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[2%3C#R] [1]]7. Aaltonen ef al, Phys. Rev. C 41, 513-516 (1990).

Measurement of the excitation functions of Np isotopes in U+p and Th+Li reactions.

HAYAKAWA, Y., SAKAGUCHI, A., MURATA, M., MATSUMURA, N., FUJINUMA, S.,
NAKAJIMA, A., KASAMATSU, Y., SHINOHARA, A., KOMORI, Y., YOKOKITA, T., MORI, D.
YANOLU, S., HABA, H., YOKOYAMA, A.
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[1] Nudat 2.7, Nat. Nucl. Data Center, Brookhaven National Laboratory.
<http://www.nndc.bnl.gov/nudat2/>
[2] TENDL-2017: TALY S-based Evaluated Nuclear Data Library, 2017.
<https://tendl.web.psi.ch/tendl 2017/tend12017.html>
[3] M.A.L. da Silva et al., J. Radioanal. Nucl. Chem. 264, 571 (2005).

Measurement of Excitation Functions for the "W(d,x) Reactions and Half-lives of Rhenium Isotopes
KOMOR], Y., MURAKAMI, M., HABA, H.
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2% Wk DKinoshita et al., Science 2012. ?Wallner, Kinoshita et al., Nature 2016. ¥Wallner, Kinoshita et al. submitted.
“Kinoshita et al., Phys. Rev. C 2016. ¥Nomoto et al., Astrophys. J. 1984. © Anders, Ebihara, Geochim Cosmochim Acta 1982.
Becker, walker, Chem. Geol. 2003.

Production of p-nuclei in the Ia supernova
KINOSHITA, N.
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Simultaneous Production and Separation of Carrier-free Alkali Metal Tracer Using Photonuclear
Reaction
IKEDA, H., KIKUNAGA, H., WATABE, H.



Production of At-211 at RIKEN
(Nishina Center for Accelerator-Based Science, RIKEN)OYang Wang,

1A05

Nozomi Sato, Yukiko Komori, Takuya Yokokita, Daiki Mori, Sachiko Usuda,

Hiromitsu Haba

[Introduction] 2''At is considered as one of the most promising radionuclides for targeted
alpha radiotherapy, due to its suitable half-life of 71, = 7.214 h and high a-particle emission
probability of 100% [1]. This short-lived nuclide can be produced from natural bismuth
targets via the 2°Bi(a,2n)?'!At reaction, and only a few cyclotrons in Japan have the beam
characteristics required for the 2!'At production. We report here our latest production
technology of dry 2!'At products for distributing them to researchers in Japan.

[Experiment] The alpha beam with a typical energy of 29 MeV was extracted from the
RIKEN AVF cyclotron. After The passing through a Be window (18.08 um) and He cooling
gas (65 mm, 1.06 bar), the beam energy on the target was about 28 MeV. The metallic Bi
target (20 mg/cm?) was irradiated by the beam at an angle of 15 degrees [2]. The beam
intensity (2-16 ppA) and the irradiation times (2 to 8 hours) varied to meet the users’
requirements. After the irradiation, 2'' At was separated from the Bi target by a dry distillation
technique [1]. The irradiated Bi target was placed on a copper tray in a quartz tube, and heated
up to 850 °C in 10 min, and then kept for another 15 min, and finally cooled down naturally.
21IAt sublimated from the target was transported from the quartz tube through a quartz
capillary (i.d.= 2 mm, length = 13 cm) to a PFA cold trap (i.d.= 1 mm, length = 100 cm) by
oxygen gas (10 mL/min). The PFA cold trap was cooled to -96 °C to collect the gaseous *'!'At.
After the distillation, the capillary and the PFA trap tube were washed with chloroform
(300-400 pL). The samples collected in V-shaped glass vials were then dried up by N, gas
(100 mL/min) at a room temperature.

[Result and discussion] Produced 2''At were measured using Ge detectors, and the thick
target yield agreed well with the literature data [3]. Under our current experimental condition,
1 GBq of ?''At can be produced in 1.5-h irradiation by a 27.8 MeV alpha beam (on target)
with the 16-puA intensity. The typical chemical yield was about 80%. We are distributing
2IIAt to more than 10 research groups in Japan. More details about the radioactive purity
measured by gamma-ray and alpha-ray detectors, and the chemical purity measured by

ICP-MS, will be presented in the conference.

[References])

[1] S. Yano et al., RIKEN Accel. Prog. Rep. 50, 263 (2017).

[2] N. Sato et al., RIKEN Accel. Prog. Rep. 50, 262 (2017).

[3] A. Hermanne et al., Applied Radiation and Isotopes 63, 1 (2005).

Production of At-211 at RIKEN
WANG, Y., SATO, N,. KOMORI, Y., YOKOKITA, T., MORI, D., Usuda, S., Y. HABA, H.
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Fig.1. Schematic of developed apparatus.

Development of thermochromatography apparatus for accurate measurement of adsorption
temperature of At compound in gas phase

ICHIMURA, S., OBATA, H., NAKAGAWA, S., TERAMOTO, T., OOE, K., NAGATA, K.,
TOYOSHIMA, A., YOSHIMURA, T., SHINOHARA, A.
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[2]T. Yokokita et al., Dalton. Trans. 45, 18827-18831 (2016).

Experimental and computational study of nitrato complex of Zr, Hf, and Th - toward the chemical
study on Rf

WATANABE, E., HAYAMI, S., TONAIL K., NINOMIYA, H., KASAMATSU, Y., KITAGAWA, Y,,
SHIGEKAWA, Y., YOKOKITA, T., NAKANO, M., SHINOHARA, A.
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Anion exchange of Rf in H>SO4
YOKOKITA, T., KASAMATSU, Y., WATANABE, E., KOMORI, Y., NINOMIYA, H., WANG Y.,
MORI D., GHOSH, K., SHINOHARA, A., HABA, H.
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[1] R.J. Silva, et al, J. Inorg. Chem. 13,9, 2233-2237 (1974).
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Measurement of half-lives and internal-conversion electron energy spectra for U-235m oxide, fluoride,
and chloride

SHIGEKAWA, Y., KASAMATSU, Y., YAMAKITA, Y., KANEKO, Y., WATANABE, M.,
WATANABE, E., YASUDA, Y., KONDO, N., SHINOHARA, A.
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Observation of the internal conversion electrons emitted from Th-229m through coincidence

measurement between beta particles and electrons from Ac-229

SHIGEKAWA, Y., KASAMATSU, Y., WATANABE, E., YASUDA, Y., KONDO, N., HAYAMI, S.,
NINOMIYA, H., HABA, H., SHINOHARA, A..
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Quantitative evaluation of DNA double strand break caused by radiations with different LET
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Correlation measurement of precision mass and decay properties of ’Ra with MRTOF+ o -TOF.
NIWASE, T., WADA, M., SCHURY, P, ITO, Y., KIMURA, S., KAJI, D., ROSENBUSCH, M
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Identification of Atomic Number for Heavy Elements by Bragg Curve Measurement
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Development of an atomic beam source using a high-temperature nozzle type cavity for atomic beam
generation of superheavy elements
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S., NAGAME, Y.
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Development of an ion-electron recombination atomic beam source for atomic beam spectroscopy of
superheavy elements

SUZUKI, H., ITO, Y., SATO, T.,TOMITSUKA, T., TOKOI, K., TSUKADA, K., ASAI, M,,
NAGAME, Y.
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o : 37Cs; [H: Water content; | _|: Ignition loss.
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1) B RERESS, 38Tk, 66 (3), 175-180 (2017).

2) Rigol et al., J. Environ. Radioact., 58, 191-216 (2002).

Relationship between radioactive cesium concentration and soil properties in depth-sorted soil collected
in Kawasaki, Japan
TAKAHASHI, T., ICHIHASHI, M., SAKANO, K., KOIKE, Y.
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[EBR] LT EBRAITOITE LT, AWF7E T M L7 Sr L2 (Eichrom Technologies)
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JFSJE L D15 i CERIEN . AR E L, £7 Ge MiHi#s THEO vy BAEEIT V.,
BICs IREATER LI, TORELIE, AW 0 RE2ITo7-% | IRIHEE T LRy OfliHH 21T
ol ZOHMHEZ St LY AT L, St O BBEATT o7z, W HIRITIRIK S o F L —ar iy
PH =Lk F =L aT e E AR 2 EFEE KL THIEZITV., 'Y O END St OFE &
Tolz BERIZFX VT —EL LTI A 72 "Sr % ICP-

MS TE&ERTHIETRIELI, — S
[ R BRI ARSH T ¥Cs A _XURY T

570~26400 kBg/m?, ?°Sr A X R 21~1340

Bg/m? G567, Fig. 1 TIXAMIE THELINLT-

08r/137Cs DAEAHIX Eiz7 vy LTz, 2°Sr/137Cs Y

OfEIE 107 705 10 OA—F—ThY, Blfe72 )5 Y
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SO OBWIIERT L —LDEWNWEELTND © 1~5x104 AA
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e Bl & EOFELVSEIc e A T1-5x107 Sl
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Distribution of ?°Sr concentration in soil samples around the Fukushima Dai-ichi Nuclear Power
Plant determined by solid phase extraction method
KAJIWARA, T., NINOMIYA, K., SHINOHARA, A., YAMAGUCH]I, Y.



1BO3  immmoms mic 51 2 bt o v 2o sere
okBERE . kB BEEAR Y ORRHL . HIET . JELE°,
SRR, TEo !

[(#E] 2011 /£ 3 A 11 BIZHALTZHEAAREBRICLY, MEFE IR T IEEHT»GLE
DR > U AR RISz, M SN BEEE v  Lo—iL, BEIEE - 6
AREOIEHIRICBEI L., KKNDLD 7 +—/L7 7 ML B ORI IS LT-, AU
ZECIE, BERIROBEE 1470 m (A& T 5 (WA . REUINE OHEREY & 98T L. 48 IR
R S O M T A OHERRIR LI W TR L7,

[EER] 7Ry MBI KVE ORI HK 1.5 km ITA7E L. WA 72 < A& BTEEI A 72
WE WS TR IR 5 UREEZ O VT 7 Th 5, RW/NBIZE T 2 %Y
OEEUZ 2018 45 H 31 HiZ T, ML TEX a7 77 —Ic LV RIL7, 56
NI-HEREIT, 15 em FETIE L em BIFR, 15 ecm LIEIZ 2 em R CH v T 4 v 72 EE LT-,
HEREW NI B E SRR 2T, 2 mm A v v 2 D5 Wl L TR EREL, £/
UHLEk L HEE VT — (LA T o 72 H o v BRIIEITIZ A IR KPR LU e 28R i 3%
@ EG&G ORTEC #L7 /L~ =7 K-8 KSR, & L < I CANBERRA 51 7L~ =7 K PiE
K HE: (Model No. EGPC250-P21) # 7o, EIORIERFIL 1~4 HTH O | HAHER
FEVIRUBHR B B IZEE M E 21T o 7o fE & v,

(#EREER/]  RUUNBW I TERIE SN HERY O ' > 7 AR E O E A 1.
Bics MBI LEE TE L o TRV EETIL 1780 Ba/kg Th o7z, F7-. FEEFEHKHE KT
HDMCs IFERE 11 em FTHRH SN,

excess?Pb JEE DENE AN TIL, TRE 5 em T E TIZIE—FEDOME (9 500 Bq/kg) #
Lo TWND I ENLIMBEIRADHFENHER SN, ShERANBZI - TWnWhHEBEBx6ND L
JED T vy MRS L CHREU N DI OHERIEE 2B M L2 25 0.086 g/cem’/y &7 1),
IRIEKEOWHES (0.091 g/em®/y)  « WEAFS (0.092 g/cm®/y) 1T < IR KTE L
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IR/ ODER D excess®Pb A X2 b U — (1.59X10" Bq/m?) (FARIE K W06
(1.28X10" Bg/m*) LV K&EL 2V, KEANHD excess’Pb DB EMNF URE & RET
Ll B OKRKEKRWE OMAN BT NEDO T RNLNEEZ D, 2D LIL,
IRV INBIH RIS 36 1T D HEREBRFE DS RIR IO L D RELS Ro TR EFFE LR, —
W B EREREEM RICEEMEARTT o7 ¥Cs 4 o _2 h U —I% 1. 76X 10" Ba/m*H 0 . 7RI
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TR REIR FE D KAE DS 2011 A 12 H TIXRE D 0-2 ecm TIiXdH 5728, 2017 4 8 AIZEEL L 7=
HEREY) CITIRE 56 cm (2 YCs IFHBEIRE O Y — 7 Mt En-, ZhbDZ L, Rk
T ¥Cs FHTREIR FE DRV VR 7 A3 HERE L TN 5 28, RIS/ INE CIRIEHEREY &2 BRI L 7=
2018 4 5 ARFRCTHIEMIRO BRI N O H G T OBHAMEE S U ARHFET DH 2 & 2R
LTWab,

Study on sedimentation of radiocesium in mountain lake, Lake Akagi-Konuma, in Gunma Prefecture, Japan
NAGAO, S., MIYASAKA, S., WATANABE, S., SUZUKI, K., OCHIALI S.
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L L THW, HEREHREL RO,
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Too ERBIZEBIT D 2%Pbey £ X2 b U —IXEBHNO 3 Hl AW T 0.57 Bg/em , 0.20
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g s 2 HFEEEE | 2'Pb, A VAU —
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B . 0.23
AK-14-03 [— 20 0.58
AK-14-11] 037 0.57
o | AB8=Ta | N.D. 0.20
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BREBN i 0a | NM. N.M.
1. B (BRI L v 51 H - i) 2. HEREHE T J O 210Pbey A X b Y —

Study of sedimentary environment by *'°Pb at Akkeshi Bay in eastern Hokkaido, Japan
SASAKI K., NAGAO, S., OCHIAL S., ISADA, T., IRINO, T.
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TIZAFURIEEARLTEL T, MVWREBROAREEL 22 2 B ESNT, £
ITC, BWEREBEIEBEBAERDTIE, T AORERBEET L, HENEELT
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REERORELCERBREZRE L, #EEZHRH,

(FREERBRINERDOT 7 A REUMA TORBMEEL L, EFENRD DR WA LM
RCREBETLHZ L L Lz, HEORKR, HELEEMOM A c TIHAEFTLHERTE T,
iR d ZREBHEE L, RERICHERLESEMMOMA ¢ THAFERALNT, #HA h
AR L Lz, o 4 S CIXBRBAAIEETH -7 (Fig.l), £/, HEUIEBTH
TEEOHT2017F 7 AP MEIEICEM L 72, MAEEREIL Ge FEEMR IR L
0, RETLHEIEEILICP-OES £72I1X ICP-MS 1Tk VW EE LT,

(#EREEE]2017 4F 7 A~2019 4 5 HOMIZ T -7 6 #imOWEOHER, P1IEeT

DREHC B TR S AR d o720y, 2 3k o

(2018 4E2 A O HifS a, 2018 4E 12 H OHiA d) T2 Livosma [ 1]
—rn
de 3 )R HRE

(%Mn, 58Co, Fe, Co) L4 TOREHI B

W ENn -7~ (Table 1),
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7o, WARRE (SR O S A I K O Fig. | BUR M A

A OFFE, %4Cs 1% ND~0.081Bq/kg 2E o iR Bl
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http://www.pref.miyagi.jp/soshiki/gentai/ka
nkyo-onhaisui.html

A study on brown algae as an indicator organism in marine radioactivity monitoring
OGASAWARA, K., ONOHARA, K., TAKAMURE, T., ISHIKAWA, Y., TAKAHASHI, M., ANDO,
T., SAWADA, A.
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(S]] PuldR T+ HREFIZBOW TR LERH SN MHEEREDO —>TH Y, 2011 £
B2 o BRI EKZICD PuBENTOIL TV, BETIZIIARESKTI NS 7 0
— N7 =T 7~ (GF) HRKD PuBfFELTWD, RKFEH TO Pu DL & I3
D TAHRNTZDIZ[1]. GF H2kRD Pu OREENR KR E < | ARFEHUZ K 215 Y% O I 72 77T
TREETH D, KREBOHLDOHFEELZHL NI TH-0I10, 2N E THEEROF IR
LB AR DRNARE EZ AT PulCER LS AT CTE R, EBRICZEDL <1
FAAREERIX L D&, GFICKDEENRENWI ERHREINL TS,

AREHTIE, Si0r ORMITHSME Cs DIRE L7 KICHRE R (REEMERL ) 23K
HEREZZ ERMOBNTWA[2], NAMR I B OREZREFL TR, BE,
SOWEREZZIFTTNRNWEEZLND, LT o TRIEMR D Puz O+ 52 LI
XV, GF OEZZ T TOWRWVWAEKERKD Pu RIMALEZSES Z E BRSNS,
FR O Pu BIX, KL FAEREFICBIT DI NEREOMIAICEN D LS D,

[E8R] ABFZETIE, BEHEFEBFIE LS ICP-MS HEESITICL D . RIEMER 160
PuDEEZITo 7z, BRI, 85 RBEERT & RAERT CEHE L 7o REEMERL %2 7 L
7 U ERENC X 0 sk L[3]. TEVA,UTEVA,DGA L 2> % W= h 7 L4582 1T\,
Pu O 5y BfE 24T - 72 [4], W BEEIKIZ OV T, SF-ICP-MS (2 XV B &5 239,240,241 O
AW ET D LI2L Y, PulEAE (P9Pu,>Pu,*'Pu) & E & L7[5].

[FER & BE] 4 MORNEMERLF O 2T oo /bR, 3 DORF T Pu B3 S 4L,
FINZAKEEIE . 24°Pu/?*°Pu C 0.330~0.415, 2*'Pu/*°Pu T 0.161~0.178 &L 7=, Z it
GFHERDE LV HLRELS BEFREOFNA X ) —OFFMHE[6]° 2 NV E THE
SNTWVWAHEEIFREMECTRIENT, HHLERLEO -MOEREFREOfE[1]E Bv—
HERLTWDZ ENbrolo, RIEMRL 728 £ 5D Pu &1L, 2724Py/¥Cs T 10°®
DA —H—Tholon, HEKETIHRFFER BRI FRETERDD Z LRG0 o
72[7]. REE TIEXOHT LR 2 & @ Pu RANIRK ORERIC, RIEMER TI2E £ 5 Pu
DENL TRINDRFARBRICOWTERT 5.

[£7%& SCHk[1] J. Zheng et al, Sci. Rep. (2012) 2, 0304. [2] K. Adachi et al., Sci. Rep. (2013)
3, 2554. [3] Z. Zhang et al., Environ. Sci. Technol. (2019) 53, 10, 5868-5876. [4] Z. Wang et
al., Anal. Chem. (2017) 89, 2221-2226 [5] J. Zheng et al, J. Nucl. Radiochem. Sci. (2015) 1,
7-13. [6] K. Nishihara et al., JAEA-Data/code. (2012) 2012-018, 65-117. [7] J. Igarashi et al.,
Sci. Rep. in press
Identification of Plutonium isotopes in insoluble particles released by the accident of Fukushima
Daiichi Nuclear Power Plant.

IGARASHI, J., ZHENG, J., ZHANG, Z., NINOMIYA, K., SATOU, Y., FUKUDA, M., NI, Y., AONO,
T., SHINOHARA, A.
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combined synchrotron and mass-spectrometry techniques.

(Univ. of Bristol', JAEA?) o Peter Martin', Tom Scott', Yukihiko Satou’

In contrast to the extensively studied micron-scale “Cs-ball” material that has been isolated
from numerous localities, some at considerable distances from the crippled reactor site, this
work has focused on the larger material isolated from sediments obtained less than 2 km from
the plant boundary. Whereas the spherical particulate material is attributed to reactor Unit 2,
this larger material is conversely the result of the reactor Unit 1 hydrogen building

explosion.

Through the application of both laboratory and synchrotron radiation (SR) x-ray tomography
(XRT), the internal structure of a representative 450 pm x 280 um X 250 um particle was
shown to be highly-porous — with 24% of the internal volume constituted by void space,

exhibiting limited interconnectivity between these bi-modal sized pores — shown in Figure 1.

Compositional (elemental) analysis of the particulate material through SR x-ray fluorescence
(XRF) detailed the peripheral enrichment of several elements (including Sr, Pb and Zr) — with
the existence of Cs associated near-exclusively with the location of several highly-angular
Fe-based fragments, extruding from the materials surface. Many larger fragments of cement
composition were additionally observed embedded into the particles surface. The component
of fissionogenic Cs ("**"'*"137Cs) was determined to account for most of the elemental

abundance within the particle with limited contribution from natural '*Cs.

SR x-ray absorption near edge structure (XANES) analysis on several high atomic density
particles located within the bulk particle confirmed them to be U in composition, existing in
the U(IV) oxidation state, as UQO,. The isotopic analysis of this micron-scale U material
enclosed just below the surface of the particle was subsequently determined using secondary
ion mass spectrometry (SIMS), having spatially referenced their co-ordinate positions
between the different techniques. SIMS mapping revealed the U-rich particle to be ~1 um in

maximum dimension, consisting of enriched U with 3.54 wt% **°U — used in reactor Unit 1.

Figure 1: SR-XRT reconstruction of the representative particle showing the 24% void volume. Regions of both
stainless-steel (orange) and cement (green) composition are shown (as identified through SR-XRF), as are

locations where voids are observed to interact. Scale bar = 100 pm.
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Analysis of radiocesium in Konara tree in litate, Fukushima, for contamination investigation of forest
TAMAKI, H., KINO, Y., OKUTSU, K., SEKINE, T.
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Incorporation record of radionuclides in teeth and otoliths.
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TAKAHASHI, A., SUZUKI., T., SHIMIZU, Y., CHIBA, M., OSAKA, K., SASAKI, K., ISHII, Y.,
HAYASHI,, S., SHINODA, H., KITAMURA, A.
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