha-emitting radionuclides and its application
to earth and environmental sciences

YAMAMOTO, M.

(LLRL, Kanazawa Univ.)

As all of you already well know, various types of
radionuclides exist in the environment, and their levels
extent over a broad range. For more than 40 years, I have
been working in the broad direction of scientific
researches related to the development of low-level
radioactivity measurement, the environmental
contamination and radiation effect to human, and their
applications as tracers to earth and environmental sciences,
including chronology.

In this presentation, I will discuss about some topics of
my works as follows: 1) development of the low-level
measurements for alpha-emitting radionuclides which
need radiochemical separation and purification, especially
environmental transuranic nuclides, 2) studies on the
worldwide radioactive contamination fields such as
Hiroshima and Nagasaki atomic bombs, Bikini Atoll,
Semipalatinsk nuclear test site, Irish Sea involved with the
Sellafield nuclear fuel reprocessing plant, Fukushima Dai-
ichi Nuclear Power Plant and so on, and 3) studies on the
applications to earth and environmental sciences for better
understanding various processes occurring in the
environment

This time I feel very honored that I was able to win such
a big prize of the Japan Society of Nuclear and
Radiochemical Sciences. I would like to thank you all
members who have supported me.

1A01 Evaluation of desorption of radioactive cesium
from suspended particles during its transport from
river water to seawater by General Adsorption Model
(GAM)

MIURA, H.!| FAN Q. H2, KURIHARA, Y.,
SAKAGUCHI, A, HIGAKI, S.!, ISHIMARU, T#
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KANDA, J.4, TAKAHASHI, Y!
(The Univ. of Tokyo, 2Chinese Academy of Sciences,
3Univ. of Tsukuba, “Tokyo Univ. Marine Sci. Technol.)

In this study, salinity and natural organic matter were
focused as factors that influence adsorption and
desorption of cesium (Cs) to phyllosilicates.  Sinking
particles and suspended particles in coastal ocean and
suspended solids in rivers in Fukushima Prefecture were
used. In adsorption experiment of added '*’Cs tracer,
solid-water distribution coefficient (Kq) of Cs on the
particles increased after removing organic matter. This
result suggested that adsorption of Cs to the particles was
blocked by organic matter. After increasing salinity, Kq
was decreased. This result suggested that amount of Cs
on particles was decreased by exchange of Cs by cations
such as potassium. EXAFS measurement showed that
the ratio of Cs as inner-sphere complex was increased
after removing organic matter. This meant that organic
matter blocked adsorption of Cs to interlayer sites. In
addition, it was shown that degree of decrease of K4 by the
difference of salinity between seawater and river water
was larger than that caused by organic matter. Kgy
calculated from GAM was similar to Kq measured actually
in river, estuary and sea.  Therefore, the ratio of
radioactive Cs desorbed from the particles in estuary can
be estimated by GAM because GAM described
dependence of Ky on salinity and characteristics of
particles.

1A02 Effect of natural organic matter on the
migration of cesium and iodine in environment
TAKAHASHI, Y.!, MIURA, H.!, FAN, Q.2, TANAKA,
K3

(The Univ. of Tokyo, 2Chinese Academy of Science,
3JAEA)

Effect of natural organic matter (mainly humic
substances) on the chemical processes of cesium and
iodine in soil and river water will be discussed. It is well
known that humic substances inhibit adsorption of cesium
into the interlayer of phyllosilicates. It was also found
that humic substances can form complex with cesium ion.
For example, a part of cesium ion can form humate
complex in natural water with dissolved organic matter
above 10 mg/L As for iodine, it has been indicated that
iodine is incorporated into humic substances by the
electrophilic substitution to aromatic carbon. We have
studied iodine leaching behavior from soil in Koriyama
City collected on April 13, 2011. It was found that about
30% of iodine was leached from the soil under alkaline
condition. The iodine leached into the solution was
subsequently incorporated into the precipitates of humic
substances once after acidification of the leached solution
to pH 2.

1A03 Accumulation Process of Radiocesium for
Koshiabura (Acanthopanax sciadophylloides)
NIHEI, N.!, OHTE, N.2, TADA J.3, KUROSAWA T*

NEMOTO K.!
('Grad. Sch. of Agri., The Univ. of Tokyo, *Grad. Sch. of
Info., Kyoto Univ., 3Radio. Safety Forum, “Date City)

Koshiabura (Acanthopanax sciadophylloides) is one of
the deciduous trees in Araliaceae, and the leaves are eaten
in Japan as a wild vegetable. After the Fukushima nuclear
accident, radiocesium concentrations of Koshiabura
leaves have been passed at a high value, but the elucidated
factors don’t progressed. It was investigated that
accumulation process of radiocesium concentration for
Koshiabura which grew naturally in a forest in Fukushima.
The difference in the radiocesium concentration of the
leaves couldn't be found between at the long shoot and at
the short shoot, or at the tip and at the end of the tree. On
the other hand, an annual change of the radiocesium
concentration in the leaves was showed several times
higher in early spring than other season. That is necessary
to pay attention because the early spring is the time to eat
Koshiabura as a wild vegetable. However there were some
cases that the increasing in early spring was slightly. To
determine this cause, such as soil conditions, was
considered to be one of the tips for the use of Koshiabura
in relief.

1A04 A chemical behavior of cesium in substrates for
cultivated Shiitake

MURANOI, T.!; KINO, Y.!, ITABASHI, Y2
NAKAJIMA, T2, KORIYAMA, S.2, KIMURA, E.Z2,
SHIGIHARA, T.?

('Dept. of Chem., Tohoku Univ., 2Kinokkusu Co.)

High ability to accumulate cesium in mushrooms has
been widely reported after the Chernobyl accident. In the
case of the Fukushima-Daiichi Nuclear Power Plant
accident, radioactive cesium contamination of fungi has
rather affected cultivated mushroom industries. In order to
reveal a chemical behavior of the cesium in substrates for
cultivated mushrooms, we analyzed mushrooms and
substrates and washed the substrates in a various
conditions. We determined concentration of radioactive
cesium in extractants with a high purity Ge semiconductor
detector. We also determined concentration of stable
cesium in those samples by an ICP-MS. We found
different behavior between stable and radioactive cesium
in the substrates. The results suggested that the chemical
form of radioactive cesium in the substrate should be
different from that of stable cesium. Since the substrate
was cut just after the accident, radioactive cesium from the
surface of the wood has not been sufficiently diffused in
the substance. And, to investigate the effect of the additive,
we carried out cultivation and washing experiment using
substrates added with zeolite. From these results, we
considered relationship between a chemical behavior of
cesium and migration reduction mechanism.

1A05 Estimation of Sr-90 and Cs-137 contamination
in habitat of cattle by measurement of radioactive
concentration in teeth of cattle.
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KOARAI, K.!! KINO, Y.!, NISHIYAMA, ]
TAKAHASHI, A2, SUZUKI, T.2* SHIMIZU, Y.,
CHIBA, M.}, OSAKA, K.3# SASAKI, K.>, FUKUDA,
TS5, ISOGAI, E. OKA, T.!'7 SEKINE, T.',
FUKUMOTO, M.? and SHINODA, H.3

(Dept. Chem., Tohoku Univ., Japan. *Tohoku Univ.
Hospital, Tohoku Univ., Japan. *Grad. Sch. of Dent.,
Tohoku Univ., Japan. “IRIDS, Tohoku Univ., Japan. *Fac.
of Sci. and Eng., Iwate Univ., japan. °Grad. Sch. of Agric.
Sci., Tohoku Univ., Japan. 7IEHE, Tohoku Univ., Japan.
SIDAC, Tohoku Univ., Japan.)

Sr-90 and Cs-137 are typical fission nuclides. An
attention has been paid to the determination of the
nuclides in the environment after the Fukushima Nuclear
Power Plant (FNPP) accident. We reported an
incorporation of the nuclides into the teeth of cattle. The
metabolism of the teeth is slower than other organ. Once
incorporated, Sr-90 and Cs-137 remains in the teeth until
the teeth falls out or is extracted. The nuclides in the teeth
would reflect contamination of the environment. An aim
of the current study is the estimation of Sr-90 and Cs-137
contamination in habitat of cattle by measurement of
radioactive concentration in teeth of cattle. We selected
cattle in residing the ex-evacuation zone of the FNPP
accident. The plants and soils were collected in the
residence. We determined Sr-90, Cs-137, stable Sr and Cs
in the samples. Sr-90 in the soil could be estimated from
the specific activities of the teeth if the specific activities
is constant in the environment. We showed a possible that
Cs-137 in the environment could be estimated from Cs-
137 in the teeth after finding a detail mechanism of Cs-
137 incorporation to the teeth.

1A06 Time course change in Sr-90 concentration in
hard tissues of cattle suffered from the Fukushima
Daiichi Nuclear Power Plant accident

NISHIYAMA, J.!, KOARAI, K.!, KINO, Y.!, SHIMIZU,
Y.2, TAKAHASHI, A3, SUZUKI, T4, CHIBA, M2,
OSAKA, K.2* SASAKI, K.2, FUKUDA, T.°, ISOGAI,
E.%, OKA, T.!7, SEKINE, T. 7, FUKUMOTO, M.8,
SHINODA, H.2

('Dept. Chem., Tohoku Univ., Japan, 2Grad. Sch. of Dent.,
Tohoku Univ., Japan, *Tohoku Univ. Hospital, Tohoku
Univ., Japan, “IRIDS, Tohoku Univ., Japan, 3Fac. of Sci.
and Eng., Iwate Univ., Japan, ®Grad. Sch. of Agric. Sci.,
Tohoku Univ., Japan, 7IEHE, Tohoku Univ., Japan, $SIDAC,
Tohoku Univ., Japan,)

In order to evaluate exposed dose in cattle suffered from
Fukushima Daiichi nuclear power plant (FNPP) accident,
we estimate the time course change of Sr-90 incorporation
to the cattle. We determined Sr-90 in the hard tissue of the
cattle that was born after FNPP accident. Radioactivity of
Sr-90 was measured with low background 2 = gas-flow
GM counter after chemical separation with nitric fuming
acid. To normalize sampling site dependences, the
concentration of radioactivity of the bone was divided by
that of the tooth that incorporated Sr-90 during formation
and retained it. (The formation of the teeth that we used

nearly finished 3 months after the birth.) We found the
normalized concentration of radioactivity of the bone was
increased.

1A07 Depth-profiling of **Sr concentrations in soil at
Kawamata Town, Fukushima Prefecture

SUZUKI, A.', ZHANG, Z.| NINOMIYA, K.,
YAMAGUCHI, Y2, TAKAHASHI, J?, ONDA, Y23,
SHINOHARA, A.!

('Osaka Univ., 2RI center, Osaka Univ., *Tsukuba Univ.)

Various radionuclides have been released into the
atmosphere by the accident of Fukushima daiichi nuclear
power plant. Among them, **Sr and radioactive cesium
(13Cs and '¥7Cs) are the most significant radionuclides for
long-term exposure effect and environmental fate, due to
their long-lives. The activities of radioactive cesium can
easily be determined from y-ray spectroscopy by Ge
semiconductor detectors. On the other hand, pure B-ray
emitting nuclide; °°Sr should be identified after chemical
isolation. It is reason that the studies related to *°Sr were
very limited compare to these of radioactive cesium. In
this study, we aim to investigate chemical behaviors of
0Sr in soil to predict the future of the environment fate.
For Sr identification, we adopted a classical
precipitation method for °°Sr separation and used
Cherenkov light counting for detection. We determined
depth-profiling of *°Sr in the soil at Kawamata town,
Fukushima Prefecture and found difference in activity
ratios between *°Sr and radioactive cesium by the sample
depth. That means the chemical properties in the soil are
difference by each element. The detail will be discussed
in the presentation.

1A08 I/ ratios for airborne particulate matters
collected just after the nuclear power accident in
Fukushima

EBIHARA, M.!, OURA, Y.!, SHIRAI, N.!, TSURUTA,
H.2, MORIGUCHI, Y:*, NAGAKAWA, Y.!, SAKURAI,
N.5, HABA, H.”, MATSUZAKI, H.}, YAMAGATA, T..,
NAGALI H.!, SEKIMOTO, S.!

('Grad. Sch. of Sci. and Engi., Tokyo Metropolitan Univ.,
2RESTEC, 3Grad. Sch. of Engi., Univ. of Tokyo, “Tokyo
Metropolitan Indust. Tech. Re. Insti., >Nishina Cen.,
RIKEN, ®MALT, Univ. of Tokyo, 'Coll. of Humanics and
Sci., Nihon Univ., *Research Reactor Institute, Kyoto
Univ.)

We have determined '1/"*'l ratios of the airborne
particulate matters (APM) collected just after the nuclear
power accident triggered by the big earthquake and
tsunami in 2011. ' in APM was separated by wet
chemical separation and its concentration was determined
by AMS. Obtained ratio of '?°I/**'I is consistent with a
value derived from soil samples and further with a
calculated values for the nuclear fuel used.
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1A09 Autoradiographs and !'*I/'¥Cs ratios for
atmospheric particular matters collected just after
TEPCO FDNPP accident

OURAY.!, EBIHARA M.!, SHIRAI N.!, TSURUTA H .2,
NAKAJIMA T3, MORIGUCHI Y.* OHARA TJ3,
NAGAKAWA Y., SAKURAI N.5, HABA H/,
MATSUZAKI H.3

('Grad. Sch. of Sci. and Engi., Tokyo Metropolitan Univ.,
2RESTEC, *JAXA, *Grad. Sch. of Engi., Univ. of Tokyo,
SNIES, °Tokyo Metropolitan Indust. Tech. Re. Insti.,
"Nishina Cen., RIKEN, #Univ. Muse., Univ. of Tokyo)

We are trying to estimate atmospheric '*'I concentration
just after the TEPCO FDNPP accident by determining %I
in suspending particulate matters (SPM) collected at that
time. Because the SPM samples are valuable, a part of
sample is subjected to determination of '?’I. Therefor it is
essential that radionuclides are distributed uniformly in a
SPM sample. Uniformities of distribution of '*’Cs and
129T in SPM collected on large filters were examined by
analysis of several parts of a sample. '*’Cs was found to
be distributed inhomogeneously for SPM samples in
which particulates with stronger activity were observed by
autoradiography. On the contrary '*I distributions were
generally uniform for all samples. Radioactivity ratio of
I29]/137Cs was varied within a SPM sample in some
samples. Autoradiography is essential before cutting SPM
samples not to get a part of sample with concentrated
radioactivity.

1A10 Relationship of radioactive materials with
radioactive particles at the northwest area of the
Fukushima Nuclear Plant

SATOU, Y.!, SUEKI, K.2, SASA, K .2

(JAEA., 2Univ. Tsukuba.)

The Fukushima Dai-ichi Nuclear Power Plant (FINPP)
accident has been discharged radioactive particles to the
environment. We analyzed presence of radioactive
particles in northwest area from the FINPP in previous
study. However, it was not performed analysis based on
emission event of radioactive materials. This study
analyzed previous data and categorized origin of
radioactive particles. The northwest area of FINPP was
contaminated with radioactive materials by at least three
different events. Radioactive particles were discovered
from the area contaminated with radionuclides from Unit
1 and Unit 2. The particles from Unit 3 could not
discovered from this zone. Radioactive particles from
Unit 1 were released in hydrogen explosion on March 12.
Particle diameter is much larger than from Unit 2. On the
other hand, the particles from Unit 2 is smaller than 10 um.
Deposition of radionuclides from Unit 2 was wet process
with rainfall. It seems to be large size particle could not
transferred to outside of power plant site.

1A11 Study of depositing and eluting behaviors of
radioactive materials discharged by severe nuclear
accident to forest vegetation

ZHANG, Z.!, NINOMIYA K., YOSHIMURA T2,
HURUKAWA J.3, SHINOHARA A

('Grad. Sch. of Sci., Osaka Univ., *RI center, Osaka
Univ., *Dep. of Life and Env. Sci., Univ. of Tsukuba)

A large amount of radioactive material was discharged
by the accident of FDNPP. A long half-life
radionuclide, '¥7Cs  was transported through the
atmosphere mainly as the aerosol form and deposited to
the forests in Fukushima prefecture. After the deposition
of ¥7Cs, the foliar uptake process would occur. For
evaluating behaviors of !¥’Cs in forest system,
fundamental data of dry and wet deposition and uptake
process of aerosol was desired. However, the knowledge
on dry deposition process with aerosol form was very
limited.

We performed simulating experiment for dry deposition
process in case of the accident of FDNPP. In this study, we
developed aerosol generation system for simulating the
dry deposition and the foliar uptake behaviors of aerosol
in the different chemical constitutions. Leave of
Cinnamomum camphora were used for the experiments.
For comparing dry and wet deposition, aerosols and
droplet containing *’Cs were mounted on upper side of
leave, by the acrosol generation system and a syringe. The
leaves were washed by purified water, and the amount of
absorbed '*’Cs in leaf was measured by germanium
detectors. In the presentation, we will discuss about '*’Cs
removing rate of time, temperature, humidity dependence
and chemical compound dependences

1B01 Precise measurement of the half-life of 48Cr
KIKUNAGA, H.!, TAKAMIYA, K.?2, OHTSUKI, T2,
HABA, H.?

('Res. Center for Elec. Photon Sci., Tohoku Univ., “Res.
Reactor Inst., Kyoto Univ., *Nishina Center, RIKEN)

The half-life of some nuclides which decay via the
electron capture process is changed with changing
environmental factors such as its chemical states. A
famous example of this type of nuclides is Be-7. Because
there is possibility that the variation measurement of the
decay constants with radiation detection is able to use a
chemical tracer, we have tried to find a new ‘half-life
variation” nuclide. In this study, the half-lives of Cr-48
under different chemical forms were precisely measured
to investigate the effects of chemical states on the half-
lives of nuclides. Cr isotopes, including Cr-48, were
produced in the Ti(a,xn) reactions. After chemical
purification, Cr isotopes were prepared to two chemical
forms, [CrCl3(H20)3] and [CrO4]*, and then subjected to
y-spectrometry. As a results, the difference of the half-
lives between the two chemical forms is obtained on the
order of magnitude of 0.1%.

1B02 Search for the photons from the low-lying
isomer »*™Th collected as recoil products

YASUDA, Y.!, KASAMATSU, Y.!, SHIGEKAWA, Y.!,
TAKAMIYA, K.2, OHTSUKI, T.2, MITSUGASHIRA, T.3,

-129 -



SHINOHARA, A.!

('Grad. Sch. Sci., Osaka Univ., 2Res. Reactor Inst., Kyoto
Univ., *The Oarai-branch, Inst. Materials Res., Tohoku
Univ.)

Th-229m has the extremely low excitation energy, 7.8
+ 0.5 eV, which corresponds to the vacuum ultraviolet
photon. Hence, it is expected that the decay mode of
29mTh  might change depending on the chemical
condition: the internal conversion (IC) or gamma-ray
transition. Indeed, the change of the number of the IC
electrons according to the state of the valence electrons of
229mTh is reported. The change of the decay mode will be
clarified if we could achieve the detection of the photons
from 22*™Th. Recently, the photon detection for ?2*™Th in
the MgF, glass was reported. It is, however, indicated that
these photons derived from the Cherenkov radiation
induced by the daughter nuclides.

In the present study, the **U electrodeposited sample
and the collecting apparatus for recoil products were
prepared. Th-229m nuclides were collected as recoil
products in the MgF, glass or on the surface of the metal
plate, and the 4-10 eV photon detection was performed for
these samples. To study the photons derived from 232U
series contained as the impurity of 23U, the 2?Th
precipitated sample was also used. From the results
obtained, we found that the decaying photons emitted
from the MgF, glass samples would originate from the
daughter nuclei of 22°Th or 222Th. In the presentation, the
results of the photon detection for other *"Th samples
will be also reported.

1B03 Cross Sections for Cosmochemically Important
Elements bombarded with 80 MeV Monoenergetic
Neutrons

NANBU, A.!, NINOMIYA, K.2, SHIGEKAWA, Y.!,
TAKAHASHI, N.!, SHINOHARA, A.!, SEKIMOTO, S.!,
YASHIMA, H.!, SHIMA, T.!, HAGIWARA, M.,
IWAMOTO, Y.!, SHIBATA, S.!, M., W., CAFFEE!,
NISHIIZUMI, K..!

('Graduate School of Science, Osaka University, *Kyoto
University Research Reactor Institute, Research Center
for Nuclear Physics, Osaka University, “Japan Atomic
Energy Agency, “High Energy Accelerator Research
Organization, °RIKEN Nishina Center, ‘Department of
Physics, Purdue University, ¥Space Sciences Laboratory,
University of California)

Isotopic abundance ratios provide us important
information in the fields of Earth and planetary sciences.
The ratios are slightly changed by the nuclear reactions by
high energy cosmic rays, and secondary neutrons provide
the most significant contributution. To advance these
studies, precise knowledge of the nuclear reactions by
high-energy neutrons are needed. However, experimental
data for high-energy neutrons above 50 MeV are very
limited due to experimental difficulty.

In this study, we performed monoenergetic neutron
irradiation experiments for cosmochemical important 12
elements (Al, Mg, Ni, etc.) at the energy of 80 MeV. The

experiment was achieved by two neutron irradiation
experiments with different angles to the incident proton
direction. We identified gamma-ray activities and
determined the nuclear cross sections.

There are some differences in nuclear reactions by neutron
and proton. Comparing the nuclear cross sections for Co
isotopes from Ni target, it is revealed that production of
neutron-rich nuclide (°Co) is predominant in neutron
irradiation experiment while neutron-deficient nuclide
(33Co) is superior in proton irradiation experiment. It is
also turned out that nuclear cross section will
exponentially decrease with the target mass. Details will
be discussed in the presentation.

1B04 Production of purified *’Cu for fee-based
distribution using the °Zn(d,an)®’Cu reaction

YANO, S.!, HABA, H.!, SHIBATA, S.!, KOMORI, Y.!,
TAKAHASHI, K.,

WATANABE, K.!, WAKITANI, Y2, YAMADA, T2,
MATSUMOTO, M.2
('RIKEN  Nishina
Association)

Center, Z2Japan Radioisotope

Copper-67 (Ti, = 61.83 h, Ig- = 100%) is one of the
promising  radioisotopes  for  radiotherapy and
radiodiagnosis. Since 2015, we have been developing a
production technology of a purified ’Cu product for a fee-
based distribution to general public in Japan.

Copper-67 was produced in the 7°Zn(d,an)®’Cu reaction
by irradiating a "°ZnO target for 10 h with a 24-MeV and
4.0-pA deuteron beam from the RIKEN AVF cyclotron
(AVF). After the irradiation, ’Cu was purified with the
reversed-phase extraction chromatography and the anion-
exchange chromatography using the Eichrom Cu resin and
the Dowex 1X8 resin, respectively. We evaluated
radioactivity, radionuclidic purity, specific radioactivity,
and chemical impurity of the product via y-ray
spectrometry and ICP-MS analysis. We also developed a
new target chamber and a beam wobbler to increase a
production yield of ®’Cu with a higher-current deuteron
beam. With this system, we conducted a test irradiation of
a metallic "™Zn target with a 10-pA deuteron beam.

In this work, 135 MBq of the purified “’Cu was
obtained, and its radionuclidic purity was found to be
>99.9% at 60 h after the end of irradiation. In the
symposium, the specific radioactivity and the chemical
impurity will be also reported. We confirmed that ’Cu can
be produced with the new irradiation system up to 10 pA.

1B05 Medical Radioisotope Production with
Accelerator Neutrons by 50 MeV Deuterons
TSUKADA, K.!, HASHIMOTO, K.2, HATSUKAWA, Y.2,
KAWABATA, M.23, SAEKI, H.%%, Minato, F.!
IWAMOTO, N.!, NAGALI, Y.2, SUGO, Y.2, WATANABE,
S.2 and ISHIOKA, N.?

(1JAEA, 2QST, *Chiyoda Technol Corporation)

A new system has been proposed for the generation of
medical radioisotopes with accelerator neutrons by
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deuterons, especially the production of **Mo (T2 = 66 h),
DY (T2 =64 h), Cu (Ti,=61.8 h), and **Cu (T1,=12.7
h). And we had successfully demonstrated the production
of the radioisotopes by the fast neutrons by the C(d,n)
using 40 MeV deuterons provided from the QST TIARA
cyclotron. One of important efforts for our study is to
increase the production rate of the radioisotopes for the
medical use. Recently we have successfully increased the
rate by replacing the reaction system which is Be(d,n)
reaction using 50 MeV deuterons. In this result, the
production rate of ®’Cu was 3.2 times larger than that of
our former result obtained by the C(d,n) using 40 MeV
deuterons. Furthermore, yields of impurity radionuclides
were much smaller than that of ¢’Cu compared with other
proposed reaction systems.

1B06 Study on hot fusion
BCa+28U—2Cn" using GARIS-II
KAJI, D.!; MORIMOTO, K., HABA, H.,
WAKABAYASHI, Y.!, TAKEYAMA, M.!'?, YAMAKI,
S.13, KOMORL Y.!, YANO, S.!, GOTO, S.*

('Nishina Center, RIKEN, 2Grad. Sch. of Sci. and Eng.,
Yamagata Univ., *Grad. Sch. of Sci. and Eng., Saitama
Univ., *Grad. Sch. of Sci. and Tech., Niigata Univ.)

reaction of

The production of ?*Cn in the hot fusion reaction of
233U(*8Ca,3n) was confirmed using a new gas-filled recoil
ion separator GARIS-II.

At the excitation energies of compound nucleus
E*=34.5 MeV, two decay chains were observed resulting
in the cross section of 633=2.0"27_; 3 pb by accumulating
the beam dose of 2.2 X 10'® during a net irradiation time
of 4.5 days. Decay characteristics of those events well
agree with the precedent studies by both Dubna-
Livermore collaboration and GSI SHIP collaboration.
Therefore, referring to the assignments of the precedent
studies, we could state that two of the events are attributed
to the decays of 2*3Cn (3n evaporation channel). The
chains consist of 9.45 MeV a-decay with a half-life of
T1p=6.9"126,; s leading from 2%Cn to 2°Ds, which
terminated by spontaneous fission (SF) with T1,=0.11"%-53.
0.05 S.

In this report, we will give these details including
performance of background level and transmission of
GARIS for hot fusion reaction.

1B07 Adsorption Behavior of Lawrencium (Lr) on a
Tantalum Surface

KANEYA, Y.!2, SATO, T. K.,2, ASAIL, M.2, TSUKADA,
K.2, TOYOSHIMA, A.2, MITSUKAI, A.'2, OSA, A2,
MAKII, H.2, NISHIO, K.2, HIROSE, K.2, NAGAME, Y.!?,
TOMITSUKA, T.3, SHIRAI K.3, SATO, D.3, OOE, K.,
GOTO, S.>, MIYASHITA, S.4, SINGU, K.*, NAGUWA,
R4, SHIBATA, M.’, KAMADA, H.>, KASAMATSU, Y.°,
SIGEKAWA, Y.°, SAKAMA, M.”, DULLMANN, CH.
E.#%10 EBERHARDT, K.3°, GRUND, J.8, KRATZ, J. V.8,
RUNKE,J.8, THORLER-POSPIECH,P.**, TRAUTMANN,
N.5, PERSHINA, V.'°. SCHADEL, M.!°, YAKUSHEYV,

A%19 EICHLER, R.'"12, STEINEGGER, P"3.

('Ibaraki Univ., 2Japan Atomic Energy Agency, 3Niigata
Univ., “Hiroshima Univ., 5Nagoya Univ., °Osaka Univ.,
"Tokushima Univ., ®Univ. Mainz, °HIM, '°GSI, '"PSI,
2Univ. Bern, *FLNR)

The ground state electronic configuration of
lawrencium (Lr, Z =103) is predicted to be
[Rn]5f'7s?7p1n, which is different from that of the
lanthanide homolog Lu [Xe]4f'46s*5d due to strong
relativistic  effects. According to semi-empirical
considerations, volatility of Lr is expected to be higher
than that of Lu. We have investigated adsorption behavior
of 2°Lr, which was produced in the reaction of >*Cf(''B,
4n), on a tantalum (Ta) metal surface using a surface ion-
source installed into the isotope separator on-line (ISOL)
at the JAEA tandem accelerator facility. The observed
adsorption behavior of 2>°Lr was similar to those of Tb and
Lu which have relatively higher adsorption enthalpy on Ta
surface. It implies that Lr would have low volatility like
such as Lu and Tb.

1B08 The first ionization potentials of heavy actinide
elements

SATO, T. K.', ASAIL, M.!, KANEYA, Y.'?, TSUKADA,
K.!, TOYOSHIMA, A.", MITSUKAI A."?, TAKEDA, S.3,
SAKAMA, M.3, SATO, D.#, OOE, K.#, SHIGEKAWA, Y.5,
MAKII, H.!, OSA, A.', ICHIKAWA, S.5, NAGAME, Y.,
BORSCHEVSKY, A.”, SCHADEL, M.!, DULLMANN,
Ch. E3%, KRATZ, J. V., STORA, T."

(JAEA!, Ibaraki Univ.?, Tokushima Univ.3, Niigata Univ.#,
Osaka Univ.>, RIKEN®, Univ. of Groningen’, GSI®, Univ.
Mainz’, CERN'?)

The first ionization potential (IP;) is promising
information for a better understanding of relativistic
effects in heavy elements with atomic numbers Z > 100.
Their IP; values, however, have not been determined due
to their short half-lives and their low production rates. In
order to determine IP; values of the heavy elements
experimentally, we have developed a novel measurement
method based on a surface ionization technique. In present
work, we have successfully determined IP, values of Fm
(Z =100), Md (Z = 101), and No (Z = 102) by using the
surface ionization method. Short lived 249Fm, 251Md,
and 27No, produced in the 243Am(1!B, 5n),
23Am(12C, 4n) and “*Cm(*C, 4n) reactions, were
used for the experiments, respectively. The
measured IP1 values are in good agreement with
those estimated by semi-empirically and
theoretically.

1B09 Liquid-liquid extraction of Zr and Hf in Aliquat
336/HCI1 system for the extraction experiment of
element 104, Rf

KONDO, N.!; OUCHI, K.!, NAGASE, M2
SHIGEKAWA, Y.!, YASUDA, Y.!, KASAMATSU, Y.!,
SHINOHARA, A.!, KUDOU, Y.
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('Grad. Sch. of Sci., Osaka Univ., 2Fac. of Sci., Osaka
Univ., *RIKEN Nishina center)

Element 104, Rutherfordium (Rf), is synthesized in
heavy-ion-induced nuclear reactions. It is very difficult to
investigate the chemical properties of Rf because of the

low production rates and short half-lives of the Rf nuclides.

In our previous studies, the equilibrium of solid-liquid
extraction reactions of Rf in Aliquat 336/HCI system was
observed using automated solid-liquid extraction
apparatus. The distribution coefficient of Rf was acquired,
and the value was different from those of Zr and Hf,
homologues of Rf. In this study, liquid-liquid extraction
experiments of Zr and Hf in Aliquat 336/HCI system was
executed to investigate the chloride complexation of Rf in
more detail. The dependence of the distribution ratios of
Zr and Hf on the concentration of the n extractant and the
variation for different diluent were investigated.
Consequently, the change of the net charge of the chloride
complexes by experiment condition was observed. In
addition, the flow-type liquid-liquid extraction apparatus,
Flow Injection Analysis (FTA), suited for the experiments
of superheavy elements was developed, and the extraction
using the apparatus was performed in online experiment
using the accelerator in Research Center for Nuclear
Physics, Osaka University (RCNP) for the model
experiment of Rf. The distribution ratios acquired in this
experiment using FIA in 9-11 M HCI were in good
agreement with those acquired by batch method,
suggesting applicability of the present experiment to Rf.

1B10 Production of Re isotopes using the GARIS gas-
jet system and on-line solvent extraction of Re with a
flow solvent extractor —toward the aqueous chemistry
of element 107, bohrium—

KOMORI, Y.!, HABA, H.!, OOE, K.? , TOYOSHIMA,
A3, MITSUKAIL A, SATO, D.2, MOTOYAMA, R.2,
YANO, S.!, WATANABE, K.!, SATO, N.!, YAMAK]I, S.!,
TANAKA, T.! KAJI, D.!, MORIMOTO, K.,
SAKAGUCHI, A.%, INAGAKI, J.%, KIKUNAGA, H.J,
SHIGEKAWA, Y.5, KASAMATSU, Y.5, OMTVEDT, J.
P’

('Nishina Center, RIKEN, 2Grad. School of Sci. and
Technol., Niigata Univ., 3JJAEA, “Univ. Tsukuba, SELPH,
Tohoku Univ., °Grad. School of Sci., Osaka Univ., "Univ.
Oslo)

Toward the aqueous chemistry of the heaviest
superheavy elements such as element 106, Sg and element
107, Bh, we have been developing a rapid solvent
extraction apparatus coupled to the RIKEN GARIS gas-
jet transport system. In this work, we first investigated
production conditions of "*Re (Ti» = 2.4 min) in the
natGd(**Na,xn) reaction, as a lighter homolog of Bh, by
optimizing setting parameters of the GARIS gas-jet
system. Then, we performed on-line solvent extraction of
17%Re by coupling a continuous dissolution apparatus
(Membrane DeGasser: MDG) and a Flow Solvent
Extractor (FSE) to the GARIS gas-jet transport system.
Distribution ratios (D) of '"*Re in the extraction system of

HNOj3 — tri-n-octylamine (TOA) in toluene were studied
as functions of the capillary length of the FSE and TOA
concentration, [TOA]. The radioactivity of "Re at the
chemistry laboratory was optimized to 13 + 1 kBq/ppA
(ppA = particle pA) after an aerosol collection for 60 s.
Extraction equilibrium of '™Re into 0.01 M TOA in
toluene from 0.5 M HNO; was attained with the 0.50-mm
i.d. x 30-cm capillary. In the symposium, we will also
present the variation of D as a function of [TOA].

1B11 Isothermal gas-chromatography of chloride of Rf
homologues Zr and Hf

SHIRAL K.!, OSHIML, Y.}, GOTO, S.!, OOE, K.!, KUDO,
H.2

('Grad. Sch. of Sci. and Tech., Niigata Univ., “Fac. of Sci.,
Niigata Univ.)

To clarify chemical property of Rf, gas
chromatographic behavior of chlorides of group-4
elements has been studied. However, observed adsorption
enthalpies even for homologues, Zr and Hf, were quite
varied. We have studied the gas chromatographic behavior
of ZrCls and Hf Cl, at off-line in more detail. In this study,
a new technique to determine accurately the adsorption
enthalpy of ZrCly and HfCly are developed, and the
interaction between the volatile species and the column
surface at tracer-scale is considered. Radiotracers of %3Zr
and '"Hf were reacted with CCls at 600 °C. The formed
chloride was collected on carbon filter once, and then was
evaporated at 400 °C. The volatile species passed through
an isothermal column at various temperatures, and their
cumulative yields were obtained with y-ray measurement.
Analyzing of the average retention time for various
temperatures, we determine relatively accurate adsorption
enthalpy for ZrCl; and HfCls at tracer-scale. In the
symposium, the difference of adsorption enthalpy
between macro- and tracer-scale will be presented in more
detail.

2A01 Production and Utilization of Astatine and
Iodine Radioisotopes Using "Li Ion Beams at the JAEA
Tandem Accelerator

NIISHINAKA, 1.!, WASHIYAMA, K.2, MAEDA, E.,
TANIGUCHI, T2, YOKOYAMA, A.* HASHIMOTO,
K.!

('QuBS, QST, 2Sch. of Health Sci., College of Med.,
Pharma. and Health Sci., Kanazawa Univ., ’Kanazawa
Univ. (JAEA), “Inst. Sci. Eng., Kanazawa Univ.)

In general, the 2!' At nuclide, a prospective candidate for
utilization in targeted alpha radiotherapy, is produced
through the 2Bi(*He,2n)?!!At reaction. In contrast, our
project is focusing on the production in the
209Bi("Li,5n)*!'Rn reaction. This enables us to supply 2! At
in a 2"Rn/?""At generator system. The daughter >''At of
7.2 h in half-life is extracted from the parent ''Rn of 14 h,
expanding time-frame for transportation and use of 2!'At.

In the project, astatine and iodine radioisotopes have
been produced in the ™Pb(’Lixn)"*7*At and
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ntSn("Li,xn)™ 7] reactions, respectively, in order to
study chemical behavior of no-carrier-added astatine and
iodine. We have developed a chemical procedure based on
dry-distillation which easily separates astatine and iodine
isotopes from an irradiated lead or tin target with high
radionuclidic and chemical purity.

Chemical properties of astatine have been studied by
comparing that of iodine to develop the 2''Rn/?''At
generator system.

2A02 Production of At-211 at RIKEN

SATO, N.!, YANO, S.!, HABA, H.!, KOMORI, Y.}
SHIBATA, S.!| WATANABE, K.!! KAJ, D.,
TOYOSHIMA, A3, TAKAHASHI, K.',
MATSUMOTO, M*

('Nishina Center, RIKEN, 2JAEA, *Osaka Univ., *Japan
Radioisotope Association)

Astatine-211 (?!'At, T, = 7.214 h) is one of the
promising radionuclides for a-particle therapy of cancers.
In order to establish an 2!'' At distribution platform in Japan,
we started to develop a production technology of a
purified >''At at RIKEN.

In this study, 2'"At was produced via the
29Bi(a,2n)?!' At reaction by irradiating a metallic 2*Bi
target with a 29-MeV a beam delivered from the RIKEN
AVF cyclotron. After the irradiation, 2'' At was purified by
a dry distillation method. The activated 2*Bi target was
placed in a quartz tube (34 mm i.d. x 20 cm length) which
was heated with an electric furnace for 0.5 h at 850 °C with
a He gas flow of 20 mL/min. ?''At sublimated from the
target was extracted to the cold trap of a capillary loop (2
mm i.d. or 4 mm i.d. x 2 m length) which was chilled with
liquid nitrogen. Subsequently, 2!'At was eluted from the
cold trap with conc. HCI at a room temperature.

At the 28.6-MeV beam energy on the target, the integral
yield of 2!'At was constant, 8.4+1.3 GBq/C, for a beam
current up to 10 pA. The chemical yields of 2!! At were
about 50% with the 2 mm i.d. tube, irrespective of the
materials (PFA, PTFE, and PEEK).

2A03 Production of *™T¢ and °Tc¢ for Compton
Camera imaging

HATSUKAWA, Y.!, TSUKADA, K.2, HASHIMOTO, K./,
SATO, T.2, ASAI, M.2, TOYOSHIMA, A.2, NAGAI, Y.,
TANIMORI, T.?, SONODA, S.}, KABUKI, S.*, KIMURA,
H.5, TAKADA, A3, MIZUMOTO, T3, HAYAKAWA, T.!

('QST, 2JAEA, *Kyoto Univ., *Tokai Univ., ’Kyoto Pharm.

Univ.)

Technetium-99m is used in radioactive medical
diagnostic tests, for example as a radioactive tracer that a
nuclear medicine gamma camera can detect in the human
body. It is well suited to the role because it emits readily
detectable 141 keV gamma-rays, and its half-life is 6.01 h
(meaning that about 94 % of it decays to *Tc in 24 h).

In recent years, the Compton camera which is originally
developed for the astrophysical studies was applied for
medical diagnostic usage. For the Compton camera

imaging require technetium isotopes emitting higher
energy gamma-rays. Two Tc isotopes, *™Tc (T12 = 60 d;
Ey =204, 582 and 835 keV) and *°Tc(T1/2 =4.28 d, By =
778 and 812 keV) are candidates for Compton camera
imaging.

In this study, Technetium-95m was produced by the
"tMo(p,n)>>™Te reaction. Using 95mTc obtained in this
study, a *™Tc-labelled compound was synthesized and
quality of the compound was examined by thin layer
chromatograph (TLC) autoradiography method. The
feasibility study of Compton camera imaging using
gamma rays emitted from **™Tc was carried out.

2A04 Recovery and reuse of enriched '""MoO3 sample
for Mo production by accelerator driven neutrons.
KAWABATA, M., MOTOISHI, S., SAEKI, H..,
TAKEUCHI, N.!, HASHIMOTO, K., HATSUKAWA,
Y.2and NAGAL Y.?

('Chiyoda Technol Corporation, 2QST)

Production of Mo is proposed by the 1®Mo(n,2n)**Mo
reaction using accelerator driven neutrons provided by the
"atC(d,n) reaction with 40 MeV deuteron. Generated Mo
has a lower specific activity than fission Mo, which is
compensated by increasing the mass of '““MoO:;.
Increasing the quantity of an enriched '°MoOj5 inevitably
affects the cost of production and so recovery and reuse of
the MoO; sample is essential. Recovery of '’MoQOs3 has
been investigated by *™Tc separation using thermo-
chromatography. A small amount of '®MoQj; sublimates
when heated above 830°C, which recrystallizes when the
temperature drops below 800°C. This amount of '"MoOs
sample loss is not negligible however, and so the crystal
was washed from the quartz tube and evaporated to
dryness before being used for subsequent irradiation. The
1Mo0O5 remaining in the crucibles were re-melted by
heating to mold the irradiation sample. Over 99% of
1000005 was successfully recovered and ready for the next
irradiation. The sublimated and re-crystalized '““MoQ;
can be placed on top of the sample crucible so that ™Tc
generated from Mo within the crystal can be released
and separated from the bulk sample.

2A05 Evaluation of Astatine-211 and Iodine-123
Uptakes for Thyroid Gland and Stomach of Normal
Rats by Gamma Camera

IKEDA, H.!, WATANABE, S.2, TAKAHASHI, N.,
SHINOHARA, A.#, SHIMOSEGAWA, E.!, HATAZAWA,
J!

(Graduate School of Medicine, Osaka University',
Morinomiya Clinic?, Kyoto Prefectural University of
Medicine® , Graduate School of Science, Osaka
University?)

[Introduction] Iodine-131("3'T) is one of the nuclides for
therapy, the high uptakes to thyroid gland and stomach has
been known very well. In recent days, some a-emitting
nuclides are paid attention. The o~ray has a shorter range
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and a higher linear energy transfer than f-ray. Little
influence on normal organizations is prospective because
the area of curative effect is small. In this work, we
researched the uptake of astatine-211(?''At), one of a-
emitter for therapy, in thyroid gland and stomach of rats
to use gamma camera. We used 'l for imaging to
compare.

[Experiment] We produced 2!!At to irradiate a-beam to Bi
foil. After irradiation, we purified it from nitric acid
solution by solvent extraction. '’I we used was bought
from FUJIFILM RI Pharma Co., Ltd.. All the rats (Wistar,
male, 12 weeks at injection) were fed low iodine diet for
2 weeks prior to the radionuclide admission. We
performed intravenous injections or administrated orally.
We scanned planer imaging for 10 minutes at 25 minutes,
3 hours, 6 hours, 12 hours, and 18 hours after injection. In
the case of 24 and 48 hours, the scan time was 20 minutes.
We compared 2!'At and '*1 uptakes in thyroid gland and
stomach by scanned data.

[Results] The time of peak of 2!!At and '*I uptakes to
thyroid gland was no great difference in intravenous
injection and orally administration, 2!! At uptake was about
10% of 'I. In the case of stomach, accumulation
decreases from peak at the injection, except for the
intravenous injection of 2! At. 2! At uptake was higher and
longer time than %1,

2A06 Mathematical Model of Solid Cancers related to
Hiroshima-Nagasaki A-Bomb Victims

BABA, H.!, TAKAMIYA, K.2

('Osaka Univ. Professor Emeritus, *Research Reactor
Institute, Kyoto Univ.)

A mathematical model of solid cancers was devised by

dividing the whole phenomenon into the formation of
prodromal cells and transformation of the prodromal cells
to cancers. Epidemiological data of 33 solid cancers
observed among Hiroshima—Nagasaki A—bomb victims
were analyzed by means of thus derived formula with
fairly satisfactory reproduction.
The whole solid cancers were parted into two groups. One
is characterized by a common incubation period of 6 years
and a relatively mild time dependence, while members of
the other group take various incubation periods ranging 15
to 27 years and their time dependence are quite drastic. If
the present mathematical model reflects the real condition
of solid cancers, we can draw quite valuable knowledge
on the accurate incubation period and the means of
prevention of solid cancers.

2A07 Beta-ray spectrometry
FURUTA, E.!, HOSHINO, T.,
WATANABE, Y.}

('Fac. of Sci., Ochanomizu Univ., 2JRIA, *Saint Gobain)

KUSAMA, K2

Beta-ray spectrometry is difficult to identify a nuclide
compared to those of alpha- and gamma-rays because of
its continuous spectrum. Generally, unsealed beta-

emitters are measured with liquid scintillator using a
liquid scintillation counter (LSC). Because spectra using
a LSC show quenching to low energy region, the end-
points of spectra never show their maximum energies.
When a plastic scintillator was used for measurement of
spectra as an alternative material of liquid scintillators, the
spectra showed their maximum energies in case of the
4000 channel was divided into 2000 keV, electrically.
However, the horizontal line of spectrum was only
estimated, correct evaluation is necessary for qualitative
analysis.

For measurement, a PMT; H-6231 and a plug in type
MCA were used with plastic scintillator block and sheets
or GSO sheets in a light shielded box. Both type of
scintillator, which showed different shapes of spectra,
showed linearity between the channel and the energy of
internal conversion electrons (**’Bi) and other beta-rays of
standard source ("“’Pm, ®Co, 3°Cl, 2°*TI) (Eckert &
Ziegler ) and unsealed beta nuclides (CH, 'C, 3°S)
(Moravek Biochemicals). The end points of spectra,
which were subtracted their background, also showed
enough linearity, when the gains were changed depending
on their maximum energies. However, the PS and the GSO
were showed that the resolution was not so good to divide
all internal electron peaks.

2A08 Development of a new detector using a liquid
light guide

NOMURA K.!, YUNOKI A.2, HOSODA K.3, MORITO
Y.3, TERAI T.*, TERASHIMA T.!

('PIRC, Tokyo Univ. Sci., AIST.2, U-VIX Co. 3, Univ.
Tokyo*)

A new gamma-ray detector was developed using a light
guide including liquid scintillator. The detector is so
flexible, and can be used as a position sensitive radiation
monitor for a narrow space such as drain tubes. A detector
using glass fiber or plastic fiber has been developed as a
position sensitive radiation monitor, but the structure is
complex. The liquid scintillation light guide (LSLG) is
simple and enables to make the diameter large easily. In
this report, the fluorescent property of LSLG detectors is
presented. Using LSLG detectors with Smm and 10mm in
diameter, the pulse height spectra were measured at
different positions on the tube, using a point source of Cs-
137. The pulse height spectra were shifted to the lower
channel when measured far from the photomultiplier, but
the total counts were not so changed. It is possible to
detect the contaminated area from the spectra shift. When
the point source was set at a center of the LSLG circle, the
different shape of spectra was obtained. In this case, the
uniform radiation level can be easily estimated. The
developed LSLG detectors are versatile and applicable to
many fields.

2B01 Production of radioactive Sr@Cs by nuclear
recoil phenomenon

AKIYAMA, K.!, MIYASHITA, Y.!, HATSUKAWA Y.,
KUBUKIS.!
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('Grad. Sch. of Sci. and Tech., Tokyo Metropolitan Univ.,
Nat. Inst. of Quant. and Radiological Sci.)

M@Ceo has attracted special interest because of their

characteristic structure and electronic properties since the
discovery of metallofullerenes, but the isolation of
M@Cso has still not yet been achieved due to the
difficulties in the separation and purification from soot.
Recently, Plasma Shower method and radioactive
metallofullerene production method using the nuclear
recoil phenomenon have been noted as a production
method of M@Cso suppressing the generation of by-
product such as soot. We reported that the radioactive
strontium (Sr) metallofullerenes were produced by the
implantation of the nuclear recoiled 33Sr into Ceo induced
by (n, 2n) reaction, previously. However, production of
Sr@Cso does not have been confirmed yet. The aim of this
work is to prove the production of M@Cseo by the nuclear
recoiled radioactive ion implantation method.
Sr@Cs was produced by conventional arc discharge
method and extracted by aniline from generated soot.
Aliquot of this Sr@Cgo/aniline solution was injected into
a HPLC column of Buckyclutcher I. Eluted solution from
a column was collected for every 1 minute. As results of
LD-TOF/MS measurement, Sr@Csy was found in the
samples eluted between 17 and 20 minute. The HPLC
separation was also performed for the ®Sr
metallofullerenes sample produced by our method and the
radioactivity derived from *°Sr was observed at the same
retention time of Sr(@Ceo.

2B02 Development of metallofullerene separation by
chemical reduction

TANAKA, K.!, AKIYAMA, K.!, HABA, H.2.

('Tokyo Metropolitan Univ., 2RIKEN, Nishina center.)

Endohedral metallofullerene (EMF) is expected to be
applied for radioactive medicines due to their
encapsulation character. For this application, radioactive
EMEF is necessary to have high specific radioactivity. It is
well known that the large amount of empty fullerenes,
such as Cso and Cyo, are produced as a by-product during
the EMF production. To obtain the radioactive EMFs with
high specific radioactivity, it is required to develop the
efficient separation method for trace amount of EMFs
from by-products instead of the conventional HPLC
separation method. Recently, we developed a new
separation method combining the reduction of EMFs
using an electron donor and the difference of solubility in
a polar solvent between reduced EMFs and empty
fullerenes. In this session, we will report the quantitative
results of this separation method using radiotracer
technique.

Radiotracer of Ce-139 was employed for the EMF
production. Produced Ce-139 EMFs were dissolved to
CS; and then separated using mixed solutions of
acetonitrile(MeCN)/trimethylamine(TEA),
methanol/TEA, and ethanol/TEA from empty fullerenes.
Gamma-ray measurement was performed for each
separation step. HPLC analysis of natural La EMFs

proceeded same separation steps was also performed to
investigate recovery rate of individual EMFs and empty
fullerenes. As results of y-ray measurement and HPLC
analysis, the best recovery rate was found in the case of
MeCN/TEA.

2B03 Muon capture probability of oxygen and sulfur
atoms and differences attributed to the molecular
structure

YOSHIDA, G.!, NINOMIYA, K., INAGAKI, M.!, ITO,
T.U.2, HIGEMOTO, W.2, STRASSER, P.3, KAWAMURA,
N3, SHIMOMURA, K.}, MIYAKE, Y.3, MIURA, TJ,
KUBO, M.K.%, SHINOHARA, A.!
('Grad. sch. Sci, Osaka Univ.,
“International Christian Univ.)

2JAEA, SKEK,

A negative muon is one of the elementary particles that
has charge and approximately two hundred times heavier
mass than an electron. When a muon enters in a substance,
coulomb field of nucleus captures a muon and muonic
atom is formed. There are two muonic atom formation
processes; direct muon capture and muon transfer capture.
The muon transfer process occurs only in hydrogen
containing system. The muon capture processes by muon
transfer prosess and direct capture process are different
each other, however, the difference on initial muon
capture levels and muon capture probabilities by these
processes still not been well examined. In this study, we
performed muon irradiation experiments at J-PARC,
Ibaraki, for low pressure CO,, COS, CS; and mixtures of
these and hydrogen gas, and measured muonic X-rays
which are emitted after muonic atom formation. From
these experiments, we firstly revealed the difference of
initial muon capture levels for CO,, COS and CS;
molecules between direct capture and muon transfer.

2B04 Calculations of muon catalyzed fusion reaction
rate in muon atomic collisions

KINO, Y

(Dept. Chem., Tohoku Univ.)

A muonic hydrogen molecule is a tight binding and
compact system because the mass of muon is 207 times
heavier than that of electron. Since the wavefunction of
the relative motion of the two nuclei has non-zero value
inside the Coulomb barrier where nuclear interaction is
dominant, a nuclear reaction can occur in the muonic
molecule. This phenomenon is called muon catalyzed
fusion (LCF), and had been extensively studied around
1990°s not only by nuclear physicists but also by
radiochemists. The nCF study nearly achieved the break
even where the output energy matched the energy for
muon production, but the study declined because of alpha
sticking problem which is one of the muon loss process.
About 1 percent of muon would be captured by the atomic
orbital of an alpha particle after the nuclear reaction, but
roughly half of them would return to the pCF cycle due to
high energy muon atomic collisions. The pCF has been
expected to be the third neutron source. Very recently
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production of negative muon has been improved, and pCF
has attracted attention again. In the present study, we
calculated nuclear reaction rates during muon atomic
collision for hot pCF. The reaction rates increased with the
collision energy.

2B05 Observation of local fields in impurity-doped
magnetite by means of perturbed angular correlation
spectroscopy

TAKENAKA, S.!, FUJISAWA, T.!, SATO, W.!2

('Grad. School, Nat. Sci. Tech., Kanazawa Univ., *Inst.
Sci. Eng., Kanazawa Univ.)

Magnetite (Fe;O4) is a material that shows
ferrimagnetism below Curie temperature (Tc= 858 K) and
high electric conductivity leading to a variety of industrial
applications, and many experiments have been performed
for the purpose of controlling its magnetic and electric
properties by impurity doping. In these studies, it is
essential to obtain information about residence sites and
thermal stability of dopant atoms in the host matter. In our
previous work, we observed that '''"™Cd (—!"'Cd) atoms
are resident in the tetrahedral A sites independent of
measurement temperature, whereas '''In (—!'"'Cd) atoms
partly migrate from the tetrahedral sites to the octahedral
B sites at high temperature. For further understanding of
the phenomenon, in this work, we applied perturbed
angular correlation (PAC) spectroscopy with the probe
Wn(—"Cd) to investigate the local fields in 0.5 at. % Cd
doped magnetite. As a result, two different components
showing magnetic dipolar interactions were observed
below Tc; one exhibits large distribution in the Larmor
frequency attributed to the probe nuclei at the surface
and/or boundary of magnetite grains (“shell”), and the
other fraction attributed to those substituting for a cation
site of inner part of the grains (“core”). Above Tc, the
magnetic hyperfine field vanishes, and we newly observed
a pattern that indicates relaxation possibly by dynamic
perturbation. In the session, the temperature dependent
PAC patterns are discussed in detail.

2B06 Local fields at impurity sites in a perovskite
Lao.7Ca03MnO3

SATO, W.!, KOMATSUDA, S.2, OHKUBO, Y.

('Inst. Sci. and Eng., Kanazawa Univ., *Nat. Inst. of Tech.,
Ichinoseki College., *Res. Reactor Inst., Kyoto Univ.)

Perovskite manganese oxides are known to exhibit the
effect of colossal magnetoresistance (CMR), a
phenomenon that electrical resistivity undergoes a drastic
change as large as five to six orders of magnitude by the
magnetic transition. In order to realize practical use of
these compounds, it is of importance to obtain information
on local fields in the material. From this point of view,
we have applied the time-differential perturbed angular
correlation (PAC) method to a study of a perovskite
Lag7Cao3sMnO; (Tc ~ 250 K) using the ''Cd(«!'"'™Cd)
probe. Powder Lag;CapsMnO; was synthesized by a

conventional solid-state reaction in air.  The parent
nuclides of the '"'Cd(«!'!'™Cd) probe were introduced into
the sample by a solid-state reaction with powder
Cd('"'"™Cd)O produced by the neutron irradiation of
enriched Cd(''°Cd)O in the research reactor of Kyoto
University. For the PAC spectrum obtained at 77 K, a
small magnetic hyperfine field was barely observed: By <
0.014 T. This value is much smaller than that observed at
the '“°Ce(«+—'%°La) probe in our previous work. In the
presentation, the relatively large magnetic field observed
at the '°Ce(«+!%°La) probe is discussed from the view
point of the 4f spin orientation.

2B07 Atmosphere Dependence of Formation Process
of Oxygen Vacancies in Zinc Oxide

KOMATSUDA, S.',SATO, W.2, OHKUBO, Y.}

('Nat. Inst. Tech., Ichinoseki College, Inst. Sci. Eng.,
Kanazawa Univ., *Res. Reactor Inst., Kyoto Univ.)

Thermal behavior of Al and In impurities doped in zinc
oxide (ZnO) was investigated by means of the time-
differential perturbed angular correlation (TDPAC)
method with the "'In(—""'Cd) probe. In one of our
previous TDPAC studies, we observed contrasting
atmosphere dependence of the stability of aggregations of
"n and Al impurities doped in 100 ppm Al-doped ZnO:
(i) Al and In impurities associate with each other by their
thermal diffusion in air, and (ii) the '"In probe is
detrapped from the Al aggregations in high-temperature
vacuum, resulting in substitution at defect-free Zn sites.
Detailed investigation of the thermal behavior of the
impurities has revealed that the dissociation reaction is
triggered by the formation of oxygen vacancies.
Furthermore, the formation energy of oxygen vacancy
was evaluated from the temperature variation of the rate
constants, which was estimated from the annealing time
dependence of TDPAC spectrum. In the session, based
on the further investigation of TDPAC spectra for Al-
doped ZnO obtained by isochronal annealings in Ar gas
atmosphere, we discuss the atmosphere dependence of the
formation process of oxygen vacancy.

2B08 Thermal behavior of impurity hydrogen
trapped in vacancy-type defects in single crystal ZnO

SHIMIZU, H.!, SATO, W.!2, MIHARA, M.3, FUJISAWA,
T.!, FUKUDA, M.3, MATSUTA, K.}

('Grad. Sch. Nat. Sci., Tech. Kanazawa Univ., *Inst. Sci.
Eng., Kanazawa Univ., 3Grad. Sch. Sci., Osaka Univ.)

Zinc Oxide (ZnO) is highly expected for applications to
functional devices such as light emitting diode and
transparent electrodes, having a wide band gap of 3.4 eV
at room temperature. In general, ZnO shows n-type
semiconductivity. Impurity hydrogen atoms, which are
unwantedly involved into the matrix during the crystal
growth process, are considered as one of the origin.
Furthermore, in the case of the presence of hydrogen
atoms in the vicinity of a zinc vacancy, which is regarded
as an important acceptor-type native point defect in ZnO,
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their complex is likely to be formed by coulombic
attraction, causing the inactivation of the p-type
semiconductivity. ~ Positron  annihilation  lifetime
spectroscopy thus was employed for the investigation of
the interacting nature of impurity hydrogen atoms and
vacancy-type defects in single crystal ZnO. In order to
clarify the observation of their thermal behavior, the
sample was implanted with 'H" using the Van de Graaff
accelerator of Osaka University. After the implantation,
the positron lifetime became shorter, which suggests that
the hydrogen atoms were captured by various vacancies to
form vacancy-hydrogen complexes. The complexes
decompose by heat treatment, and most of the hydrogen
atoms captured were annealed out at 773 K. In the present
session, detailed  temperature-dependent  thermal
behaviors of hydrogen atoms and vacancy-type defects are
discussed.

3A01 CuO surface area dependence for tritium
recovery

Y. Uemura!, S. Sakurada!, H. Fujita', K. Azuma', M.
Hara?, Y. Hatano?, A. Taguchi?, T. Chikada®, Y. Oya®
('Grad. School of Sci. & Technol. Shizuoka Univ.,
’Hydrogen Isotope Res. Center, University of Toyama,
3College of Sci., Academic Institute, Shizuoka Univ.)

Tritium is widely used as a tracer of hydrogen isotopes.
However, the recovery of a small amount of tritium at
radiation facilities is usually unreasonable due to higher
basic safety standards of tritium. To enhance the social
acceptance, tritium should be recovered as much as
possible without complex procedures. In this study, CuO
surface area dependence for the tritium recovery was
evaluated.

It was found that the tritium recovery was clearly
controlled by temperature, carrier gas flow velocity, and
CuO surface area. The reaction rate constant above 473 K
for CuO particle size of 1.0 and 0.2 mm could be
expressed by the following equations, ki [s"']= 5.4 X 103
exp(-0.65 [eV] / ksT) and ky [s']= 1.3 X 10° exp(-0.64
[eV] / ksT), respectively. The activation energy was not
changed among these samples, while the frequency factor
was increased as the particle size was increased. It can be
said that the tritium conversion rate was affected by
dissociative adsorption site. The reaction rate constant
was also increased with increasing the carrier gas flow
velocity even if tritium exhaust rate was constant, leading
to the saturation of dissociative adsorption sites. However,
it was constant at over 50 sccm in the case of CuO particle
size of 0.2 mm. It was indicated that dissociative
adsorption site was in an unsaturated state.

3A02 The analysis of organically bound tritium by
combustion method

SHIMA, N.!, TAMARI, T.!

('Kyushu Environmental Evaluation Association)

The organically bound tritium (OBT) has been
investigated by trititum monitoring in the environment.

OBT analysis for low concentration measurement requires
much amount of sample and time consuming. In this study,
we determined the detection target of OBT concentration
in 10 Bq/kg for screening analysis. 2g of dried fish
samples (edible part) were combusted in quartz tube with
0O, gas, and combustion water was collected by cold trap.
The time required to obtain the distillated combustion
water was 3 hours. The tritium activity was measured with
a low background liquid scintillation counter (LSC LB-7,
Hitachi LTD) after mixing the distilled sample water with
scintillation cocktail (Ultima Gold uLLT) in 20mL low
diffusion plastic vial. The detection limit by 100 min LSC
measurement were 40 Bqg/L (as combustion water), 6
Bq/kg (as fish fresh). These results are practial as
screening.

3A03 Distribution of long-lived artificial
radionuclides in environment of Niigata Prefecture
SUZUKI, T., ONO, T., YAMAZAKI, K.

(Niigata Prefectural Institute of Environmental Radiation
Monitoring)

Radioactive concentrations of Pu isotopes, '*’Cs and
%Sr in environmental samples (soil, sea sediment and
Sargassum seaweeds) of Niigata Prefecture were
investigated to evaluate the influence of Fukushima
Daiichi nuclear power station (FDNPS) accident and to
clarify the radiation levels of those long-lived artificial
radionuclides.

Pu isotopes were analyzed using by alpha ray
spectrometry and  Quadrupole ICP-MS  method.
According to the ratios of 23¥Pu to 23"240Py, 24Py to 2°Pu
and ?*'Pu to 2¥'"?Pu, observed Pu isotopes were
considered to be originated from past atomospheric
nuclear testing.

The values of Pu isotopic ratio (>*3Pu/?***240Py (activity
ratio), 2*°Pu/**°Pu (atomic ratio), 2*'Pu/?3*"24°Py (activity
ratio)) of sea sediment were similar to the values of
Sargassum seaweed, on the other hand, the values of Pu
isotopic ratio of soil were smaller. This result suggested
that pollution sources were different.

The influence of FDNPS accident on '’Cs was
observed clearly in soil and sea sediments. That estimated
from the relationship between '**Cs and '*’Cs measured
by High Purily Ge semiconductor detector.

Concentration level of **Sr analyzed by B-ray counter
after chemical separation was within the range of the
measured values before the FDNPS accident.

3A04 Thorium soil-to-plant transfer factor issues:
effect of measurement methods

TAGAMLI, K.!, UCHIDA, S.!, TABEI, K.?

('Biospheric Assessment for Waste Disposal, Natl. Inst.
Radiol. Sci., QST, *Tokyo Nuclear Service Co.)

Recent IAEA TRS-472 (2010) collated the soil-to-plant
transfer factors (TFs) of thorium, and the values in tropical
area were slightly higher than those in temperate area for
herbaceous plants. When we checked the data closely, it
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was found that probably because measurement method
differences affected to the tendency, that is, gamma
spectrometry and inductively coupled plasma mass
spectrometry (ICP-MS). In this study, therefore, we
carried out detailed literature survey together with brown
rice TF measurements by both gamma spectrometry and
ICP-MS.

The literature survey results showed that TFs obtained
by Ge detecting systems were 2-3 orders of magnitude
higher than those observed by ICP-MS. The reason was
probably because of ignorance of Ra-228 in the Th series
isotopes. In soil, Th series isotopes are in equilibrium
conditions so that determination of progeny agreed well
with the Th-232 concentrations. However, Ra uptake by
plants was much higher than Th because Ra is a member
of alkaline earth elements, which include Ca as an
essential element for plants. Using five brown rice-soil
sets, we found one orders of magnitude difference
between TFs of Th determined by ICP-MS and gamma
spectrometry. Thus it was clear that gamma-spectrometry
resulted over estimation of Th TF.

3A05 Determination of ultra-low levels of Np-237 in
seawater by ICP-MS/MS

SAKAGUCHIL A.!, EIGL, R.2, HONDA, M. !, OHNO, T2,
KAKUTA, S. 3, SHIKAMORI, Y. 4 TAKAKU, YJ,
YAMASAK]I, S. !, SUEKI, K. !

('Univ. of Tsukuba, *Hiroshima Univ., *Gakushuin Univ.,
4*Agilent, SIES)

For the determination of the long-lived radionuclide
ZNp in seawater, we have improved the measurement
sensitivity of the triple quadrupole ICP-MS system
(Agilent 8800). For efficient sample introduction, a high
efficiency desolvation system was used instead of a
nebulizer. In addition, to achieve enhanced ion
transmission, the following adjustments/tunings were
performed: changing the shapes and orifices of the
skimmer cones, reducing the pressure in the differentially-
pumped system (interface) and adjusting the skimming
position of the skimmer cone. As a result, measurement
sensitivity was improved about 15-20 times compared to
that of conventional ICP-MS for environmental analysis
thus permitting measurement of *’Np in surface waters
(few L to 10 L). However, the chemical yield for 2*’Np
was about 50% due to the low co-precipitation yield by
Fe(OH); in the first stage of sample pretreatment. Further
studies are needed to improve the chemical yield.

3A06 Application of automatic analysis system of
Strontium-90 to analysis of environmental sample
FUJITA, H.!, NOJIMA, T.2, NAGAOKA, M.!, OSAWA,
T.!, H., ONO, H.?

({JAEA, 2KEK, 3Kantogiken Co.Ltd.)

An automatic strontium-90 radioactivity analysis
system has been improved in each apparatus of wet
decomposition, chemical separation and ion exchange.
Firstly, a pressured air spraying equipment was added to

the wet decomposition apparatus, in order to suppress
bumping of sample solution. Secondly, stirrer was
selected to mix sample solution in the chemical separation
apparatus instead of mixing by an articulated robot.
Finally, status monitoring apparatus using laser was
adopted to check solution status in an ion exchange
column because older system with image analysis unit
was difficult to detect a drop of solution. All improvement
was successful to analyze strontium-90 radioactivity.
After the development, the system were used in
performance test to analyze ashed seaweed samples. The
obtained radioactivity concentration was agreed to results
by analyzed by analyst.

3A07 Study of Selective Measurement for *Sr and
Sr by Extractive Scintillator with a Liquid
Scintillation Counter

SAKAL H.!, UESUGL, M.2, YOKOYAMA, A2

('Grad. School Nat. Sci. Tech., Kanazawa Univ.,?Adv. Sci.
Res. Cent., Kanazawa Univ., *Inst. Sci. Eng., Kanazawa
Univ.)

Radiostrontium is known to be produced from neutron
fission of uranium. The element of Sr, a congener of Ca,
tends to be accumulated in bone. Especially, *°Sr is of
relatively longer half-life and its decay product *°Y causes
human health damage due to highly energetic electron
emission. So the nuclides need monitoring in environment.
%0Sr and ¥'Sr were accidentally released from Fukushima
Daiichi nuclear power plants in 2011. In the accident, the
$Sr activity was much higher than that of *Sr, but ¥Sr
decreases faster than *Sr because half-life of ¥Sr is 50.52
days. We have developed a new method for the
determination of radiostrontium in seawater. In general,
Cerenkov technique is used to determine *Sr and *°Y. In
this study, we examined a selective measurement for ¥Sr
and *°Sr by extractive scintillator with a liquid scintillation
counter. The two layer HDEHP extraction method is
found to be available for the measurement of the *°Y
activity or the 3Sr+°°Sr+°°Y activity. The method has high
counting efficiencies of ¥Sr, °Sr, and °Y and low
background in the measurements. It enables rapid
determination of the radiostrontium within three days.

3B01 Chemical State of Isolated S’Fe Atoms Decayed
from 3’Mn Implanted into a C:H4/Ar matrix

SUZUKI, M.!, SATO, Y., TANIGAWA, S..,
KOBAYASHI, Y.!2, YAMADA, Y., KUBO, K.
MIHARA, M., NAGATOMO, T2, SATO, WS,

MIYAZAKI, J.7, SATO, S.8, KITAGAWA, A8

('Univ. Electro-Commun., >RIKEN, 3Tokyo Univ. Sci.,
4ICU, *Osaka Univ., °Kanazawa Univ., "Hokuriku Univ.,
5NIRS)

The in-beam Mdssbauer spectrum of *’Fe produced
after ’Mn implantation in a mixture matrix of ethylene
and argon was measured at 17 K. The exotic Fe species
and the chemical states of Fe atoms were discussed on the
basis of obtained Mossbauer parameters and density
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functional theory (DFT) calculations.
The experiment was performed at the heavy-ion

accelerator in the National Institute of Radiology Sciences.

3"Mn was produced by the nuclear fragmentation reaction
between **Fe beams with the energy of 500 MeV/nucleon
and a production target of °Be. Then, the 3’Mn was
electromagnetically separated and optimized, and
implanted into the mixture matrix of ethylene and argon.
The sample was produced on a metallic plate cooled at 17
K by a closed-cycle helium refrigerator”). The ratio of
ethylene to argon was 3:7. The Mossbauer y-ray of 14.4
keV was detected by a parallel-plate avalanche counter
(PPAC). DFT calculations were carried out using the
ORCA program?.

The in-beam Mossbauer spectrum obtained at 17 K was
tentatively analyzed by four components, a singlet and
three doublets. Two components, a singlet and a doublet,
among them were assigned to be Fe™ (3d’) and Fe*
(3d%4s") respectively®, from our results of the in-beam
Mossbauer spectra obtained in the mixture matrices of
methane and argon. It was suggested from DFT
calculations that monoiron species of two kinds of
Fe(C,H4) with different charge states were produced.
References:

1) Tanigawa, S., et al. Hyp. Int
10.1007/s10751-016-1261-1.

2) Neese, F. Wiley Interdisc. Rev. Comp. Mol. Sci., 2012,
2,73-78.

3) Yamada, Y., et al. J. Radioanal. Nucl. Chem. 2003, 255,
419-423.

2016, 237, doi

3B02 Maossbauer spectra of the rock-sale structured
iron nitride

YAMADA, Y.}, SATO, M. !, KOBAYASHI, Y.

('Dep. of Chem., Tokyo Univ. of Sci., 2Grad. Sch. of Info.
and Eng., The Univ. of Elect.-Com.)

It has been reported that FeN has two phases: y”’-FeN
(ZnS structure) and y*”’-FeN (NaCl structure). These two
phases are generally formed simultaneously, making it
difficult to produce a single phase. We previously reported
that the yields of the two phases could be varied and that
pure y’-FeN and y’”’-FeN could be obtained by varying
the substrate temperature during pulsed laser deposition
(PLD). We also reported that Mossbauer spectra revealed
that y”’-FeN and y”’-FeN are respectively paramagnetic
and antiferromagnetic at low temperatures, and that a
minor component due to defects in y”’-FeN showed a
higher hyperfine magnetic field of 50 T at 5 K. In the
present study, a single phase y’”’-FeN film without
containing defects was produced at the higher substrate
temperature 773 K, and Mossbauer spectra of the film
were measured at temperatures between 6 and 300 K to
observe the temperature dependence of the hyperfine
magnetic  field. y”’-FeN was found to be
antiferromagnetic exhibiting a hyperfine magnetic field of
30 T at a temperature of 6 K having a Néel temperature at
230 K.

3B03 '’Sn Mossbauer study on Sn-TiO2 nanocrystals
with ferromagnetic and photocatalytic properties
NOMURA Kiyoshi', GANESHRAJA A. Sundaram?,
WANG Junhu?

(*PIRC, Tokyo Univ. of Sci., "MEDC, Dalian Inst. Chem.
Phys, Chin, Aca. Sci.)

Sn—TiO, nanocrystals were synthesized by a simple

hydrothermal method without any magnetic element,
surfactant and dispersant material. The Sn-TiO, samples
were denoted as Sn—Ti-x (x represents the atom ratio % of
Sn/Ti, x = 0 — 1.37). The low level Sn doped samples are
defined as x < 0.3, and the high level Sn doped samples as
x > 0.3. "Sn Méssbauer spectra were collected at room
temperature using Ca''*™SnOj; source moved in a constant
acceleration mode. The velocity scale was calibrated
using a a-iron foil absorber and 3’Co(Rh) source. CaSnOs
was used as the reference of isomer shift.
Mossbauer spectra of low level Sn doped samples were
decomposed into a doublet and a sextet of Sn*' because
the samples showed relatively strong ferromagnetism.
Madssbauer spectra of high level Sn doped samples were
analyzed by one doublet and two sextets because the
samples showed weak ferromagnetism. Three kinds of Sn
species may be distinguished as a Sn(Ti)O» and two
different magnetic arrangements of Sn(Ti)O, with more
oxygen defects or with 2Ti atoms substituted at 2Sn atom
sites. Magnetic components are considered to be due to
the defect induced magnetism and due to the
antiferromagnetic component or paramagnetic relaxation,
respectively.

3B04 Correlation between the bonding property of f-
orbital electron and the separation behavior of minor-
actinides

KANEKO, M.!, WATANABE, M.!, MIYASHITA, S.2,
NAKASHIMA, S.23

({JAEA, >Grad. Sch. of Sci., Hiroshima Univ., *°N-BARD,
Hiroshima Univ.)

To understand the separation mechanism of minor-
actinides (MA) from lanthanides (Ln) is important for the
development of partitioning and transmutation of high-
level radioactive waste. We aim to discuss the bonding
nature between MA/Ln ions and ligands with the
separation behavior of MA from Ln, which leads to the
elucidation of the separation mechanism of MA from Ln.
In this study, we demonstrate the separation behavior of
MA from Ln at molecular level by means of density
functional calculations and discuss how the bonding
properties of valence electrons contribute to the selectivity
of MA.

3B05 Structure determination of extracted strontium
complex from neutral contaminated water.
YAMAMURA, T., TAKAHASHI, A., NAGAI, M.,
SHIRASAKI, K.

(Institute for Materials Research, Tohoku Univ.)
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Typical long-lived fission products *’Cs and *°Sr
included in the contaminated water had been removed by
solid columns with resins, whereas it brought about
problems of the huge amount of solid wastes unable to
reduce their volumes. Recently we have studied solvent
extraction in order to remove these nuclides. Using 1,2-
dichloroethane, 1-octanol or chloroform as a diluent and
crown ethers can functions as extractants of cesium and
strontium from acid solutions [1,2]. The diluents have
risks of fires, explosions and environmental soundness. In
our previous works, the solvent extraction of uranium
from nitric acid solution was conducted by HFC-43-
10mee (Chemours Company; Vertrel XF) -TBP system
[3]. The diluents show excellence in the

noninflammability, the low toxicity, and chemical stability.

In this study, we investigated the extraction mechanism
of Sr from neutral solution in the case of the use of
azeotrope of HFC-43-10mee as a diluent.

[IT] R. A. Sachleben, et al, Sep. Sci. Technol.,
32(1997)275.

[2] K. K. Gupta, et al., Sol. Extr. Ion Exch., 21(2003)53.
[3] T. Yamamura, J. Nucl. Sci. Technol., 47 (2010) 515.

3B06 Catalytic effect of metal colloid on uranium(V)
reduction

KITATSUIJI, Y., OUCHI, K., OTOBE, H.

(Japan Atomic Energy Agency)

Redox behaviors of actinide ions in a low-acid solution
are complicated and have been unclear, because they tend
to form hydroxide complexes, colloids and precipitates.
Recently, autocatalysis of the reduction of U(V) to U(IV)
in the solution where U(IV) forms hydroxide colloid was
reported; U(IV) colloid formed as reduction product
catalyzes the electrolytic reduction of U(V). In this study,
possibility of catalysis of Zr(IV) colloid which was
analogous of U(IV) colloid on the reduction of U(V) was
investigated. When U(VI) was electrolyzed at a constant
potential in order to reduce to U(V) in the solution of pH
3.0 containing 10 mM Zr(IV), the increase of the
reduction current was observed in initial stage of
electrolysis. This results indicates that U(VI) was reduced
further to U(IV) without catalysis of U(IV) colloid, and
that Zr(IV) colloid also acts as catalyst. Intensity of
catalysis depends on concentration of Zr(IV), condition of
preparing colloid and acidity of the solution.

3B07 Development of correction methods for time-of-
flight prompt gamma-ray analysis at ANNRI)
HUANG M.!, TOH Y.!, EBIHARA M.2, KIMURA A.!,
NAKAMURA S.!

(Japan Atomic Energy Agency, 2Tokyo Metropolitan
Univ.)

Nickel-based super alloys generally have complicated
chemical compositions. In many studies, their
compositions were determined by X-ray fluorescence
(XRF) method since the alloys were not destroyed before
testing their properties. However, XRF cannot detect the

deep layer of alloys (typically under 0.1-mm depth).
Therefore, thick alloys are hardly examined directly by
XRF. Prompt gamma-ray analysis (PGA) and neutron
resonance capture analysis (NCRA) are well-known non-
destructive methods which are applicable to thick samples.
Unfortunately, PGA is not very sensitive to some elements
(e.g. Nb) and NCRA lacks of sensitivity to some light
elements. At J-PARC ANNRI, the two methods have been
combined as a new analytical method, TOF-PGA, which
overcomes the disadvantages of PGA and NCRA. It is
feasible to apply the new method to the examinations on
materials with complicated chemical compositions. In this
study, concentrations of Ni, Cr, Ti, Co, Al, B in two
nickel-based super alloys were determined by PGA while
W, Ta, Mo, Nb, Re, Ru and Hf were quantitatively
analyzed by TOF analysis or TOF-PGA. The accurate
results of present study show that the TOF-PGA technique
is a powerful tool for the composition analysis on super
alloys.

3B08 Radiocarbon Dating of kohitsugire calligraphies
written by kana where it has been thought that they
were copied from the second half in the 11th century to
the first half in the 12th century: Dating of Misyo-
tirashi-uta-gire attributed to Fujiwara no Yukinari
and Minbu-gire attributed to Minamoto no Toshiyori
ODA, H.!, IKEDA, .2

('ISEE., Nagoya Univ., > Fac. of Letter, Chuo Univ.)

Kana (the Japanese syllabaries) is said to have been
accomplished in the middle 11" century. Earlier
documents, records and books have not been confirmed
only a few examples. Even in elegant calligraphy of Heian
period, there is a case in which details of the inscription
age is not clear. In such a case, at present, it is often to be
a calligraphy written in Insei period (1050-1130).
Therefore, in this study, we performed radiocarbon dating
for two calligraphies of Insei period. Paper sample
weighting 10-50mg were cut from the margins of the
calligraphies. The sample were soaked in H>O to peel
away the original sheets from the lining. They were then
washed in H,O, 1.2N HCI and 1.2N NaOH. Graphite
target was prepared from each sample. Radiocarbon ages
were measured using the CAMS-500(NEC, U.S.A) at
Paleo Labo Co., Ltd., Japan. Calibrated radiocarbon age
of Misyo-tirashi-uta-gire attributed to Fujiwara no
Yukinari showed the age from the late 10" century to the
early 11" century; it is a rare example precedent to the
insei period. However, calibrated radiocarbon age of
Minbu-gire attributed to Minamoto no Toshiyori indicated
the middle 17 century; it is a copy or counterfeit written
in several centuries later.

P01 Dynamics of radioactive cesium in sediments of
Yatsu tideland from the Fukushima Daiichi nuclear
power plant accident

YAMAMOTO, S., SOEMORI, A., SHOZUGAWA, K.,
MATSUO, M.

(Univ. of Tokyo)
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In order to clarify behaviors of radioactive cesium in
the hydrosphere released by the FDNPP accident, we
measured its vertical distribution in sediments at three
sites from Yatsu tideland. Investigations were carried out
in March and November 2015. The data were compared
with those of Tokyo bay and Hanami river, which are
located a few kilometers southeast from Yatsu tideland.
134Cs was detected at each site of Yatsu tideland, with the
deepest detection of '3*Cs at 25-30 cm. By calculating the
ratio of 13*Cs and '*’Cs, it was confirmed that almost all of
the radioactive Cs was derived from the FDNPP accident.
Considering that Yatsu tideland gradually loses its
sediment, finding radioactive Cs at this depth can suggest
sinking of Cs in Yatsu tideland. Comparing the samples
from March and November, there was a decrease of Cs
from 26.8 Bg/kg to 9.4 Bg/kg in surface layers (0-5 cm),
and from 13.7 Bg/kg to 2.0 Bg/kg in deeper layers (25-30
cm), while sediments of Hanami river marked more than
200 Bg/kg in both layers. These results may reflect closed
nature of Yatsu tideland which discharges Cs rather than
stores it due to no inflow river, in contrast to the feature of
Hanami river which has relatively large drainage basin
and therefore collects larger amount of Cs to itself and
Tokyo bay.

P02 Characterization of radiocesiumu in Tamagawa
river

OKUMURA, S.!, OCHI, K.,
NAKAMURA, T3, KOIKE, Y.3
('Grad. Sch. of Sci. and Tech., Meiji Univ., 2Org. Strategic
Coordinant. Res. Intellect. Prop., Meiji Univ., *Sch. of Sci.
and Tech., Meiji Univ.)

HAGIWARA, K2,

A large amount of radiocesium released into the
atmosphere was deposited on urban area because of the
TEPCO Fukushima Daiichi Nuclear Power Plant accident
in2011. The quantitative status of radiocesium obtained
continual monitoring in the river watershed is important
for estimating environmental impact to downstream.
Activity concentrations of radiocesium were determined
for the suspended, dissolved and sediment samples
collected from the Tamagawa River watershed. The
dissolved and suspended '**Cs and '3’Cs were detected in
river water samples gathered at several points at
Tamagawa River basin. These results show that the
behavior of dissolved and suspended radiocesium in river
water were different. Activity concentrations of
suspended radiocesium in river water showed temporal
increase in the period after rainfall or rainfall. It is
important to estimate chemical form of radiocesium in
river water samples for confirming transportation at
Tamagawa River watershed with the river water, and
contribution of the weather condition such as rainfall.

P03 Radioactivity monitoring in the Tokyo Bay —
temporal variations of **Cs and '*’Cs in sea sediment
and seawater —

TOYOOKA, S.!, NITTA, W..
KISHIMOTO, T.!, ISOGAI, K.!

KANEKO, K.

(!Japan Chemical Analysis Center)

After the accident of Fukushima Dai-ichi NPP, a large
amount of radioactive materials had been released into the
environment and distributed widely in the Kanto area.
Atmospheric radioactive materials deposited on the
ground surface by rainfall, were transported by natural
phenomenon or anthropogenic action. And finally flowed
into the Tokyo Bay via the rivers, and deposited on
sediment.

Radioactivity monitoring of '**Cs and '*’Cs at 23 points
in the Tokyo Bay has been carried out since 2013 to
estimate the influence of Fukushima Dai-ichi NPP
accident. In recent three years, activity concentrations has
been decreased at most points. However, point “K-T1”
and “C-P8” which are located off Arakawa and Kyu-
Edogawa, and near Kisarazu Port, activity concentrations
maintained relatively high during this monitoring. It was
estimated to be caused by continuous supply of
radioactive materials from the rivers. In the depth of
seasediment samples profile, Radioactive Cs peaks were
observed at 7ecm depth at “K-T1” and ”"M-C6” which is
located at the north central part of the Tokyo Bay, and
radioactivity concentrations decreased with depth. The
radioactivity concentrations in seawater has showed
gradual decrease with time.

Judging by the '3*Cs/'3’Cs activity ratio with decay
correction, it is confirmed that the radioactive Cs found in
sediment and seawater samples had been derived from the
accident of Fukushima Dai-ichi NPP.

P04 Distribution of radioactive cesium in the soil
around Akagi Onuma region

NAGAHASHI, T..MATSUURA, H.'.IMAGAWA, S.,
UCHIYAMA,T.!, SUZUKIK 2, YUASA,Y2,
WATANABE,S.2, ARALLH.2, NOHARA,S.3, OKADA,Y.!
('Fac.of Eng.,Tokyo City Univ.,’Gunma Pref. Fisheries
Expt. Sta.,’NIES)

In the Lake Akagi Onuma, exceeding radioactive
cesium over the standard value had been detected from the
pond smelt due to the Fukushima Daiichi nuclear power
plant accident until 2014. To elucidate the mechanism of
slow decay trend of radioactive concentration in the pond
smelt, the study on kinetics of radioactive material in the
soil, including the surrounding area around the lake is
important. In this study, we have collected the sediments
at inflow, outflow and central points in the Lake Akagi
Onuma. In addition, the soil of Jizodake, which is located
near the Lake Akagi Onuma has been also sampled. The
radioactivity of all the collected samples have been
measured by a high-purity Ge semiconductor
detector. Radioactivity concentration (Cs-137) in the
sediment was found to be reduced to 1/100 at a depth of
10 cm from the surface layer. Moreover, radioactivity in
the soil of Jizodake was found to decrease until depth of
15cm. It is considered that other ingredients, such as roots,
would disturb penetration of radioactive Cs in the soil at
mountain area, on the contrary to the case at the lake
sediment.
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P05 Cesium isotopic ratio variation about cesium
dissolved in river water and included bottom sediment
after the FDNPP accident

Ryohei Tomita!, Tetsuya Matsunaka®?, Maki Honda',
Yukihiko Satou’, Masumi Matsumura?, Tsutomu
Takahashi?, Aya Sakaguchi*, Hiroyuki Matsuzaki®,
Kimikazu Sasa> 4, Keisuke Sueki*

('Grad. School of Pure and Appl. Sci., Univ. Tsukuba,
2Res. Facility Center for Sci. and Tec., Univ. Tsukuba,
3Japan atomic energy agency, “Pure and Appl. Sci., Univ.
Tsukuba, SMALT, The Univ. Museum, The Univ. Tokyo)

To observe the dynamics of radionuclides, which has
been dispersed from FDNPP, in river water and sediment,
we investigated the concentration of radiocesium '’Cs,
radioiodine '?°I and their stable isotopes ('*3Cs and '27)
dissolved in riverine water and included sediment. Water
samples were collected at 6 points in the Ohori River
system, Chiba (about 200 km away from the FDNPP).
Additional two inflow waters to this river were sampled at
the same time. Bottom deposits (Sediment) were collected
4 points, one was collected before tone river water pouring,
and the others were collected after input. Water samples
were filtrated with membrane filter (pore size 0.20 um),
and the radioactivity of '*’Cs in the filtrated water was
determined by HP-Ge gamma spectrometry. **Cs was
determined by ICP-MS. Sediment samples were analyzed
by sequential extraction. The extraction procedure
consisted of 4 steps, resulting in 5 fractions (4 extracts and
one residue). 4 extracts include water-soluble, ion-
exchange, reductive  dissolution and  organic
decomposition.  '¥’Cs  radioactivity —and  '33Cs
concentration of these fractions were determined by
analytical methods as with the water samples. We
observed that *’Cs / 13Cs ratio of sediment rose as
approaching estuary and had constant value of dissolved
water to sediment double ratios. It is considered that
cesium involved sediment and it dissolved water were in
equilibrium quickly.

P06 Analysis of trace elements and radioactive cesium
in rice plants

YANAGA, M.!, MIYOSHI, H.2, HIGAKI, S.3, MORL, K.*,
NISHIZAWA, K.5, GOTO, S.°, SERA, K.”

('Fac. of Sci., Shizuoka Univ., 2ARREMC, Tokushima
Univ., *RIC, Tokyo Univ., ING corp., Emer. Prof.,
Nagoya Univ., ®Takizawa Lab., JRIA, "Cyclo. Res. Center,
Iwate Medical Univ.)

PIXE analytical technique was applied to determine
concentration of trace elements in paddy water, irrigation
water (pond water and spring water) and leaves of rice
plants in mountainous region in Fukushima-city. It was
also examined that the effects of adding stable isotopes of
cesium and rubidium into paddy water on concentrations
of trace elements in leaves of rice plants and the transfer
factors from paddy soil to rice of radioactive cesium
derived from Fukushima Daiichi Nuclear Power Plant

accidents in March, 2011. PIXE analytical data for the
leaves of rice plants indicated that a major portion of
added stable isotope of cesium adsorbed into soil. On the
other hand, the transfer factors of radioactive cesium for
the unhulled rice cultivated with the water which stable
cesium had been added in were much larger than those for
cultivated with water in which nothing had been added.
This implies that the cesium atoms added were replaced
with radioactive cesium ones in soil.

P07 Production experiments of the insoluble Cs-
concentrated particles released by the FDNPP accident
FUJITA, N.!, NINOMIYA, K.!, YOSHIMURA, T2
SHINOHARA, A.!

('Gradutate School of Science, Osaka University,
Radioisotope Research Center, Osaka University)

By the accident of Fukushima Daiichi Nuclear Power
Plant (FDNPP), many amounts of radioactive nuclides
were released into the environment. Among them, the
existence of Cs-concentrated particles with a diameter of
about 2 um was reported. The main component of the
particle is SiO,, and it also contains Cs, Fe, and Zn. The
chemical property of the particle is glassy and insoluble in
water and acid. In this study, we produced the simulated
particles by generating a splash of SiO» in melting CsOH
in 300~500 °C temperature condition. Moreover, we
were able to produce particles containing Fe and Zn by
putting galvanized iron piece in melting CsOH. We
observed the produced particles using Scanning Electron
Microscope (SEM) and Energy Dispersive X-ray
Spectroscopy (EDX), and we found that the particles have
the similar shape and chemical composition with observed
insoluble Cs-concentrated particles.

P08 Suppression of radiocesium elution by water-
repellent treatment of municipal waste incinerator fly
ash

FUKUDA, D.!, IWAHANA, Y.2, KUME, T.3, FUJIL, K.},
HAGIWARA, K.2, OHBUCHI, A .#, KOIKE, Y.?

('Grad. Sch. of Sci. and Tech., Meiji Univ., > Org. Strategic
Coordinant. Res. Intellect. Prop., Meiji Univ., *Sch. of Sci.
and Tech., Meiji Univ. “X-ray Inst. Div., Rigaku Corp.)

Incinerator fly ashes of municipal solid waste (MSWI
fly ashes) with high concentration of radiocesium are
generated, when the MSW containing a lot of radiocesium
incinerates.  Radiocesium in MSWI fly ashes easily
leaches from the ash by contact with environmental water,
was reported. A water-repellent effect was investigated
for the suppression of elution of radiocesium in MSWI fly
ashes. Water-repellent was sprayed on the fly ash, and
raw or treated ashes were carried out Notice No. 13 tests
of the Ministry of Environment, Japan. A rate of water-
soluble radiocesium decreased after the water-repellent
treatment. This method is applicable to stabilization for
radiocesium in the MSWI fly ashes.
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P09 Determination of Strontium-90 in Food Samples
Using Automatic Radiochemical Analysis System
Shigeru Bamba!, Takahisa Matsue?, Ken Fujimori?,
Hirofumi Seto?, Rie Kodama?, Takao Morimoto!,
Masahiko Shibazaki?

(Japan Chemical Analysis Center, *Precision Shibazaki
Co., LTD)

The analysis of strontium 90 needs radiochemical
separation, it is very time consuming, therefore it is
difficult to analyze many samples. Japan Chemical
Analysis Center and Precision Shibazaki Co., LTD has

developed the Automatic Radiochemical Analysis System.

This system can analyze strontium 90 in ashed food
samples automatically, with the method based on MEXT's
Radiation Measurement Method. Series No.2, Revised in
2003. In this study, to confirm the robustness and validity
of the Automatic Radiochemical Analysis System, many
kind of food samples were analyzed with this system.
Minor troubles were observed in this study such as delay
of filtration. The analysis system and the program of the
control unit had been modified to prevent these problems.
After improvement of the system, no troubles had been
confirmed. About fifty ashed food samples were analyzed
with the Automatic Radiochemical Analysis System,
chemical recoveries of strontium in food samples were
above 60%. Also the reference material (fish bone,
distributed by The Japan Society for Analytical
Chemistry) was analyzed, and its result was good
agreement with the certified value.

The development of the Automatic Radiochemical
Analysis System was carried out with supporting by
JST(Japan Science and Technology Agency)-SENTAN
program.

P10 Research of a rapid analysis for radiostrontium in
sea water by ion exchange chromatography
MINOWA, H.!, KATO, Y.2, OGATA, Y.}

('Radioisotope Res. Facility, Jikei Univ., ZHealthcare BU,
Hitachi Ltd., 3RIC Medical Division, Nagoya Univ.)

New standard method for the analysis of radiostrontium
in environmental samples is desired against the
conventional time-consuming complicated procedures
with deleterious substances. The purpose of this work is
to develop a simple, quick and safety analysis of
radiostrontium. We applied an artificial seawater spiked
with 8Sr for a cation exchange column (Dowex™ 50W-
X8). After loading the solution on the column to absorb
cations, untargeted elements such as calcium and
magnesium was washed out from the column with
ammonium acetate-methanol solution. Continuously,
strontium was eluted from the column with 4M HCI
solution. Powdered-calcium carbonate was added and the
eluate was heated for one hour at 80°C under alkali
conditions (pH>9). Then, carbonate was precipitated by
cooling at room temperature for one night. The precipitate
was collected on a membrane filter (Isopore™, Millipore
Corp.), and packed after dried. The activity of ®Sr in the
precipitate was measured by a Nal detector (Ohyo Koken

Kogyo Co., Ltd.) and that in the solutions were
determined using a well-type Nal gamma counter, ARC-
7001 (Hitachi, Ltd.). Under appropriate conditions,
strontium yield was 95%. The time required in this
procedure was two days, although it took about two weeks
in the conventional manner. Simple method for the
analysis of radiostrontium in seawater became possible by
this chemical separation procedure.

P11 Rapid source preparation for radiostrontium
analysis using solid-phase extraction disk

FUJII, K.!, KURIHARA, Y2, OHBUCHI, A2,
NAKAMURA, T.%, KOIKE, Y.#

(!Grad. Sch. of Sci. and Tech., Meiji Univ., 2Org. Strategic
Coordinant. Res. Intellect. Prop., Meiji Univ., *X-ray Inst.
Div., Rigaku Corp., *Sch. of Sci. and Tech., Meiji Univ.)

Conventional analyses of Radiostrontium (*°Sr) are
time-consuming especially if secular equilibrium between
%0Sr and *°Y needs to be achieved. An analytical method
for Sr and Y in soil sample has been developed using the
radiochemical separation with solid-phase extraction resin
cartridges and disks. In this study, Sr, Y, and other B-ray
emitting radionuclides in a geochemical reference
material, JSO-1 (soil), were separated using a combination
of two Sr resin® cartridges and DGA resin® cartridge.
The soil sample pretreated with acidic cleavage was
passed through these cartridges. Each eluate collected
from two kinds of separated cartridge was loaded on the
chelating disk. The disk-shaped chelating resin enables
a simple concentration of Sr or Y in each eluate for X-ray
fluorescence spectrometry. A spike test for two analytes
showed good recoveries (about 100%) for soil sample.
The present analytical method using solid-phase
extraction disk for radiostrontium is more rapid than the
conventional method.

P12 Ra isotopes in fresh groundwaters

TOMITA, J.!, MIYATA, Y.2, HAMA, K.!, SAKAGUCHI,
A2, NAGAO, S.2, YAMAMOTO, M.?

('Japan Atomic Energy Agency, 2LLRL, Kanazawa Univ.,
3Tsukuba Univ.)

To investigate the extent of Ra isotope activities and
their constraining factor in the fresh groundwater systems,
fresh groundwater samples were collected from
Fukushima, Ibaraki and Gifu prefectures, Japan. Radium
isotopes in the water samples collected were co-
precipitated by BaSOs, and then, both ?°Ra and 2?*Ra
activities were measured by y-ray spectrometry.

The ?*Ra and 2?®Ra activities of fresh groundwater
samples ranged from 0.07 to 35 and less than detectable
(0.15) to 76 mBq L', respectively. These values were
lower than the guidance level of Ra in drinking water
proposed by WHO (**Ra: 10%, 22®Ra: 10> mBq L!). The
226Ra activities (8.0-35 mBq L) of water samples from
Gifu prefecture were higher than those from Fukushima
(0.15-2.7 mBq L") and Ibaraki (0.07-2.9 mBq L)
prefectures. The groundwater samples from Gifu
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prefecture were more reducing and had higher salinity
than those from Fukushima and Ibaraki prefectures.
Therefore, Ra isotopes of the groundwater samples from
Gifu prefecture were more easily maintained in the water
phase than those of Fukushima and Ibaraki prefectures.

P13 Chemical forms of thorium and radium isotopes
in silicate minerals

SHIOBARA, R.!, KURIHARA, Y.2, NAKAMURA, T.3,
KOIKE, Y.}

('Grad. Sch. of Sci. and Tech., Meiji Univ., 2Org. Strategic
Coordinant. Res. Intellect. Prop., Meiji Univ., *Sch. of Sci.
and Tech., Meiji Univ.)

The leaching efficiency of thorium and radium isotopes
in radioactive minerals was mainly estimated to be
dependent on the history of decay processes. From
leaching experiments on some minerals, the observed
leaching behavior could not be explained by decay
processes. The chemical forms of radionuclides are also
important factor for estimation of the leaching behavior of
decay products of **U and 232Th. The powder sample of
silicate minerals was treated with the sequential extraction
method recommended by Community Bureau of
Reference (BCR). The BCR sequential extraction
procedure was carried out for two silicate minerals; thorite
and yttrialite. In fractions after the BCR three- or two-step
sequential extraction procedure, the activity concentration
of radium isotopes was determined by gamma-ray
spectrometry, and that of thorium isotopes was determined
by alpha-ray spectrometry coupled with an isotope
dilution analysis, respectively. Thorium series nuclides
leached more effectively than uranium series nuclides in
yttrialite. Results of thorite was different from it of
yttrialite. Therefore, it is assumed that leaching behavior
of thorium and radium isotopes is depended on chemical
forms in mineral.

P14 Improvements of rapidness for plutonium analysis
in soil with a TEVA resin-Disc
YAMAMORYI, K.!, UESUGI, M.2, YOKOYAMA, A 3

('Grad. School Nat. Sci. Tech., Kanazawa Univ., 2Adv. Sci.

Res. Cent., Kanazawa Univ., *Inst. Sci. Eng., Kanazawa
Univ.)

In case of the accident of nuclear facilities, rapid reports
of monitoring results are required for safety management.
In particular, plutonium quantitative analysis in a soil
takes the most time among analyses until making a report.
It usually takes at least five days to complete it. In a
conventional analysis process, the purification and
separation processes take about 12 h in order to remove
co-existent interfering substances. Therefore, in this study,
we improved the purification and separation processes by
applying a TEVA resin disc that is one of solid-phase
extraction tools instead of conventional method of the
anion exchange resin.

The experimental results demonstrate the separation is
completed in about 30 minutes and interfering species
with U, Th and Am can be removed with slight volume of

washing liquid. Further, we achieved elimination of Pu
without a reducing agent in the process. The recovery rate
in the analysis has been improved by the use of potassium
permanganate oxidation agent as well.

P15 Feasibility study of americium estimation method
by alpha-ray measurement for age dating of single
plutonium particles

YASUDA, K., SUZUKI, D., KANAZAWA, K,
MIYAMOTO, Y., ESAKA, F., MAGARA, M.

(Research Group for SG Analytical Chemistry, JAEA)

We are applying a screening technique with alpha-ray
measurement to the analysis of particles containing
nuclear materials in swipe samples. In the present study,
individual plutonium particles with known purification
dates prepared from a standard reference material (NBS
SRM947) were measured with alpha-ray spectrometry.
The obtained (**' Am+23%Pu)/2**24Py activity ratios for
the particles with the diameters of less than 2 micrometers
were consistent with the reference values within the
uncertainties. These results indicate that alpha
spectrometry can be applied to the quantitative analysis of
241 Am in individual plutonium particles.

P16 Development of automatic sequential separation
technique for ultra-trace multi-elements including
actinides

MIYAMOTO, Y., YASUDA, K., MAGARA, M.
(Research Group for SG Analytical Chemistry, JAEA)

Plutonium and Americium in environment originate
from nuclear bomb tests and accidental releases from
nuclear power plants. Isotope ratios and elemental
abundances of these actinides provide information on the
source terms and the elapsed time. These ultra-trace
elements in the environmental samples have to be
separated from the matrix to measure the abundances
precisely and accurately. It is essential to separate
americium from lanthanides which may much exist in an
analytical sample. But, it is hard to separate americium
and lanthanides due to the similar chemical properties. In
our previous works, we accomplished the development of
sequential separation of U, Th, Pb, lanthanides and Pu
using a single anion-exchange column and mixed acids.
The objective of this work is to include americium
sequential separation in this separation system. As a step
toward this accomplishment, americium and lanthanides
in a spike solution was separated by a well-established
anion-exchange technique using a mixed media of
methanol, hydrochloric acid, and ammonium thiocyanate.
All americium was retained on the column in the
lanthanides fraction, and 90% of them were yielded in the
following objective fraction. However, the heaver
lanthanides, including Sm to Lu were also eluted with Am
in the objective fraction. This result indicates more
effective eluent should be optimized.
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P17 Dosimetry study by electron spin resonance
spectroscopy using milk teeth of children

OKA, T.! TAKAHASHI, A2 KOARAIL, KJ,
NISHIYAMA, J.3, KINO, Y.3, SEKINE, T.!, SHIMIZU,
Y.4, CHIBA, M.%, SUZUKI, T.*, OSAKA, K.%, SASAKI,
K.4 SHINODA, H.*

(YInstitute for Excellence in Higher Education, Tohoku
University, 2Graduate School of Science, Tohoku
University, *Tohoku University Hospital, “Graduate
School of Dentistry, Tohoku University)

The release of radioactive materials from the nuclear
power plant accident and the nuclear weapon tests in
atmosphere results in an ionization radiation exposure to
people, the precise dosimetry is required on the point of
view of the radiation protection, radiation safety, and so
on. Electron spin resonance (ESR) method is one of a
powerful tool that has been used in the study of dosimetry
by measuring CO, radicals of teeth. In this work, we
attempted to isolate enamel from dentine by newly
developed protocol, and the dosimetry of Japanese
children was studied by ESR spectroscopy using milk
teeth.

Intensity of the CO» radical of enamel isolated by the
new protocol was similar to that of enamel isolated by the
usual protocol. The new protocol can isolate enamel from
dentine as same as the usual way, and much easier and
faster than the usual way.

A part of this study is the result of "Establishment of the
dosimetry protocol using milk teeth of children" carried
out under the Strategic Promotion Program for Basic
Nuclear Research by the Ministry of Education, Culture,
Sports, Science and Technology of Japan.

P18 Efforts towards the environmental restoration in
Fukushima Environmental Safety Center

ABE H., YOSHIKAWA H., TOKIZAWA T., and
ASAZUMA S.

(JAEA)

Japan Atomic Energy Agency (JAEA) Fukushima
Environmental ~ Safety  Center is  conducting
research/development and support activities towards the
restoration of environment in Fukushima accompanied by
the accident of the Fukushima Daiichi Nuclear Power
Station, and early return of the residents to their home
town. JAEA has conducted R & D on the following three
issues mainly (1)"Constructing monitoring system",
(2)“Assessing  radioactive-Cs ~ migration in  the
environment” and (3) “Building of recontamination and
volume reduction method for removed contaminated
materials”.

Some airborne monitoring systems were developed to
estimate the environmental radioactivity level and to make
air dose rate maps. For example, gamma rays from the
ground are detected by LaBr3 detector installed in an
aircraft (e.g. un-manned helicopter). We applied these
monitoring techniques above forest, cultivated land, and
river side.

Transport behavior of radioactive-Cs was assessed from

contaminated forest to river and sea in Fukushima area,
and some model of radioactive-Cs migration were
developed to calculate air dose rate for the future
biosphere to predict the radiation dose for the residents.

A computer simulation system for decontamination was
developed to support the management of decontamination
project of local government based on our pilot verification
and knowledge database.

P19 Changes of surface run-off substances and air
dose rate in Fukushima mountainous forest

ISHIL Y., MITACHI, K., ABE, H., and NIIZATO, T.
(JAEA)

Mountainous forest is currently one of the most
important sources of radioactive cesium released from the
Fukushima daiichi Nuclear Power Plant Accident in
Fukushima. This study reports the changes in amounts and
concentrations of radioactive cesium of the surface run-
off substances and dose rate at forest observation plots in
Ogi district of Kawauchi-mura and Yamakiya district of
Kawamata-machi, and Ogaki soil saving dam, Fukushima
during 2013 - 2015.

P20 Particle size and chemical form of atmospheric
aerosols as a carrier of radioactive materials
MURAMATSU, H.!, MATSUBARA, R.', HIWATASHI,
M.2, and KONDO, A.!

('Fac. of Edu., Shinshu Univ., ?Grad. Sch. of Edu.,
Shinshu Univ.)

Considerable amounts of radioactive material were
released to the environment due to the Fukushima Daiichi
Nuclear Power Plant accident in March of 2011. It is
important for us to solve the problems concerning
migration and diffusion processes of radioactive materials
in the environment. Making use of one of the cosmogenic
radionuclides, "Be, we tried to estimate the particle size
distributions of atmospheric aerosols attached "Be and the
chemical form of atmospheric aerosol particles as a carrier
of radioactive materials, by using a 12 stage cascade low
pressure impactor (Tokyo Dylec Co., LP-20) and a high
performance liquid chromatography (HPLC, Shimadzu).
We found that there prominently exist SO4* and NH4" for
anion and cation species, respectively, in aerosol particles
suspending in surface air. Average particle size of aerosols
including SO4* and NH4" was estimated to be ca. 0.5-0.6
um in diameter, which closely resembled that of "Be-
aerosols. So, we conjecture that sulfate, probably
ammonium sulfate, would be the potential transport
medium for "Be.

P21 Nationwide survey for '*I activity concentration
of surface soil in Japan - influence of the Fukushima
Dai-ichi nuclear plant accident (FDNPA) -

WANG, XS., YAMAMICHI, M., SHINOHARA, H.,
BAMBA S., OHTA, Y., ISOGAI, K.

(Japan Chemical Analysis Center)
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In order to investigate the impacts of radioactive iodine

on the surface soil by the releases from FDNPA,
nationwide survey for %I (half-life: 1.57x107yrs) activity
concentration was carried out by JCAC during the past
three years, as a part of official environmental
radioactivity monitoring consigned by MEXT and NRA.
Samples (surface soil: 0-5cm depth) at 49 sites in the 47
prefectures of Japan were collected in 2010 and 2012,
which are represented for before and after the accident,
respectively. For the calculation of '*° of samples, an
effective and reliable analytical technology for radioactive
iodine reported recently was selected in this work,
according to the isotopic ratio of '2° /2 by accelerator
mass spectrometry and stable iodine I by inductively
coupled plasma mass spectrometry. In addition, '**Cs and
137Cs of same samples were measured by gamma-ray
spectrometry to evaluate the origin of '°1.
As the results, both of the '?°I activity concentration and
isotopic ratio of '?I/'?’I after accident were observed
higher for 16sites located around the east area in Japan.
7Cs activity concentration presented an identical
tendency to indicate the impacts on the surface soil of
releases from FDNPA. Moreover, the correlation between
the increment of '’I and '**Cs for total 13sites (Iwate,
Yamagata, Miyagi, Fukushima, Tochigi, Gunma, Saitama,
Chiba, Tokyo, Kanagawa, Yamanashi, Nagano and
Shizuoka), which could be observed '3*Cs after accident
among all of 49 sites, presented a good linear coefficient
relationship after removal of the effect from fallout of
nuclear test and operation of nuclear fuel reprocessing
facilities located in the Europe. Therefore, it is reasonable
to conclude that increment of '*I existed around the
above-mentioned area (east Japan) is caused by the
influence of FDNPA.

P22 Distribution of 1291 concentration in the Arctic
Ocean and North Pacific

KUDO, A., YAMAGATA, T2 NAGAIL H?
KUMAMOTO, Y.3, NISHINO, S.3, MATSUZAKI, H.#
('Grad. Sch. of Integ. Basi. Sci., Nihon Univ., >Coll. of
Human. and Sci, Nihon Univ.,, 3JAMSTEC.,
“MALT.,Tokyo Univ.)

Measurements of the '*’I concentration were conducted
on surface water and depth profile samples collected in the
North Pacific Ocean, Bering and Chukchi Seas and Arctic
Ocean during the R/V Mirai MR-14-04,05 and MR-15-03
cruise in 2014-2015. The I concentration of the
surface water in the Arctic Ocean (10.0 x 107 atoms/kg)
was about ten times higher than in the North Pacific Ocean
(1.47 x 107 atoms/kg) and Bering (1.17 x 107 atoms/kg)
and southern Chukchi Seas (1.60 x 107 atoms/kg). The low
1291 concentration in the southern Chukchi Sea reflect
inflow of the low %I Pacific Water through the Bering
Strait. The vertical profile at stn.009 (75°N,162°W) in the
Arctic Ocean indicates the presence of the Atlantic Water
in 300-800m depth with '*°I concentration up to 114 x 107
atoms/kg, which is slightly higher than in 2013 (89 x 107
atoms/kg). The increase of %I concentration indicates
the effect of continuing discharge from the nuclear fuel

reprocessing facilities at Sellafield (U.K.) and La Hague
(France). The '*1 inventory at stn.073 (47°N,160°E) was
estimated to 2.7 x 10'? atoms/m?, which was fairly lower
than in 2012 (4.3 x 10'> atoms/m?). The decrease may
be explained as removal of the '*’I enriched seawater
released from the Fukushima Daiichi Nuclear Power Plant
Accident by lateral transportation.

P23 Recent levels of environmental tritium in Niigata
prefecture

SEINO, U., KOHNOSU, Y., YAMAZAKI, K., MARUTA,
F.

(Niigata Prefectural Institute of Environmental Radiation
Monitoring)

Radioactive concentrations of tritium in precipitation,
air moisture, fresh water and seawater were investigated
to monitor the influence of Kashiwazaki Kariwa Nuclear
Power Station and to clarify recent levels of
environmental trittum in Niigata prefecture.

Tritium was analyzed using liquid scintillation
counting. Recent concentrations of environmental
tritium in Niigata prefecture were less than the detection
limit of liquid scintillation counting without tritium
enrichment. (about 0.4Bg/L) In this study, all samples
were analyzed using enrichment by electrolysis of solid
polymer electrolyte before liquid scintillation counting.
Therefore, the values of low concentrated samples were
able to determine.

The mean concentration of precipitation and air
moisture were 0.53 Bg/L and 0.59 Bq/L in last five years.
The mean concentration of fresh water and seawater
were 0.37 Bg/L and 0.098 Bg/L in last three years.

The value of internal radiation exposure that was
calculated using typical concentrations of environmental
trittum in Niigata prefecture was much lower than
radiation dose limit (1mSv/year).

P24 Development for mock-up gamma-ray source
applied by SLA 3D printer and natural radionuclide
NISHIMAGI, S.!, KOIKE, Y.2, TAKAHASHI, M.},
SAITO, T'.

('Shokei Gakuin Univ., 2Sch. Sci. & Tech., Meiji Univ.,
SDASH, Osaka Univ.)

When the radioactivity in environmental samples was
quantified by gamma-ray spectrometry, geometric
conditions of the sample greatly affect the measurement.

It is ideal that the valuable sample (e.g. archacological

collection) is measured by non-destructive measurement.
Hence, it was attempted that the mock-up gamma-ray
source is manufactured and non-destructive measurement
by using a 3D scanner and stereolithography apparatus
(SLA) type 3D printer.
The light curable resin for 3D printer was mixed with
Lu,03, which was known the radioactivity. And the digital
data of the sample (hokutolite) that was modeled in 3D
scanner has created a mock-up gamma-ray source in the
SLA printer.
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The sample and the mock-up source, respectively, were
placed on a jig and measured by gamma-ray spectrometry.
The efficiency curve was parallel translation by using the
obtained radioactivity. Then, concentration of the sample
was calculated by the detection efficiency of the translated
efficiency curve.

The radium concentration of hokutolite used by non-
destructive samples were 30 - 60Bg/g, and, were relatively
close values of previous reports. Therefore by utilizing
the measurement method, it has enabled non-destructive
measurement of radioactivity sample having an arbitrary
shape.

P25 Development of preparation method of
radiocarbon dating of bronze implement: On the
decomposition temperature of basic copper (II)
carbonate, verdigris and malachite

ODA, H.!, YAMADA, T.2, TSUKAMOTO, T.2

('ISEE., Nagoya Univ., 2Gangoji Institute Res. Cultural
Property)

Verdigris is rust generated in bronze implement. It is
produced from Cu contain in bronze and CO; in the
atmosphere. Once verdigris is formed, it has the property
which prevents formation of a new verdigris more.
Extraction and radiocarbon dating of the carbon contained
in verdigris give the age in which the rust was formed is
obtained, and also estimation of the age for which bronze
ware was used. Usually, in radiocarbon dating of verdigris,
CO, is emitted by heating at 2h and 250°C. However, the
condition was determined by artificially synthesized
CuCOj; - Cu(OH), , not necessarily optimal condition for
the verdigris generated in bronze implement. In this study,
therefore, we searched for the temperature of carbon
extraction from synthesized CuCO; « Cu(OH), , verdigris
generated in bronze implement and malachite. The yield
of CO; from synthesized CuCOj3; * Cu(OH), saturated at
250°C and that of malachite saturated at 350°C. Verdigris
emitted CO, over 250 C. The yield increased with
increasing temperature. It can be caused by release carbon
in the impurities with increasing temperature.

P26 Development of rapid “*C-AMS using CO: gas ion
source

MATSUNAKA, T., SASA, K. HOSOYA, S,
TAKAHASHI, T., MATSUMURA, M., SUEKI, K.
(AMS group, Univ. of Tsukuba)

To develop the rapid '*C measurement system, gas ion
source and automatic sample preparation system were
installed with tandem accelerator at the University of
Tsukuba. Technical innovation of accelerator mass
spectrometry system for C is expected in terms of speed-
up and high repeatability without graphite treatment in the
sample preparation. An optimum CO> flow ratio of 1.6 ul
min~' to the gas source was determined by keeping
constant pressure of 11 — 12 Torr in manifold and sample
bellow of gas handling system, and maximum '>C~ current

of 4.4 — 4.6 pA were extracted from the gas source. The
ratios of '4C/!2C and '*C/*3C in the CO; samples (500 ugC
and 1 mgC), which were purified from IAEA-C1, TAEA-
C7, and NIST-HOXII using automatic sample preparation
system, were measured by the tandem accelerator. A
terminal voltage of 3 MV was chosen for acceleration and
14C3* was counted by gas detector. The concentrations of
4C in CO, were calculated to be 49.11+0.57 pMC
(percent modern carbon) for ITAEA-C7 and 132.14+1.14
pMC for NIST-HOxII, which were overlapped with each
consensus values within the error range. The error of
4C/2C in NIST-HNOxII was 0.6%, meanwhile,
background of gas source was 0.48+0.05 pMC (42,920
year BP).

P27 Chelate extraction of group 4 elements, Zr and Hf,
using a flow injection analysis method

YAMADA, R.!, OOE, K.!, GOTO, S.!, KUDO, H.Z2
HABA, H.}, KOMORI, Y.?

('Grad. Sch. of Sci. and Tech., Niigata Univ., *Fac. of Sci.,
Niigata Univ., RIKEN Nishina Center.)

In the previous study, we investigated solvent
extraction behavior of Zr and Hf, which were homologs
of Rf using di(2-ethylhexyl)phosphoric acid (HDEHP)
and  2-thenoyltrifluoroacetone (TTA) as chelate
extractants. However, these solvent extraction
experiments by a batch method required shaking time of
several ten minutes to reach extraction equilibrium.
Therefore, more rapid extraction is necessary for short-
lived Rf experiment. In this study, we performed chelate
extraction of Zr and Hf with a rapid extraction apparatus
using a flow injection analysis (FIA) method.
Radiotracers of #Zr and '"Hf were produced by
irradiating *Y and "™Lu targets with a deuteron beam
using the AVF cyclotron at RIKEN. Perchloric or nitric
acid solution containing these radiotracers was pumped by
a double plunger pump and mixed with TTA or HDEHP
in toluene solution in an extraction coil. After
centrifugation of the effluent from the extraction coil, the
aliquot of each phase was subjected to y-ray spectrometry
using a Ge detector. Dependences of distribution ratios
(D) of Zr and Hf on contact time in the extraction coil
showed that the D values with contact time of around 13 s
were about one-tenth of those obtained in the batch
experiments. Therefore, contact time should be increased
to attain extraction equilibrium.

P28 Solvent extraction behavior of lighter homologs
of rutherfordium, zirconium and hafnium, with 4-
isopropyltropolone

OOE, K.!, YAMADA, R.!, GOTO, S.!, KUDO, H?2,
HABA, H.}, KOMORI, Y.}

('Grad. Sch. of Sci. and Tech., Niigata Univ., Fac. of Sci.,
Niigata Univ., *RIKEN Nishina Center)

We have been investigating chelate extraction behavior
of Zr and Hf with TTA and HDEHP for aqueous chemical
studies of element 104, Rf. However, it takes about several
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tens of minutes to attain extraction equilibrium with these
chelating agents. In this study, 4-isopropyltropolone (IPT),
which showed fast kinetics in the extractions of Mo and
W, was used for chelate extraction of Zr and Hf.
Radiotracers of #Zr and '""Hf were produced using the
AVF cyclotron at RIKEN. These radiotracers were
chemically separated from target materials. Sulfuric acid
solution containing the radiotracers was mixed with an
equal volume of IPT in toluene solution. After shaking and
centrifugation, the aliquot of each phase was separated
and subjected to y-ray spectrometry using a Ge detector.
The dependences of distribution ratios of Zr and Hf on
shaking time showed that the extraction equilibrium for Zr
and Hf in 3 M H,SO, was attained within 45 s. This time
for equilibrium with IPT is very fast compared to TTA and
HDEHP extraction, and this extraction system would be
applicable to Rf experiment. In the presentation, we will
also report the mechanism of Zr and Hf extraction with
IPT.

P29 Extraction of group-5 elements, Nb and Ta, from
HF solutions into Aliquat 336 resin: dependence of the
distribution  coefficients on the extractant
concentration

SATO, D.', MURAKAMI, M.}, OOE, K.!, MOTOYAMA,
R.!, HABA, H2, KOMORI, Y., TOYOSHIMA, A2,
MITSUKAL A3, KIKUNAGA, H.4, GOTO, S.!, KUDO,
HS

('Grad. Sch. Sci. and Tech., Niigata Univ., *Nishina
Center for Accelerator Based Science, RIKEN., 3Japan
Atomic Energy Agency., “Research Center for Electron
Photon Science, Tohoku Univ., *Department of Chemistry,
Niigata Univ.)

We studied liquid-liquid and solid-liquid extraction
behaviors of Nb and Ta from HF solutions with Aliquat
336 for the chemical experiment of Db. However, the
chemical behavior of Nb in liquid-liquid extraction was
different from that in the solid-liquid extraction. This
discrepancy may be attributed to the difference in
extracted species in both extractions. In this work,
dependence of the distribution coefficient (Kq) of Nb and
Ta on the Aliquat 336 concentration in resin was studied
to clarify the extracted species in the solid-liquid
extraction. Radiotracers of >>¢Nb and '"°Ta were dissolved
in HF solutions of various concentrations and then were
mixed with the 20-52 wt% Aliquat 336 resin in a
syringeless filter tube. After shaking and filtration, each
supernatant was separately collected in a sample tube, and
was subjected to y-ray spectrometry to deduce the Kg
values. As the result, dependence of K4 values on the
extractant concentration showed a linear relation for both
Nb and Ta. This result is different from that in the liquid-
liquid extraction in which the same slope value was
obtained for Nb and Ta. In the presentation, the results in
other HF concentration will also be reported and
compared with the results of our previous liquid-liquid
extraction.

P30 Solvent extraction of Nb and Ta with triisooctyl
amine from hydrochloric acid solution—Effect of the
preparation method of Ta tracer—

MOTOYAMA, R.!, OOE, K., MURAKAMI, M.Z2
HABA, H.%, GOTO, S.!, KUDO, H.*

('Grad. Sch. of Sci. and Tech., Niigata Univ., 2JAEA,
SRIKEN Nishina Center *Fac. of Sci., Niigata Univ.)

We carried out the solvent extraction of niobium (Nb)
and tantalum (Ta) with triisooctyl amine in Xxylene
solution from hydrochloric acid solution for chemical
experiment of dubnium (Db). It has been reported that the
extraction yield of Nb is greater than that of Ta in this
system. Radiotracers, *¢Nb and '7°Ta, were produced in
the ™Zr(d,xn) and "Hf(d,xn) reactions, respectively.
These radiotracers were chemically isolated by an anion-
exchange method. The tracers were preserved in 1 M HF
(stock solution). An aliquot of the stock solution was
evaporated to dryness and the residue was dissolved in 10
M HCI. Aqueous solution of 10 M HCI containing the
tracers (and carriers) was mixed with an equal volume of
0.12 M TiOA in xylene solution, and the mixture was
shaken for fixed time. The radioactivity of each phase was
measured by a Ge detector. The concentration of stable
isotope of aqueous phase was measured by ICP-AES. The
results showed that when Ta tracer was evaporated to
dryness with 1 M HF and conc. HCI after evaporation of
the stock solution of Ta, the distribution ratio (D) of Ta
became lower. It also became lower, when carriers were
added.

P31 Solvent extraction of W in the HF-Aliquat336
solution systems using a flow solvent extractor
MITSUKAI A.'?, TOYOSHIMA, A.? , KOMORI, Y.,
HABA, H., ASAI, M.2, TSUKADA, K.2, SATO, TK.2,
NAGAME, Y.

('Grad. Sch. of Sci. and Eng., Ibaraki Univ., ?Advanced
Sic. Res. Center., JAEA, *Nishina Center, RIKEN)

Recently, we have started studying a new experimental
method using a rapid and continuous solvent extraction
apparatus FSE (Flow Solvent Extractor) for the aqueous
chemistry of the heaviest elements. In this work, solvent
extraction behavior of W, which is the lighter homologue
of Sg, was examined from HF into toluene with an amine
extractant Aliquat336 by a batch method. In the
experiments, the radioisotope "$!'W (T, = 121.8 d) was
produced in the '8!Ta (d, 2n) '8'W reaction and was used
as a radiotracer after the separation from the Ta target.
After purification, '3'W dissolved in 10* M HF / 1 M HCI
as stock solution. 700 pL of aqueous solution containing
10 pL of the stock solution mixed with same volume of
the organic solution. The mixture was then shaken for 10
minutes, centrifuged 30 seconds and 500-puL aliquots were
separately taken from both the phases into plastic tubes.
These two samples were then separately subjected to y-ray
spectrometry with a Ge detector to determine the amounts
of ¥'W in the two phases. Distribution ratio (D) was
defined by the equation of D = (Aorg / Vorg) / (Aaq / Vag),
where Aoz and Aqq are the radioactivities in organic and
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aqueous phases, respectively, and Vg and V,q are volumes
of organic and aqueous phases, respectively. D values
were then examined as a function of HF concentration in
the range of concentration from 10 to 5 M. As a result, D
values of W were increased above 102 M. This shows that
anionic fluoride complexes are extracted by Aliquat336.

P32 Redox and solvent extraction behavior of astatine
TOYOSHIMA, A.'*3 KANDA, A2 IKEDA, T#*
YOSHIMURA, T, SHINOHARA, A2 YANO, S.3,
KOMORI, Y., HABA, H.3

(!Advanced Sci. Res. Center, Japan Atomic Energy
Agency, 2Grad. Sch. of Sci., Osaka Univ., *Nishina Center
for Accelerator-based Sci. RIKEN, “Fac. of Sci., Osaka
Univ., Radioisotope Center, Osaka Univ.)

Astatine (At) is reported to be oxidized more easily than
its homolog iodine. Champion et al. recently reported
redox potentials of At in 0.1 M HCIO4. However, the
reported reactions are still ambiguous because they only
observed variations of adsorption or extraction values as a
function of potential given by redox couples. In this
presentation, we will report redox and solvent extraction
behavior of At investigated using a flow electrolytic
column (FEC) apparatus. 2!'At with a half-life of 7.22 h
was produced in the 2Bi(a., 2n)*!' At reaction at the AVF
cyclotrons of RCNP, Osaka University and RIKEN
Nishina Center. After the irradiation, >!' At was separated
from the Bi target by a distillation method. Then,
electrolysis of At was carried out using a FEC in 1.0 M
HCIO4. After the electrolysis, solvent extraction with
HDEHP was performed to identify the oxidation states.
The extraction yields increased gradually in the potential
range between -0.2 and 0.2 V vs. a SSE, were constant
within the error from 0.2 V to 0.6 V, and showed a higher
value at 0.8 V. The step-wise increases of the extraction
yields seem to be due to the oxidation of At ions.

P33 Production of Highly-purified “’Cu for Cancer
Therapy with Accelerator Neutrons by Deuterons

HASHIMOTO, K.!, KAWABATA, M.2, SAEKI, H2
SATO, S.2, TSUKADA, K.3, SUGO Y.', NAGAI Y.},
HATSUKAWA, Y.!, WATANABE, S.!, ISHIOKA, N. S.!
(‘National Institutes for Quantum and
Radiological Science and Technology, *Chiyoda
Technol Corporation, *Japan Atomic Energy Agency,)

Copper-67 is an attractive radionuclide for cancer
therapy, because of emissions of medium energy beta
particle (a mean energy of 141 keV) and gamma rays (91,
93, 185 keV) suitable for imaging, and its appropriate
half-life (62 hours). However, the use of “’Cu in clinical
research has been limited due to the difficulty in obtaining
a sufficient amount of ’Cu. In this study, we have
investigated the production of *’Cu by the *®Zn(n,x)*’Cu
reaction (x=n’p, d) using fast neutrons from the "Be(d,n)
reaction. The highly-purified ¢’Cu was obtained from an
irradiated ®ZnO sample which includes ®Ni, “’Ga,
05.69m7n etc. by three columns (cation exchange resin

AG50W, chelate resin chelex-100 and anion exchange
resin AG1-X8). By using the obtained ¢’Cu solution, the
specific radioactivity of ®’Cu was estimated by the
dependence of DOTA concentration upon the labeling
yield of ’Cu-DOTA.

P34 Development of a *''Rn/?"At Generator with a
Closed Extraction System of Syringes via the
Determination of the Relevant At/Rn Separation
Factor

YAMADA, N.!, SHIN, Y.2, OOE, S.2, MURAKAMI, K 2,
HASHIMOTO, K.}, NISHINAKA, 1.}, WASHIYAMA,
K.4, YOKOYAMA, A2

('Grad. Sch. Nat. Sci. Tech., Kanazawa Univ., Coll. and
Inst. Sci. Eng., Kanazawa Univ., 3QuBS., QST., “Inst. Med.
Pharm. Health Sci., Kanazawa Univ.)

HIAt (T, = 7.2 h) is an a-emitter, which has the
advantages of limiting radiation damage outside a tumor
and high efficiency of energy transfer to the tumor.
However, the nuclide has a limit of usage in time and in a
remote location due to its short half-life. Thus, we have
been developing the 2! At generator by milking from 2!'Rn
(T12=14.6 h). In present study, we investigated separation
factor in the dodecane and alcohol solution systems to
look for a better combination for extraction.?''Rn was
produced in the 2®Bi(’Li, 5n)*!'Rn reaction at the JAEA
tandem accelerator. The target was dissolved in a HNO;
solution and the product was extracted to dodecane. The
dodecane was sealed in a syringe. The syringe was
connected to another syringe filled with an alcohol
solution of methanol or ethanol with N-
Bromosuccinimide. After mixing and separation of the
phases, the activities of 2''Rn and ?'' At in the solution was
measured by Ge detector and PERALS liquid scintillation
system. The separation factors were obtained from the
data. These results show that the factors in ethanol are
higher than those in methanol and the best factor of 22 +
1 is attained for 90% ethanol.

P35 An attempt for separation/labeling of *'"At with
resin-supported organotin reagents

KANDA, A., TOYOSHIMA, A.'2, IKEDA, T3
YOSIMURA, T.4, SHINOHARA, A.!

('Grad. Sch. of Sci., Osaka Univ., 2Advanced Sci. Res.
Center, Japan Atomic Energy Egency, *Fac. of Sci., Osaka
Univ., “Radioisotope Center, Osaka Univ.)

Recently, 2!'At (T2 = 7.2 h) is the focus of attention for
its potential applicability for alpha targeted therapy. In this
study, we are attempting to simplify the purification and
preparation procedures of !'At-labelled compounds by
developing a resin which can perform purification and
labeling at the same time, with focusing on the difference
in chemical reactivity between astatine and bismuth. The
resin was prepared to support 3-trimethylstannnyl benzoic
acid N-hydroxysuccinimide ester for labeling astatine to
antibodies. Astatine-211 was produced with a bismuth
oxide target in the reaction of 2’Bi(a, 2n)*!!' At at the AVF
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cyclotron of RCNP, Osaka Univ. After dissolution and pH
adjustment, 5 ml of the 2!' At solution was reacted with 1.5
g vresin under an oxidative condition of N-
iodosuccineimide (NIS) to replace trimethylstannyl group
with astatine. After all residual stannyl groups were
replaced to iodine with an excess of NIS, 5 ml of n-
butylammine 15 mg/ml solution was added and stirred for
20 min. The supernatant was analyzed by HPLC and a
gamma counter. As a result, the replacement of
trimethylstannyl group and astatine was observed.
However, subsequent labeling with the ammine was not
observed. In addition, astatine was reacted with aromatic
rings of styrene residue rather than trimethylstannyl group.
Presently, availability of various base resins without
aromatic rings is examined and each preparation
procedure is optimized with %1,

P36 Development of Real-Time RI Imaging System to
Visualize Ion Transport in Plants.

SUGITA R.!, KOBAYASHI I. N.!, HIROSE A.!, TANOI
K.2, NAKANISHI M. T.!

(!Graduate School of Agricultural and Life Sciences, The
University of Tokyo, PRESTO, Japan Science and
Technology Agency (JST))

We have been developing the real-time radioisotope
imaging system (RRIS) to visualize the element
absorption manner in plants, non-destructively, using the
commercially available radioisotopes. The system
enabled to image how the radioisotope was taken up by
the root and the following translocation and accumulation
manner in the whole plant, after application of the
radioisotope to a culture solution. Further, we also
developed the system to visualize the assimilation process
of '*CO, gas supplied from the up-ground part. When each
radioisotope, ?Na, ®Mg, P, 3°S, K, ¥Ca, **Mn, and
137Cs, was employed as an ion tracer, ion movement from
root to shoot over 24 h was clearly observed in
Arabidopsis. Among these nuclides, 2*Mg and *?K are not
commercially available because of their very short half-
lives. In the case of 2*Mg (half-life:21 hours), we produced
BMg by irradiating Al foil with He beam using an
accelerator. K (half-life:13 hours) was prepared from
“2Ar gas, sealed in a cylinger, by the milking method. The
distribution profile along the main branch was flat for >*Na,
42K, 2P, 35S, and *’Cs. In contrast, high accumulation in
the basal part of the main branch was found for Mg, °Ca,
and **Mn.

P37 Muonic atom extraction experiment by using
intense negative muon beam at J-PARC MUSE
YOSHIDA, G.!, NINOMIYA, K.!, INAGAKI, M.,
TOYODA, M.!, AOK], J.!, KAWAMURA, N.2, MIYAKE,
Y.2, SHINOHARA, A.!

('Grad. sch. Sci., Osaka Univ., 2KEK)

Muonic atom is an atomic system which has a negative
muon substituted an electron. Due to a muon mass is 200
times heavier than an electron, the radius of muonic

orbital is much smaller than electronic orbital. Therefore,
the charge of nucleus (Z) is strongly shielded by the
atomic muon, and electron arrangement of muonic Z atom
is similar to that of Z-1 atom, but the detail still has not
been investigated. The final goal of our study is
investigation of chemical properties of muonic atom by
provoking chemical reaction. For this purpose, we aim to
establish muonic atom beam extraction and handling
technique. It is known that muonic atom becomes highly
positive charged ion just after its formation, because muon
is captured in a highly excited state of atom and
immediately de-excite to muonic ground state by emitting
Auger electrons. Using this property of muonic atom, we
had developed the muonic atom extraction system by time
of flight technique using electric field. In the presentation,
we will report present status on development of muonic
atom extraction system and preliminary result of
accelerator experiment at J-PARC.

P38 Maossbauer Spectroscopic Study on the
Composition of Fe-containing Chondrites
NAKAGAWA, M.}, KANO, Y.!, SATO, W.!2, EBIHARA,
M3

('Grad. School Nat. Sci. Tech., Kanazawa Univ., Inst. Sci.
Eng., Kanazawa Univ., *Grad. School Sci. Eng., Tokyo
Metropolitan Univ.)

Chondrites are the most primary source of parent
bodies; compositional studies on minerals containing iron,
the main constituent element of chondrites, are therefore
very important for obtaining information on the formation
process of our solar system. In this work, we obtained
room-temperature ~ Mossbauer  spectra  for  the
compositional study of an ordinary chondrite Saratov (L4)
and a carbonaceous chondrite Allende (CV3). The
spectrum observed for Saratov consists of components
assignable to olivine, pyroxene, FeS, Fe-Ni, and Fe*'-
containing phase, and that for Allende only olivine, FeS,
and Fe’" phase. In the present paper, we propose a new
method for the chemical classification of chondrites using
literature values of the Mdssbauer parameters reported for
other various chondrites in addition to our data of Saratov
and Allende. The correlation between the atomic ratio of
iron in oxidized minerals (silicate and oxide) and that in
reduced minerals (Fe-Ni and FeS) demonstrates the
possibility of their chemical classification. In the
presentation, we also discuss other ways for the
classification.

P39 Chemical states of iron in the ancient woods
excavated from the foothills of Mt. Chokai and their
ashes

YAMAUCHL, S.!, KURIMOTO, Y.!, YAMAGISHI, T2,
SAKAL Y.}

('Akita Pref. Univ., 2Seikei Univ., *Daido Univ.)

Umoregi is ancient wood buried under the ground for a
long time and much more expensive than ordinary wood
as material for furniture or construction owing to its dark
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color tone. Ash made from umoregi was sold in as a top-
quality products because of its smoothness. Umoregi is
often iron-rich, and iron has been expected to be the cause
of umoregi color. Few reports are, however, available on
iron contained in Umoregi or its ash.

To understand the chemical states of iron species, we
recorded Mossbauer spectra of umoregi woods and their
ashes. Umoregi woods were sugi, keyaki, konara and kuri
buried about 2,500 years ago and excavated from the
foothills of Mt. Chokai. Sugi and keyaki are dark brown
and deep green, respectively. Konara and kuri are black.
From the Mbossbauer parameters, iron contained in
umoregi woods was likely to be high-spin Fe*" and Fe?*
was undetectable. The Mdssbauer spectra of umoregi
ashes showed several sextets, suggesting that the ashes
contain a-Fe;Os, CayFeOs, and CaFe,Oy.

P40 Calcium substitution effect on
properties of Sr(Sna-vFex)Oss

SHIGEYO SUZUKI', TOMOYA MIZUNUMA
KIYOSHI NOMURA'2, ATSUSHI OKAZAWA? YUYA
KOIKE!

(*Meiji Univ., Tokyo Univ. Sci., *Tokyo Univ.)

magnetic

It was reported that SrSnu.oFe.Os; with x = 8%
shows the ferromagnetism. It could be applied to RT dilute
magnetic semiconductor. In this report, the chemical
pressure on SrSnpo2Fep0sO3 was studied by doping Ca
ions into Sr sites.  Srq.y)CaySn(.nFexO3 were prepared
by using a sol-gel method and heated at 400 °C for 2 hours
and at 1000 °C for 2 hours. These oxides were investigated
by X-ray diffractionmetry (XRD), a vibrating sample
magnetometer (VSM) and Mossbauer spectrometry.
Perovskite oxides with 30 - 40 nm in diameter were
obtained and the lattice parameters decreased with the
increase of Ca doping rates. All samples showed the larger
ferromagnetism than SrSnFeOss without Ca. Only
paramagnetic doublets were observed in the Mdssbauer
spectra of SrSnO3 doped with less than 10 % Ca although
the VSM results showed ferromagnetism. The substitution
of Sr site by Ca ions decreased the volume of unit cell. It
is considered that the chemical pressure due to the
decrease  of lattice  parameter enhanced the
ferromagnetism.

P41 Separation and purification of Pm for Pm@Can
synthesis with higher specific radioactivity
MIYAUCHI, S.!, AKIYAMA, K.!, KIKUNAGA, H.2,
KUBUK]I, S.!

('Tokyo Metropolitan Univ., 2ELPH, Tohoku Univ.)

Endohedral metallofullerenes (EMFs), which are
fullerenes including metal atoms, have attracted interest
because of their unique physical and chemical properties.
Previously, we reported the synthesis of Pm@C,, using
3Pm produced by photonuclear reaction of natural Sm
and revealed that the oxidation state of Pm in the Cg
fullerene cage is +3. However, further information about

the properties of Pm@C:, has not been obtained because
of large amount of Sm preventing the synthesis of
SPm@C,, with high specific radioactivity in spite of the
requirement of the high specific radioactivity. Therefore,
we tried to separate Pm from large amount of Sm by cation
exchange chromatography.

The commercially produced cation exchange column of
Inertsil CX (GL Science inc.) was employed for the Pm
separation using 0.2 M o-hydoroxisobutyric acid (o-
HIBA) as the eluent.

As the results of HPLC separation, Sm and Pm were
observed in the fraction from 18 to 22 minute and from 22
to 30 minute, respectively. The value of peak resolution
evaluated from these retention time is found to be 1.65. In
conclusion, the specific radioactivity of **Pm would be
estimated to be 1700 times larger than before separation if
the fraction from 22 to 30 minute are collected under
above separation condition.

P42 Dependence of valence states of molybdenum for
its isotope separation coefficients

TACHIBANA, Y.!, KANESHIKI, T.2, NOGAMI, M.},
SUZUKI, T.!, NOMURA, M.?

('Grad. Sch. of Eng., Nagaoka Univ. of Tech., ?Lab. for
Advanced Nuclear Energy, Tokyo Institute of Technology,
3Fac. of Sci. and Tech., Kindai Univ.)

PmTe with T, = 6.015 h is of great interest to the
medical application of nuclear diagnostics. Mo which is
a raw material of **™Tc, is produced by using nuclear
research reactors with highly enriched 2*3U and supplier
have some serious worries for nuclear proliferation.
Therefore, it has been strongly expected to develop novel
domestic production technologies of Mo without highly
enriched 2°U. Recently, some researchers have suggested
to produce *Mo by means of **Mo(n, y)*’Mo, '“Mo(n,
2n)*’Mo reactions. However, before their reactions, it has
also been required to enrich *®*Mo or '°Mo previously for
preparation of the enriched Mo because of
comparatively low natural abundance of **Mo and '**Mo.
So we have performed some chromatographic isotope
separation experiments of hexavalent Mo using typical
resins in aqueous HCI solutions and we still have not
obtained satisfied isotope separation coefficients of
hexavalent Mo. To improve them dramatically, we have
focused on chemical behavior between pentavalent and
hexavalent states on chromatographic fractionation of Mo
isotope in aqueous HCI solutions. Based on this viewpoint,
we have examined on the effect of valence state for Mo
isotope fractionation behavior using typical anion-
exchange resins in HCI solutions.

P43 Inspection of rotating object with positron-
emitting nuclides

KAMBARA, T., YOSHIDA, A., HABA, H.

(RIKEN Nishina Center)

We develop a method to image the 2-dimensional
distribution of an RI source of a positron-emitting nuclide
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on a rotating object for industrial applications. The
method is same in principle as 2-dimensional positron-
emission tomography (PET) but the instrument is simpler
and less expensive with minimal composition of detectors.
A pair of collimated detectors is on the both sides of a
continuously rotating object with positron-emitting source
and makes linear back-and—forth motion. When the source
is on the line between the detectors (LOR) two 511-
keVgamma-ray photons from positron annihilation can be
detected simultaneously. A sinogram is obtained from the
detection rate plotted as a function of the rotation angle
and displacement of LOR.

We have tested the method with a prototype instrument
with two sets of Nal(Tl) detectors on both sides of a
rotating turntable (140-mm diameter) that holds Na-22
sources. The turntable rotated at 150rpm and the detectors
moved back-and-forth in parallel over 148-mm span by 2-
mm step. Obtained sonograms were treated with
maximum likelihood-expectation maximization (ML-
EM) algorithm to reproduce the source distribution. The
full width at half maximum of reproduced image of a point
source was about within 3 mm, and the shapes of two-
dimensional sources were well reproduced.

P44 Nondestructive analysis of radioactive nuclides in
J-PARC ANNRI

TOH, Y.!, EBIHARA, M.2, HUANG, M.}, KIMURA, A.!,
NAKAMURA, S.!, SEGAWA, M.!

('Nucl. Sci. and Eng. Center, JAEA, ?Dep. of Chem.,
TMU)

The Accurate Neutron-Nucleus Reaction Measurement
Instrument (ANNRI) has been designed and developed for
prompt gamma-ray analysis (PGA), nuclear cross-section
data measurement, and nuclear astrophysics. We have
developed the nondestructive analytical method (TOF-
PGA) which combines PGA and TOF by using an intense
pulsed neutron beam at J-PARC/MLF/ANNRI.

We have attempted to apply TOF-PGA to the specific
detection of radioactive isotopes in simulated samples of
platinum group metals in four-group partitioning process.
The Ge detector array, a combination of two cluster-Ge
detectors and seven large coaxial-Ge detectors and BGO
anti-Compton shields, is used for measurement of the
simulated samples. Pure metal samples of platinum group
provided clear peaks on the PGA and TOF spectra.
However, a large number of peaks on the PGA and TOF
caused interference with other peaks in simulated samples.
By contrast, TOF-PGA method allows us to eliminate or
at least to greatly suppress the interference from the other
nuclides. In this study, we will provide more details of
analysis and experimental results.

This work was supported in part by Grants-in-Aid for
Scientific Research (25246038).

-152 -



FREZEL|



Abe, H.

Akiyama, K.

Aoki, J.
Arai, H.
Asai, M.

Asazuma, S.

Azuma, K.

Baba, H.
Bamba, S.

Borschevsky, A.

Caffee, M. W.

Chiba, M.
Chikada, T.

Diillmann,
Ch. E.

Eberhardt, K.

Ebihara, M.

Eichler, R.
Figl, R.
Esaka, F.

Fan, Q.
Fujii, K.
Fujimori, K.

Fujisawa, T.

— A —

PR TAE
FRILIATZ
HA E
B B
BN

BEEH— B
A oy

— B —

5
L

A. Borschevsky

—C—

M. W. Caffee

THEEHE
BHESEZEP S

— D —

Ch. E.
Diillmann

— E—

K. Eberhardt

mBER 7T

R. Eichler
R. Eigl
MRS

— F —

Q. Fan
AR
AR &
- 3E 1587

HRABATILD 7Rv KIEZES|
(*IBBEEETY)

Fujita, H.
Fujita, H.
Fujita, N.
Fukuda, D.
Fukuda, M.
Fukuda, T.

03, Fukumoto, M.

Furukawa, J.
Furuta, E.

Ganeshraja,
A.S.

Goto, S.

Goto, S.
Grund, J.

Haba, H.

Hagiwara, K.
Hagiwara, M.
Hama, K.
Hara, M.

Hashimoto, K.

Hatano, Y.

Hatazawa, J.

Hatsukawa, Y.

Hayakawa, T.
Higaki, S.
Higemoto, W.
Hirose, A.
Hirose, K.
Hiwatashi, M.
Honda, M.
Hoshino, M.
Hosoda, K.

-153 -

e R
RS
i JEEETY
(PN
KGN
R —
fwA 2
GOl
i

— G —

A.S.
Ganeshraja

B E —

T
J. Grund

— H—

BB

R BER
RRIUHE 2
H Wi
5 IE&
fEAM=E

% B G
M e
) 11—

BIEN
RIAIEE
BA H
R
JE IR A R
8 B
K% Hifd
EEPHE
EEISIPS

2501, LA0S, LAQQ,
BOI, 1B04, LBOG,
1B10, 2A02, 2B02,
P27, P28, P29,
P30, P31, P32, P43
P02, P08

E

g



Hosoya, S.
Huang, M.

Ichikawa, S.
Ikeda, H.
Ikeda, K.
Ikeda, T.
Imagawa, S.
Inagaki, J.
Inagaki, M.
Ishii, Y.
Ishimaru, T.
Ishioka, N. S.
Isogai, E.
Isogai, K.
Itabashi, Y.
Ito, T. U.
Iwahana, Y.
Iwamoto, N.

Iwamoto, Y.

Kabuki, S.
Kaji, D.

Kakuta, S.
Kamada, H.
Kambara, T.
Kanazawa, K.
Kanda, A.
Kanda, J.
Kaneko, K.
Kaneko, M.
Kaneshiki, T.
Kaneya, Y.
Kano, Y.

Kasamatsu, Y.

Kato, Y.
Kawabata, M.
Kawamura, N.

Kikunaga, H.

Kimura, A.

Kimura, E.

i1 —
HEASECEUN
it FH A R
it P =
Sl
TR AE AL
PRI 3
AR
A &
A ] i1
BEEET
Tk HE g
TR
e =
PER N2
AAEZ
FHICHEST

— K —

BRAREA
JIIFEPNGY

£ FH A — B
7 JREp A
M IE
BRI
AT 52 78
GV PN
B F-f ]
& BUK
sl
e hise
ANEER

RVAINEES

INEERG 1€
i 5 ¥
TS i EE
IR EHF

A &
ARFo—

P26
3B07", P44
1B08
2AQ5"
3B08

P32, P35
P04

1B10
2B03, P37
p19*

1A01
LB05. P33
LAOD, 1A06
P03, P21
1A04

2B03

P08

1B05

1B03

2A03
2501*, 1B06G*
LB10, 2A02
3A05

1BO7

P43"

P15

P32, P35"
1A01

P03
3502", 3B04"
P42

1BO7*, 1BO8
P38
3501°, 1B02.
1809, HSJ)
P10

LBO3, 2A04*
2B03, P37
1B01°, 1B10
P4l

3807, P44
1A04

Kimura, H.
Kino, Y.

Kishimoto, T.
Kitagawa, A.
Kitatsuji, Y.
Koarai, K.
Kobayashi, N. I.
Kobayashi, Y.
Kodama, R.
Kohnosu, Y.
Koike, Y.

Komatsuda, S.

Komori, Y.

Kondo, A.
Kondo, N.
Koriyama, S.
Kratz, J. V.
Kubo, K.
Kubuki, S.
Kudo, A.
Kudo, H.

Kudou, Y.
Kumamoto, Y.
Kume, T.
Kurihara, Y.
Kurimoto, Y.
Kurosawa, T.

Kusama, K.

Maeda, E.
Magara, M.
Makii, H.
Maruta, F.
Matsubara, R.
Matsue, T.
Matsumoto, M.
Matsumura, M.
Matsunaka, T.
Matsuo, M.
Matsuta, K.
Matsuura, H.

-154 -

AR T2
AREF &

AR
B[S
Pl Ao
INFH—E
INMRZR 38 -
INR
R
M
INHARHL

AN NEERL RN
INRE AT

ik b
I e R
AR
J. V. Kratz
KRR
A BEARELR
Tk K
TREAH

THREthE
AERME— BB
BE R —
SRR
BN E
LA S

— M —

HIFHZER
frd A 1 B
Bt 2
FH 2
NGE SRS
SIREYN
FATA R
NSRS
Finr 5 th
R
A ok
STEREL

2A03
1A04, LAQ5, LAQG
2B04*, P17

z E
2

o)
o8]
-
N

*

—
>
=)
It

*
—
>
o

IS
g
—
-J

E|

o
o)
=)
prt
o
o)
=
)

B
o
NeJ

o
(\]
ICo

P02, P08, P11,
P13, P24, P40
2B06, 2B07*

LB04, LB0G, 1BI10"
2A_023 Ma Plg
P29, P31, P32
P20

1B09*

1A04

1B07, 1B08
aB01, 2303
2B01, P4l
paor

LB11, P27, P28,
P29, P30
1809

P22

POS

wﬂ P—llv m
P39

1A03

2A07

2A01

P15, P16
1B07, 1B08
P23

P20

P09

1B04, 2402
P03, P26

&57 ﬁ*

POl

2B08

P04

)

)
)



Matsuzaki, H.

Mihara, M.
Minato, F.
Minowa, H.
Mitachi, K.
Mitsugashira, T.
Mitsukai, A.

Miura, H.
Miura, T.
Miyake, Y.
Miyamoto, Y.
Miyashita, S.
Miyashita, Y.
Miyata, Y.
Miyauchi, S.
Miyazaki, J.
Miyoshi, H.
Mizumoto, T.
Mizunuma, T.
Mori, K.
Moriguchi, Y.
Morimoto, K.
Morimoto, T.
Morita, K.
Morito, Y.
Motoishi, S.
Motoyama, R.
Murakami, K.
Murakami, M.
Muramatsu, H.

Muranoi, T.

Nagahashi, T.
Nagai, H.
Nagai, M.
Nagai, Y.

Nagakawa, Y.
Nagame, Y.
Nagao, S.
Nagaoka, M.
Nagase, M.
Nagatomo, T.
Naguwa, R.

Tl 5 2

= I B
BORE
Hiw (3% A
= FH LB
= BRI
KBRS

Rl
=R
— R
EARILR H
HE OE
B NHE
= ARG
BN
HoOE
= HF5h—
KA
KA L H
H ¥
AR —
FRASEH]
FON S
FRHEIEN
ARt
A H]
ENITE=A
F EZ4
W EES
WA AFI
NEH K

— N —

A&
ARFE A
IKFETAR
K I 2R

B S
K H R — R
RREWH
BN ES
KPR
RE B
7% R

, Nakagawa, M.

Nakajima, T.
Nakajima, T.
Nakamura, S.
Nakamura, T.

Nakanishi, T. M.

Nakashima, S.

, Nanbu, A.

Nemoto, K.
Nihei, N.
Niizato, T.
Ninomiya, K.

Nishiizumi, K.
Nishimagi, S.
Nishinaka, I.
Nishino, S.
Nishio, K.
Nishiyama, J.
Nishizawa, K.
Nitta, W.
Nogami, M.
Nohara, S.
Nojima, T.
Nomura, K.

Nomura, M.

Obuchi, A.
Ochi, K.
Oda, H.
Ogata, Y.
Ohara, T.
Ohkubo, Y.
Ohno, T.
Ohta, Y.
Ohte, N.
Ohtsuki, T.
Oka, T.
Okada, Y.
Okazawa, A.
Okumura, S.
Omtvedt, J. P.
Onda, Y.
Ono, H.

- 155 -

Hp 1 LA
rh i S
Hp
R A ]
FRR A
HPE A1
e H
FARHHEA
WA EAN
TIE
FEES
“EME

(B39
P [T AR S
P — B
[LESTEIN
i A
P LA
Va TS
B wE
B LA
B IkE—
B R
SN eSS
PR HER

—0—

RN
AR R KB
INHTLE
FEHRE
RIFEHE
KA &
KRE Wl
AHB—
KFEEAN
KL
[
] FE A3
e =
HBNEE
J. P. Omtvedt
BHm—
INES PEA

el
Co
CO

*

—_
>
(=)
I~

H

w|>
(>}

.- Ne}

o)

L~

[~

e,
=
N}
e
L~
l—‘
—
L~
o

e
Co
=}

V]
o)
=)
W~

— =
>w|
()

w *

—_
>
()
o

*

S)
—
NeJ

H
wEﬂ
(e}

uw *

.
4=
()

\.CO -

.
w|>
i

R,
Co
-3

H
2 =
Hio

DO
>
o
=

*
g
Co
=~

v
DO
[\

— =
> |
()
o
—_
>
(=)
(@)
\.*
el
—
\]

e
o
Sy

o)
o]
ICo

o
[~
[\VJ

)
(]
=

o
>
-
<N

DO
>
(@}
o

*
0
.o}
O
o

*
g
i~
o

o
ne
[N}

U |
o o
NI o3
L~
—

o
o8]
=)
Go

*
g
[N}
Gt

*

< E|

™)
o8]
-
IS
™)
o8]
=)
~J

o
>
=)
N

aw)
[\
—

—
>
()
o

—
-,
=]
—
—
o,
O
[\

—
>
=)

I
—
>
o

N

I"U
—
-~J

*

"Ulgl
=
@l RN

ae,
O
[\

*

—
(@8,
i
o

—
>
(=)
AN

)
>
-
<N



Ono, T.
Ooe, K.

Ooe, S.
Osa, A.
Osaka, K.
Osawa, T.
Oshimi, Y.
Otobe, H.
Ouchi, K.
Ouchi, K.
Oura, Y.
Oya, Y.

Pershina, V.

Runke, J.

Saeki, H.
Saito, T.

Sakaguchi, A.

Sakai, H.
Sakai, Y.
Sakama, M.
Sakurada, S.
Sakurai, N.
Sasa, K.
Sasaki, K.
Sato, D.

Sato, T. K.

Sato, M.
Sato, N.
Sato, S.
Sato, S.
Sato, W.

Sato, Y.
Satou, Y.

REFI s
KIL—ah

RILE

R W
N
REEZAN
R K
ERSETEG
NG
PNAIEG
K2R
RRARA

— P —

V. Pershina

— R —

J. Runke

— S —

frEArZs th
TR
W &

W
MR —
Bl &
R HFIR
i A
AR
1 e K& —
{RETRE R i

(T th

{RETREERE
ke 2
e E—
R —
ik %

et T
RS

3A03
1B07, 1B08, 1B10,
P29, P30

P34

1B07, 1B

A A

3
O
0%

—_

P17

o]
I
—

o
=2

H
2k
:

|

o
o8]
-
>

— —
) -
oo Ne}
—_
>
()
Ne)
*

s
>
o
=

H
oS}
=
=

—
8]
=)
AN

—
-,
o

ot
N
>
(=)

=
g
o
o

av)
N
NG

—
>
(o]
—
—
o8,
—

=
V)
>
=]
Ot

*

v
=)
ot
—
[\

w
~

—
v}
S

=
—
o8}
S
[0%¢)

E|
E |

s
>
(]
P

H
>
—

S
e
-

o
[N}
=N

—
>
e}

vCﬂ
—
>
o

\.C)
v}
—
N |

—
o)
=)

=
—_
o)
-

I
—_
o8]
=

o

IS

[N}
2
=
o
*
—
o)
S
=3

—
o,
©
%¢)

*
N
>
|
vOJ
v}
Co
—

o)
-,
=)
[N}

H
d[\')
E

>

Bl

o
o8]
S
=

)
Co
ICo

N
o8]
-
QO‘!
I~
-]
-
S

*
)
o8]
-
=

N
(o8]
S
o
o
es]
S
QH
I"U
o
|

o
o8]
S
=

—
>
—
<
e,
Ot

Schéidel, M.
Segawa, M.
Seino, U.
Sekimoto, S.
Sekine, T.
Sera, K.
Seto, H.
Shibata, M.
Shibata, S.
Shibazaki, M.
Shigekawa, Y.

Shigihara, T.
Shikamori, Y.
Shima, N.
Shima, T.
Shimizu, H.
Shimizu, Y.

Shimomura, K.

Shimosegawa, E.

Shin, Y.
Shinoda, H.
Shinohara, A.

Shinohara, H.
Shiobara, R.
Shirai, K.
Shirai, N.
Shirasaki, K.

Shozugawa, K.

Sigekawa, Y.
Singu, K.
Soemori, A.
Sonoda, S.
Steinegger, P.
Stora, T.
Strasser, P.
Sueki, K.

Sugita, R.
Sugo, Y.

Suzuki, A.
Suzuki, D.
Suzuki, K.
Suzuki, M.
Suzuki, S.

- 156 -

M. Schéadel
T 1] JFR B 1
HE R T
BA &
B
TH R — BB
W= TS
SeHE
SEH R —
Sl 8=

EERTINE-PN

MR B
e EE AT
5 E#
g E&
TE /KA @
TEK R
TN — BB
AT
W o=
BH F
‘R B

(LI
H R A
HHAEH
I A
SIEEIN
NGBS R
EERTIN PN
e —ER
INZETYN
(] FE e
P. Steinegger
T. Stora

P. Strasser

RAES

M H5E
VIEEES
AR
A K
WARZEHE
WAREA
A

—
s}
=

"~
—
s}
=)
[07]

v}
H~
P~

C
[N}
ICo

*

— =
:>|$::|
()
Iz &
— =
1
()

1=

e
o
S

-
©
NeJ

—
o

—
o)
=

I
—
o)
=)

=
o
>
o
¥

B
o
NeJ

—
@3]
-

I
—
os)
S

I

o
> |
()
)J;\‘
—_
(es]
[

o
>
=)
It

H
wFl
o 1O
w[\i

™)
o]
S
50

*

—
>
=)

I
—
>
o

IS

N I
= E|
O

1

v
Co
NG

—
>
=)

I
—
>
o

IS

—
El
“r—
>
=

—
o)
=

I
—
o)
S

IS

~
o8]
o
I
g
=)
I3

g
Co
I
o
|

"U
o
=

o
—
ICo

*

—
-,
=)

v\]
—
@8,
—
—

*

o =
wtl
[l ‘e
U‘u
-
El
(-}

v
e}
—

_.
o8]
S
AN

H
S
=

)
>
-
o

_.
o8]
S
AN

o =
oo o]
=
o

—
>
—

\.O

O
|u>
(=}
\.O'l

J
=}
o

H
wE“E
(=) @)
U\ *

-

o

—_
>
(=)
AN

*

e
—
Ot

]
]
=

o
o8]
=)
=

*

B
I
o

*

e
it
=

—
.,
-

1%

g
=
~

2 E
- ~J
QOT\'[\D

J
Co
no



Suzuki, T.
Suzuki, T.
Suzuki, T.

Tabei, K.
Tachibana, Y.
Tada, J.
Tagami, K.
Taguchi, A.
Takada, A.
Takahashi, A.
Takahashi, A.
Takahashi, J.
Takahashi, K.

Takahashi, M.

Takahashi, N.
Takahashi, T.
Takahashi, Y.
Takaku, Y.
Takamiya, K.
Takeda, S.
Takenaka, S.
Takeuchi, N.

Takeyama, M.

Tamari, T.
Tanaka, K.
Tanaka, K.
Tanaka, T.
Tanigawa, S.
Taniguchi, T.
Tanimori, T.
Tanoi, K.
Terai, T.

Terashima, C.

Thorler-
Pospiech, P.
Toh, Y.
Tokizawa, T.
Tomita, J.
Tomita, R.

Tomitsuka, T.

Toyoda, M.
Toyooka, S.

Toyoshima, A.

ARBUZ
AR
AR

— T —

HEH
A B
% HIE— A
H AT
HE B
e FHVE SR
miE i
=i 5%
e
A
EEEE
1PN
=g %
S S
= A —
S
B
P IRIR
A E TS
KL SEE
ESVILe s
HH 5
FH e
HH 2R 5
AFERER
A LR
B E
FH 55 B K 1
FH PR
R
P. Thorler-
Pospiech
[
{53E X
& A
&
A
S IR
SR A

SRS JF 5L

Trautmann, N.
Tsukada, K.

Tsukamoto, T.
Tsuruta, H.

Uchida, S.
Uchiyama, T.
Uemura, Y.
Uesugi, M.

Wakabayashi, Y.
Wakitani, Y.
Wang, J.
Wang, XS.
Washiyama, K.
Watanabe, K.
Watanabe, M.
Watanabe, S.
Watanabe, S.
Watanabe, S.
Watanabe, Y.

Yakushev, A.
Yamada, N.
Yamada, R.
Yamada, T.
Yamada, T.
Yamada, Y.
Yamagata, T.
Yamagishi, T.
Yamaguchi, Y.
Yamaki, S.
Yamamichi, M.
Yamamori, K.
Yamamoto, M.
Yamamoto, S.
Yamamura, T.
Yamasaki, S.
Yamauchi, S.
Yamazaki, K.

- 157 -

N. Trautmann

BT FIH

BAMIR
R kE

— U —

RERPS
IS
IS
EAZIER

— W —

HRBRE
i £ e — BB
T EHRE
E OBEK
ANEZE
JEEE T
i3z va
Ba
P — BB
SV 3
ESUR AP S

—Y —

A. Yakushev
IIEEEGPN
(L 52
(LTS24
(L FH T4
(L1 FH R
(L 0
LfFs= 2
TN =¥
AR X H
(L& LR
(LI <A F
LA B A
A B
(L s A
(LR ¥5%
%
(Ll L A

—
o8]
=
SN

—
o
=)
W~

o
o8]
o
o

J
N
—

*

)
>
()

\.H
g
o
=

—
-,
=)

e~
—
@8,
—

o
N
>
=i
[\

V]
o)
=)
W~

> e
= |
=

v
=}
N

DO
>
(@)
N

)
@p]
-
o

*
—
.,
S
-J

el
Co
i~

*

B
(N
-3

*
)
I\
co

—
e}
(]
=

2

E|

0
e}
O
p—
V)
e}
O
[\o}

*

—
>
©

100
av
N
[\

g
CO
NoJ

— =
wE|
(=)
v@
-
0
o

v
I\]
—

g
—
N

*

3504*, P12
po1*
3B05*

el
* Mot

)
>
-

1o
5
)
X



Yanaga, M.
Yano, S.

Yashima, H.
Yasuda, K.
Yasuda, Y.

Yokoyama, A.

Yoshida, A.
Yoshida, G.

Yoshikawa, H.

Yoshimura, T.

Yuasa, Y.
Yunoki, A.

Zang, 7.

FKIKFN
FKANEAR

AN
2 R ffE— B
2 FH 55
REILBE
HH &
S M
EES:]

L

R EEES
Mk #

— 7 —

kTR

.
©
o

*

—
o8]
=)
e~

*

N
>
o
o

—
0

— g
= =
O 1ot
\S) *
3 -

DO
>
O
=

= E

N
o8]
-
Y]

*

Sl
—
co

—
>
-
—

J
o
I

EE

R
o
N

g
—
=p}

>—~
o8]
S
S

w =
= |
=
S 1D

g
o
|

*

BOT,

—
—
o

g
—
N

- 158 -



NER - SR OREICHZDET LT,
BITOiEZE, BiEhSCmAeWcREFE U,
BELEHBHELLEFEI,

R EE
BNV HR)

NS
FrIRSIv/IY (K)
(¥K) BIZZAFPR
(%K) BARREFHEMICH
BUONY (KK)



MIRION CANBERRA

TECHMNOGLOG|ES

Y FrURTTRI ORBREHNS 7L
B RET R D EREI SIGAET
LETEBLERRZRELTHET,

BIAHR I54AR50b BRANR RAERERRIS/FR20k
Cryo-Pulse® 5 plus Cryo-Cycle ™ II
(DF4F1VR 5 FTSR) (95444 1)

ISOCS™': InSpector1000 ™ : wTH Y
HORBAT AT L FORIARGROAY—R [ A—4

5XLBS ) —X LB4200 & - ﬁ;77+UXF ot
S HHF S 1 peLmls 7 = EF v RIEINVHTIHUR YT NFIoSr—F
B/399559 R a/B BEIFHAIV AT L o B RS 2L o E B R Ls

BER Rl SS5LI3KEA




HITACHI
'U'—/\‘q'x_g Inspire the Next

LUCREST

[%]&&Tlux. [BL. B &X T crest.
LUCRESTICIE . EDHZEIRETHET.
APHED[BABVWRR| EBS LRI ZULTIRIZRDINE
TZ TUKEVSESHTHSNTLET,

{ SAIFrvT
- BBV EF CHERMEDOBLREET N
. HuF IR T4 2T A TR >

« BE-BRE- AVI\ONEINY IRV D LERER
o BiHE EREDAEUREDIIEE

o RHBRBIICAEURA VT -
BRI R wF Z& A
® USBE%Z)‘:EU;_Q%LJJ"IEHLJEJE\E

G :
o pgm L
TCS-1362 O

LUCRESTId RSt AU RFFDERER C I

@ **EC%*:I: E ﬁ%{lﬁﬁ ﬁ www.hitachi.co.jp/healthcare




59474 b—7 (RI) Rilb
Radioisotope(RI) handling facility

ERBAHR ( REFRE, ataRaR ) ikHEsR

Medical radioactive rays handling facility

. = © BEHRBREDICE DK HSERE= 21U VY
IS RV AEEBBE=RUY BELUBEAE
Accelerator handling facility ggﬁ%@;ﬁﬁgg%ﬁ

- EREDOREE=4U VS  BERHORMEEEIE
O R | BURMERS L UBHERBSORTERER
@ R | BURpEEREREt - BT - A H LT« T
O R I HERELTE
@ BEHRBRESICE D RIEBFEER
O© MEHREIERERT
©® MEREEI IV R Y
@ HSHREBREERFIIR
® SEEEEERRT

HWAETRT BERSNT) @R | EEEEY 7 MR, EHEL - (RESHERS

http://www.jer.co.jpo/ EERFATHEER 1 —4(BSHENE)| [BEIEE/ LU IATSE/ RSESRETEE (BETEE| (1509001584 |
m vy = po-
‘l’ﬁﬂﬁﬂBKlﬂiﬂiﬂﬁﬁHﬁFﬁ EREREXEMR T342-0008 FHERF/NHES—3 Tel.048-991-9461 Fax. 048-991-9460

E&. LA, HiB, BE, T, BR. ABE. XK N # T160-0023 HEEHERFEHE6 —24—1  Tel. 03-5322-2271 Fax. 03-5322-2272




N

saint-coBaIN W IR L&, RIANSZ20—2 - THMAEST.
70—-RIL - R 3—RGEBRRBO> > TFL—2%BHKIC
RHIVELSFT.

o Scintillation Detectors
nsor-Ni
se 50 Kit I (Nal,LaBr3,BGO,Plastic, *© ° )
MCA-BASE +Divider + MCA + HV are only in

One-body or Two-bodies

Windows / Linux

Sciptillator PMT HV MCA
%

Ethernet / Wi-Fi

“Windows Android
Client Client

Linux
Client

LaBr; (Ce)

New!pit-+HS > FL—42
e Cs:LiLaBr¢ (Ce?')
. o3t
FWHM=2.8% @662keV [CLLB:Ce™]
Decay Time 16 nsec l
. B N n-y Pulse Shape Discrimination
Qo - P—

-
o

}
3 3
\
\\
\
\
\
\\
\
\
e
l‘.f‘
v

Intensity {a.u.
\

S0
:i': « Gamma|
E': *  Neutron
d" 500 1000 1500 2000 2500 3000 3500
Time (ns)

500 Cing Cents Francs

> = DAY /Hi_t’é"*i T102-0083 ZRIZERF{XHXZMHET 3-7
Tel 03-3263-0559 Fax 03-5212-2196

URL  http://www.saint-gobain.co.jp/product/category/crystal/

HR&+€ yasuo.watanabe@saint-gobain.com (Y ¥E)




2016 HABEHLZEHE « 5 60 BMEHEZEmE
MREARREES

mEE - 17 2016 HABRGHMLZEESR - 5 60 LELZEmE
XITRE® (RERK T AR)

=SS R KFEZEMEZER ZERZHRE
T950-2181 ¥BRmAXRA+E 2 MOHE] 8050
E-mail: sorc60@chem.sc.niigata-u.ac.jp

178 ! 2016 £9 A 1H
ENRY KRN St

X FFEE - STAE U ICAZBENERE L < (E—HD
I, BN, 85, TOMOERERELII,

© 2016 HABEHMEZ &




	目次
	交通アクセス
	会場案内図
	日程表
	プログラム
	放射化学討論会60回記念講演
	2S01
	2S02
	2S03

	奨励賞受賞講演
	3S01
	3S02
	3S03

	学会賞受賞講演
	3S04

	口頭発表
	1日目A会場
	1A01
	1A02
	1A03
	1A04
	1A05
	1A06
	1A07
	1A08
	1A09
	1A10
	1A11

	1日目B会場
	1B01
	1B02
	1B03
	1B04
	1B05
	1B06
	1B07
	1B08
	1B09
	1B10
	1B11

	2日目A会場
	2A01
	2A02
	2A03
	2A04
	2A05
	2A06
	2A07
	2A08

	2日目B会場
	2B01
	2B02
	2B03
	2B04
	2B05
	2B06
	2B07
	2B08

	3日目A会場
	3A01
	3A02
	3A03
	3A04
	3A05
	3A06
	3A07

	3日目B会場
	3B01
	3B02
	3B03
	3B04
	3B05
	3B06
	3B07
	3B08


	ポスター発表
	P01
	P02
	P03
	P04
	P05
	P06
	P07
	P08
	P09
	P10
	P11
	P12
	P13
	P14
	P15
	P16
	P17
	P18
	P19
	P20
	P21
	P22
	P23
	P24
	P25
	P26
	P27
	P28
	P29
	P30
	P31
	P32
	P33
	P34
	P35
	P36
	P37
	P38
	P39
	P40
	P41
	P42
	P43
	P44

	English Abstract
	発表者索引



