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This proceedings issue includes the presentation contents of the 20th Japanese Symposium on
Accelerator Mass Spectrometry (JAMS-20). The JAMS-20 was held by Tono Geoscience Center, Japan
Atomic Energy Agency, on December 14-15th, 2017. The number of participants was seventy five during
two days. On the Symposium, thirty two presentations were made for facility status reports, analytical

developments and application techniques.
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1.1 JAEA-AMS-TONO @ 20 FEDHW
The twenty years of JAEA-AMS-TONO

B 5y (FE ) B 1 1 - R AR LR R 2R RO 2R L SRR
FAHEAE RIS R A S R a2 E R T A 2
BRIAS 22 2+ R 3 2
Saito-Kokubu Y!*, Fujita N!, Matsubara A%, Nishizawa A2, Nishio T!, Miyake M!, Ishimaru T!,
Watanabe T!, Ogata N!, Shimada A, Ishizaka C?, Okabe N'!, Kato M?, Isozaki N?, Torazawa T>

VAR RSB A SRR R e —

(Tono Geoscience Center, Japan Atomic Energy Agency)
2k A& A= (Pesco Corp., Ltd.)

*Correspondence to: Kokubu Y; E-mail: kokubu.yoko@jaea.go.jp

Abstract
The JAEA-AMS-TONO has been utilized since 1997 in isotope ratio measurements of long-lived
radioisotopes related to geochronology of the Quaternary Period. Our AMS system has been
routinely used for '“C, '"Be, 2°A1-AMS and development of '>I-AMS has been conducted to
enhance the capability for multi-nuclide AMS.

Keywords: JAEA-AMS-TONO ;20 J& 4

1. IL®BIC
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2) &R THNMBMEE BT EEE GAFR, XU R ARHEEE) 28 AL (Xu et al., 2000) , 4
T 20 FERAA T, HREHE T2 — LI HERE RS IEET Tl m b~V P BE )
O HJE Iy H AR IC B 3 AR B O — BRE L TAT IR ME OB e 0o b HIEBRIE O K
W22 VB T DA 98 O AR L7 D AR E E T OBR R 21T o T D, BLAE, LIl HLER AR
W FERT (4 Tl By T 25 18 5 2400 2 bR & 70 R AR PR L I SRR IR 97 ORI E
D IR EE DN SV TWD (R 1), Mg B & 0r & &8 IO MR 35 (MC) Z21%
CHETHEFEOENRPENATRE THDHIENS, JAEA-AMS-TONO I 4= 7 Hit BR 4= 4% 2 4 78 i
DR L L TOREIZH - TRY | FARHE BT OB F N 2 W& &) 0ok liE B 72 8|
WEDOHRAZOMED—RELT, TNHDO A RBZDOIEFEN R EL IO T 5720 FH A
L T\ 5 (Ttoh et al., 2004; Saito-Kokubu et al., 2013, 2015; Matsubara et al., 2014) , AR T,
JAEA-AMS-TONO @ 20 D &P IHIZDOWTEIT T 5,
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CHIVETIZARE I L U RE 1) L@ RIS D7cwd | E O —H B 417 o7z, 7
R EAHMELZEHOERLDIL 3 2HY, T, Fik 16 FEICEAA RO ERH T
&%, Maden IZ KV ESNTWDEHT AT E O EBBEA 5 KIZHD 4 THDHH O (Madern
et al., 2007) IZZEE L, BIfE, "Be MIEDOEIT, ~— =L P10 HRAIZLDHABNLZIED, A
El1- AE2 O HE%2 AW THIEZIT 25 E912 L 72 (Matsubara et al., 2014) , KIZ, AL 19 FD
Rk 21 FITEENS T T T2 1o E— L5 4 DT T4 Ak (85 A4, 2008; B 4> i, 2009, 2010)
T, BIT R 27 FEIAT -T2 T 7 BV 2o hOEH TH D,

— R EFRRICOWTH, JIERFE ORI, 3B E O @R E LTV, B E
D CTE7z, BT ORFESL S BC WEMAOITLR oI EE ., & R KRS &y T EE %
BH L, FARKRENONT VT T b RFZRBIT DT TAT A OFER (N EM,
2017) BB T7 7 A MEEEE (Tonplus 45 AGE3) 238 AL, iEFAR DR a Fhi L7
(P&, 2018),

3. JAEA-AMS-TONO ZF|H L7=#F %2
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TAT O f s i 1 i) B KD AN 06 D oy BT IR EE IS 6%
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M 2 1R T, EARESNLTOWD R ME
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DM RN LDFH | R 27— L
W I EZ KA TV D4 H B R T i W EKRER 5L

JAEARR
80%

WEIERTIC L DRI (A5 B Al,  2018; iR A, 2 SERR 28 4R O FFHEH N ER
2018) 2% 15%. fitiax 4t HH EIZLDH DD 5% ThH
<77,

JR 1 SRS I B O FF 7 TIX, C, 1'Be, PANZEDER P EIENATRETHDHZ G, Wi iE
Ok pIEE), P ORERE DR ERHLCHEZHEE T 2720 TWD (B 21,
HHZ, 2014; Pachri et al., 2014; A= Hffl, 2017), &% (%, H FAROFERBPE L FEH 5720,
1291 R OME FE-36 COCD ol EDFEM LA HEL Tk, B/E 2T PIEICT, MEtEED T\D
(P &R, 2018), Fio, MR ZE BT O L7 SN E &% 221G A LR85, Hiio/s
R H AR OB R 21T > TRV (5, 2018) \ K FF O HUGZAT VRS K JHIIZHED TnD,

it 5 A R A EEAC DRI, 2Rk 18 AR FE T oA OB 2% 1 ATV D, il
T AR R IUIN R LR E DR O | [E 375 S R AR 8 8 -0 I - ) B B2 5 A e o -
GeE v F—FEON KA THD, FIH B OEE D H 5 A B E T, i R RR
EDOMRREAPFEBAINTEY, EEICHREN ETONTND, GELUIE A—LaX—U S R
https://tenkai.jaea.go.jp/facility/3-facility/06-news/result-rep.html) ,
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B E CXDHI EThD, BFERL OFEEZITAINTEY, ik 28 AT, ALK KFFES
SLET KNS 4 24 DFAEZ T AN,
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1.2 AMS SR FERBIEIC X 55T OTEBE A X FREDKRA
Study on Identification of Faulting Event using AMS Radiocarbon Dating

TR
Ken-ichi Yasue'

V5o 2 R i [ S8 AfF 98 & o % — (AIT Desaster Prevention Research Center)
*Correspondence to: Ken-ichi Yasue; E-mail: k.yl@mac.com

Abstract

This study proposes the exact identification method of faulting events. Radiocarbon ages of typical
black soil collected continuously from lower to upper part clarify the timing of faulting events. We
sampled black soil at intervals of 3-20 cm in vertical without space from the excavated trench wall of
the Atera Fault, central Japan. Sample preparation and radiocarbon dating were carried out in the JAEA-
AMS-TONO of the Tono Geoscience Center, Japan Atomic Energy Agency. Calendar years were
obtained by calibrating C-14 age using OxCal 4.2.3 with IntCal13 atmospheric curve.

The soil ages in a footwall along the fault varied from 9,500 to 2,000 years ago with depth. The
volcanic ash analysis supported the dating results. The soil deposited at an approximately constant rate.
However, there are partially anomalous ages in the footwall. The soil ages at the depth of about 2.0-1.7
and 0.4-0.2 m were about 7,500 and 2,000 years ago, respectively. The results showed that the soil of a
few dozen of cm in thickness deposited in a short term. In addition, the soil ages at the depth of about
1.5-1.1 and 0.8-0.7 m were about 7,000 and 4,000 years ago, respectively. These ages were older than
the just lower soil ages, about 6,000 and 3,500 years ago. These anomalies are probably caused by fault
displacements, which means the collapse of a hanging wall with old soil and the forming of lower part
at the footwall side. The anomalous ages may suggest that faulting events took place about 7,500, 6,000,
3,500, and 2,000 years ago. Therefore, radiocarbon ages of the continuous black soil along the active
fault are effective for identification of the faulting events.

Keywords: FCHTERFFIC ; Bl 1 15878 | 15 B
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FESHE R FBAEMRBE O 7= ORI B W TIE, BEARDOROR AL E2BRE LIzt HEiE
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1.3 AMSTFFEDFERE L BA AMS BHFIEH=D H s
Progress of Studies on AMS and history of the Japan Society for Accelerator Mass
Spectrometry

RIS

Toshio Nakamura'"

4 i RS T HIERER BEAFJEHT ('Institute for Space-Earth Environmental Research, Nagoya University)

*Correspondence to: Toshio Nakamura; E-mail:nakamura@nendai.nagoya-u.ac.jp

Abstract:

A cyclotron accelerator was first used as a sensitive mass spectrometer by Alvarez and Cornog in 1939 for
mass-separation of contaminating backgrounds and measuring *He abundance accurately. Since the study of
measuring long-lived radioisotopes by Muller in 1977 using a cyclotron, techniques of accelerator mass
spectrometry (AMS), using mainly a tandem Van de Graaff accelerator, have been extensively developed to
measure low-abundance cosmogenic nuclides such as 1'Be, 1C, 2°Al, *Cl, *'Ca, %I, etc., in natural samples.
Most efforts to date have been directed to measurements of '’Be and 'C. In particular, developments of AMS
have triggered a wide area of application in radiocarbon (**C) dating. The AMS system requires only Img of
carbon in precise determination of '“C/**C and "*C/™C isotope ratios, and this advantage has broadened the
applicability of '*C measurements. Nowadays, AMS contributes to almost all kinds of researches that utilize 'C
dating in archeology, cultural property science, geology, and those that employ 'C tracer in environmental
sciences, medical sciences and even forensic studies.

Here the author briefly describes the beginning history of AMS, and summarizes the status of AMS research
in Japan as well as in Korea and China. Perspectives of AMS in near future are discussed based on commercially
produced AMS systems by the three main manufacturers, High Voltage Engineering (HVE), National
Electrostatic Corporation (NEC) and Ion Plus.

Keywords: AMS, direct detection of radioisotopes, cosmogenic radioisotopes, radiocarbon dating, '*C tracer

1. IZC®IZ
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(1.0X10°yr), ™I (1.57X10"yr) 72 & & F S F e FHEBERBEMERIGAED, XI5 LT 288D

713,
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B THue 2 W THIETE 5, SN DIEEE, AMS M & L TII#HERED 0.2 MV~6 MV O
H T DRIOBEINESR ST 777, Fziday s a7 - UL hrR) BlEEAETHS,

FRBIEIZBNTIEL, 2 S OFEHBERBEERRD 5 G HRSE (*C) Mikd L < AW
BID, KRBT, EMNCEENDIEETLRO—DOTHDL I END, EMEFEO S F IF /84 .
HEFREHC G EN TV D, S HIC, HERO KK CFEHBOIER TR Sz “C idiMb s T
Tl bisE (MCOy) L7eh | REHITHHAET A ithod ZgfkikdE (PCO,, *CO,) & LLIRA LT, 1C
REN—EILeolch b, EMENICBATT 5, 207, [KEFRED “C HIHNRENST—ET
bV FEHIFRAT L T MC IRE LB OFEN L OBIRITITITHERI S TR ESND, —F7, YCa
E BOFREICEENTEY, FEY 10 THEEREWED, FRABRROFbADOFHIEIZ
FIHATE 2D @V, LA, YCadRiE, £ e ikl od 'Ca OYIIREE A 1Tl
iz, F7, MC ORIICHEE LT, CaA A OHNBRGEL N 7 7T 7 KA F U DERER
LW, FRAESDOICHITE BB L W2 5, i, “Be, Al PLIKMIL - MHIEHERS
WOHEFEFA, B H L7 AR OF R AHEE . E2, °CLITH MK OFEROHEE R £
(RIS,

AHRSCTIE, AMS OFHE, FEROIES, A, WPE K ONEEIZI 1T D BRI EAG T A5~
Tl AMS ZEEDOHS 3 KA —0Toh 5 High Voltage Engineering (HVE), National Electrostatic
Corporation (NEC) K TF Ton Plus 2> HHRFE SHU TV D AMS ZEE IOV TR 5,

2. AMS FR DI

1970 £F(ZBAfFE = 417z Nobel Symposium on Radioactive Variations in Absolute Chronologies {233V T,
Oeschger (1970)23, #JHT, “C OEHHNEDH IS & Uiz, BURORFE Img 1213 60,000,000 f#
DO BCRFWEENTVD, LaL, “C oM ST30F LK<, TNHDO BCHRFD I b, 15
IR R L C B A ST~ 2 OIRIRE LIS T E 7220, 7T LORFEREAZ LE LT 5
B MREHEQEIZIEART, 20 "C T OEEHIEIIRER I IER CTh o7z, 1976 FHH, K[E
Rochester K5 Purser (1977) 1%, Mg A SR OB EAHTIZHWT "C -2 EEET 5
Z LISHRR S ATREME A (S L7, [R] UER, California K77 Lawrence Berkeley Laboratory @ Muller (1977)
. A 7 v barOESRIEE RS BIOMKREZ “C. “Be 72 EORIKZ Z < REIZ LOMFALE L2V
FSHEFRNARDEHAEICISH TE D 2 & 2425 L7z, Muller (1977) ORFFEIE, California K7D
Alvarez & Comog (2L 5, A 71 ha &Mz *He D 1EHE7eE R (Alvarezand Cornog 1939) <°
KIDFRIA- T D [ A=) OERENLEIESHDPNTZ S D TH D, Purser (1977) D37 b
Huf5%, Muller (1977) 0 Science &6\ ZHel SAV=f LN ENEWE D, €DK T <IZ, “CIFDIE
BEENZ 7 MR % W CRIEETH D Z L 23, Nelsonetal. (1977) KU Bennetetal. (1977)IC
Ko TEGEE N, EOFFE, 1978 D 4 HIZIX, Rochester K2 T, “The First Conference on
Radiocarbon Dating with Accelerators”23BRfE S 4L, £ 3 4F4%D 1981 45 HIZIE, b a b a B
L C. Argonne National Laboratory (Z C3'EHIIZ 2B H @ “Symposium on Accelerator Mass
Spectrometry” 23BRffE S A7z (F 1), 5 1 BEIHOSFEITIX, AARAOSIIEITE Y, 552 FIHITIL,
AR RFO NI, JUNKFO/IMEE—it, ) 74 =7 RFEOPERFRER LD 3 4
PBMLTND (K1), HIEAELE A ERERATIN T, 2 FEFHROYIEEED DA ST
Wz GICHHD 3MV # 7 kb I E o et OMEEL & 2 oS IR HEIZ DUV T HEEdE R &
177 (Furukawa etal., 1981), HATIE, 2002 4£ 9 HIZ, % 9 [0 AMS [EFREg 4 B CHRfE S
iz, ZIEIL2374. 5 HHARANBTEED 8841, HARNDIERIL 66 1 ThH -T2,

-

,14,
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#*1 AMS FEFRSHEPE O

[Eipxs Btk H BRI
AMS-1 [1978,4/20~4/21 University of Rochester, UAS
AMS-2 (1981, 5/11~5/13 Argonne National Laboratory, USA
AMS-3  [1984, 4/10~4/13 ETH, Zurich, Switzerland
AMS-4 (1987, 4/27~4/30 Niagara on the Lake, Ontario, Canada
AMS-5 (1990, 4/23~4/27 Musee de I’'Homne, Paris, France
AMS-6  [1993,9/27~10/1 ANU, Canberra & ANSTO,Sydney, Australia
AMS-7 (1996, 5/20~5/24 Westward Look Resort, Tucson, Arizona, USA
AMS-8 (1999, 9/6~9/10 Palais Auersperg, Vienna, Austria
AMS-9 [2002, 9/9~9/13 LHERY, HAE
AMS-10 (2005, 9/5~9/10 Lawrence Livermore National Laboratory, Berkeley, USA
AMS-11 [2008, 9/14~9/19 Rome, Italy
AMS-12 (2011, 3/20~3/25 Wellington, New Zealand
AMS-13 (2014, 8/24~8/29 Aix-en-Provence, France
AMS-14 (2017, 8/12~8/20 University of Ottawa, Canada
AMS-15 {2020 (7€) ANSTO, Sydney, Australia
1977AMSE O H B ST = DER L
3|_| wl AMS-9, Japan IBTE
B T T ' T
FAMAGE [, A |
(1) ey [y i
o) T [E— 1f
TUBAH(1) 14~ IW" ]
QE')RKE&*#(Z} =7 = 4 ;
SR{%) mmerca) ST 5
(6) nizg = o | 14— ,
7) whese ’ 14
(8) mercsmean iy %9:
(9) =extwwm P { 10
(A i masmce) lafE—— 2
(11§51 - Sate (|

1980 1985 1990 1995 2000 2005 2010 2015 2020

SRR (FEEE)
X1 BHAERNOBET O AMS fitsk

3. BAD AMS IFFEDORE L BAIRKE N AMS #ges

HATIE, 1980 4FEZ A D, BHEBKSF:, BRI T, BIfFO ¥ o7 Mgz VLT, AMS O
FgERtGd Hivie (K1), BRKF T, IREE SMV OFEHBON T 75 —7 « 2T A
DR % FV T 1°Be OIEDIFZE S H1. 1981 4EIC 1"Be OREHICER L L, 1982 4E7> & i H HIE 3B
EATz (FH,2016 5 /MK, 2016) , D%, HIEIZ L DIMEZRO b7 7V E 272, EHIZOF
BADELS 720 | 198547 AT, X UHTHC M Sy (FH, 2016 ; /MK, 2016) . EDtk, EH
BEDNBIE SNz, Al ERF T, 1981/82 4212, General Tonex #-Hlo> AMS B TH 2 % 5

oo SEA S L, 1983 4E 2 I BCH o, 1983 4F 9 I MC AEAIE DBHAE, 1987 4E 1 H )
SEFANEFEFIAA B S (PR, 2011), —J57, 1989 4FEHIC, BURKFTHEEFD 7 LH
F7 FAWLTCL UC DEREDMED H7- (Nagashima et al., 2000 ; /MK, 2016), FHEFRFTIE. 1990
I, IEEEE SMV O X 7 MLEZRDS, NEC #EONEET 8 MV @ 8UDH XL k& AZikd

,15,
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4, MCREITHL - THFEBIR S ED iz, £ LT 2000 ik, Skl “C A GRIE D BltA
7z (Nakamuraetal,2004), F72, BRI T, 1991~1994 4E2)0) T, BEFO X T A
SMEEZEAY, NEC #z L0 BiR S/- AMS R &2 B & T 2B ICHFT SN0z Y02, [H
SEEREEFIUT, RRHE S 2 — AHERY QB H) . BAREF IS S ARTITE S
T H—te R, FILERRGHFZET (RE) . v - I8 (RE) . SRR
e, BURKTFAHEMARIC, AMS BB kA S A S (IR, 2013 5 /K, 2016), 612, 5
WRFTIE, HAARER CWELZT -4 T DINESOEHI ThoT-, BIIE, 11 Mgz T,
13 B0OX 7 Mg (BL, SRR RGUHEIZUITO single-stage (SS) AMS TiL, # 7 A
ILEEHIFEDILTORY,) 25 AMS FIEIZHIH S, EENFEE S LW EZRE L T0D (K
2). F2ITRLIZHARAMS VR YT AZBWTHIREN TV D HEEEZ BRI N0,

Tandetron: HVEC
Tandem: NEC

11 AMS facilities
(13 accelerateors in future)

)famagm»sl'niye_l'_sil".\é_ | JAEA Mutsu
Tandem (500 kV): : Tandetron (3 MV): HC & 121

Paleo Labo Co., Ltd.

" Institute of Acceleratory
Tandem (500 kV): HC

Analysis Ltd.
Tandem (3 MV): ¥C
Tandem (500 kV): “C

JAEA Tono
Tandem (5 MV): 1Be & 1C

NIES-TERRA
Tandem (SMV): “C & ']

Nagoya University Tandem (500 kV): HC

Tandetron (3 MV): 4C

University of Tsukuba
Tandem (6 MV): Multi-AMS
19Bg, 14C, 26Al, 1 Ca, %CI, 21

Kashiwa, The University of Tokyo
SSAMS (250 kV): MC

MALT, The University of Tokyo
Tandem (5 MV): Multi-AMS
HIHE.‘ I-l(:’ WAL JE(:L i |

Museum, The University of Tokyo
Tandem (500 kV): ¥C

X2 HAENOB@H O AMS fiisk O EX]

AMS LT X DB RINARA A 3T Hedfias 1977 4RICBs S CLIsk, BATYH AMS Hiff
OFFE, IS, ENOFEER TIERISER S TE, 29 LT, Rk Hiz, AMS E@ED
BADBED DN TEZDIT THHD, 1990 FDHH:T/2 > T, FlAEHIATE 2 AMS [EHESHEE H
ARTHET HHEENE E - TE 7, 2T, 1999 FEHETEDH 8 [B] AMS [EFSSmk OBz A A
BT 28 L LT, BAKRFED AMS Z—7Z2H0Z LT, 61 HHEA AMS 2RI w A
2N19974E 6 H 2~3 HIZ, THERZ T e 2t X —C TR Sz, FIUTHEN - T, 1996 4F
WKET Y Y HIZBWTE 7 B AMS EERSHE (1) 2BfESnizi iz, & 8 [ AMS [EFs
D BAFEEDLIFHR AR MALT 70— 7 O/l —RIZ & > T —FOmRHIC TIRES
NIz, BINFIZL D% B OFREDOFER, A—A NV T O U A — 2 RETORWEIRE SNZ, %
D%, 5 8 5] AMS EFRESEOLTIBN T, A, 5 9 [B] AMS EFRSHO A ABEDMER S, &
R AARBMENSIRE Sz, 20 AMS EERE#O BARBMEIC. AARD AMS WFEHE 2 Txf
JaT BT, 3 EIHAR AMS TR YD AZEBWT, BA AMS e 2232001 451 H 12 A
WCIERITR R LT,

HAS AMS HFZER A OIEENE, 121 B RY T AZBME L T, AMS $E ORBE) « HERILIC
BLCHEON-EERRBRE AR LA 2 &, 7o, IWHIFREFEN LTI L0 BB
HZETHD, EHIT, HEOIERIAREN T sz BT 2 Lo, ERNsto AMS BEhED
SRV VIR Y T AOBEIC B TER A ENO AMS BifgE AT ThD, ZNETIT,

,16,
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HAS AMS BFEH N T « HE L CTE 72 AMS BEY VAR T AD Y A " 2£ 2177, 7B,
HAR AMS fFZEH 2 O OSEIL. & 1 RSE— (2001~2005) | 56 2 AR (2005~2016) |
3 RIS (2017~8E) Th b,

F2 AMSWHEH R EHE « IHE L CEX v ARV U A

% R B 1 H BH i M ER AR
FH1EIAMS R T L | 199746 A 2~3 H TFiEB 7o s At | kbt
FEO2MEAMS LRI | 1998 4E 11 A R AR IR —

NIES AMS [EET—27 < = | 2000451 H 6~8 H [EINTERESAFSTRT LEHRET
7
FI3EAMS SR A | 2001 41 A 12~13 A | B RPESE SR —L | /i —
A AMS S URT T A | 200241 A 12~13 B | AR RFEHERSTEE | PRHETK
Pre-AMS-9 [ElFEi% 20024£9 A 7 A R FRImAE « RS2
AMS-9 [EFE2% 20024£9 H 9~13 H | &4 WEKXFEMH IRNIESN
H5EAMS S URY A | 20034E1 A 31 A~ BHBIF VRO A R | RRER
2H1H | —v
H6E AMS VAR T A | 2003 4E 12 H 13~ b BN o e (EEA AR S 2
14 A
HIEIAMS RIS A | 2005451 A 13~14 B | IE RSP ICFPREEZeRl | S —
PRSP « 2 T DN
s
%5 1 [ EA-AMS [EFEL V7R | 2006 451 H 26~27 B | FUKKFREIIZE B BAR | EERR - Af
AN AT YN EZAE
FH8MEIAMS Vo RT T A | 2006451 H 27~29 H | FUKKFREIIZEBBAR | EE&RK - % Af
g
HOEAMS VAR TY T | 2006 4F 10 H 20~ R ER—V KRS &
21 H
10 AMS >R T A | 200843 H 7~8 H HRKRFRHA—V AIRREZ
11 EAMS 2R P T A | 2009 46 1 H 14~15 B | LA HBRFEKGLSFNNA | PRSI - FER
ey
W12 [ AMS VAR A | 2010 4E5 A 23~24 H | BEEEMAE TR Sty | (HE %
F13EIAMS AR T A | 2011461 A 27~28 A | IWEHSF v v ALKRT IV RS
5 4 B EA-AMS EFSS 2R | 2011 4E 12 H 16~ R ER—L FAIRRE 2
AN 18 A
F14 B AMS R A | AR Gl U
FASEIAMS AR A | 201343 A 9~10 B | 4B ERERAAE PRI - B HER
FHI16EAMS VR T A | 201443 A 19~20 A | B RFRKIFERIAIIZE | A5G
B
17 AMS 2RV T A | 20154E3 A 2~3 H PRI TS &y | B AFn
A — )5 R R
HISEAMS > AR A | 2016453 A 3~4 H WA mEE KH R
H19[E AMS SR A | 2016 412 H 17~ [EI SRS B RAR AR P Fa + FrldELRE
18 A
H20E AMS >R A | 20174512 A 14~ H AR 7 I BrSs AFUETE - BTG
15 0 | HEHRlet s 2 —
20 AMS U R A | 20184E 12 () | AR KFERAE

4. PELHEEOIRIRE EA-AMS VU RI T A

4.1 HED AMS

2017 4E 11 A1z, PEOEATT O L TERIER T CRfE S 72 EA-AMS-7 EEES RY o AICE
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UNTC, Shanetal. (2017) 1%, HEIZIIT S AMS AFEOBUR A L7-, ZDFRIC, FEICEIT S,
BAGHE R OEEZ T DT AMS BHEOBLRZFEIT Lz, HEO AMS & CEAGHRFO L O%
Zie) DY R RNERIITRT, EEOHIT, #HET20 BITks,

HECIE, PEREBUR FZEAT (CTAE-CAS) K OMERUKRZEC, BEFO KA T Aindies
Z T2 AMS ORFFEDS 1980 FARIZBRMG S 4172, CIAE Tid, 13MV IREED & 7 AEgs %
FWT, B0 ST oI 2 A0SR LT AMS JIZEDOR% « RIS D Hiviz, 1989
FEIZIE, CIAE @ 13MV % 7 A% HWT, AMS JIEDBItA S 7= & Sivd  (Jang et al., 2000)
—J7, ALRIREFTIL 1992~1993 FFEEZ, NEREE 5.5 MV @ EN % 7 MEZR 2 v 2 AMS
ERIADBIAE & 7= (Guoetal., 2006; Liuetal., 2007), D%, 2004 49 H|Z NEC 4RO NHEET
0.6 MV @ compact AMS 73 “C JITE ORI & L CEA S (Liuetal,2007), flf, PE2H D
HERF G HIERERBEMTEAT Cld,  HIERERBESEIOAERBIEIZ AT T, 2006 4512, Xi’an AMS Center
MNIERUZFEE L, HVE #HH 3MV-multi-element AMS 738 A 7= (Zhouetal.,2006) , & Dk DF%
RIS T, ITFERAE e AMS 2EE OB ANED 51TV 5, 403, Shan et al. (2017)I2X Y
I STz 20 BICH &5 AMS HEETh 5, FIERARICTHfE S 1172 EA-AMS-7 EFES AR
AZBOWTHRI I SN HEO & & SERIGHAMRE., 72WOASABBERNLORSH D | SR OTED
HERAPFF SN EZATH S,

#3 AMSsystemsin China ~ CEAT 5 7p)
China Institute of Atomic Energy (CIAE), Beijing | 1) Tandem-13 MV

2) 150 KV

3) Tandem-350 (1)

4) Tandem-350 (2)
Taiyuan 5) Tandem-300 KV
Peking University 6) Tandem-6 MV

7) 600 KV compact AMS (NEC #-)

Beijing Normal University

8) Tandem-1 MV

Xian 9) Tandem-3 MV (HVE f1-%)
10) FEFEAIE
Guangzhou 11) Tandem-500 KV (NEC £H-#)
Shijiazhuang, IHEGCAGS 12) Tandem-1 MV (HVE #1#)
Tianjin 13) Tandem-500 KV (NEC F14)
Guangxi Normal University, Guilin 14) 150 KV (CIAE 1)
Nanjing 15) Tandem-200 KV
Lanzhou University 16) Tandem-200 KV
Gingdao 17) Tandem-200 KV
18) Tandem-500 KV (NEC 1)
Guiyang 19) Tandem-1 MV
Kaifeng Henan University 20) Tandem-200 KV

(Shan et al. (2017) A 4Z)

4.2 HFED AMS

FEED AMS ZEEO Y X N EFR 4 1TORT, #EO AMS A0, Y UVERNLKRTEH RE SR B
FEHCEA SN2 HVE IO NEEE3IMV Z 0T b AMS (4 A AR o B p—4
—IEE) oiaE o7 (Kimetal, 2004), 1998 FEZIE, HHTD AMS EEDHEOHDPNITHND &
AUIZHTC, “AMS Korea 1998 International Symposium” & #1 L CEFRS AR 7 A3FE S 41, [FIRFIC
TEE OB B S0VERKITE S NTZ, ZD%, 2007 412 Korea Institute of Geosciences and Mineral

,18,
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Resources (KIGAM) (ZHMEEE 1 MV (HVE #8) 788 AS4L (Hongetal., 2010), Y /LR &
Sl H O & /g o THEE DO AMS #7842 #5] Lz, 2013 4R2i%, IHEEE 6MV (HVE #3) o
AMS & (A A2 B — 20 ORI & AIHE) 7 Advanced Analysis Center, Korea Institute of Science and
Technology (AAC-KIST:Kimetal.,2017) |Z3EA I 47z, £ D%, 4 #%35. 1)Korea Apparel Testing and
Research Institute, 2) FPEZEZR GBS o % —. 3)Dongguk KFJF )= R/LF— 2T
A TZEHI, 4) National Research Institute of Cultural Heritage (2331 T, C JIE B O2EE OE AN
HED HILTE TN D, BEICITEERSUEMERIN L 4 (RE S TER YD | L6 OFABIIEOFE -
LD EE LA L S5,

74 AMS systems in Korea

B B 4 AMS 3% i UG R ETR
School of Physics, Seoul Tandem-3 MV, with 1995 4E, 2017 425+ )bt
National University recombinator (HVE #1-5) Zebt (KAERI) B&#tf-md

gt — Bk

HE G T2 > 2 —., Tandem-1 MV, multi-element 2007 £
KIGAM (HVE #1#)
Advanced Analysis Center, Tandem-6 MV (HVE #1-4) 2013 4
Korea Institute of Science and
Technology (AAC-KIST)
Korea Apparel Testing and MICADAS 200 kV (Ion Plus) 2016
Research Institute

TREPEESK L BRSEAHTZE | Pelletron 500 kV (NEC #1:5) | 2018
¥4 —, Korea Institute of
Radiological & Medical Science
(KIRAM)

Ao ¥— 272 | MICADAS 200 kV (Ion Plus) | 2018
T, Dongguk
University B % v > /X &

National Research Institute of MICADAS 200 kV, Proceeded now
Cultural Heritage (KH) or

NEC SSAMS 250 kV

F TR B2 0D THERRZS

D% AREMED D

43 EA-AMS VVURTVU A

W U7 k> AMS WF5EAEMALT 5 BT, 2005 4K, 87 U7 C AMS WF5EA D T
7oHE, #EZ L CHARD 3 BEDO AMS BIEHE TR ZER, 551 BOT R T A0, 2006 4
1 H 26~27 BIZHEKRFEHY T LNEE T ¥ —IZ TR & 17-, East-Asian Symposium on
Accelerator Mass Spectrometry (EA-AMS) &4 STz, & OXY R, [ES7HE S BT EE D P A E5 L
iz a I LTSGRV - B iRl - RIS 7eE: TiVEROEIR L 1T o7
IRFBFARBET L 2 EREERTASROMEE] PEITL TRV, R CYH, SR SRR, IR
FaBh#ds 2 H0Z U COVEBIREY RO SR ERE DG IRHED v, ZomfseE
2RO TN EE 25T 2 FNTEZZ L 1 H Y | EA-AMS 2 AR T T AOBRIEE RN K E
BB LTz, ZOERTIE, PENDA, @ENG 24, £, YEEREICHTE L QORI
ZiEt:, Kyeong J. Kim {051 8 447253 AN T U MR S T2,

D%, RSITRTEEY, 7THEHESILTO S, BA-AMS-6 20154F) 1%, 3 HELSNDORED

719,
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BIBERT A TR S -, BYEENRFTIE. 2013 4E9 A7226 HVE AR ONIEEE 1 MV O

AMS B A T, 2T UC FARTRE DRFZENED H 5 (Li et al., 2017), 2017 4EI2HE
FEARIC CTRMEE S A7z EA-AMS-7 Tid, HEL #E, AL E LD, A5, A—ANJ U7, =

—U—=T R, KE, AL A, RAYNLOSNMELH T, YL HEREOSENR > TN
Bo KEIL, AlERT L AR IR R Rl o 2 — B iEE A2 LT, A4 dE -
I8 5 A2 EEEIC LT EA-AMS-8 2B 2 FETH D,

%5 EA-AMS [HESS R LD BRfERE

4 W Btk H B e FRE

% 1[0 EA-AMS [ElS | 2006 451 H 26~27 H | SO KFRAMEB | REZRK - Af -
VURY T A ﬁa}ﬁﬁ%ﬁﬁé kA
%2 [0l EA-AMS [EIFE | 2007 4510 H 22 H Seoul National Jong-Chan Kim
RV T A University, Korea
%53 A EA-AMS [E[BS | 2009 4F 10 H 19~22 H | IEE-CAS, Xi’an, China | Weijian Zhou
RV T A
%47 EA-AMS [E[E | 2011 4512 A 16~18 H | Bt KRFRHEA—L | A2
RV T A
%57 EA-AMS [E[E | 2013 410 A 15~18 H | KIGAM, Korea #t 52 Hong Wan
TUIRT T A
%5 6 [\ EA-AMS [E[F5 | 20154210 H 5~8 H National Taiwan ZHHLFR Hongchun Li
UTRT T A University, Taipei,

Taiwan
%71 EA-AMS [E[B | 2017 45 11 A 20~24 H | Guangxi Normal 5 Hongtao Shen
UTRT T A University, Guilin,

China
% 8 [1] EA-AMS [E[E | 2019 4FRKBAME T/ AR . r o HER - BT
URY T A FEHES 2 — | UINEZ - AR

B D AMS 2 %@%Mk/ﬂﬁ:ﬁ‘é& SR

BT 3-6MV O KRID AMS ZEED S . IIEFEE 500

kV LU O/ N D AMS 2E1E (U CEI & 13 272008 D AN B 32, FFIZ NEC #HH40 compact
AMS (500kV) . Singlestage AMS (250kV). Ionplus #1510 MICADAS (200kV) 72 & @ “C HIEIC
chﬂb L7CEEOBADNEHNL > TS, [ERNTH, compact AMS (X554 B8, 7SLA - FaRfE, N

W HTIZEET. IR, RO GBI B S 4L, £72, Single stage AMS D 1 B3
FUR KRG ST A S TR Y "CARIIE, IBENEISIERICHH IS Tn\d,

—7J7. MICADAS I%, F—1 v 3% HNIEARNED S TERY, FE, SE~OEAZED S
ERFT20 BIL < ANEATE & S IERICHH SN T\ D, 47 ¥ D HVE b | I 220
KV @ “C HIEEEA D AMS 3EE (4102Bo-"“C-AMS) DIGEZBItAE LT-,

F72. NEC #1:0 compact AMS (500kV) Zi%, “COftiZ "Be, Al ZHIEF[RE/R A7 v a v & L
C compact multi-AMS (500 kV) ZEERH Y, BEZ==2——7 > F®D GNS WF9eET7 EITEA S
TUW5, F7-. lonplua £E T, 300kV ® MICADAS type multi-AMS  ("°Be, C, %A, *!Ca, '¥I, actinides
NHITEATRE) 25, [7] U < \HVE £E22 513,330 kV @ 4103Bo-multi-nuclide AMS (CH, 1°Be, “C, °Al, *'Ca, '¥’I,
actlmdes WRERTRE) MNRIETETH D, ZDOL I, ZHEOKIEDOIEIC, MDD Z 7 20

iﬁ%_&otﬁﬂkéﬂ\_mg@mﬂ®§%fi\&mf%éﬁg@wﬁ%a*ifo
Za ZEMTEDDIRETH D, REDORVEEE =\ O CLE L CHIET DI

7 -L\b

= J?I\ﬁf{:ﬁb

,20,
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WK N F £ AR TH D &b s,

ft 7. NEC £ Tl AR T, Bl ¢, ZAfiZe “C MIEZE# & LT, PIMS (positive ion mass
spectrometer) 23BH¥EHTH %, Sundquistetal. (2017) (2L D &, ECR A A LT COH AMD C
AT ERAEL, TNEA Y TE U TATREBOBA T VICEZ, SHICENEEESHT L
T, PC, BC, MCERmHT S, BEC, 2 FEOR HEHIOW TR EICHIE LT, BC/C o
BN BRI ChHLEEMER L VD,

Tonplus 1%, AA AD ETH TEKFED AMS 7 /V—7 OLEENZ2HIIOH 212, RZA—7H
% L7 MICADAS-AMS 2Ef&E Zpsinfb L. RIE - IR5FT D72 DIicR LS RS TH 5,
Tonplus #i%, AMS HEELAMC, RIS, TAAL AR DA T > a v BB T 7 74 MERIEE,
HEWSR AR LS, RIET VT D53 - COREREEE, 708 AMS HHTIC B R AEE 2 Y £+
AZTHRFEL TS (lonplus,2017), Customer | &, B4 S 2 Hfii T E4UX, MICADAS-AMS & %
R - A - RSP CE DA L EREI I ez HEFEHEE D RIZE, WO T, it
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1.4  AMS #FFEDINDD
Future prospect of AMS study

PRl 2

Hiroyuki Matsuzaki

FOR R AW B S &2 o 7 DN FE R R
MALT (MALT, The University of Tokyo)

*Correspondence to: Hiroyuki Matsuzaki;, E-mail:hmatsu@um.u-tokyo.ac.jp

Abstract
AMS (Accelerator Mass Spectrometry) is extremely sensitive analytical method for rare isotopes.
Its high sensitivity attributes to high ion energy which makes possible to use “ion — materials interaction”.
AMS also has a character of “mass spectrometry with high mass resolution”. Recently new techniques
which stand on the fundamental atomic physics are proposed. On the other hand, AMS becoming
decisive tool for the elucidation of space-earth-human history in various time scales.

Keywords: AMS, [F] K7 HE, JEFHPE, PIMS, A ZE N FE
1. IFUSHIC-AMS IR ETERREZRDOH

I EE BT (AMS) 1L, $FENEEEIC VA4 % MeV/n BRE S TIELZ LT B0
2170 BRSO, $EB LB ZMAEDEDLZEICES T, A4 DOE BB M (Mg) %2550 F
5. ZOFRBIZ LR EIRA A R E Iy T A AT IR, AF L DIESIVT MeVin FRED
TRX =LA, TNEMELHAERSELIENTED. FlZIE, P RAELEE @ &
DIAFTATENTLEIDT, ZORDEESIT TEZIIHITONDS. [MEKIL, RO EM
LT, XX —HENRARDINE, ZhaeH A RS TESLL TRV L TRoNIE ST
HZENTED. LLEIE, ZRENRFRATHLD, EBICEREEZ R 5 051%, Bfiick->TK
XD [1]. BlzE, "C DBAE, A VIEEE 2R, FEE "N o4 b mflisns.
Fiz, ZUT DI DR B AU DT FAA BN ESH, RES A4 O THEMERSh
. 50T, RBEBHETIXIZIE UC BIVUT IR CRIET S, DEO NI T TT R B D
ThHD. WoT, BB TITR T AR T R NIT R, LWIRILTHS. "Be D
BIL, B AR (T AT 1 3=) 2T, HiERER B EOHAF TOZF T —BROENE
FIRLToHBET 5. 1%, REFEMe AMS JIGEFEICKIL T, EO X7 T E My A BREL
TV EEED LD THS.

L72>L AMS SEEE THAHFL L, BT X —2F A L-WE LM B ER ORI AT
FEWISICE DD, B2, Pl OSIRFEEEAOTHBITIFEAL TN, (65T, REBREIET
X, YET REERTHE DT DLENRD. (ZH0b 5T, gz OV E & TooN
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x1. AMS AIENRZEREDLHICEDNDRE - £E

BRENRKE |FEEETS P RIRE ®E

10Be e ITxR)ILEF—i8%k BRI —
&N ETHRNA B1AVIR

]4C 12CH2 13CH7’::I:C\:“® \ N g7 == R Br=
PRy DFA A DR RELTREE

26 26Mg EFHMA BAAVIR

360 365 GRARAR DS E oy HAFERER A

IxXILF¥—ia%k HAAI V5 —

1285 ETHRNA B1AVIR

129

I 128 ~

Ihi DFAA VD AELEE

w7777 RiEEL<, AMS 2
BHIOT RN T —D k- 10000 R , | . | .
TS, LAULATETZ A7 2 Béefore acceleration: FC 02-1
1L, Bk T s —4y L e e
IMPBEIEH LA A E— A
D~ AARY L TG, — 1000
X, s ORI cAAE D
WIETHIELZLO, 71X
m@&®ﬁﬁf@éhthm 100 L
THELEZLDTHD. HHM
IZART VB RY L ’f;of
W5, OFED, H &SRR
Z)S‘Ov(b\éij E‘Z‘é 0 251 252 253 254 255

@EH CEL/T i jJDL EF' Mass No.

AR w7 R—=2 T L L)

SR, —FED Ak 1. Bilbkoo>9—7v N SDA A2 E—LDOIER]
DEEELTWAHZELEZS  EIMMERBDOYRAANRT ML

b, SO EERNPITD

NWTH AT PENTNDIEE, R OAIINESILTNDIEND, B —LARHIK 2> T
HZEEBEZDHE, NEH O EM A ZBIEARKIL, SOIZAXTNUIZ) =T o TV EE 2D
N5, ZHL TRy 7700 R AP REUREL TODERN/NELIenEE 2 Hib.

ZDEINZ, AMS TIEZED/RT A —< U ANFLINTNDNEE X ThiHE, BINEHALBMEL
TWRWERBNZNWIDNCEDND. ZOLIREZAD LM EE 2 B L CARDHE, FLAEME
WEFNDO TRV E BN,

Current [pA]

After acceleration: FC 03-1

10
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2. AMS DO ifiEnE

2017 4F 8 AIZA XU TRfES - AMS [EFRE (AMS-14) T, S, FIZR -+
EIAMOLEZEL THLWHINZB R LEIOEL TWDRENNONHST=DO IR TH-T-.

FPNIAAF L THD. BIEIX Cs AR Z—AF U ER— R THDLIN, A4 AR E2RD D
HERT 775 —IT, Cs DEFHFRRE NN T 6N, 7705, Cs A4 ALTRTE ThE S
TWhHE, JVEFEHELOT<RY, A4 AN s E X BN, Cs ANy Z—DEFIK
RETIL, #—7 Y hORMEIC Cs BDILELTWNDHEB XL TWDD, ZORMED Cs I —HF—%Y
THIEZLY, EIREEZFE G T2 B VO TIHRWD, EVIRENHY [2], BLEIEWE- -7,
FaxbHA DV BALDOHT, [ALLIR/NTA—=H =%l TNDDIZ, I MR 7R
STENTHRRERAZ L TVD. ZIVETIL, BRI O B > TN, WBERBLIN 6> T
EZTCHDLHE, RESWETD0H LI,

B4 3o T, BRI EZ T L AT 50 —RIZONWT, Wibidpd “tube length” (FI 4R D 7D
ZENT= Y —RICHRBEZ T VAT 550, BEIOMUIARES) ZZBbSE T, 440 h%
NEDINTEALT D02~ (K 2). “tube length”% 1.5mm EHERIVBIEITDHE, LU PR
100pA (ZEEL, EHI2 2.0mm & 58, AL MFEERFF DY 70 a8 7. A4 AT 15%1C
ETHERE LT [3].

F72, IETIE, *CI-AMS 12BN TC, AgBr 2 /3yX L7 Lieh Y —RZ—7 v b A 3 (S) DK
WA THLHESILTWD [4]. ZHUE, Y —RGEFEH, 7I=0 LR E04e)R) LB o5 i
(2 Cs MY TBRNIINTTHHEKRTHY, T7hbb, BERE DAy Z—TIL, 1) S A4
4559572,

ZDINT, AATAITZEOFIBENISEEINTELT, BROSHIIRWIZHLEE DI

-3
10 ; ! [ [ ] AN
‘ Tube length = 2.0mm Target material

< ‘ 1.5mm ‘ l Cs\
o= -
£ \ il;_:—_\\
10" . /
o r ]
S 10% 15% 1
() F | |
m \
3 | @E 1 Tube length
(@) ]

10.5 0.35mm

0O 10 20 30 40 50 60 70 80 ANU sucrose 0.1mgC

Time (min)

2. 7277485 —=2"v ~ (ANU scrose 0.1mgC) DAL > MEkEE. 2D "tube
length” DEWC & 2BV, U7 T7HRDORERIE, ~—F L0 A bihE
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5.

F72, AMS-14 Tix, BAA R CRIEREL 557 %, LPD (Laser Photo Detachment) K> ISA
(Ion Separator for Anion) 72X D FEFLNHEA TW=.  ZHSHDOFEMIX, /NI ES T o &R 7
HAAY AMS ~DiEEHFLHDERAD.

SHICHLRIZEV O3 PIMS (Positive Ion Mass Spectrometry) TV, ZiLix, “C-AMS DLW
EORZETHS (X 3). PIMS T, ECR AR TIEAA AT, ZHUE, COy ZEHEAF IR
(DB ATEDAY Y IBRHHEN) . LLASE, “CIZAAA L 2/57250, "N O T AR 52 L AR
AN ThHHoTz. ZZT, PIMS Ti, L2 EAA LAY T HBIIZEATD, 22T EHBE
AF AT D. BAT L DHEGEHEIE, 22T "N DR EEDLLNIZETH D, bITONE et M
W AT LNTHDHN, T, MC b AalRICs -t Bbins. oIl > T, A Tk~
7239102, MEHFT DAY R KEV. PIMS TEAA AMEDOBIABZFEDILTWDD T, ZDRIZK T
LIINEERZ B &, IEAA L ZfE -T2 AMS S A[REIZ/R DD TIHRW e,

Positive lon Mass Spectrometry

BEE e

exchange
CO, — (Cn+ C-

cell
<no molecule> <IN elimination>

Accelerator Mass Spectrometry
Tandem

Cs
accelerator
Graphite sputter . Mass Faraday
Ar stripper .
i> ion E“> Chargs_ §> analysis i> cups/SSD
SOLICE exchange
Graphite — C- Cn+
<no M“4N> <molecule dessociation>

3. PIMS (Positive lon Mass Spectrometry) & AMS (Accelerator Mass
Spectrometry) & DD,

3. ISAMEO ML YK

MC-AMS IZHOWTE, FEli s RHHENTE 775 FEOWDbW LT =ZFA_U M DOF R, [5] LI,
HR P T, ZOIHIRFEHBORF R AR (B2 FH R E A8 2~ ) 2482 5L L C
WABEITHD. TDEIRARUNE, KEGEWEAICH BLIRIEWE D THHERIFIC, IEfMEREN~
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— =TT, FREITHMD TEELRD. LL, £ TRENDIDIE, KREOT T VAL
AT LE, ZELT. AMS HEEAHAGDE T, BiERT — X2 REBAEETLHIZILICEST,
WIS BB AICA XU MR ALEO T80 077.

F72304E, 1P R0 BOU, 2Mpu O BV VA IS R B o7, 2SO A HIE T
XDNERR N Z (I D), D ORE M ST AFZEDS — D ORFSEREIIC RV > DD E S 2D,
WL, AGRFEEFECTHY, 1950 FELLEOTRIZEIT D, BREMETMTIE, A\ & IR
ZhL—HP =L THWEH LW RN BIFJE 0N S 2 CTE 2. Wl AZHLTEFZEN A5 L, ik
BHVEREL AT O 1] 1> T i kS B « i R B T E ~ D B D O BT B I D B LME - LI
ZE> . EWVI R WEERIZASTWVKTIEA) . BARITII AN SR FEZ > 7= i oW T, £
FEEEHLNTWRWET LWT — AT 3ENHDH LS.

F7o, ~ U AT AN O YFe ORIERKINCEY, SRITFHENTOKGROER), L0728
W E SR BRI CTEIZEDITED [6]. AMS TEZETEHBRTEA DGRV, Db HHF4E
(ER

AMS 1%, HR2BEE N — ) —CERPE L L CORFICEE 5T, #ix R A — 2B
J5, INKFH - HUERER BT S0 AR < B2 — T D Db H LKL HD.

SE
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2.1 K MALT-AMS OZLR 2017
2017 status report of MALT, The University of Tokyo

R o - TE I8 75 - LB BS A B SE B A - | LB e -
BRI TN o L s O Ny

Hiroyuki Matsuzaki, Hironori Tokuyama, Yoko S. Tsuchiya, Haruka Kusuno, Miwako Yamamichi,
Kunio Yoshida, Akiko Horiuchi, Nobuo Miyouchi

FOR R AW TR G 2 o 7 DN FE R
MALT (MALT, The University of Tokyo)

*Correspondence to.: Hiroyuki Matsuzaki, E-mail:hmatsu@um.u-tokyo.ac.jp

Abstract
MALT (Micro Analysis Laboratory, Tandem accelerator), The University of Tokyo began its
collaborating project program for scholars of other laboratories, institutions, and Universities since 1995.
Total accelerator operation time had reached 110,213 hors at the end of the 2016 fiscal year. Totally 470
scientific projects had been adopted and 405 out of them are relating with AMS (Accelerator Mass

Spectrometry). This year, we have not suffered from severe accidents at the time of the symposium.

Keywords: HK MALT; AMS; JE[REIFH; IEE &0, HFE 36
1. EU®IC

WK MALT (Micro Analysis Labora-tory, Tandem accelerator) 1% 1995 4= 3[R 51 F B 4 LA
€, MEERE &I (AMS) BEDY, BEEIG 8T (NRA) Z XL HET 2K FEAF B — L0 Fik
H 2 OWFFEE ITHRHEL, ERRL TR/, 2015 4 6 A 8 HIZ, Mg EERIRH 100,000 KffE %
PR LT, Fo, ZRETICERIRS VL F/A 7R E U, 470 3VEIZ B0, 2055 AMS ZF)
FAUT-WFFERRE LT 405 BREEICDIED (2017 £ HAET).

2016 FEX, XUy = — OEEr, B — AKX INNOT AV 2 VL ADREGIRE, By
A =T UTE0, INEE &= LR U R B WERIEN S EE TR, SFEIL, ZhETol
ZAREIRNT T T SFEIE, 4 A-5 AICEFLTHEAEFERZITW, 6 HXhmFE o~ 4
ALEATHTZ. 9/12-19 KON 10/02-12 IZEHIA T F L ZA%AT o T2, =L o AL Z 5197k
SRR 21208, FD WA B A IXNOLONAETTND. (EEKR D SRS DREE, —HiE—A
a— A=Ky =7) EOidfE ORE (A, BMOL, BPM %) 35, /=, —#=7aDF
B (A T ER A R) FEEATIRoT. 7o, A R EiR R I, M4 11 A 2 A
MHAAE 10 H 31 HETT, 5,792 R L7225 TWA (SAEE 4 H DO IEEF 1T 3027 FER) .

7120, ENBT T 2018 4E 1 H 24 A, I AMS DOh FIF i PICHIEER DAL T L—T
—RZEsREEN, BIRHE NI EoT-. T —H—DREEThHo1-, SRR ETHET 2
RN ENME IS AT DPIEED, w2 o ZALEUTIE 3 EENEE flrL7-.
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2. IHERZIEETIRRT
X 1 IZBAEDOE — LT A ORI ERT . B4 2 B>z MC-SNICS A4 JRD 1 -2(82) X

BOANLAAT L E— LT AN F IR L. £72, OB A RO~V TF T7I7T —hy A
TATIL, B VX —NZhy 7% 1 B LT,

Injection Magnet with

Insulated Chamber N}Q
(o =450 mm) __— E.S.Analyzer (o =305 mm)
ME/q? =15

MFC02-3 MFC02-1 lon Source S
Einzel Lens \i = AU.["( 02-2 (MC-SNICS ; 40 Samples)
X.Y Steerers Multi-Faraday Cup

Einzel Lens —

Tandem Pelletron 5UD

Ar Gas Stripper I <-—|Termina| Potential Stabilizer I
GVM
i (0 =630 mm, 180° deflection)
Slit Feedback E.C.Analyzer Gas Filled Magnet
EQ (0=6000 mm, E/AE = 450)
XY Steerers —— i

MQ  TOF (1B) AMS

(1A) ERDA/RBS

‘[(il(l'(é ![;j, Gas Counter
, ) 5L/
90 (/i)nfl¥§g\gr?]4;§]net jg: 1 O (1C) Microbeam
MQ
o = |
ME/q* = 150 MFC04-3 N\ (1D) PIXE

Second Stripper
(Carbon Foil)

Switching Magnet

X1. MALT E—LZA Y

Multi-Faraday Cup (1E) NRA

Ultra High Vacuum Apparatus

K 1.MALTIEEIF2 2017 EFEDQERBANY N - ST

A ARk (20174) A ARV~ (20174)
1 IS14AVBCS 7 A —H AV ZF LI 5L TS ICS1 A A BN — R E A A FAH—
2 S14 A Vit ¥ Lot — T VIR B DB T« — R 2L — OIRES E S
331 A AVEFAAFAH =1 — RiEWHE 35 TV LRBILDGE - CsRih
Chain#2 FE8+( > 4" 7 g — 0){4% 9 |ITIRKRZVI=—NDIV IR - BFE
] EEERE, 1BOMCCY L —HEE%ERAE,
HOMR (RENLD?) ERFSES T
4 |
m_ﬁwﬁfﬁwﬁﬁ%ﬁﬁ BB MERS VIR0 — NROBINE
SIAAVENY — REFA A F A P —HSEE w
S14 # ViRExtractorh BHANICSE 5 B El_—? U—RY FAAI - BRSEIKT 4 LT —
SIAAVRAY — R & PA A F A F—piiliiE £ ; o
S1- 7 ¥ IRExtractorhEHAIC 55 5 % - BRI AAVBELT A>Tk
549y s TEEZESDF 1 — IHHIE - (51 e x> 1 BHEASHIK, KENR

(FEE)RE, 5BDOMCCY L —HhEEZHKE

;i —— o
$;757‘ ;“;;®7J =27 BHOMR (EBIEH?) EH BT
~ ;I\F'—!Iﬁ ~
/E% R S (A RO—5 =Ry ZRE—11 5k
6 51 AAVBNY —REFAAF A H—h'EiB Be-AMSHIERFIC. m/k, transmissionh & (3%
S14 A VEAEOKY TH 5 RRN - 5ot 5 BERNFAE LI

%1_2m7$f®£&4m/%%77wéﬁﬁ‘wﬁh&ﬁ%i%hik%bh%@i@mo
=, —BIEFEI T 5. 2016 FFEER, MEIROT v— 7 & H3, Chain 1 & Chain 2 L TRELTE
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BEL CWO RIS 7= (1% 22) 2017 - 4 H O EM SR CIOJR R EZ T2 5, /\"1//1\%
=2 DAL E I H—FEMHOALE DY, Chain 1 & Chain 2 & TT LTV =, BAKAYIZIX, Chain 2 D
WNTF = — DO REBEN TN, ZHERIELIZEDA, Tr—T 0 7 DONTU AT RELL
#FL72 (X 2b). — 77, Chain 2 1% 2016 F 7 A IS ARHRLI2IED0 TH A3, Chain 1 1T EFAE
STNDT2, Ny MEBEBER A > TE TS, DR ICZ AN E THHEFRFHRL TS,

B2 Chain DFv—YDFED (V505 —BBYER (a) cWEE (b)),

3. AMSDO/X\T7 A=YV X

UTAE, JRFIFOWEIK T O °ClLIEE DI, 7V —2 7 RO O T A 227 o *Cl
R EREMND, °CI-AMS Z EHIHIA TR > TS, GERT AT 4V e~ T RO PDIT Ay
Tar N FIEARBIETHST=0, AN RO T T4 A% 2 EICRELZEZA, BRItk
Liz. ZORERELT, 7 b—hh B30, $0RUSES A ELT. N2 7T RO %
il otn OCICI~1-10" 2L EAB DD, ERNIIT T+ 37—~ A&RT. K 3 1%, *°Cl-
AMS 123 1F D & (a) SAEAERBI O IKUAIEIZIB 1T 537 Y% (b) THS.
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< 01
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X 3. *CIFAMS [c &2 %EF (a) IZERBORDEUVBEICHEIFBZ/NZYF (b).
BORUBEIX20%Em>TWS,
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22 AHEBRKREZUThrY AMS VAT AOBIR (2017 £ )
Status and Application of AMS System at Nagoya University (2017)

AP e R AT N R DR - R - B
VEFHETRDSE | - BEURMICE® - 7 IS - AR BRC - KEBND T - BRERAER Y - db)iige !
Toshio Nakamura'”, Masayo Minami', Kimiaki Masuda', Hirotaka Oda', Akiko Ikeda', Masako Yamane',
Naoyuki Kurita', Kaoru Kubotal, Masami Nishida', Junpei Fujisawaz, Fang Yuting #, Makoto Tokumaruz,
Risako Kida® , Tokunori Suya®, and Hiroyuki Kitagawa'

"2 BT HIERBRBEI AT, 24 B RPGEERET I SCR, A i EKFEE, R
ESEABFSERT (‘nstitute for Space-Earth Environmental Research, Nagoya University, Graduate School

for Environmental Studies, Nagoya University, *School of Science, Nagoya University, “National Institute for

Radiological Sciences)

*Correspondence to: Toshio Nakamura; E-mail:nakamura@nendai.nagoya-u.ac.jp

Abstract

An AMS system (Model 4130-AMS) dedicated to '*C measurements, built by High Voltage
Engineering (HVE), B.V., the Netherlands, was delivered to Nagoya University in 1996/97. Acceptance tests
of its performance on carbon-isotope-ratio measurements were completed in January of 1999, and routine
measurements began in mid-2000. The total number of targets measured by the end of 2017 is 25,287. We

briefly describe the maintenance processes of the AMS system in the year of 2017.
The Tandetron AMS system at Nagoya University has encountered several problems in 2017.
They are; (1) two big sparks seriously damaged the solid state RF driver for the high voltage generation, and
the AMS system could not supply the high voltage of 2.5 MV used for "“C measurements. We replaced a
damaged coil at the final part of the high-voltage power supply unit with a new coil; (2) a power supply unit
for loading electrical current to correctly adjust the current for the recombinator magnet was in trouble. A
resistance unit located at the end of current supply circuit was burnt out. We replaced it to a new one; (3) after a
high-voltage spark, we could not apply high voltage to the accelerator. A control circuit board for supplying
high voltage was checked and it was found out that the electrical board B-5-41-205-0001 was out of work. We
replace the board to one repaired previously. We first checked all the parameter values of the power supplies to
the AMS system, but we could not find any changes from their nominal values. We finally concluded that
something wrong has happened inside the accelerator tank, and decided to open the tank after 5 years of

previously opening the tank. Owing to these problems, we can process only 900 graphite targets in 2017.

Keywords: accelerator mass spectrometry, radiocarbon, high voltage control circuit, magnet power supply for

high-resolution current adjustment

1. IXC®HIZ

Al EAREITIE, 1981-1982 4RI AMS BEAME & L C. >K[E General Tonex #1840 3MV % > 7 k1
VHNA ST, ZO%FE, General Tonex thid 5 1100 AMS MR A B L, KEDT Y V' FRE,
ATZD by MRE, KEDA v 7 AT — FRF, 77 A0 Gif-sur-Yvette AF7EHT, € L T4
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HRKPICE, RV TE %éntoéﬁi B SERI B F S T e, IEE ﬁi
VAR hORBID & T hEEEAS . AMS FIZdos SFIH STz, 1980 FR0T

5 @AMsﬁm%ﬂ@4i<@mém o e F— &@k%*%@ﬁbfwto%wﬁlwo
FERITAD & B, el ook BAER 2SI U, JIEHSEEE20~+30 450 C AERHIE DS ATHE
Lot BT, 1997 43 HIZ, #i7zl28 2 54§ & LT, High Voltage Engineering (HVE)
#1447 Tandetron AMS system (Model 4130-AMS) 2354 1E S 4V, Z OEE L, mTEREDHUR TR AR
TFHEADL AT L TH 5, 1999 4 1 HIZ "C/PC, BC/C HlEDPERERIN Z#4 T L, 2000 £EHE A
SN IEFEIRIE &2 B4G 7= O TH H(Nakamura et al. 2000), HLAETIFE AL 20 < 288 L,

EFALRENL > TOD 23, “CHIEDREIZE O F £ STV 5,

1 SH%DJ7TIE, 2000 E70 5 “Be OBIEFICHIA S D RFEED S72238, YK, BRISE A%
20 AEIT L 3B L CEFMEDN BN G, MBENSKSICHIT D Z ENTEP, HIRERE T, "Be
EHBIT D Z LR TERPo T, ZIEEEIR, 1 BARIE EOREETH © A OFE S o 72
ZEMD, MR IEDS R E 7=, HH L TV Mgl A DR 7 oAbk (SFe) & EEITHGE L
TEUL, DfEEAToT-, D%, MEERY V7R — LT A KA L, BEHREIE D¥EE T
BV LT, A 20 LA EEES L2 2 81T K DRSS S OFE Y., PR REN N &
MR LTz, oK. “Be, “C, *Al B X O ORNAAOHREREST S Z L1Ti-> TRV, HHKKE
J£2.0 MV Tl _hgwﬂum%MﬁLTMﬁ SAAERT DAMPEME & 24 S B C BSOS IS
ébﬁwo_@$ﬂ F3HETHDLINBELT L VRS, TOMEROREELZIRA T, 1 5
DOEERBEIEDOFRe & 21T o7z, ZOFER, R IBHIEESN G, DT, 2016 45 A 23 HfHT
D, 1 FHEOFCHZHIBR Uiz TR T8 S5 FARERE ) 3T ST,

HEBERFD 2 S Eo, BALSK 20 F4#840 L TR . EFERELTWD, FEFERRE
LTEX 9T, EEON—YOMENRSZR L, SR E 0D 5 2 LR TETHRVOR
BARTH D, Z 2T, 2017 4RI2H1) 5 Tandetron AMS HEE DIEFE & JEliz DRI Z A9 5,

2. 2017 FEOEEOBER OB E

2016 £EiZ] \%%@%at%ﬁEVﬁ%“’iéﬁﬁﬁ> CCHIE IR Us, BRC, 2015 4ERD
B 2016 4EI2HNT T, NEEEEEE @ﬁ@/XTA®T£EﬁE&D1TwE£% ZE AL
ﬂ&%&ﬂot(¢Hiﬂ2mﬂomnigﬁof\%ﬁ%k%AMs%ﬁﬁww~7@%@m
WFNZ RS T & T2, 2016 AEDOHITEE 466 1HH>5 2017 4E1% 900 fIH & BN L T\ 5, £ 112, #@E 19
FEM O & —7 > MAES L HERE 27897, 1999 4E5 2017 £ F T2, £ EICE Lz —47
v MEO R ZX 112, FIFZBME L7z 1999 415 2017 £ TOHEFEICHIE Lz ¥ —47 » MK
DEE# X 2 17T,

#£1 AFROHX =47 MNAEE S BIERER (1999 4EDOJRIEBRLED S 2017/12/31 £C)

HH WEx—2 b ({#) TERRF] (D)
fin AELH] RS RS AELH] HH
1999 330 28 330 352 29
2000 1,430 119 1,760 2,234 186
2001 2,077 173 3,837 3,161 263
2002 1,003 84 4,840 1,545 129
2003 1,979 165 6,819 3219 268
2004 1,679 140 8,498 2,837 239
2005 1,771 148 10,269 3,456 288
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2006 1,115 159 11,384 1,584 264
2007 1,339 1349 12,723 2,136 2149
2008* 866 1447 13,589 1,488 248%
2009 1,300 186% 14,889 2,470 350°
2010 1,701 155Y 16,590 3,027 279%
2011 1,449 140% 18,039 2,856 286
2012 1,634 163% 19,673 3,204 320”
2013 1,351 169° 21,024 2,795 3499
2014 1,741 1457 22,765 3,571 2987
2015 1,156 101% 23,921 2,468 247%
2016 466 93% 24387 974 195%
2017 900 100 25287 2169 4217
1) MBI (EEAITIE 2007/11/1-2008/06/20) DORENNE, AFAAGHIEER 5L L.
2) AMERA 16 H 3) AEMERA 17 4 H 4 BREAA 11 A 5 ARMERA 1024
6) HNMEFAA : 8 » H 7 ARERA 12 » A 8) AZMEMA 5,0 9) AHMERA 194 A
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L 2000 [ - _ 25000 .
g 2 /
o) o)
> € 20000
~ 1500 [ oo 3 //
2 o
[} > 15000
(@] ]
5 1000 [ © /
— >
= g 10000
o =]
d 500 L..| (@] /
2 5000 /
0 0 . . . .
7995 2000 2005 2010 2015 2020

X1 HF£TL0X—27 > FUE$(1999-2017) X2 HELZY—7 > hORREK
(2017 4= 12 H K F T 25,287 fi#)

2017 FAIHAE LT X 7 b Uit O B AR A& LT ICHIEET 5,
(1) KEZBOEELEA/ =708 2BFA LT, EEERERENGE L 201741 H),
2 AIC EEEARRETEH T N T o AR, BIZRBROTHIE LT T,
Q) A AV AHHE LEZRL Y b EIRAD OERA IR ST 99\ B 2 A9 2 BRI
BELC. HAOOEINEITF T LE o7, MR L7 iHia Ao U2 T-72 (201744 A),
(3) KEBOFBIEA =T 3534, TO®%IT, IEGOEEENEL A INTE L R2otz, SR
DOFER, EEIEDOHEIEE (Board:B-5-41-205-0001) DOAREA L HH L, Plifidh & 2cH L CTEIB L
(2017 F7~8 A).

INHOREAIZEY, B3 ITRT LT, 2017 FITIE, 0T ha AMS VAT L4312
BT ENTERNoT,
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3. £¢9
41l K Tandetron AMS system (2 & % “CAHAGHIE TIXL K S TARTL 0 B3O EEHZ VT,

VERIFE T ANZE20~+30 F-OREA (1 BEHER 2) CHAHIEN FIREToH 5 (Nakamura et al. 2004 ;2007)
7o, AR E DHEGNA VIR E S D UEMB B HF RO & F £ REROFABEIEIZ DU
TOFMABRHFF SN TWD (BB PINERE &I Ems 3, 1988~2016), 7o, Xk}
R E G DT AMS “CHEMRRIED Ny 7 7T 02 RiZ, 45,000~50,000BP (21 LCHY | —fEkD
EFCIX, 4 TFEATORTPERRE £ COFRMEEIITRETH D, Fl&kE, KA T LAOEZNFIH
ZHED TN FETH D,

BWEE X7 b U IESRE ESHTROUCECRST, S DIZIEERD 72 O OTHFESLEO S 72 L1
WC, ATBRFRFHW SR 2 —DHE - e cE= (IR JEERRE) DRk
IR EBMEEZ 2> CWET, £z, HARF T IFERBEEE SFHEITOAN FiHeE - - IFE
DML, RO AMS system 2 H L TND Z EnD, SEIERERE LT 5708
L TEEZX > TIHWTWES, BFEOFRICIL, St Y a0 27 AR O K HSEEZ K
IZE KRR IR ETANTWET, 2212, fi L TRHRE OERRICIRE B L £,

51 H SCHR

L RN B ATa 3 E (1988~2016) 44 i BAFEMRHER G Z—, (1 ~ XXVID).

A BRRFERAEZE (2017) 4 ERRFTHHERITZERT, vol. 1, 196p.

Nakamura, T., E. Niu, H. Oda, A. Ikeda, M. Minami, H. Takahashi, M. Adachi, L. Pals, A. Gottdang, and N. Suya (2000) The HVEE
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2.3 BERT 6 MV X7 LB EBROIERICLD
LK AMS LG AFROBR
Status Report of Multi-nuclide AMS and Applied Research by the 6 MV Tandem
Accelerator Mass Spectrometry System at the University of Tsukuba

e AT ERE B R s I R
EEPER T AR AR EAL A RRET !
Kimikazu Sasa'*, Tsutomu Takahashi!, Tetsuya Matsunaka' 2, Seiji Hosoyal, Yuki Ohta',
Kenta Takano', Yuta Ochiai!, Maki Honda', Keisuke Sueki'

VLR AMS 7 /b— (AMS, University of Tsukuba)
2 4R K= LLRL (LLRL, Kanazawa University)

*Correspondence to.: Kimikazu SASA; E-mail: ksasa@tac.tsukuba.ac.jp

Abstract

The Tsukuba 6 MV AMS system for multi-nuclide measurements has been successfully
established and operated at the University of Tsukuba since 2016. We improved detection
conditions for each nuclides in the first year operation. Long-lived radionuclides of '°Be, '*C
(graphite and CO»), *°Al, *°Cl, *'Ca and "I have been detected with a five-anode AE-E gas
ionization detector in the range of isotope ratios from 107'° to 107", The result of AMS
performances achieved by the Tsukuba 6 MV AMS system is entirely satisfactory to measure
cosmogenic nuclides for applications of earth environmental research field. The total number of
samples was 1, 120 for AMS during the first year operation in 2016. In this paper, we report multi-
nuclide AMS performances and applications for the Tsukuba 6 MV AMS system.

Keywords: AMS Wi B8 6 MV 527 A4 ZEFEAMS

1. [IC®IT
B KT 6 MV 227 MEZRIT, B HARER THEEL 12UD L b 27 A0
FROFTFHNMEZREL T, 2014 4 3 A ITHHEFAED A I, IR K VRIS E O
F‘fﬁ%\éﬁ}%ﬁﬁé?&a:\ 2016 47 1 AITHUR R AR 2B O R FF AT 215 CL 2016 4 3 A BHIH 9
BRABAGL TUWD[1], AMSIZED— A7l E X R EEFECTh 5, 'Be, C, °Al, *°Cl, *'Ca, I
DRSS FTREZR S AT Lk EH 72 > TUND,

2. 6 MV Z2 7 MR E B SITEEDOBIR

2.1 FEEEsE

6 MV 27 MEERE BT E[2])1E, 2 5 MC-SNICS & 6 MV 27 Mg & Y
WS BRI T A TSN TD, 1| 5O 5 MEMAIT A AE-E RHZHIED, 23
EX SR AT RE T D, 6 MV X2 T DMEEE B/ E O 2 X 1 1Rd, £
2. B EEZX 2 ITRT,
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To cther experimental rocms

[ 1
T

Hare particle detection lne (AMS)

SNICS -(ngﬁ{&cMsEEe Irradistion
Alpkatro: ‘I Iob{lc;lllt“ "
L 2 g
e j
} = = =
] ) ll?m
1 B KRS 6 MV Z 5 AH s 2 HIEKR 6 MV & LT AN
AT I OHERS[X] VAT ADLEEH

22 MEEEM Lo TV
6 MV Z27 MINEZE BT E 0SB @2 BRAA L TR 1R RGRLTZ, K&ERNT
TIATFEAEL TOZRWD LU IR TR 2N < OD D RIED FE AL T D,
- AR AL TE Ol
36C1, “1Ca, PSr—AMS THEHL TWA 7 A=k CERMEL 80 £) 12D\ C, (rfEd
NNET TS, 7 A/VOALEFBMEN 2, B —AF R FRITH L 52 T0D, Fo,
B AR AT AT DN T2V OB BARIENC B 2350 | AR ORI S A K
72LCW5, 2018 4= 3 H ONLEHEEE(H IR EEA T EL TV D,
K[E NEC #o> AMS #7112 2 (Accel-NET) D% EZE HAHY . FEENICLEE
X o7,
IR AFH O — A (BEFR 2%) 1281 5 EAE A~ — X 7 TEZ2)R
NDFEAEL T AR RLF — OIS EZZ AN 107 Torr 12 F THEALLT,
MC-SNICS A A ARDOFELT 4 227 DIAREF I LDHE F 1E25, FITKFICHALT
WD, ZAVETITEEI ORI E D F IS TuvD,

2.3 MC-SNICS A A JRL > ADik B
MC-SNICS DL > Rk BIzkA . CaFs B — 203 XHLER O KK ->T5, K 3 12
IRTIHEL  ADSFRIZEY, Cs'E—2% Y —FK ET 1 mm L FIZIKR T 55 THD,

-2.0 kV
Improved Cs* focus lens - L
p /" Cs spot less than 1mm in diameter

Target sample - ;

N§N7
ﬁ y CaFy~ beam
. \_
Cs* beam 1S \ \ 2 \
Ext‘r_;i:tor_ . ‘\ \

Tonizer VN N 2.0 kV

3 MC-SNICS @ Cs'E— AWK L oADK BIZLD CaFy B —ALE A
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3. AMS IZLAERERIE M RE

MC-AMS 2D\ T, ML 5.0 MV 12X q=4 Z AW T, M= R /1¥—25.0
MeV THIEZEML T D, "C-AMS OHRIEMREEL TIX, 0.2 %D ERE E &5 60,000 4
D377 7R (0.04 pMC) Z7ERKL T D, 'Be ORIETIL, 5 AEMEHTAAE—E &
HERDANDIZT 7Y —N"— V&R E LT, IiELeD "B 2RET25FIEZRE L,
"BeO % 6.0 MV THIEEL T, 20.3 MeV @ ""Be* Z# L T\ %, '"'Be—AMS D/ 77T
YRELTIE, "Be/Be LT 1 x 1077 245 T 5, A1 Tl IEHFEE 6.0 MV 2L Tk,
36.0 MeV @ AP Z R HL TV 5, 2Al—AMS D307 7577 RiZ, 2AI/AL EET 5% 10710 LA
TE7poTND, SCHIZOWTIE, IIEHEIE 6.0 MV T B M IR F A W TR q=
8 LT, 54.0 MeV TD AMS % FfiiiL T\ D, AgBr Z i L 7=alEHEE H ke B A BISs L
T WiELRD 38 ZERELTEY, SCICL LT 3 x 10 DI 7 T7  REERL T,

2016 FEIXFEIZ Y 'Ca— AMS OB ZERSE T2, Y'Ca—AMS T, CaF, iEINBLE )
FAA LD N CaFy 25| EHLTND, MEEELE 6.0 MV (28D, ZHLETIL 44.5MeV D *'Ca’™
ZRI AL T3], BAEIXFRTED A OEIENE L 32.5 MeV @ “Ca> %K HL TEHY,
HCa/Ca = 3 x 107 DI TTYUREHFGTND, K 4127 7 770E LR HERUEL Y Ca/*Ca
—1.16 x 107" [4)ZHE L= 2 IRITLAI MV ZER T, £, 'Ca— AMS O &4 [X] 512
RY, PI-AMS TIHANEFEE 5.0 MV 128D PP 2 EL T 2T T10 s 1074
UL ORPNENFEEFTRE TH D, PI-AMS OREREEEL TIE, 1072 L~V TR 1%D i %
TS, 2 1ITHPE R 6MV X7 MIEEGE &0 AT E O AMS (2B 3 2HE MR
ZNE IS

0 107 400 —T 100 &
(&) Blank sample ! - (b) Standard sample %
AR i AR _E
L il E4 -
v : e = 104 Py
= 300 Faoo; % J" Ciﬁ
5 + 5 41054 LA v A
5 4Ca’ g | Ca o ;;’ . CI7A
5 g ! 3 o 4 CISA
i 2 '3 31 |+ C19A
200 200} ﬁ 3 e C20A
E.:.: i - y=x
S RRIRTERES PRRRRRIS o s FYRIRTRIE ok i | | |
dE1+dE2 {ch) dE1+dEZ (ch) 0.1 | 10 100

Known “'Ca/Ca = 10

4 MCaD2WITARY MVIK (a) 7T v 7k HCa-AMS D B

(b) AR Y'Ca/*®Ca=1.16 x 1071°

4 5

F1 FIE KT 6 MV 27 LESSE &5

AT 4 E D RZ AR I 7 MR RE

Isotopes lﬂBe 14C 26Al 3 Cl 41Ca 1291
Half-life (yr) 1.36 x 10° 5,730 7.17 x 10° 3.01 x 10° 1.03 x 10° 1.57 x 107
Chemical form BeO Graphite, CO, ALO; AgCl CaF, Agl
Injected ion BeO™ Cc Al CI’ CaF;~ I
Typical ion current uA) | 5 (*BeO) 10-60 () 02 (A 10 ey 0.5 (“CaFy) 5 (D
Terminal Voltage (MV) 6.0 5.0 6.0 6.0 6.0 5.0
Detected ion (Stripper) ""Be*" (gas) “C™ (gas) AP (gas) ¢t® (foil) “1ca’ (foil) 21 (gas)
Beam Energy (MeV) 20.3 25.0 36.0 54.0 325 30.0
Transmission (%) 15 40 25 10 8 10
Precision (%) 2 02 (Graphitc) 2 2 3 |
0.6 (CO»)
Background (atom ratio) <1x107" : i i ig,: ((?;gf)hite) <5x107'¢ <3x107"° <3x107" <1x10"
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4. 6 MV Z7 MNEEE BT EEE OF| R I

T KT 6 MV 227 AESRIE, 2016 4 3 A XV IEXFIHZBMGLTZ, 2016 4
(2016.03~2017.03)DFaFHR H X 154 H &0, MERHEERER X 1,867 FEfi TH-7-,
2B, B DNEERR] 1,496 FERE D5 D | 64.8%70% AMS (RS,

2016 FEEIZH1TDH AMS W HHEZREIL, "Be, 14C, %Al *°Cl, *'Ca, "1 D 6 & TH D, W5
AL, PR 4 R R OO 4 08 (RSB 14 BBV E 2 a5 ) =L TV
%o ¥ 6 1R TINTAERB OBIEZREHLIE 1,120 HTHY, ZDHH 21 BNAED 43%. *Cl
N 16% DR EEIS Th-oT-, "C T OV TL, T J1kEaxE A O F gt 4C JlEE CO, HA
A APROFERM E 2 FHi L7, °Cl Tl & 55— R BT (FDNPP) Fi#2 8%+
HErp o 3°C1 lERCEE AR 20C1 JE W EIRHLO 2 i ST ARGANE , iR A 227 %
PN BRA X RORFZE N ST, YCa IZOW T, A OFH R RS AR ZE A
1Tz, 1 Tik, FDNPP FHi DIz OWT 3 Bk, 1)11722 8 O e W21 E
DTN, £o, B ARMBIFFEIE R N — Y — W 9E 72 IS,

Nuclides | Number
19Be 13
“c 321
2041 30
¢l 184
*'Ca 88
1291 484
Total 1120

Ca-41
8%

6 FIEKF6MV ¥ 7 ANEEIE EONTIEEIC X D 2016 5 ORI E R

5. ¥0

2016 4= 3 A X0BEZBIMELTZAIE KT 6 MV X7 AEER Tk, AMS OF|HAFZE)N
v — AR ORI 3 530 2 & T, Mk EEFE CTH D 'Be, C, 2Al, *Cl, “'Ca, T OHE
INA[RETHY, 2017 4EFEIT °Cl & 21 22 AMS ICE D A 7E 42 F L T D, £7-.
BIEIX PSr-AMS ZBH%E T CH D, AR LIREIT, 2T OREHEREIOBIF I OWT, FilE
FELTWD, ZDf, 6 MV Z27 MIHERE S oL E OB EEL T, A4 IR R
IZEAE — A5 [ X HUBEMOHEE R FIL T D, FEREITIX, TAFR CTATLER A (GFM)
R Rb A\ HEAFLAPROENIZLD, PCs FEDOFHEZFED @I E I E FIEORHEZED 5
TETHD,

2E IR

(1] & &Fn, HARWEZRF258 087, 14(1) (2017) 5-14.

[2] K. Sasa et al., Nucl. Instrum. Methods Phys. Res. B, 361 (2015) 124—128.

[3] S. Hosoya et al., Nucl. Instrum. Methods Phys. Res. B, 406 (2017) 268-271.

[4] K. Nishiizumi et al., Nucl. Instrum. Methods Phys. Res. B, 172 (2000) 399—403.
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2.4 NXUF TR Compact-AMS DR (2017)
Current status of the Compact AMS system at Paleo Labo Co., Ltd. (2017)

VETREZ " (PR - B IE S - LT T A 2
Z Lomtatisze” /NREE— 1o FRATEE R 2
Masanori SATO'*, Shigeru ITOH', Masashi HIROTA', Hideki YAMAGATA?,
Zaur LOMTATISZE?, Koichi KOBAYASHI', Kentaro NAKAMURA?

LK) 7Su A - 778 AMS FARHIE iR (AMS Dating Facility, Paleo Labo Co., Ltd.)
2(BR) XU A« TR B )5 (Tokai Branch, Paleo Labo Co., Ltd.)

*Correspondence to: Masanori SATO; E-mail: sato@paleolabo.jp

Abstract

In November 2004, Paleo Labo Co., Ltd., which conducts scientific researches in a variety of
fields of archaeology, geology, installed a compact AMS system dedicated to 14C concentration
measurement. We had measured 2,161 unknown samples and 944 standard and test samples
through 2017. Since its installation, a total of 42,798 samples (31,748 unknown samples and
11,050 standard and test samples) have been measured until the end of 2017. The long term
stability of measurement is demonstrated by the results obtained IAEA reference materials,
measured routinely and regularly. In May 2014, an automated graphite preparation line was
installed in AMS dating facility. This automated line consists of an elemental analyzer (EA Vario

MICRO Cube, Elementar) and an automatic cryogenic CO2 trapping system.

1. ICWIT
2004 4F 11 A2 (k) SbA R A L7T= Kk [E NEC #E%E Compact AMS |3 1#H &
500kV DOIEZRZ W 14C IRERIESRH O AMS Tho, 43 FA44> (13CH,12CH2)
@iﬁxc:otéfﬂ‘yﬁﬂ“??‘/l\“@t%bu% . J—

BT i EE R AT AARNY /X —D — 7 - \‘

Ar AREATEL B LICLD, V7 - . \

B OER qg=1+D HIETHR 6 \

T (RGeS s 77 74 : /5513‘{ Pelletron /M .

R X S A A - ¥ '
HIVTUND, BEE DY/ N 727 3D G
I 7AYo X1 B, 3

AT 77—3 ., ESAl £, Efif 2 MC-SNICS

BEOHTHD (K1), ZOIHTHER
137 IV THANI 7R 21T

v IVFT 7 FTT—h *y7/

HTEZED | BT RIOFARCTIL e
14C 4EA T 40.25~0.3% (£20~25 L s 778 Compact-AMS
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) 13C/12C HTIEH0.05%LL FEWV IR IS E RS BEEORIEN RIRETH D,

2. EER- PR RI

2017 FH1E 11 AR ETIT 3,105 s CGRENGUEF 2,161 L+ EEHESUEE 944 50 HIEZIT 72,
FElo, AMS ZE AL CTLUROFE R EFBHIUL 42,798 sl (RFENGUEF: 31,748 5, FEHER
BE: 11,050 £ 2L T (1% 2, 1K 3)

R mEs

2 HIER B OHE(2017) 3 KRB OHER

W MEII ANy 7T RREEHICIAEACL % 2 8, F=yZ7 I C5 % 1 fH, C6 % 2
AL TAT > TS, 2017 FFITHIE LT C1 OFEIE M OFEAE(R 221E 0.113 £0.006pMC
(HELE :0.002£0.02pMC) &+ IR ZE LI E CTh 72, C5 13 23.05£0.10pMC &7eo
7= (HELEAE 1 23.0510.02pMC) , C6 1F 149.14+0.26pMC L7230, #E4EE: 150.61 +0.11pMC
FOOFMIRNMEZ R LT (1% 4),

0.2 248
C1 C5
016 -
- 24
» »
R R I AN
’M' . 2 hadit 22 Yot o + ovbe Yoot . o .
0.08 . - il * 0‘.““ "0 ’.“000. ’0’“..
- * * e *
22.4
0.04
o i
1810 afl1g 67118 af]18 oY 3118 6f1B 918
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151

Cé

150

- * -
et TN Tt N w
o 0w o " *

148

147
1918 318 6A18 9718

4 TAEACI, C5, C6 DOHlEE

3. NN ATFUR

2017 FEITIRELILDT=D DT T N EL TH—RR 7 DS RN Z o7, 9 HEET
D =R T PNEELT T DR DM ELZ WA LT, £ D% B AL THED L1
BT DA T AR DE—RIR L T HFROE DA WL, (X 5)

5 IS DE—RR T

4. BEMLBRIZ I

BrHAN B O—BREL T AMS MIERREZ 2K 77 7 A MET 5700 BEbIERIT A
CEBANTHIEERY, 2013 4R 12 A RIZ B BRUEHRTAELS AT L OR T A A HER IR
(2D 2WEr AMS FEARBNEFERRIE A L=, ZD1% 2014 4 4 HIZ vario MICRO cube %
AL HERUEHRTLEE S A7 A RPN S W T, B-AET A AT A ORI K
TEDLHIOC CO2 HAENEZ 3 &, WAy 7% 1 EIER b DIl>TD
(11 6),
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6 AELIEMT 1

HEFUR ALY AT 2% AW TR L L2 Mk P I TAEA C1=0.146 £
0.007pMC. IAEAC5=22.79+0.10pMC 727, 7377 T REREHDS /U« 7R B
JEDFET AL TUBLIZH DL EWVEZ RUIZBA RN LEEE 2 605 (X 7).,

0.2 248
C1 11i m 1111
o C5
016 - I]Ja]] m EE]]EID muﬂﬂ
24
o2 @ﬂmneb* K «ﬁﬁ »
R ) »
o~ » 22 "t -
»
0ce "’ mdzhj:q;m” EPE’%::P’
a
224
.04
0 16
1F18 Mg a1 aA18 1A1H8 3H1H 6H1H 9H1H

7 STD O F-EHULEE & [ EhLEE C o Lh#g
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2.5 6 MV ¥ 7 LAINEZHTL D 2Sr-AMS
2Sr-AMS with the 6 MV tandem accelerator

MR FIR T AT -EE B AR B! TEE%‘: RE
RS ISR RK Y
Seiji Hosoya'", Kimikazu Sasa', Tsutomu Takahashi', Maki Honda', Yukihiko Satou?, Kenta Takano',
Yuta Ochiai', Keisuke Sueki!

UFLI K AMS 7 /L —=7" (AMS group, University of Tsukuba)
YR JIWFEBH AR (JAEA)

*Correspondence to: Seiji Hosoya, E-mail: s1620254@u.tsukuba.ac.jp
Keywords: 6MV 5> 7L li# 55, *°Sr

Abstract

Strontium-90 (*°Sr; T,» = 28.79 years) is the fission product of Uranium and Plutonium. Therefore *°Sr
affects a potential health hazard from radiation accidents in nuclear facilities such as the Fukushima
Daiichi Nuclear Power Plant accident. A conventional analysis of *’Sr is the B decay counting method.
However B decay counting needs the milking process of *°Y. It takes two or three weeks to wait *°Y
growth until the radioactive equilibrium. Recently the ICP-QMS technique was developed for a rapid
analysis of *’Sr. However it is not enough for the detection limit of *°Sr. The AMS for *Sr analysis has
the great potential to enable the prompt and high sensitive measurement. The sample for AMS is
prepared as SrF» because Sr cannot form a monoatomic negative ion. Consequently, about 400 nA beam
current of SrF; obtained from SrF, sample mixed PbF, powder. Mixed ratio is SrF,:PbF, = 4:1 weight
ratio. In the case of *°Sr AMS, isobar interference of *°Zr has effects on *°Sr measurements. Therefore
we used the five-anode gas ionization detector to clearly separate *°Zr. As the result, *°Sr could be
detected for the first time in Japan. The background level was achieved to *°Sr/Sr ~ 6 x 107 (~ 3 mBq)

in the research progress.

L @3CHIC
Strontium-90 (*’Sr; T1,= 28.79 ) 13V 7R Vb= LD 5y 900Gy 28.8yr
UM ELTERSH, RBE R T AREFOFIc LT

B 0.54 MeV |

BB T O STz, St Ca ERILT7 VY H3EA B TEFHTHY. % 0ger 6a0n
fl:%ﬁﬁi TBEITND, 2D %, St RNERNIZEAENL LG =T\
ISR, BRI L7205, &I R D 6 FLL N E
EAMGE L7 BUECHME I T 2 EE B, HR RO B AN
BRI COZEBOIFRO T~ | HE /o Th 5, 16T Ore—
Ro v FL—varR0F ol a7 Wk i Bk 23— i 7s 0Zr

R I oT, UL, St Ok 5B#130.54 MeV MK . ‘
-5, WL TH5 Y O (2.28 MeV) 2 BREIHERIIC OSr 2 B L 1 7Sr ARtk
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TWA (K 1), FD2 OY OIS AL 7 VTN LETHY | ZOITFEIZIT 2-3
WA E 5, T T, #Fiizicalyal a1 272 ICP-QMS CTO 'St O 3Rl E 15535
k&=, L, 2O HRFITH 20 mBq[1]THY ., pREHIE DREIZIZS 5, AMS 12X PSr
Doy HHETIXFEEMAR Y 13X 7St O 7kife 2L ThZ2 DR F280T °°Sr DF) 4000 43D 1 LT
TELZ2\WN, F72, Y OIE 2 B &2 | BREEFH OTBY-ITFAE 720, 16> T, AMS Tix Y
DEBIIFRE M S 523 TED, Fo, FEBE Zr ICBL UL E RN THLIDICEREH
DODVEYLINE 2 5D, D%, OZr 1THE R THlET DM EN DD, ARFZETIE 5 BB E
HER 2 DT AR TCO =R X —HIROEWEFIHL T St & *Zr D4R 23 7=, AMS

R 1 SriERSIEDLE

BRI E ICP-QMS AMS
FRHEE ~1mBq ~20 mBq ~0.1 mBq (*St/Sr ~ 1074
HIEREM 60 p+bF 7 2-3 Bl ~ 154 ~30 %y

& TP 8/St ~ 101Dy 7 7T R AT HZ LN TEIUL, FBHEEAR L Z —IZ Sr~ 1 mg
DEEE I N D EE T UL PSr ~ 0.1 mBq ORI 7T REGDHIENTED, DFD, AMS (TX
% Sy i B IENFEHLTENIE, PRHIE . ICP-QMS (R D HT 772w B Tl 7 S & &
ERIIFFSND, £ 112 St EBFIEDOERE RS,

2. EBRFE

AHFFE CTIFIPE KFE 6MV X7 DNE g O TEBRZIT 72, K 2 IZHHE K5 'Sr-AMS &
AT DT, St X T ) A B T RICB L TRY, TOEFHMATEN, 0%, HF 1
BAF B LI A A AFRNSDE — L5 X HUNKEEZ /2D, T2 T, BHMDOEN
TvFE (F)EDLEY St BN SR DS FAF B — L a5 E T2 &R T2, E7-. StFL 3R
BIKTHY, Cs A ZDBRTREIN T v+—T 7y 7 ZIEI LT, B — A5 [ LN RLEIT/ DR
N5, ZD% BEMEOHRE SIF B IRA TH2MENRDHD, TOMKEDEAELT PbF,,
Au, Ta D 3 DOYEITHOWTH T,

[FEAR 0Zr (255 St MO EZS T 72010 5 KB BB 2 -, [AEE Zr & H
BIRZFE St Z 0 Zh BBy Bl B B 7= O I BB AT - 55y (AE1+dE2) &% 13 47 (dEB4+dES) D
TRV —HIRE 2 WL T By MIT Dk E AT ol S BRI R A E O FERIZ DV T
MR[2]. [31& 5 STz,

IEAE-PT-solution (Zr 7.330.54 ppt, Ca 18.32£0.1 ppm)

907 mass analyze Zr separation
magenet Anion exchange resin (MC]GEL CADSP)

55° bending ||1;|gcnul

o, 100-150um)
ation: H0 10 mL , M HNO, 10 ml. (rinse)
510 ml., SM HNO, 10 ml

-
. -
Guas jonization detector Swilching magnet

(5 anodes type) .
Sr** detection o ITMITF | aul.. 10 mis leaving

Centrifuge at 3000 rpm, 10 min

A07 switching
magenet

Sp— Supernatant Precipitate
MC-SNICS
(40 samples sputier ion sourcesh

6 MV Pelletron

4+ Acetone Sl
Centrifuge at 3000 rpm, 10 min

Triplet
Q-magnet

____________ s Supematant Precipitate
e agene alyze Jiding  SeF, AMS sample
. Carbon foil (3.8 pg/em?) stripping
N Sy ~ — N 90 e ,
2 HUE K OSr-AMS AT A 3 'Sr-AMS FEHEGUEF O VERLFIR
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% 2 IAEA-PT 0B} fis

%Sr [Bq/kg]"! Sr [ppb] %8r/Sr*? Zr [ppt]
IAEA-PT-217 147+0.5 228 +£2 1.98 x 10 7.33+£0.54
IAEA-PT-222 29.6+0.8 196 = 1 2.72x 10 7.41 +0.54

Fio AEAEREHIBIL CTid, IAEA 22 DEEIES A7 Proficiency Test (PT) #kba HWCTIERIL 7=,
PT #BH IS o B R E i 5% O B EE AR AR 21 TH 720 OB CH D, D FEVZDOFEHE,
TAEA W) HFEGITAZ FEME D @O BE B DS U MERZFE DR FE A 7R L CTD 72D | AMS OFE HERK
BRELCTESEL TWD, % 2 12 Sr IR EEAFMELS, Sr & ICP-MS (ZTHRIEL T, *°Sr [N (A2
L7z Rz s g, RIRFE Zr DIR A BDREZATST2E A 7.3-7.4 ppt O Zr 5 IAEA-PT alEHT
SENTNDIER I ST-T20  Zr DREIZHOWTIXREA AL 2 HUsIE (= 2/ MCl GEL
CAOP) Z U T ICP-MS D RS LLT (0.001 ng/g) ETOREZIT 7, FEAEREHIX 3 (5=
T FNECYERIL7-,

3. EBRER

StF, sl BHZIR G T2 AR EL T PbF,, Au, Ta 3 RZIRET-MERER 3 1ITR-T, & 3 ORI

StF,#EHZ POF My KZ BB 1:4 TIRATHIEIZE-T BSrFy %47 400 nA 5l&HT LN T
2o 77, BSrF3 % 6 MV ONIEE E THES B 72RO B2 H5A1 ORE RS B(X 5)%0., %8sr®
D 8 %D RN Z LD ZEN otz L EDOFEREID £ 4 OIS/ NRER S AT LD/RT
A—HTREEIT T2, 5 BB EHEFE T *Sr
& OZr OLHERBNCELCIE, AT Z U H A 30 Cabon fil (3.8 gl siping
Torr ZE AT AL TR BV AT LD '
IYEERESIL, ENWIETRD AMS 125D 'St OfR
HIZEREIL72(K 6), LasL, Rl 2Zr DIR AN
L2 G TRV — R OENW T TS
RMIENTERN, FZ T I K> TR E
1K OZr DR EEWSTZEERAT,

dE1+dE2, dE4+dE5 O 1 IRITTE AR T LIZDONT 6+ 7+ 8+ 9+ 10+ 11+

. . _ Charee state
HIT T4 T4 7 21T, dE1+dE2 IZEHLC ®
5 88SrF3 D 6 MV IIE T O faf i #4554

Distribution (%)

i L I R V- N - ]
1 1 L L

# 3SR iBHIIRA T 29E F£ 4 NHB AT ADINTG A—H
2L D BSrFy Bt E O E AP RE StF,
BAMA (SFaX)  SScFy il GlEmLE—2A Sty
PJIBE=EAE S 6 MV
PbF; (1:4) ~ 400 nA HEL it S
Au (1:4) ~300 nA (3.8 pg/em?)
Mo A 90g8*
Au (1:1 ~150 nA o M
v D MRLRSE 8%
Ta (1:4) ~100 nA B—ATHXLFE— 518 MeV
T HH s 7T A AT H
F 2w A 78 Si3Ny

(BB : 75 nm)

*IN0.217 122016 4 3 H, No0.222 1% 2015 4F 3 H B S TOAFRME.
2 MEIE] 28.79 A4FE TEMEL. 2017 4F 6 B ITEEA IR .
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Isobutane 30 Torr
Blank sample Standard *’Sr/Sr = 3.375 x 10

= 9 10° = 9 10?7
e - e -
8 B 8 ‘!
T C - E |
57 Iz !
L W or |

6 6- 0G5+ ‘

5. 5: _.

E E : =10

4 4 |

3 3

2 2t

1 T

PPN - Liviilieal 1 Lol uaddor ol iavaliay Ll B

C0 1 2 3 4 6 7 8 9 cb 1 2 3 4 5 6 7 8 9

dE1+dE2 (ch) dE1+dE2 (ch)

X 6 FEUERREICSH/Sr=3.375 x 10°) & 77 > 7 BN BGRER) D 2~ kLK

“Srand “Zr dE1+dE2 signal

— 1074 P
| p 3375 % 19;?/
| s
/
| * } Gl i o //
: ' 10 /’

10 ”/
4. |3'}')]/{V
A =xr

dE4+dES signal | 3 | [

Measured *'Sr/Sr
=

. 1.750 x 107
i _ 1" 107 10*
3 * ! s N as‘::?(a-? ' Known ‘MSD"SI‘
B4 7°°Sr 7 — b E A X 8 fEvERE DR

I 30, dE4+dES I[ZBAL Tl 46DiE T 'St O — Ml 2 3% & 352 LI Lo TIRIER *Zr O E
DB LT=(K 7). TOFER, X077 TR PSr/Sr~ 6 x 10783 (~ 3 mBq) &k Lz, £i=, =
DFFAT 7L CRIBRIC 3 O VERBIO [N IR LA B L | BERRA 5 W IR R 2 X 8 1R T,
X 8 XV, 3 FEHOMEUETLEHI W TH BRI OB LI TIE — B, AEAERRE, AT 7 15 ISR 20
\_&Z))Eﬁmh\énf\—o
4. ELO-SBOEBE
BILE St ZE CEAMRITKE T —L o R RET ESIHFZEFT(10 MV 227 DANEE) DT
BD, D377 T Ri% Sr/Sr ~ 5.98 x 1073 (~ 3 mBq)[4] THY . ABFFETHONT= 07T T
VR PS/Sr ~ 6 x 101X K& 7 g & 7% ORI EVERR A A LTz, £7o, kD *Sr & &
FiEE iR LT BRI E L [F) 55 OfR IR L CliE I E S CE ORGSR 21572, Ll 3 B Tih~7
ﬁ’ﬁﬁjﬂﬁ X St ORHIENEIER RN HHTD A PROL B EIZL ST ¥SFy o
LEMEHELTHEOUENMETHD,
[ k]
[1]Y. Takagai et al., Analytical Method, 6 (2014) 355-362.
[2] Mgy FIE Ah, 55 18 0] AMS 2R YT A (2016) 67-70.
[3] M FHIE fth, 5519 [B] AMS 2 2R Y7 LA, (2017) 49-52.
[4] S.J. Tumey et al., Journal of Radioanalytical and Nuclear Chemistry, 282 (2009) 821-824.

=
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2.6 JAEA-AMS-TONO (33135 1/'*'1 Ll & DEEAf
Improvement of methods for measurement of 12°I/12'I ratio at JAEA-AMS-TONO

R E B xR AR R R 2 SRR T R 2 PR 2 R 22 2
PR VEIR 1855 (R R 5 1 !

N. Okabe'*, N. Fujita', A. Matsubara?, M. Miyake', T. Nishio?, A. Nishizawa?, N. Isozaki?,
T. Watanabe', Y. Saito-Kokubu'

VA ARR AR IERE RS SR R % — (Tono Geoscience Center, JAEA)
2RSS tE A2 (Pesco Corp., Ltd.)

*Correspondence to: N. Okabe; E-mail: okabe.nobuaki@jaea.go.jp

Abstract
Residence time of groundwater is one of the most important information to characterize coastal
areas in terms of geological disposal. Iodine-129 ('*I) has relative long half-life (ca. 15.7 million
year). Therefore, the '?I/'"'l dating is effective to estimate the residence time of the old
groundwater, such as fossil sea water. To measure '*°I/*'] ratio in the groundwater, we improved
sample preparation method and AMS system at JAEA-AMS-TONO (Tono geoscience center,
Japan Atomic Energy Agency).

Keywords: JAEA-AMS-TONO ;'#1/"7I, ZEGiALEEL, FEA2 A

LU

T L OV FEFE AL I BN TR, DM % 7R 72 6D | e ALy i 5% S8 32 O
N AKIEEN DR IE ChHAHZ LA R T ZEN B BRI AR A O EEREDO — 2L, £D
72T, A OB KIECE K DB Z T, H FAKOFERRE LTI > TE O R
R T AU END D, FRE RO R W T K EZ S SR ELTZARBIEEEL T, B
FECHHIATFHE-129 (D ZFH T2 PV ERBEERSH D, H AT S8 B AE
(JAEA) HE Bl F o Z— Tk, "1 Fc XA T K OERNEZFTO -8 . SERk 27 4E
£ 1D AMS %5 (JAEA-AMS-TONO) O¥(i 4 BRAA 1L 7=, AFE Tl BITEDORIE S{-ORI AL
TR DO BRI O W T 5,

2.JAEA-AMS-TONO (28 (F 5l & 41

ZHIVET JAEA-AMS-TONO Tl R#5E-14, NUVUTA-10 K ONT NAI=U A-26 708 OE &
BO/NSOERE O AT > TETZ, TIUTERTEERO KEWERE THD 'PI O
BT T M O E LB A B ORFE 2 & OWE S O Il b 2 1TH D B D,
7, JAEA-AMS-TONO TR TE % 2 L 28T 572, JAEA HRIFIEH T ¥
—IZ K o TERNMAREEA(3.2540.03)x 107" & AT T 41T 538K 2 IV T Matsuzaki et
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al. (2007)ZZZ ITEMRE BT EEOK /T A —FZ —%Et L, JI#HEE 3.5 MV,
ZOMDNRTG A—=F —%F VIR LIEEY & Lz 2Ah, Pl ORISR CTE - (B
I, 2018), &2 & — T U A 100 Lo i FKGUEIOBIEE BAZEL T
HTEND, WO & U TIRFEIM AR (1070 L~V LR OBEAEEEIORIEZI TV, Bk
TOREIRDUZ DN THERBZIT 72, LA>L, lowest carrier (Woodward : (0.31£0.04)x107"
(Muramatsu etal.,2008)) Z{IEL72L ZA, XEIEL Y b 2MrmWEEREZRo72, Th
I, I A AN LD THORETHLIEEZ LN, Lo T, THORELMZ 57
W, EEE 45 MV FTEFTHEEZIT-o72L Z A, lowest carrier DE I ELIR T & Sk
LY —HREGSNLOD, TIFDZ LI Lz, 7272, AR E L CSCHE & Y [FfZ
R —HrmWTed, Ny 7 77 0 RORBCRERIEREORGT 217 5O WERH D,
ZOMOMBEREL T, FRENZETHND, Bl R TOFRRIL, K 02%E R+ Th
HIEML, Stk xR BT T ETHD,

# 1 JAEA-AMS-TONO T® 1/"27] bl & 544

Lzt 7 pA (1)
NI FK
("**I: 1 ms, "°I: 99 ms)
T HH AR SisNs
FE B AR AR AE; — AFEas
) E TR 12975+ 1275+

3 FRETALERYE Je O Y — R O

HRAKOFERE TIE, FIALIREEDY 1071 LUV LU CORIEN MBI LD, N7
T RHMENNE RO R S E K QNS A2 E 3 R D HID, 2T, v (D O -
FRTTIE Y =R ~OFIHEGIEZHOWTHRF L2, T OfiH AFRITIT ISP LR FE
ranaiL AoMEHE TS0 (Togo et al., 2016 728) | OO IR E L FME IS
ESNTEY, 5B EHOHIRBIVEELL 25, — 5, WELRFEFEORBRIELL T,
KFBHI R 2RMLEIT, 2V~ u~Fe o (BIEEDN,  2007) R0FaA A A8kt iE 2
DIERHIESINTND, L, B2 A4 2 ZZHRBIR AL, ATALERIRHIC N AR 2T DR
BRHRESIH TS WWEIED, 2017) Z &5, RN MR T ARGE O RE
FEICIIARAE THLEEZOLND, ZNHDOZ L TP O 1T OREHRL - /3 BEE &
LT, = AnF Y EEHE OB 2 e L, TOR%R. 1 otz s b
OO, FHHFHZH T ARBEIIZE £ 5 A, it Sz 1 250 AWE & —HEic
SIS NDFREMN BV | Em D OBEE AR L e S O EFIEEZHNLT DR H
HZEnbirol,

Fo, DY —FOMEIZZNETOMNIETT LI=7 4 (Al) £ (Cu) D _FEHENHRESNT
V5728 (Jabbar et al., 2011; Bautista VII et al., 2017) . Z3LE iUV LER (Agl) # FE LR
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EzTHCuh Y — Rizlk_Eoo&n@dont (XD . WERIEOD Y — REBIEL
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Matsuzaki, H., Muramatsu, Y., Kato, K., Yasumoto, M., and Nakano, C., Development of '*I-AMS
system at MALT and measurements of '>’I concentrations in several Japanese soils, Nuclear
Instruments and Methods in Physics Research Section B: Beam Interactions with Materials and
Atoms, 259(1), pp.721-726, 2007.

EEZRET, IR, BRI, By (R B, fuEds, REER, A, Ik
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2.7 PRERBIO RS R R RIE

High-precision Radiocarbon dating of small-scale samples

KEREZ LU T HEER ST S R 2R RE ok R
Takayuki Omori'", Kohei Yamazaki', Takayuki Kabasawa®, Yu Itahashi', Hiromasa Ozaki',

Minoru Yoneda'

BSRPNE = S )
(The University Museum, The University of Tokyo)
2RO R ST SRR B AP S E R
(Graduate School of Frontier Sciences, The University of Tokyo)

*Correspondence to: T. Omori; E-mail: omori@um.u-tokyo.ac.jp
Keywords: BHTERFFECHE 42207

FORR RO TR AR B PR IR FAEARE = (LT, A1) TI, 2017 42 T80
TR O B PR AR SR (MC) AR E 2 ARSI BRAE LT, /0 HT 301X, 2017 4= 11 H 8L
TETHEIZ 250 A Z, 1 HAIC 1~2 [BlO~I U B A LETEREL TOMT A D TS,

WEFEL O TN AL, BUIK, @EE TRy 2 7 T0 REIE D ATEEZ: 100 1 gC
(BEHFERED 1/10) ZEEAREL, HHTaBOHEE R, 3B O RIPIREBO N LS ND RS
IZESTUTLV B ETH O FTRETH D,

UM R BRI E . OME ST CTlE, IMEREINOHE s — 7y N BT 5720,
57 A NI ERE R FB DAY THDH A Z AL FesC D, BAZAOFHEL
1, AR R RS L, SEHRBEE O, COETEITIRIGRDUE, Fe filli
DI SO EEDDHZET, 90%E B2 DINR TLELIZ AL AR —7 v R D
AR AIREE T,

EEAZARD UC FARPNENL, A4 AR O RS ERFIL, 2~3 R L E LTz
EFAEAMEFETRENED, AL T AP ARDITT 7 AREWBLT, A4 BN EL DS
FAF DB TE DI LN TH D, ZHUCED — AR & E Tl IR B2 50 07 448
2 HOFEBHZBWTH @R E R AHE L FTREL 32,

SHTHEEE I NIST (77 AU A7 [E NEAEHEF AR FEAT) SRM4990¢ 0> C/1C JIIE T 0.3%F2 1
WEY, N7 70 RIET T 701E Y 2 v i (Fotiigist i) © “c/C 238 3.5B-15 2%
(0.34pMC) TH4r FEH ATREZRL ~LITEZEL TS ¥,

AP BT DA UCERIIE TIE, AR RIS CITOBRIR AR ZEOMIEIFAT R > Ty,
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2.8 HIRRFERRBEMFEFT L VT NVAT—Y AMS OB A% O 5 /]
Status report of Single Stage AMS system at Atmosphere and Ocean Research Institute,
The University of Tokyo

NG 1 AT R e SRR 7 RS S 1 AN T A L i 123
Miyairi Y'*, Aze T', Hirabayashi S, Sato N'*, Ando Y' and Yokoyama Y3

VHOROR AR S EATT SE T i iR AG S BR BT AT AT S8 o &7 —
(Atmosphere and Ocean Research Institute, The University of Tokyo)
R R 7
(Japan Agency for Marine-Earth Science and Technology (JAMSTEC) )
SRR KT BEFRIFSEEL (Graduate School of Science, The University of Tokyo)

*Correspondence to: Yosuke Miyairi; E-mail: miyairi@aori.u-tokyo.ac.jp

FORK KR T T = R 1 BR BEMRAT A 722 7 — Tl 2013 42 2 AICEWNTHID Tk
NEC (National Electrostatics Corporation) #1500 7 N A7 — RN EE By Wt 28 AL
Too AREEEIL Sm X Tm CREREHE DT 27 VA A L RA T > a Ze il BRI v 7 A4 i é
LU CGEH ) &/NRCHUR M R B T IR L= AMS B25 THY ., 250KV EARV I £ Tl
PERRFE 3T ATRE L LT-[E N ME— DHEE CTdh D, TERD AMS BEE IZHRALTFUANE S Th
0. BTEZRNFES 0> A ITK 600 RO M A3 FIREEIE R I @V, Fio, B aHAER EED C/C LLill
T 0.3%LL T, BC/C HHIE 0.3%LL FEFEF @, JIERRAD C/PC=2.5 X 1075 &+ 4570t hE
AL TV,
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A FRER, LU LR, &—RKRy 7(TP01-2)H(7/24)
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N=tO0—&Y =Ry 7@BR)DF A IL3H#(10/2)
AT o4 —FA

A FviRER . 41745 —2(1G6C01)73#(12/11)

17 viRER, €7 AKH(2/21)

2 2017TFEDEGAVTTHORERE
7 BIZA—RARU T OHEHS RN,

2010 FEE LD 4 FAEITHTZ0L T VAT — VRS E BT OB AEREETTU, 2013 451
IEE DAL AN/ 2013 4 8 A LV EFHIEZFLELZ, 2017 - THE A% 5 F2Hx 52887
72, 2014 4ELUBINE &8 O TEHE R I 1 X 4E 7,000 FF R 288 2 RS/ BRI AEEI S 2 TWD
(1% 1),

A% 5 FEHICAOAT ARDZ —HRR L T ORE R E WL O DOIEB A VL35 FE D
REELRBRL IV DL ODNEFICHIEEH#ED TS (X 2),

SEIE OHERHE RO BE Tl 2014 B ICARLEE ORI RHI B i 2 3 2722 T R BE 3R
BRI IE 2o 2 — IR g BRI 2 BRAA LT, R R BR BRI T o & — B L 3L R
IR AR D b EEHERF OO ORI a5 B9 52 L CAMEE OBR BT 0 B D =
— ORI AN TREL A2 o7, HIT 2016 4FFE/SIXRTALPR ;i % Tdo DMK 2 B/ A i % D K&
WECERF AT (A X)) HEFRF ~ OB LA EY | AMS 2 & OFH L0 T, IE H TED IR 23 3
Sfc, KBRS Thd AMS 2EE % 5 IO & &4 AV T ALTZE0) | AREEE O FF
BR7E ARRRED T2 . AMS B OHERFE B BIL QL & ffe B AT T 78 B o & — Nk s
LEEFIH 1 W EEEFR A eI KR AL RALER MR 5 O R 1 TR EEE SR T
(FA ) LRI | & U THRREEE N D LWV (R i e > TLESTeb DD 2 DDV AT A
LA G OEHZET, BTLED AMS JlEETEW) —B LTINS vlaEL 7272,

2017 FE D MR FI A

2017 S DO IMEFERRRF I 7,722 REE Thho 72, M 3,267 EIOREZAT 72 OB AR
BHRIT 2,100 18) (4 1), ZD5BRKIEEIFZEFTHN ORI 23K 8 El% LD,
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3 2017 EDMRZDESRFFRM - SR 3R
L EEEELEERE T EMBIEA—4 v (3267 @) (233 HRIE R IR LR

ARIEE TOF M TR 2 D1Z, D &R B O ST ORI DK 1 & HH52ETh D, BAY
WG, D&Y TN TORE S AT LD ELED | 2014 LD WERDOK 10 73D 1 THD
0.1mg (100 1z g) C TORNEZ EMHNAT ORI ZHE I L 7=, FEAEEELY 0.05mg (50 1 g) C TOHE
ZBAMA, EHICHIFETIE 0.03mg (30 1 g) C LA F CTOREN A REL 72> TS, BIFESS2 503k
{EDORFESEAT > TNDHEZATHY 0.01mg (10 2 g) C FREEDHIE DR A HED T D, BILERD T.
FREOBHESEDND, TERKD 1mgC ORPEZ E XWX HITIZE S TNV, D EO A LR A DF
RAMNE Y T F k2 T @ o R BE R e SR O BRBE AR AT il 72 (72 & 21T Hirabayashi et al.,
2017) . AL E WL~V fi S R 32 AT (CSRA: Compound Specific Radiocarbon Analysis) 45 %
(7=& 203 Yamane et al., 2014) TIID &R RELOWNE D =— X035 EB7R D5 M H O BR %
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BHEDDHEELIT, W IATICRBAT U3 E O 7 IV TR 72 i S HA & OTE A 23k &
STUWA,

SELHHLEANBAR EBIEEE D B if7pa T 4 a OMEFRICHIE L, 25 E ORI 721E
B Yo TNETZWNEE 2 TND,

5| FA AR

Hirabayashi, S., Yokoyama, Y., Suzuki, A., Miyairi, Y., and Aze, T. (2017) Multidecadal
oceanographic changes in the western Pacific detected through high-resolution bomb-derived
radiocarbon measurements on corals, Geochemistry, Geosphysics, Geosystems, Volumel8,
pages1608-1617.

Yamane, M., Yokoyama, Y., Miyairi, Y., Suga, H., Matsuzaki, H., Dunbar, R.B., Ohkouchi, N.
(2014) Compound-specific 14C dating of IODP Expedition 318 core U1357A obtained off the Wilkes
Land coast, Antarctica. Radiocarbon, Volume 56, pages 1009-1017.
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2.9 B KFEREHFFTEWAEE Compact-AMS OIIR (2017 4F)
Status report of Compact-AMS at UMUT (2017)

JE2E N =N U OV 7% o R N 1 IR AR P ¥ (Y
RJFUMEEME i O NS B RS R !
Hiromasa Ozaki'*, Takayuki Omori', Yu Itahashi', Kohei Yamazaki', Ayao Kanesawa',

Katsui Uehara!, Ayako Yamaguchil, Akiko Uchida', Kunio Yoshida' and Minoru Yoneda'
VRSB AW SEE )6 (The University Museum, The University of Tokyo)
*Correspondence to: Hiromasa OZAKI; E-mail: ozaki@um.u-tokyo.ac.jp

Abstract
In March 2015, compact-AMS system (1.5SDH-1 manufactured by NEC) dedicated to '*C
measurement was introduced in the Radiocarbon Dating Laboratory at the University Museum,
the University of Tokyo, and measurement of unknown sample was started in December 2015.
In fiscal 2016, we conduct our first full year operation, total number of measurements of
unknown sample reached 2,000 by November 2017.

Keywords: Compact-AMS; B 1ERFEFE(CHIE: HIE7Z>2

1. [ITHIT

BUR R PR B W IR 8 HCR PR R SR AP E 28Tl 2015 47 3 AT 14 HlERH
7 Comapct-AMS (NEC #H84 1.5SDH-1) 238 AL, 2015 4 12 IR EEEOWE % B b
L7, 2016 4EFE 1T 01D COMAEEHZFTV, 2017 £ 11 H BUER SR 5E E s
1EH 72K EHBIZREHZAT > TVD, 2017 4F 4 AIZEIA T F 2 REAT S T2 BRI, I
GRATHEDAA T — T T 4T A NSBEBEICWRR T 52 L IZR LT, SFe W ADE — AT A
Y DOIRATERL . ORI EIT STz,

2. EAEE

2015 45 3 HIZ CAMS %3 AL, 2015 4 12 A IZEBRITRIGREI O M 215D THND,
2017 = 11 A ETICRE LI R AR ORENTH 1HE 2000 Rik7eo7=, ZOWIRIL 2015
FEFED 12 A DOIEH T 294 51, 2016 4FFEAS 954 51, 2017 4FFEAS 11 HETT 752 | C
oo IR EEL T, R TFHR G AR FE M R O ME R SRR E 2 Tl AMS JIE
DI TIERL EELORIALEES MC R EIZHB T DT R TOERBIEEIT>TNHIE
M5, EEREAR A R0 B i 0 N 8o T BB ORI AR Z N,

FEAE DOHIERBHAEANE = THERL TWAHZET, AMS TOMIE k2 K& 2
HMBENIRL  E S A — BT A ZENTE TN, o EBRE THEfisS =300
HIEDIT> T, FARNE EOREHFE LI A bR T3 UB A HEfif L T 720
720 R ERERL AR ISR L QU 2202052 CHIE SR 2 > TN D,
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2.10 U RFEEREMEREEDIT B Z—DEFAR 2016-2017
Present status of YU-AMS 2016-2017

AR % -RILSERE T RAELAS RSB
PeRE e - Pt R - B e T
T. Moriya'", T. Takeyama', K. Kimura', R. Shitara',
R. Sato', F. Tokanai ', H. Sakurai', T. Toyoguchi®

HIERE mEEEGEE Eoirte 27—
(Center for Accelerator Mass Spectrometry, Yamagata Univ.).
PR EEET MR
(University Hospital, Faculty of Medicine, Yamagata Univ.).

*Correspondence to: Toru Moriya; E-mail: moriya@sci.kj.yamagata-u.ac.jp

Abstract
An accelerator mass spectrometry (AMS) system and an automated graphitization line were installed
at Yamagata University (YU) in 2009. In March 2014, a second automated graphitization line and an
additional ion source for the YU-AMS system were installed. Performance tests on the YU-AMS system
were carried out by measuring the C-series standard samples (C1-C9) and oxalic acid II (HOxII)
obtained from IAEA and NIST, respectively. In this paper, we present the status of the YU-AMS system.

Keywords: YU-AMS: lon source: graphitization line

1. ILHIC

IR TIE 2010 4E 3 B l2=2 737k AMS A7 . (NEC 1.5 SDH-1) RO 57 74 ME#L
AT I (YU-AMS) Z LR BT L I KRR EFFCATICEAL [1,2], 2011 4 2 AT
FERFERBENERE BT — L GEE BB,

R H—|ZE AL “CRERIER Y77 7 AMERLL A7 A1, STLE TR (Elementar #1584
Vario MICRO cube), B &5 HTEl (IsoPrime #H#), HIAXEZET A TR I BB X7 A
ThD [3.4], ZDTT77AMERT 27 N ClE, A 10 BIOMENFRETHY , FHE T 2,400
B> 777 AMERD— ND~<2 /T —TRIEETHLIE N1, £, 777 7 A MEROIETE
TR ASNTZFALARS BN BT, BEYERELD § BC BIEEZIT T2 R DITE AL R, BIEICE
BRI WVEIRSINE [4].

2013 X, SCHRFE BB 18 EEEHE IZLOH LW 7 7 A MERIL 27 Ke A
F AR AT LEB AN LT, 7T 7 7 AMEBIL AT AE, STTEHTE (Elementar 1% Vario
MICRO cube) EHTAEZET AL THERSNTC BB AT LA ThHDH, Z0 BBV AT MO
13,20 7N DIT A B ETE 6 R TITHOZEN TELR THD, £o AMS VAT ATEA
U723 A AR AT 2 (MC-SNICS 10) [T, ZNETEREBED 40 BN EE TE 5 v 221
D HRIAAF AR THD, £T2. 2014 FE IV TATA L % FEIT— RN CTHRIET DU BRALEEY AT
LEEAL RVAT LEROVTHBEDOREI DV 77 7 A ML E BT TN,
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2. YU-AMS ZERRM

YU-AMS OAFEFHIEEE 2010 FEEDS 2017 4 12 H KR COREBRGFZEK 1 0/, HJl
EATAV=RIEFIZ 1 OFITRT, 2016 FEITEMEREDL &0 2,131 mOMEEITV, Rt
BIEENE 15,000 SAEB LT, WERE EZ DTV —RNCEEDDE, Fili - R 72.3%E 1 %
CIRWTERAED (9.2%). T3 (6.2%) Th-o7z,

2500 18000 Biomass Others
16000 shell Collagen 07% 12%
2000 - 14000 1.9% . 3.8%

Soil
6.2%

12000
10000

1500

- 8000
1000

- 6000

Number of measurements / year
Total number of measurements

- 2000

2010 2011 2012 2013 2014 2015 2016 2017
Year

mm Number of measurements / year
——Total number of measurements

X1 YU-AMS OAERIFIERER G (LX), MEDTITV—RhIER (hX)

3. YU-AMS VAT LD EHFEAM

KEH—TliE, AMS VAT LT TT7 7 AMERLL 2T AOZ EVERHI D728 | TAEA ([E R 1
JIH8EA) TS CL 726 C9 DFUEIDORIEZAT o7z, SCHMELHIE RS RAFK 1 12T, IAEA-
C2 75 C9 DRIERERIL, IAEA-C1 O/ I T T U REZG Wb D TH D, HIEM T & STHRE X
BW—#%&/RL, KV AT LAOLENEFTM T DI LN TET,

# 1 TAEA-C1 7>5 C9 O STHRE &3 8 ik 5 oD s

Sample type Consensus value Measured value
TAEA standard [pMC] = YU-AMS system [pMC]
IEAE-C1 0+0.02 0.20+0.01
IEAE-C2 41.14+0.03 41.77+0.11
IEAE-C3 129.41+£0.06 129.76+0.20
IEAE-C4 0.20- 0.44 0.06+0.01
IEAE-C5 23.05+0.02 23.10+0.07
IEAE-C6 150.61£0.11 150.28+0.21
IEAE-C7 49.53+0.12 49.52+0.11
IEAE-C8 15.01+0.17 15.00+0.06
IEAE-C9 0.12-0.21 0.16+0.01

F72. 2010 4EFEDNS 2017 4F 12 A £TICHIE L2 IAEA-CT Z[X 2 (TR $, BT kD =
—Tb%, FHIE 49.5410.14 pMC THY . SCHERAE 49.53£0.12 pMC &L RV —EZ "L, RHIRIC
LZELIZEZI T CWAI AR LT,
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515

IAEA-C7

505 -

g bR
= 495 S
[=% -

48.5

47.5 T
(0] 50 100 150 200 250
Number of RUNS

2 TAEA-C7 Z - E 822 e P2k

4. FITNBIOATF A

2016 4F 12 H DX IBIIC KD AT F U AR 770Dy VS DI L0 B Z2 R EE)
K72 BT T VDAL T2y AMS S AT LD NEZ 7 HE (|8 — 5T A 58585855 D ColFlat
7TV 3 ORT, D7D 21 mm JEDAT UL AART — )V ConFlat 770 & HEhR
INTL, BHZZ Va0 R 0w a2 T o1, V=0 T ARNDH% B — LT A ~OBOIT%
1To7

3

Q

3 ConFlat 79 L7503 DTy P DHE

F72.2017 4 5 12 AMS VAT LEFREL TCODENROZEME (ACP) 23HkEL 7=, 223D
FETRLE 20°CITR L, SEEROEIRITIK 4 DEEDERIZ 21.2E0.5CERLZEIT/eoT2, ZDT8, 2
A D kR IR 2 WO DRIIEZATV, X 4 DA OFRIZ 19.910.1°CELETHIEAERL
77

EWAT U RX, TAT T AP —ZZHNEZEAFE 5 8], K 13 2> A E L7= SSD D ASHfEEE
T FDOMD AT F A%, 2016 4F 12 A2 IDLE PULLEY OA3#1, 2017 43 AICT7 A4 F
AP —DIE LR E{ToT2,
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20175%5A6H 2017%F7H28

30 50 30 50

_—-"_"‘-'_“ 3 45 <3 W |

B T e e 40 25 40

4 %

- L " 35 B s 5

20 S 30 20 30

o 2E(oC) = HE(%) 25 e 2FE(oC) » BE(%) 25

15 20 15 20
2017/5/5 12:00 2017/5/6 0:00 2017/5/6 12:00 2017/7/1 12:00 2017/7/2 0:00 2017/7/2 12:00

B3 =
4 ACP EfERTO AMS HEEHEORE L () HERZOIREZENL )

AMS VAT LETTT7 7 A MEREEE OLRSF EIEIRO 7012 (RSO, @G,
AR, EEK, B TK, PyAa o Z—Fva b WS to KARK, H EK, BEREKICK
BRMFHITR0ELZ, £ BREH SL A - TR O, TR, BEH K2 HIE, AMS J#E = (2
BWTELDOIEEWI2EE LT, 2R LT RS £,

B IR

1) “Compact AMS system at Yamagata University”, F. Tokanai et al., AIC Conf. Proc., 1336, 70-74,
2011.

2) “Present Status of the YU-AMS System, Yamagata University”, F. Tokanai et al., Radiocarbon, 55,
251-259, 2013.

3) “Automatic Sample Combustion and CO, Collection System for AMS-'*C”, K. Kato et al.,
Radioisotopes, 61, 469-473, 2012.

4) “Automated sample combustion and CO> collection system with IRMS for '“C-AMS in Yamagata
University, Japan”, K. Kato et al., Radiocarbon, 56, 327-331, 2014.
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211 AF > F 2RV R LR EE S BT OB

Development of Isobar Separation Method based on Ion Channeling

FAJREEE R AR 1 2 SIS 2 IR S 2 !
A. Matsubara'”, M. Miyakez, N. Fujitaz, and N. Isozaki'

RSt R, 2 AR T A SERR R R R e 2 —
'PESCO CO., Ltd., *Tono Geoscience Center, JAEA

*Correspondence to: A. Matsubara, E-mail: matsubara.akihiro@jaea.go.jp

Abstract
An application based on the passage of channeled ions through a crystalline membrane is proposed
for an isobar separation method in accelerator mass spectrometry (AMS). A channeling degrader for
isobar separation improves the ion transmission from the membrane to a detector even with the use of
a thick membrane to create sufficient difference in energy between an AMS nuclide and its isobar. A

proof-of-principle experiment showed its potential comparative advantage.
Keywords: isobar separation, ion channeling; degrader; ion transmission, JAEA-AMS-TONO.

1. IC®IT

AMS DRIERGHNECT 47— — WIS FIERSHDH[1]. ZAUL, A4 B — L5 I
WL, BHIEREDJR T F SR FMELY B R LR RO =R VX — D22 (EVE & % 5y i3 505
ETHD. T4 —F—L, X 1R T G, @%, OB a L fERm ORI E S
5. ZOHEIL, AF DT IR —=NMEGTET 7Y — =Ml TEARWEE0, [REEASR R
DNEHEF ORI (5 kHz FRIE) #2057 EIcAheshg. T4/ LV —F —BI2iX, ek, B
it nm OIEMENE (RFBENTITZEALT AR OB BHANLITWD. FEEZLIL, 747 —F —[5
ELTHE SN Z Y, 22BN DA T R 7 2 R B BNCHIH T 282 B L <
WA AF TRV 7 ORI Z2d
L. —OIIE — LR OMEI TH D, A4
F X RV 7T, A2 D3 bl D 22 it %
o728, FEANT TV T D3 BRI T 5.
By — DL R IERETHD. A4 F v
FV 7 CORLIEREIZA A it OE
EOMHAAERIZLY, FEF ¥RV T DOEED
12 BREREARTED[3]. 20 >0 bIck
v, PEHPIEERE R ERDO = RLX —D 7% -
HHEAZEDTEAIES 1 um F2E O i o seee imyroee)
HIJE O CH B — AR08 2 S 0455 I RE 1 471 —% —f 'Be-AMS %£{&[1]. Additional
jj?fﬂt#é&%zghé' ST, SO HE-Magnet eiﬂﬁf‘\@:L?\/vﬂe‘F;:;ﬁ‘U"/ﬁ‘f“@J\
BRAICOWTRETD. 5 *Be 2T B BNV AT T,
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Pelletron 155DH-2 5.0 MV

48‘!£n)m, 290mm 790 mm
Experimental Region = S __il
Pinhole S I
Ion source: Si Single Crystal | 1= - 130 mn
MC SNICS «<— (100) Membrane e \
9: . 2-Axis Rotations - / | \—,\
Electrostati Negative iy Pinhole  Sicrystal Electrostatic  Ionization
Deflector ™~ . Iy e membrane  deflector chamber inlet
o 4 b Positive | 1
it - Ionization l =~ _.‘ )
2 '?';—[" | Chamber /" Tonizatior
< Chambe

2 JAEA BURHIFLEL 22— AMS HEEOR 3 EBREEROE — AT M ERORLE.
[, 35LOFBRAENE.

2. ERFERVOCEREER

FEREE LU CH AR TR RS HERE (JAEA) IR E o 2 — O S By i
(| RE—IFNVEE SMV) ZEHLZ (X 2). EERTIE, #—IFVEEIL 1MV &L, 2.44 MeV
D "B’ LZDRTER "B ZJEE 2 um, e 4.8x4.8 mm O Si HE SIS L2, #E R
Mg (FIONEE T V) Tl 2 T SRR 1B < R AR E LTz, Si BRSO A5 i (100)mms
L, ZOMAERESIT 2 SiEHROT =4 A—2—TITo7-. HEOEFRELTUL, 2 IR TIII
[100]8HF v RV 7B EDGME, Tb b — Al D /23 A NE A T2 5% a=p=008
L7z, IR DIEF v RV 7K TIE, a =8.5°, f=5°L L7, KFEBRTIE, VULl LT
Nishiizumi /SO EEHERREHSTDO1-5-1)[41% FAV /2. MR EIZ A S 3% BeO il 1-2 pA Th-
7.

FEBRRFEIR DY — LT A MR OB E X Z X 3 (RS, Si HLAS RO TR/ 48 mm OAZE ICH
21 mm OB R—VERELT. ZHUTEY, A4 E—AOFEAIE, 0.06° (1 mrad)A i (R
L7z, ZOAEE, 2.44 MeV TO "Be?'t "B OES A 0.5° L0H/NESW2D, A4 DIFEAE N
F X RV A ReL 72D, TR ONLE X A DB SR A 7 B2 30 mm $ 5 U7, BEER O A ST
1%, JEE50 nm O SisNy L7z, 70ds, Si ik E A — L bIES T — A BHERE ICE A
FL, 'Be & "B D ASF L (1°Be/'"B tr) 2 E LIZAE R, 7x107° TH-otz. 2, Si BkE SR
A&325 1°Be/''B a2 5-2.5.

3. EBRFERRUEER

4 I BRI ~OHMEL Vo (kT 2HALFEOZ L (LI, Wk 257
YR T F v R 7 R TOERRETIX, il B0 A O IE D BB ICBLL COD T EN
D, IHIZ, 'BYE 'Be* O —2% 525 Vo OFHUL, IECOMFE OLIEREDE LY, =
FINF—DENFPELNTNDZEERE T 5. ZIUCED, B Vp= 2.5 kV (3L Tl 1B o #fil,
Be MMM RS, REMRFIRE 23 E<Ies. ZORKE, "B IZxf9% 'Be DEHE DL, 'Be/''B
HeiZ 3 <102 12T 5. L3> T, BIEISR _7275D AT 731075735 40 (5 E S E L2812
725, K AOWRTIETF v RV 7 R TIE, WIS OMEIZIZ-Z0 L. X 4(c)iT "Be/''B
oD Vp IRIFHETHD. TRV 7 RETORKIE 3x107° 1%, FEF ¥RV 7 Gefh O —HFRE Fi<
2o TWA, 2B, Fr U7 &METIE, BNSR R0 — >0 %, +7hbbi)FvrU
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TIZEDRARELOIHI L) 072 T 47

I/H&‘**%%ﬁ%ﬁii;ﬁjhf::kﬁlié. e 1of (;;) Clhan;lelirllg - ml 2+- 1 s
() FrRV7IRDRABAOMENL, 3 gl |:||:|B .
FYRVTRETBRAMS NI AT E—L 3 o6k % Be™ J
DRLFELR. BHEBOAMOTHE 5 4L 1983 " % N
Shiz "B O — AR KD 1/e* 2525 g 02 F ‘:'DD 108e3+ % _'
N8 OANE FWe?M]i£9.2 mm ThH-o7z. — = 0.0 L o’ @é@é '3 1
55, EF RV T RIETHE, FOE— A - L T T
1% 100 mm FREICEL. Ledi-C, F% § 0.0 | (b) Non-channeling y
SN SUR et DY et ) ﬁ"%ﬁ@%:_ § 00ifh oo OB ]
Fo R R ORI — A LD 8 "o L e
/\ﬁbp@ﬁif%t%éht&%/i%hé. ES Eoo2f On |:1/ \u .
BE, ZOB —AEICH-SL<A A HaE o Bl =z | . y
PRRRHT AN, AR 07 7 AL N —
BT L. EOINRTF R VT EIET ¥ o © %
KV 7 DB —AEDOREIEWE, X 4(a) g 10° o~ %% 3
ROM 4b)icmT Lo, Blsigs o ®
ViR E VN JU e oA S SINE JT0L f“g 10 TI $ ¢
e D FELLF LA, 2 L ﬁ ﬁf | |
(ii) T2 747 V=2 —REHEI, TICH %5 10 15 20 25 30
A7, X 4T IOBeH&U\ g Wy (kV)

DE—T DR BEN DB, Z Ok

B, B S AR B4 (RIE~OBIE Vo kT B LFHO L.
F—ART ML DOE =7 D4y BELEVERIC 10Be MEHLIE 5000 fFHEK. (a) T KU 7 4l (b)
H9%. FXO "Be B —2DRIEIL, 772  FHEFvRUT %M, (¢) °Be/''B L Vp kA7, Tk
R 34 O A2 oL ([ [K(b)) 0:F¥ R V75N, AR IETF v RIS

T "Be OB — I HRLI-Z LIk > THRAS

o5,

TRV T T 47— —DOMRRE FBIRINHEE T 572012, FEF v RV T OHEITMZ,
WRD B AHEEEE L7568 (LT, fE31E) OREERSBIOMEREE L= (£ 1), T4
L—F —ENDLEBER ~OBZBBEIL, Fr RV 7 FMEOGE, HF w1V 7 REL0S—H L
B, WERIEDOFITENZEN D, —J7, TRF—0rHEE, 1ERIETHE LR 2> T2,

ﬁé%/ﬁﬁi, i*/vk%ﬁ\%ﬁttib 0.6 — 1T 0.6 m —T——T——T"—1

LB BREERLTNDIENSY o5 @ i o5 |- ® i
%, AT, FERDHIMERE S o4f 1 S o4l .
DIEELLT, TOFEBRLTR L o5 3 oosf e e
AE— SR OREEELL, 2o O_ZLE = 0-2;5 et -.1~'"
fElE, IEF ¥RV 7 Gl e OV 01F.| e 01fis i S
PR RS SN/ S i Y P I O P P ool ettt 1]
ﬁfuj:r%<7tﬁofb\%):c‘:ﬁ§§j\7jl 0.0 0.1 0.2 L?\:j_ (UV‘; 0.5 0.6 0.0 0.1 0.2 L‘?\E31 (UV‘; 0.5 0.

5.
5 BHEERICLDAZ L. (a) Be0l-5-1, (b) BLK.
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F* 1 [RIEARRIVEGE L.

S R US S | v Ru>y | 88 iRaL)

F4 L —5— SHEERTE 2 pmE SisN; & 67 nm/Z
10Be /108, (3+1)x103 1 (44)x10%4 2 4x1072
[E-BEEOBBE © 26% 3 1% 3 15% 4
TIILF—DBELE (Ege-Es)/Ey @ 12% 5) 16% ©) 2%
FASEEDRIMEE Ox@ (O—hLER) 320 16 30

DVp=2.5 KV TOfE. 2Vp=2.8 KV TOf. 3 B TOR KA. ¥ Be* Dfli.  Ep=1.4 MeV, Eg=1.1 MeV
GAERE R 74T 4227, 9 Ege=0.9 MeV, Ez=0.5 MeV  (RIERE S 7 1T 14 7).

WIS, TRV T4V —H —OEMME, RO m OifkimT 5. ZOEERT "Be/''B
LD B (3x107) 3FSH =2 %, B #HRIL 65 Hz Th-o7-. ZORWFHERIL, HORTICAL
BT HE L R—/L CE—AFRE NGO O R THD. ZOEBRTOE L R— L DOEEN, 44
E— LD AR E D DL O THH DM, KA@)IIRLzdo72 B 23 S o%E A FEiE T 5720
B — AR EEJ D S DL D THLEVHREDRKEN, EZAT, EVR— LD GEDE — A
DIEBVANE, EIRLT=TF RV T OEERAIOE/NESNEB I LNDT20D, BV R— A NN E
TH, FEAEDAT L NF YRV 7 CTEHEMFFTED. RICE VR — NV ERETDHET, 'B @
SRR 2 ML R, B 203K 5 kHz OFRFUEE THEINLZEA, "Be/'B ted i 3x107 (2%t
I 5 'Be FHEERITK 15 Hz L7pd. ZOfiE, A7 SMV O AMS VAT ADFER DK
20% AR 95, 7ok, REBRERIT, DI RAA U R THLNIZLOTHY, LnbA4 N
FRIIBESN TN, LIRS T, RIAORELZREL, A4 HERE KT 5L, Frx
VT T4 7 —F — DN A KIBIZ S ET AN T 5.

4. &

AMS D[RIERGHIDOFTIEEL T, FX I T T4 —F —%4REL, ZOFRBEEEEIT-T.
ZORER, AT —o0%R, bbb A4 O RAELOIHNZLDE DB £ TOEF
W, ZLCTHLRT 47 L —2 —REIZED B & 'Be D@ L — 3 BELL MG DD LM
Dnode. LIzido T, TRV T T 47 L —H —Tl3, EHEWR T 3L —2E52 K&
Th, TRV 7 TE—LAND MBI L3 BIRE /125 M L35 LR ERESN Tz, Bk CEER L
FEAESBIREN, TRV T T4 7= —DGE, FERIEITHE AR KL LR W R0
= AR, FERARBREBMELLC, BAEMEROREBICREL QO R — LA BERE, B — A
SR & BB O RESTEST, RFEOFERAMEEZHLNCTS.

e
AWFZEBR IS, Bpiizemibh 4 BAERFSE C (17K05127, ER% 29 4E B ~ERk 31 4R ) D 4%
ZI1TELT-. JAEA-AMS-TONO D AH 7 5 KD Z W I EH O - L E 7.

BE I

[1]7A. M. Muller, et al., Nucl. Instr. and Meth. B 266 (2008) 2207.
[2] A. Matsubara, et al., submitted to Nucl. Instr. and Meth. B.

[3] D. V. Morgan, Channeling (John Wiley and Sons, 1973).

[4] K. Nishiizumi, et al., Nucl. Instr. and Meth. B 258 (2007) 403.
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2-12 Y77 ar &)L ICP-MS, ICP-MS/MS D7z D 11 {EAEFE DO /ERL
Preparation of '*’I standard solutions for reaction cell ICP-MS and ICP-MS/MS

ARLERL - m AR 2 BEREHEAT P BT A P R 2
fENFneEE S e E IR R
Maki Honda'", Yuichi Takakuz, Yasuyuki Shikamori®, Kazumi Nakano®, Matsuzaki Hiroyuki®,

Kimikazu Sasa', Tsutomu Takahashi', Seiji Hosoyal, Keisuke Sueki'

VL K AMS 7 /L — (AMS group, University of Tsukuba)
TBRBE R EHANAFZERT (Institute for Environmental Science)
37UV kT /uay— (Agilent Technologies)

YRR AW AE AMS 23872 (MALT, The University of Tokyo)

*Correspondence to: Maki Honda, E-mail: m-honda@jied.tsukuba.ac.jp

Abstract
AMS has been recognized as the most reliable analytical method for the isotopic ratio '2°1/'%],
and its limit of detection reaches as low as '*I/'*’I < 107*. Recently triple quadrupole ICP-MS
(ICP-MS/MYS) is becoming an alternative analytical method for the rather high isotopic ratio
range, '°’I/'*'1> 10, Absolute ICP-MS/MS measurements require reliable standard materials for
calibration. In this study, '*’I standard solutions “tRIC-1” and “tRIC-2” were prepared from a
laboratory-stored '’I solution and the '*I radioactivity standard of NIST SRM 4949d,
respectively. The isotopic ratios of '*1/'?’I were determined to be (6.54 + 0.23) x 10 for tRIC-1
and (3.41 £ 0.12) x 10 for tRIC-2 from the measurement results of AMS and ICP-MS/MS.
The '?/I concentrations were determined by ICP-MS/MS to be 9.51 + 0.04 pg g”' for tRIC-1 and
831+ 7 ugg’ for tRIC-2. These '*I standard solutions “tRIC-1” and “tRIC-2" were demonstrated
to be applicable standards when using ICP-MS/MS. From the '*I and '*’I concentrations each
calibration line in ICP-MS/MS was used to calculate the '*’I/'*I isotopic ratios which were (6.51
+0.26) x 107 for tRIC-1 and (3.34 £ 0.13) x 107 for tRIC-2. These isotopic ratios of '°I/'*'I agree
with the value from AMS. It was proved that the two home-made standard solutions could be

measured using the ICP-MS/MS and reliable isotopic ratios of '*’I/'*'I were obtained.
Keywords: "°’I: AMS; ICP-MS/MS; FZHER%

1. IXC®IC

FURMEAZFE T D T I 1570 ) 13 H ARICA RS VAT, i 3 A6 AT AL
HLIGOBE I EhE 2 RGBS TREREANIZ B ARBRBE IS U S TV D, BAIEENCED
Wpera7e 21 OftIC k> T, HIERFREEREE T 1 IR 1T LR L TR, BB 1
IR T UL T JREE DN BN E Do T[], AMS 1 NIST OAEHEM)E OfiEf)
FIZHOWHNTEY, EBEFEOBITL PO HIETHLESIL TSR, IEFE T, @ik
FEO T (P> 10%) OHIIE, VT 7 a L ICP-MS 04T AU EMAL) T 7=
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/L ICP-MS (ICP-MS/MS) MFIHASIEADH TS [2, 3], KEEEE THH AMS &g
%&E . ICP-MS/MS X2 ICP-MS | I F by T IO TV ipiEiE < B S HNE S THD,

DT | AT NSRS TOWYEREOREEE =2V 7 FED N —F 3 il Th b,
B, ZINBOIEBEERIK 70~ N T 7 4 —F LA DREHIEIZID Pl OFE BT TR
ALEEIERE Y HTE FIREL 725, WIEITIXEHEO BT HIEEDE NN EAR A K Th DL, BLIE
T P AMERH T SRR EM E DM 3 1L TLES TS, EZTAMIE TR,
U7 7 artL ICP-MS, ICP-MS/MS D "I B A VERI9 5= 12, 2121 3 57s
% 2 FEHO PIAEYERIR (tRIC-1, 2) ZFHHL . AMS TfEfHTL7=[4], 7=, ICP-MS/MS (Z
52 L S5 HT DM FE 2R3 57-8 . ICP-MS/MS ORITERE R (21/'7T) % AMS &bl

2. '] FEAEVAIR (tRIC-1, 2) DFHHL

tRIC-1 1%, MFE AR 7R CIERLL 72 1 OfE & iR L 7= /K (0.1 M KOH, 0.1 M
K>S0s3, 1 mg mL™" I, 0.5 Bq mL" "¥I) 10.1 g % PFA Ak IiZ4 Bl ., 2% TMAH
(TAMAPURE-AA, ZEE{L%) THINLTLEE 1015 g L7, tRIC-2 X NIST SRM 4949d
(**1 2.747£0.030 kBq g') 10.1 mg % PFA Rh (T EL, IV FE K (Orion Ionplus
Application Solution Iodine Standard 0.1 M, Thermo Scientific, "*I/''l < 2x10™") 54 g &
Na,S0; 1.3 g Z¥RINL ., ZHUTEEHIK (182 MQcem) ZZ CTaEE 1510 g £L7-,

FHELTZARIC-1 2T A — 7 —(2 0.1 mL 47 XL . 37 3% 698 mg (Orion lonplus Application
Solution Iodine Standard 0.1 M % 55 mL), 1% Na>SO; 0.1 mL Z¥AIL 1/ A/ R L 7=,
ZDOVRIRIZ 50% AgNO; 3 mL, conc. HNO3 0.2 mL Z¥RIMNL T U ALSRO I & AR L |
ZOULEAE 10% TE8=T K, BHUKTHFL T Agl 2R L7, (RIC-2 BIREROFIAT
Agl ZHERIL | FERILT- Agl 2 60°CTHZEL T AMS o —/7 v heLiz,

3. 1297127 1291 Y EF DR D 5 LYEIERENE
RS MALT @ "°I-AMS S AT LD 77507 R
I P < 23107 THY HIERE R (1) I3 YEY)

#1 ICP-MS/MS Dl E 1tk

BT (294-0596. PRIME Lab.) THIS(LLT=, Z94-0596 ()  —picitiedicionsysin Famneess
T OATHEIL P17 = 654X 10" [5] THY, ZofEl  FRe 5T
121X 2.9% (20) DARHENZDIBDH[6], tRIC-1, 2 THNL AL ﬁu};}lw b ffllz‘;zt; 000 ﬁiiﬁj
@ PP IX ICP-MS/MS (T RE) & AMS ORIEFRER  solution uptake rate 0.1 T min
F0skd7z, | FOE—LDEALTO PYTE 4TS e empeue S0
50572 —RIZFILIZ Agl & PV & FEL ORI I]é:::‘:ction lens 1,2 0V,-200V
tRIC-1 O U1 1% 5 B O —LZ A LTHLIE P71 Cell focus 20V
ETHL, 20 P LT LD O] EEERD, e o
(RIC2 1% 1 [IOE —DFA AOPREREFLY DY sy Defleton 20V
B, 2O PP L ICP-MS/MS TR T EEXD 1 cen _
Bz R T, UL P EEETK TS 20 TOMIER  oueple b v
HEEIL, AMS OFEFFFERZE 2.0%, AMS OFEHEM DR porosr - ion -
72 2.9%. ICP-MS/MS DFfEaTiEAE < 1%V, 3.6%&L725, g;g;mm o )
ICP-MS/MS (Agilent 8800) OB AfFA# LICmRT,  meoi i o B

HEENGREOMENTER WD | KFEBE T
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X 1P ENENOBRERAERL TERL, YT L P ORELVREFEE (P &
Kbz, 1 O EHRIL Orion Ionplus Application Solution Iodine Standard 0.1 M %, ' |
NIST SRM 4949d Z# R L TIERLL 72, ICP-MS/MS Tid, "I/ 1 I1Zxt 9% 20 TOYLIRAfE

DEE, YT OFEEREZE < 1%, P OFFFREZE < 3.8%. NIST SRM 4949d D77 1.1%9,
4.0%E725, T PR EE DOJLIRAMENSIT, T OFEFHFREZELY 4.0% (20) TH D,

4. FERLEBE

AMS (2T HRIC-1, 2 (FHBLHIETEZ (K 1), ICP-MS/MS ("1 JRE) & AMS @
HIEFE R RIC-1, 2 D P E (6.54 + 0.23) x 107, (3.41 + 0.12) x 10, 1 £ 1%
4.13+0.15mBq g" (0.622+0.022ng g"). 18.8+0.7mBq g (2.83+0.10ng g") L7po7,

ICP-MS/MS Tid, 2 O E#ELD (RIC-1 @ 71, "1 R4 KD, ZH2H 9.51 + 0.04
pg g'. 0.629 £ 0.025 ng g (4.11 £0.16 mBq g'). tRIC-2 (ZTZ N4 831+ 7 pg g, 2.81 +
0.11 ng g' (18.4 £ 0.7 mBq g') &7eo7z, "I, IEEXD RIC-1, 2 D P11 X (6.51 +
0.26) x 107, (3.34 + 0.13) x 10°L72 572, AFEETO 1, T O RS IE 0.18 ng ¢! and
0.10 pg g'. NI 7 I RS IRETL 1.0 ng g 0.28 pg g' TH-7=, ICP-MS/MS TR
72 P X RIC-1, 2 312 AMS &R~ LTD, 15T, ICP-MS/MS (255 T 4347
TEHOHLAEENEONLZ a2 /T, RPESMTIE 1 OFEFAEIK 2% (1o)
Tholz, AHIT P O EZ T2 THRFREZEE 2% Tz, AMS A%
JER RN S E Tk ET D,

6.80 3.60
355 1
6.70 1
3.50 +
~—~ 660 + Average value 9 o 00 o
5 Pt % ©o e amse 23T ] 1 7 ¢ ]
x o © o ) k) £ S|
= 60 o © MC) icrmsvs | = o0 T T ? [ Jams
= ° L 335 4
3 640 ) ICP-MS/MS
T 330 ¢
6.30 1+
325 1
6.20 t t t t t 3.20 f t f t t
Cath.No. 0 1 2 3 567 89 13141516 2829303132 3031323334 Cath. No. 21 22 23 24 25
Beamtime 1 Beamtime2 Beamtime3  Beam time 4 Beam time 5 Beam time 1

1 AMS (2 & % tRIC-1 (/£), tRIC-2 (f7) OWEFER L ICP-MS/MS DIl EfEH,
FER IEHETRIE O P P TZHAR LTl 2 7R 7, JRAOEIKIT AMS O 26 TOHLIEA T
ME, EHRIT ICP-MS/MS @ 26 TOHLIERHENSE7RT,

1.4 350
X ]
12 + 300 + o
1.0 y = 11468x + 11526 250 + J ISR?E(? );983 ]929
= R2=0.9998 . " ey
% 0.8 2, 200 + -
Y . ©
o 1 4 0
& o6 150
047 o 100 -
o 0
02 T.° 50 +
? 2l
0 + + + + + 0 + + + +
0 2 4 6 8 10 12 0 5 10 15 20 25
127 concentration / ng g 1297 concentration / pg g

2 ICP-MS/MS (2% 71 (Orion Ionplus), "I (NIST SRM 4949d) O &
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5. £

2 FEHD PRI (RIC-1, 2) AL &bEHEO BT L0 1L THD AMS T
FHF LTSS RIC-1 11X "1/'1 = 6.54 x 107 (£ 3.6%. 20). tRIC-2 (% "I/ =3.41 x 10 (=
3.6%. 20) L7po7c (3 2), ICP-MS/MS DORIEREHRID (RIC-1,2 D T HREIL 9.5 pgg’,
831 pg g' (£ <1%. 20) &ieo7e, AAFSET, U7 7 a /L ICP-MS, ICP-MS/MS (T i 72
{ERED B DIEREVR I A VERLC& T2, F72. ICP-MS/MS (2&5 "1 /o4 O 2 Wi 57
BIZ, ICP-MS/MS THRIC-1, 2 ZRE LT, ZDFEF, tRIC-11E °1/'*T1=6.51 x 107 (£ 4.0%.
20). tRIC-2 1% '"PI/"'T = 3.34 x 10 (£ 4.0%, 20) &72->7=, ICP-MS/MS TR 7= I/ 1
AMS TR PYP RSB 5280, ICP-MS/MS TEEHDHD 1 D/ TED
ZENIRET,

2% 2 129I i%@igﬁ—'ﬁ (tRIC-l\ 2) D 1291/1271\ 127,1291 :?)%E

AMS*! ICP-MS/MS*?
1291 1291/1271 127I 129I 1291/1271
[mBq g'] [atoms/atoms] [ug g'] [mBq g [atoms/atoms]
tRIC-1 4.13+0.15 (6.54£0.23)x10° 9.51+0.04 4.11+0.16 (6.51+0.26)x107
tRIC-2  18.8+0.7 (3.41£0.12)x10° 831+7 184+0.7 (3.34£0.13)x10°

*] 1297/127] 129] YR | - kb4 20 COPLIEARIED ST 3.6%
k) 1291/127] 1291yl e - Sk A 06 COHEBERFEDSIT 4.0%. 271 LA 1< 1%

2 BN

[1]Y. Muramatsu et al., Quat. Geochronol., 3 (2008) 291 — 297.

[2] A. V. Izmer et al., J. Anal. At. Spectrom., 18 (2003) 1339 — 1345.

[3] T. Ohno et al., J. Anal. At. Spectrom., 28 (2013) 1283 — 1287.

[4] M. Honda et al., J. Nucl. Radiochem. Sci., 18 (2018) 1 — 4.

[5] H. Matsuzaki et al., Nucl. Instrum. Methods Phys. Res. B, 361 (2015) 63 — 68.
[6] P. Sharma et al., Nucl. Instrum. Methods Phys. Res. B, 123 (1997) 347 — 351.
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Development of simplified automatic graphitization system

RAREZ " - LIREFLFE T BB A T R R Tk

Takayuki Omori'", Kohei Yamazaki', Yu Itahashi', Hiromasa Ozaki', Minoru Yoneda'
VRS AW FEE ) fE (The University Museum, The University of Tokyo)

*Correspondence to: T. Omori; E-mail: omori@um.u-tokyo.ac.jp

Abstract
An original automated graphitization system developed, whose design concept features a

simple mechanism with high flexibility at low cost. To simplify the automation system,
consisting of an elemental analyzer and a vacuum line, minimalized vacuum line components,
a single-board microcontroller for automation, and the Zn reduction method for graphitization
were employed. Using this system, sample combustion and CO; purification of 10 samples
could be finished in about 3 hr. The results of initial '*C measurements of reference materials
(IAEA-CS, C6, C8, and '“C-free material) are in good agreement with the consensus values, and
the background is below 0.2 pMC. This paper shows the possibility of easily advancing the use
of low-cost laboratory-made automation for sample preparation in any laboratory.

Keywords: JHERFFCRE ; il Ffan R, HBJUPE X 74 5T

1. I IL®IZ

VAR, bt k35 (MC) AR EZ H & LT as E B0 ATt ORFZERE 36 Tl EE D
SN T I B MEED . K0 27 )07 MO RIEC AN CHUR L B s Ao o i
HHINTND, ZO X722 EHAT OHE I L Tt ARFZE D & R iR L b etk s
A MC ERIEFZE TR EDOT —HAEENEESND LT o7, UC EHIEE 2 E
BOICHERE ¢ 272021, BBHAEL, LT 77 7 A MER O RILE ML, 5 BT
%, BENVLBES AT LD B G BEANCHED HIL TS, Tonplus #1065 B L2 B ERT O B
I HEEEE AT A TIX 1 HHZ0E K 20 BEHRE DT 7 7 A NN AIRETHY, =
NETOEERREZF NN LSEDHZENTED, Lo L, BEEDOY AT AL, BAT AR
T = 7 AARNRIEF T TH 72D | BAEDOIEHES OV AT L HRD B B E DRI
EnG, 2L O RETHANGER T2 I3 LS HD,

Z T R KR A IR ST R R M R SR AR E 28 T, Je R /o HTET (vario
ISOTOPE select, TL A& —UK #:8d) Z V| £ & 22508} (FREO YA ) IR AT REZR
HHEEL oW itgigEsa w7 e LIS B 8777 7 A MBS E OB R & 5842
WNEICHED TE T2, A% Tk, AT 2 EIC OV TR 15,
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He To pump
Vent purge f
Elemental analyzer Pressure
Transducer
Three-way
valve
SBMC
Pneumatic Vent
control valves
A CO, trap
Remote Swiching relay nnn
controller | | Pneumatic control fsmsmmmn > Liquid N,
stages

st

‘:‘ Conpressed air

X 1 58 HEAHEI 2T AOBMER. KHPRENIN 2 TRENZTERSITHOTAFTEE2HHHT,

2. HEWLFRS 2T LOREE

& 50 B H Y ALER S AT DA AR
- LRI
- RS
- A4S
ELT-, ELOBRBEDD CO D BBl ETII eIy

TTETHEITOI7T OB AL, (RO T oAl K
i /NRIZEE D AT AEaL NN

Hratz Huv

BIFDHEARN 27 N

.U

NN

FGA L HAF ST CO,DIE
XIENTZ, L A= L7 e

Rt LT R TIAR D AR AN H B

AT NEANHIRFCED, VAT LBEOHIT BT E8ETA L 2 RIKRIZERE DD

ZéLarta— L E RO~ Aaar b —TTITHZ L, ilighEE

EERATHILD 3 S5 THD,

i 5 3 @ LE s AT AOBE &I Z X 1 12
LTz, A 7uarha—70%, FICoE o Et
D COLHEH T T FNDZAF, =2—~<F v I
NT OREZar va— L L CO 2 EZET A
~E AT HEE é‘fﬁo —IHEOEEIL, 17
ooy ha—F |2 BELET D77A I UNEED)
AL ;;@ﬁméﬂéo COZBITIZIE, Zn ZH W=
F77AMEERAT AL EEL, AT 1
BALT AT AMEEE R BB L7z, 71
T AN IR AT = F VI BN A AR 1A
THLETHEGITV AT MEENEI TEHIF
m, ~vAraarte—7 Lo s T sk EE
R AUT AR R E (RIS T H T e TE
Do

,77,
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3. 7777 AMERK

TP AR ARG E 28 TlE . ZHUE T Kitagawa et al. (1993)258EL7-2"F 7 7 A MRk I%&
EATI0oCE, RVAT A THY 77 7 ANMERSRFIZOWTIEINOITIE AL T2,

LRS- 7 i, I B072 7T 7 7 AR 1.0mg & BRI EL, 480°C TRESHILL7Z
Ag TR E I JLRSHTRHT B Y M5, JUR TR O TSR, BABERE 950°C,
BICIRE 850°C, WMiAg 77 LOIRERR E 21T o7, AL —ME CNS 3 #rE—RTIT
VN, T AT CNS B— R CHEESND TR 28 B R L7,

CO, DIEITLIZHD Fe AL, )N BAL PRS0 7-5 w m A X8R Z ), Fe:C
PN 2:1 T2 D 5580 2.0mg ZFEEL, XD COUT7XDF FIZANT=br, ZnaKER
PR C>2 IR EE 480°C THNEAL , FHEILATTY, X UT7XDHO R/ HITIE, EILHIT
BHoHHERZ 100mg FREEFFRL T, AN THLS, S AT ATHRKLIZ CO2 ZVT 74 —IT
A=k, Fe itz 600°C, HEHiETH %2 400°C TMEL 7' T 7 7 A MERRETT), KFiE
T DT T 7 7 AMEEATOGEITIL, COZBELT-DE | X U7 77X D Fe filt iz
620°CIZIMEAL , O Ha IV F =R THEIL, ERESNDKENT T T, 7T77 74
BIX, 777 7 A MERCIR L Z R e 23 5>6 IFFRIRREETTD,

4, VAT NEALALER M RE

VAT LOMEIL, EA OHE, 2 b —FOEF TR, 74 Oz & Tkt 2 #
MR TS E DI LN TE, VAT AMEECTH I L2~ T- T3 — 1%, EA AIR% B
., FIZARRCT WA T RS AN TR S BB UGE Al RERb O A LT,

A AT LIZEY, COAEMETIE 10 Yo 7B LE 3 B E TN AIHETH D, TT
FOHERICOY T NRBER LD CO O BT, BLZ 10 0RRETETL, £D%. 55
FRE T CO BT VR ETHIENTED, | T IVDMBNGE T LT=D6, BX% 557
B CTTA L DEZEFIEMNE T L ROV TV ZBE T A2 LN TES,

e 1, RVAT LATUER LTy 7 70 U REEREY)E | IAEA-C ) — X OFERERED 43
B xR UTc, s RITW T B I EE LA B A FTREL ~ L7 L~ 2B 5
LTCW5, HERFHRAIFE AR O PR R AERIE = TIE, 2017 &2 12 A XD 4E4T A
T LORKE R E A Z B LT,

# 1 VAT MEREROEERB TR

s , Concences value — MC (%) ¢ (y
ample eduction te)
a4 pMC (%) 5"C (%) S (oo
Oxalic acid 4 H, 0090 + 0010 -310 % 07
C free material 291 + 0.2
(Wako Pure Chem.) Zn 0159 + 0.014 -39 % 0.3
- 23.06 + 0.09 -26.8 + 0.7
IAEA-C5 23.05 + 0.02 255 % 0.7 .
Zn 2313 £ 0.11 244 £ 03
H 150.19 + 0.36 107 £ 0.7
IAEA-C6 150.61 + 0.11 108 % 05 z
Zn 149.92 + 0.48 104 + 0.3
H 1499 + 0.07 207 + 0.7
IAEA-C8 1503 + 017 183 + 0.1 . SO . .
Zn 15.14 + 0.01 197 % 03
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5. £k

R AT WE, LR DHTRIEXE R CEIUR, K= AN TEZTHL 7 X0 HEMEAE AT
XHZEERLTCND, KEE, TR FAFE R TIL, FEETRIDEZET 4 20 B 45 i
EHIERAL, AVAT DAL LT, BURTIIT 77 7 A MERRDT=O DV T 72 —73 10 KD I
T—EIZH TELRBHEUCIRO D503, 51, MEISU T T 72 OIS 52 &
T, KON 77 7 A NN T 5, BB AT L% W7 77 7 A MLER
X MO HTE ATREE 4721 Tl IERIEE IR L €, T =0 VT aAM Iz 52 LG
FFCED, SBPEMICS AT LEERAL, @REE “C AR I =Bt B A
DTV T ETHD, (kILHESHRIOUEITHSETH O ETTHBEWLET,)
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3. AMS )i HAFZE

,81,



This is a blank page.




JAEA-Conf 2018-002

3.1 B 3000 EBOFHBMEELE)

Annual variation of cosmic ray intensities for the past 3,000 years

SESEYD AR T AR T IR LA T ORR RS M A R LR Y -
AJ T Jull >+I P Panyushkina®
Fusa Miyakel*, Kimiaki Masuda', Toshio Nakamura', Masataka Hakozaki’, Katsuhiko Kimura®,

Fuyuki Tokanai®, Toru Moriya®, Mirei Takeyama®, A J T Jull’, I P Panyushkina®

"B TR ERBRBERFZERT (Institute for Space-Earth Environmental Research,
Nagoya University)
* [E] ST s B 4E  (National Museum of Japanese History)
B RFIAET AT LB T 22E (Faculty of Symbiotic Systems Science, Fukushima
University)
B RS IR AE BTz Z—  (Center for Accelerator Mass Spectrometry,
Yamagata University)

ST UV KA AMS BFSEFT (Laboratory of Tree-Ring Research, University of Arizona)
STV F REAEERIIZEAT (AMS Laboratory, University of Arizona)

*Correspondence to: Fusa Miyake; E-mail: fmiyake@isee.nagoya-u.ac.jp

C:=)

UTAE, R ORI O IR EE O BAE S RBED R E DS HED HIL TS, 20
FHZRBEND, ADT74-775 FL AD993-994 =D C i FE D @AM S iz, bAoA
VRO HCEEIMENIER T RE NS, BRI U MRS QDI L, EBHITKIE=
7D "Be I ITH FIU AR EERS IV TWDZEND  ZRHDA U MIHER~DFH #
ENBHEL7-H O ML TERBY ., ZOJFRUK LKA Solar Proton Event 23%- %4 &5 2 5
TWo,

DX BAEDFHBRENA R M LB 2 DD\ BEIRBAE 'C 5 — 2%, JeATHIZE T
IZ~ADI1350 LD E T FE MU BSFS I TUORN T2 (ZRBAMIH WL OO HARIZ
BWCTHAET —#BFETLH0, BAHFREOHENLOLI2N) | BAEDHIER T T
WRUWEE DRI RO TR RRA R FINSEAFAE T D ATRENEAS @\, AHFZEIT,
WERRHITIID C IR E FAE S RAE TIIE L . FHIMRA U hOBEEE 2D 55 I 5>
2T HZEEHELTVND,

Tz 13, BICAAREDOEIAZ VT, £ BC1000 4E~ADG600 4E0D C 2 f 4 HAE/ iR BE
(FRA-REIRRE) CTHIEL CTEz, ZAUTLD, BT E A G £ 3000 4FH Ok T —#
ZHUG LT, ZFOREE, 75 3000 RV T, ADT75 AU MR RO HAE “C B4
IRTZENHGNEIR ST,

Keywords: TR ; HAE T #RA - 2~] ; Solar Proton Event;
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IXCHIZ

RO C IR EOBBRFHRIRE 2 LR LI IBIE CHY | O IRk« 72
B A — L T L L T 22 &7 IntCal [Reimer et al. 2013]121% U H & T2 ED “C 1BE
T —ADBHILIV TS, BHEFREE D MC R B ALK GRS TE BN LD FH ARSI,
FIRTHELL Lo RMIZEN IR OB, EORFMERICEICER T 55 260
TW% [Beer et al. 2012],

—J7C, U4 AD 774-775 4EE AD 993-994 4E i C BIE O RS BRHENT-
[Miyake et al. 2012, 2013], ZIVHD A MIHFRA RO 77 V2 - TN 53
SHLTCUWAT2® [Usoskin et al. 2013, Jull et al. 2014, Giittler et al. 2015, Rakowski et al. 2015,
Park et al. 2017, Fogtmann-Schltz et al. 2017], ZDEJFIIHIERMZHY, FRFnE O
RITHER~KEOFEHRA L TV DR H-TEB 2 DD, HER~OFH R EIHEI T X,
HC 72T TR MO LRI T ERAVE R T AR 'Be OIRELHIINT 21X THD, M
fiL ) —Z RIKIE (DF, WDC, NGRIP, NEEM) O '°Be 12 D #] 1 4E43 fiRBE DRI E BT
M, BERREE B R HS 72 [Miyake et al. 2015, Sigl et al. 2015, Mekhaldi et al. 2015]
"Be O | HNHERSIIZZEND, 2 DD UC BINA R MIFHR EO AR 2 R L7
LD THHZENRERI LIRS T2, T TlEAa M & Be DAL | TR AR
1B (RG7V 7T, an g &) 12K F% Solar Proton Event (SPE) %4 &5 % 531 C
% [Usoskin et al. 2013, Mekhaldi et al. 2015],

AD775 4L AD9YAAEA XU MDA WL ODDORITZ L7 C BB M S 72, Wang
etal. [2017] X E DA Y7 V% AT BC3372-3371 4RI T C I E DL
ZREH L, AD775 L& AD994 DA MK 3 il H O BUAEFHMRA N MWE LTz, £
7oL B D 3 DDOARRDO LT 1 FETOEALTIZZRAS, Miyake et al. [2017]i3 BC5480
FEAPITIS 10 FE2TF T C K IN% . £7= Park et al. [2017]1% BC660 4EAFVTIC 3 4EMF T
O MC HINERE L, ZnHo UC BT, o 1 FESFERED C T —H LD LB
(2 DHEIMFEDRENTZD (FTHO 3 AXUREERL) | W5 OFHREE LIRS0
B CHIBR~DFHBIRE N EH L I-bDEE BN,

UCIRE ORI, B EREMNNIEITS A TED, HZ ADTTS AU RO XS 7R
AETOZEAIE, 1 FEOFRFIE S EIRUEL | BAREE OFMRBEE TREICT D
(="Carbon-14 spike-matching”) , BEIZ AD775 A~ MFIHL T, FIEACFAREESE O B8R
IHETAAZT RO Katla [LOWE KAFREZINZTL AD946 4F4 L ADR22 FEA LI ESIL-
[Oppenheimer et al. 2017, Hakozaki et al. 2017, Biintgen et al. 2017] ,

ZDINTEAFED 1 B FERED C T — 2 OERND, I~EFEDOKE72 U BEN Lo
AT DHIENALINT 2> TE T, LinL, RIZHED C T —HIRONTAENR LB
STV (FEICIEZE 1500 4E[]) ZEv5, “CIRIEDREBNE O IO/ TRAL T
T2INEL Do TR, FFIT, 7754, 994 4, BC3371 FED K572 14T MC HmZ, K#l
1572 SPE EAE OMFIT DAL TE ZBIVTNDD, ZIVHDA XU N B 9570 I I3 8L
R D KBFERERE IO B A K E DAL EAL TORTIUERS T, 208572 K
P SPE [ KRR o N T B OMES | FL-DHOATERICRE R BE 525, LIZ-> T,
SLICRHIB O AR 'C 7 —4Z G L . EDO IO 7B CFRERIEINA U ISR AL TV
BB T HIENEE Th D, UL, HEOFEAAE R AR TELLV O ERICE
WCHEETHD, Foxld, EICHAREOBIAYT 7 V& AV CHAESRIED “C IBREEIR
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FERFACTRIEL T&7,

FHELRER

FERREE CERDRESNER Y7L (BAE. BifE L, EE, 62K) % 1 495
HIBEL | BT LV AVER | B SRS N) D AR I XD v e — R A LT, bz
B—ANDTTT7 7 AN, 4 iR K, B RF, TV KRS0 AMS T C RE%
HE LT, JEfTAZE Tt AD600~1020 42, AD1346 4E~HIAFE L TOHAE “C 57 —FNEEIC
BSSTERY, A2 TIE TN LA DIFIE LR TOERIZOWTHIELTZ (K1 :BCI91~
999 4, BC433~463, AD204~258 4FI3RHE) ,

HIE OfEF 25 3000 4E I IUNT, HAED "CHINA UMW O HEN T2, b
REWN 14c HEINETH-T2D D ADTT4-775 FEAXU B (9 15%0) THY ., i, ADTTS5 FFAX
VRO N4y DI &% 779 AD993-994 4F A~ R BC660 -1~ (7272 L BC660 4F-A
ANUNE T AETOBINTIEZRLK 3 FE00T TOHM) 23 HEN T, ZIHDA U ME, 1T
e CBEICHE STV DE D TH D, LS OFERITIBN T, R THIERZD 3 52
JE D HElE /NS MC BEINZ TR AR 3 ©dho7- (BC241 4E, AD638 4E, AD1179 4E), L
3L, BC241 R HOWTHBIWEZHEN D D721 1 S REE CHIERIEEIT 7224,
BRI E T RA TORIZE K& UCHEIITIZZAR W ZEB SN2~ T2, D 2 DRI

DOWTEHHIEZTIT > TN | SR IRGEN LT THD, AR CALIN - EE 20T
AD775 FANURDE E 3000 FH THRRTHY, ZOLIRBIRPHEEIEE TV DT
T2 NEVIZETh D, 5B ILRDANUIORRNZIE, WERSEELZ BT 28Ik s/ A
NUNDRR N IF LD,

30

A*C [%o]

-40 ‘
-1000  -500 0 500 1000 1500 2000

Year [AD]

X1 : AHFFEL A THFFE[Stuiver et al. 1998, Miyake et al. 201312 L0 FH 721825 3000 4EfH
D C R,

BE R

J. Beer, et al., Cosmogenic Radionuclide Theory in the Terrestrial and Space Environments,
Springer, Berlin (2012).
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Correlation between atmospheric concentration of cosmogenic Be isotopes and solar activity
during 1998 to 2014
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College of Humanities and Sciences, Nihon University'
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Abstract

The concentrations of ‘Be and °Be were investigated at Dazaifu, Fukuoka (1998-2002) and Tokyo (2002-2014) during
1998 to 2014. The seasonal variations were same each year; high concentrations and high isotopic ratios of "Be/Be that was
caused by strong stratosphere-troposphere exchange (STE) were appeared in March to June, and various concentrations but
constant “Be/'Be by vertical convection in troposphere were appeared in July to December. The concentrations were
reconstructed by the box model formula. The parameters of the mean residence time and STE intensities, and period, were
constant. The amplitudes of production rate were higher than the amplitude of cosmic ray neutron flux observed at Oulu near
earth’s surface by a factor of 3. Since the neutron flux amplitude at polar region that was little influenced by geomagnetic field was
only 10% higher than Oulu, the high amplitudes of production rate were assumed that caused by changing of energy spectrum of

galactic cosmic ray.

1. %
FHRVEREERETH 5 Be, "Be I3 IRFHMTH 5 ETF-& "N, 0 OIS AR 5, RSP OARHEE L
FHART T v 7 AL KKDETHRE SND T2, KEDESITH U CHRERSEAITR L TR Y, UEE T
KETeD78, 2RO 23 3RUERE T, 1/3 SRR CARR L T\ 5 [1], ARt bsh, =7 v UlsE LB
925, KROMAIL—ETH D720, FERCHEIIABHEBOREE & & HICET L CWDFEHRT 7 > 7 ATKT
LEET 5, ZOTORKPEZEHFRIEL U, BEHERCT A 227 H0 "Be N BET LT "Be 77 v 7
AIKEB ZE T 57 ax s LTHO BN 2, LorLKEHO Be, "Be OBEIERE T —E TRV, %
# LT 7 1 VD SEARERAS 1-2 45 & "Be D4R K ¥ B\ BJEE Tl Be ST 5~ THHDITH L,
"Be |T#HET % & [FIRICHZEC & 03803 5 120 UERED "Be, “Be I, "Be/Be 137 < 720 TV %, ALHERCIIE
A2k BBl e D K5 A (Stratosphere-Troposphere Exchange: STE) 23L& 572, HIZRfHTIZpkEREIRR D
BEFEN, ‘Be, "Be L, ""Be/Be 235 < 725 [3], STE IFITEDIRERZNIIT Lo T 21 HEFERTHEIC 10 4C 3%
LTRENTND [4] 7 E—ETHDHZ LIFES, [HFRIEFITD e  RHEERER DL, SHEIZIBVTHR
RAEER, MKDSZE > T Be 75 v 7 A355 %R0, TA AT HD "Be e 2 AB S HHR & LT
R CE RV ATREMAS IR AT D [5), BITED “Be 75 w77 A L ABHEBNORUEN S, T HKEFHY
PR AT 2 2 LN E LV, KD HRD D Be 75 v 7 AFRNNIE DMK ORI E IR T 5720,
FHIEEE L [6], KT Be, “Be B, RIS D RSN —ETH H 2 5I1T, BoKOFEL b
FOZTTFEHRT 7 v 7 AOEEE KT 57295, S 5HIZ STE OMEEDREKIGER DO EZ 1T CTFH

i

ey

E
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W7y 7 ADEE) L Flp HIE B — L Fo T AL, BEEETNZ "Be/Be 2 AV 5 2 & TRy %
HAHEETE 57280, BRI EEKIGESE) & ORRE AL 5 2 L3tk s hL—h—Tho B2 b
%o % T CABIZECIIHR, KI8T 1998-2014 £4EE T 'Be, "“Be IEOBINZITV, B /L% AW TN
% = & THIRMBEO KRGO Be, “Be DBEIOIEHREES = L 2 BgE L=,

2. EB

AEH AR IR ASERFIZ & 2 F8 I VR OMBER A ZERT (1998 4F 9 H-2002 4= 7 H) & B B AKF SIS (2002
£ 4 2014 4 12 A) 1IZBWTAARY a— AT 7T —% T, KEMIAKET /L4 — (QR-100
20.3x25.4 cm:ADVANTEC)(Z, BT —/3—7 ¢ /LZ—(NO. 41 20.3x25.4 cm: Whatman) (27 &>/ /L& I L7-
HOZ Nz, BRI REERFAS 3 B, B 1 I8, FEE R IAEFAS 4000 m’, HLAUAS 2000-3000 m® Tih-
oo KREEFCIRML L7Z3EHE o I Lzt 912 730 FTL 0 W1 IERE L CBUR OEHIIEREE T y
AT oA R U —Z1T\ Be (B, =477.6keV) DIEEEIT -7, HIER, KEMHIREID 12 (AREED 1/4) |2
Be $H{K 0.5 mg Z N2 7 A/KFET, FOKITEEND 1/4 12 Be 84K 0.5 mg 2 NZ AR CHfE L, AimalT-72, Ak
INSA 7 2% VT Be 2 B L, BeO & L THURURY: MALT (28T "Be-AMS %217\ '"Be DiE&44T-
7=, MERER “Be/Be 1% (0.5-5)x10"%, 75 o 7 3 EHL 0.04x10" T -7,

3 RERLEE

1998 4E7 55 2014 FEDO R Be, “Be J2EE, “Be/'Be % Fig. 1 1033, ASERF, HURENLOKRET Be 13454 3-6
H &10-11 AT —2 255, "Be I 3-6 HITRE 72, 10-11 AINS v — 2 ZE 2558 2% LT-, ""Be/Be
113-6 AIC—oD ' — 2 ZE i) 27 L=, 3-6 HDE—27 131 Be, "Be 2L L “Be/Be 23[R -5 LT

10
—o-Tokyo

8 S . 0 © —o-Dazaifu

/ 10* atoms m-3
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=
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=
o
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/ atoms atoms 1
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Fig. 1 The decadal variations of ’Be, "Be concentration and °Be/'Be in the atmosphere in Dazaifu and Tokyo during
1999 to 2014. The solid line is the concentration calculated using 3-box model formula described in the manuscript.
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52 Linh, RO X 5 STE OFE L BT 2 L3RS, FE0%F (7-12 A) 12 “Be/Be 1A—ETh 5
T, BB T a Y VO L DEEITNE L, SHREMNICRT 2 E OSEEE RN LTS Z kg k
S THREEDEE LD LIS 5 2 & ASHEBRTZ, 1999 £E 11 H1Z ""Be/'Be 7% 0.06-0.7 & AERGEEE L OHEEAE 0.5-1
LRSS BV, “Be/Be 13L& 1% 'Be DMIET 5 Z L IC L > TORLBT B2, 0.5 L R Vil
R EIENEEZ OND, [0 Be LI XFEZRA OB LORE R & [FFRE TH 57210, “Be IEEDIEY N
FUENFR & Z 2 b, FD7-D "Be OFHAEZ E 0O EthWEiCh 5,

KZHD "Be, "Be #HEIZZEAET DA -0, FHMT T v 7 A L EHEET 5 2 L3k, BIFoRIc#
T3 Ry 7 ZFF VA HNTRET D Be, “Be 12, ""Be//Be # BT % = L A3, KRDR v 7 AITERA
D RLEE L TR RN WSS RSB O 3 o T LT, KRR e & FE T, 1000m (1 EE
DIEI738 %o HiFE & DEEEEDN N DOxibE L & bl UJRUEDE S | SR EIEOHER & KO B/ERD K
EWETH D,

dNyos / dt = JcrPros — ksNios
dNor/ dt=JcrPior— krNior + ksNios
ANy / dt =— ktNigr + ktN1oT

AN~/ dt = JcrP7s— (kS +4 7)N7S
dNﬂ"/dt:JCRPTf* (kT + /17)N7T+ kSN7S
dN7y, | dt=—(kr + A 7)N7p+ kN7

7212 L, N1 U s SN - OIEEL, Jor 1 T HRROFIXITRIE, PITAERGHE, k I3BREER (U 0), 2713 "Be D
S (In2/Tyn) %59, USTFD 7, 10 1ZF4F4 Be, "Be 275 L, S, T, b |3 & chiild & KB iE a3,
AERSOHEE IS Nagai et al. [9)23:RD7- BRI Z IV, BUBREHRRE D RO E T DRIL 2-6 A& L
7ee ZOFETIMIKIL, VT = —OF T VOMERHL CRIN S Vo7 7 > 7 AIRAE U CTARGEE 2 258)
SH7e,

EF VDM & EREOBRSAIFNE MC 72 5 L9 ICE LT AN ETRT A—F—% KT, /3T A—4—|%
P HUBE SR O KRR DAL D “Be/Be 72 H3Ribiz, T DR "Be/Be 13 & LT DL
BEIC L > TIRE SN D, ZD%, BB O RKKATHROREY & Z OO O ASHEEE D7 k 23R,
R FERE D SRR A sk b T, = DET /TR "Be/Be D& HHIT 57 L Th A7, M L HiE
FEE—E U720 WS, IR RO KGRI D80 U7 & — B S REEEEI 30T D R &
Kdiz, ETNRT A—HEFRVITRT, UEE, SE, KEEEEOERIE T 2 4, 547 A,
33 B EBUEHEE SN QWD =T 1 LR & — 8 U7, VBB HiithE O KR D ASHADEFENL 2-6 Al
DR X 0 2GR ES CPREI O3 6 512705 Z L & FFED 5 Z L D3k,

AERGREEZFHIRR T 7 v 7 A L[ CARRIEE) & U CRET 2 &, AR BN I —E L T\ e b oo, HRIENIE
FINS SBHIRER L~ L7d o7z, & 2 CHONSTE SEDOEE 21t L7, EEK L2 KE<T5L, —
D "Be/Be 13803 % & OO T—E08T, & HICPAMHREHANE L 725720, %D "Be/Be 1/ & <
RO BIARER L B SE5 Z LIIRARECH T2, T2 CFHRT T v 7 ADEEN LAERGEE % 0.1-5 5
SEASHTRER SR Lo & 2, AUV TR SNIAWET-7 T v 7 ZAOHRIETEH 5 10%%F LAERGEEEDS 3 £
(£30%) ZET 2 EBHEER & B —8d 2 Z & 0vbhoTz, ZORKNE LT, FlHRoOMERIC L 50 v v47
DENEBBREKOHET 7 T > 7 ATHIZRAHTD 3 (525875 L\ D 2 OB 2 HiLd, KBAEEIOZEEN LS
FHRRT 7 v 7 ALY IHIBER ORI D72\ I e 1 0 &, B CARk L 7o ROy 03 Gl i
ATDHZEICk D, BATERSNS Be, "Be I IR OT MR 7 T~ 7 ADZH) & 7 URIEZF O rRett b %
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2D, ZZTHEYNLNOHHETT T v 7 A LR CBIN SN AWE -7 T v 7 A L g LT & 2 A, FEfdt ™
IV EDRIEDS 10% REWVZ EDBHER ST, L, 3{EOIRIEZ T 5 72Ol IRNE CTh oz, FERKDOH
MWA-7 T o 7 ZAOZEEN RN 2 L 13RI LV A3, Masarik and Beer[10]1 387 /VEHED B KEGEEIO B
I 0 KK AT 2 —IRFHR AL MARZEE) L, "Be, "Be DAERGEEE DS KIEE R N Z 40%H9004°5 & B
LC%, ZOT=dAERGREDHIZRHT CBII SN DT T 7 v 7 AOIRIEICRT L 3 (5285895 2 &1, — kKT
HROT N =AY MVOZAENFEIRNTH D EEZ BND,

ZOET VL RSN KREEE OTT )V ORE S BIEA kT2 SR ERITHRIN L < —BT 28, B
HAOPIEDE T /VAE & bl UBINE D ME D > 7o, BARHIT CHIFR & AR m ST & AR A B it
D712, SHEIRGDNEFIT /e 0 SRR 2R U, EIIINSRAADOR D O 0 H L ORI X0 $hElR A
DG B EENOWENRE T L6220 | 7 /UK LBIIMEIMEL 727 8B 2 6D, FT2ET ML -
TRb BV & EEchiiE o Be, “Be JAEE IR 221 36-331, 66-886 & 8-270,8-417 (X 10" atoms m™) TH V) |
Jordan etal. [11]25TZSEEI L7 BRE & K< —E LT, ZTO1-0EBRADEE L L<HHEL QWD LB NS,

4. £&B

1998 4£:9 A5 2014412 H £ TORK I "Be, "Be i 281 L 7=, K& Be, "“Be I 13454 2-6 H 12 'Be, “Be
Jeps L “Be/'Be 23RBSO KRG DAH (STE) ORESTRE 720, Z OO AN TOSMEs
BT D T O IZSE T 578 "Be/Be 13—1E &\ 9 [F] UFRETAE) 205 LT, K& Be, "Be IS4 FBIT %
2Ry 7 AET DG, KEHFITET 2 RN, STE ORI 10 M ORNHE—E T, ARGEED A 7 /Lv D
MR CEI S NPT 7 7 v 7 AR L 3 525845 Z &3 o7,

5. B2E W

[1] Lal, D. and Peters, Handbuch der physik, vol. 46/2, Springer, Berlin, pp. 511-612, 1967.

[2] McCracken, K.G., Beer, J., McDonald, F.B., Adv. Space res., 34, pp. 397-406, 2004.

[3] Wizt 7k A% AT, RiRE.s, HemIBRSTIERERTIER 7 v o —T ¢ 2, pp. 45-48, 2005.
[4] Butchart, N., and Scalfe, A.A., Nature, 410, pp. 799-802 (2001).

[5] Field, C.V., Schmit, G.A., Koch, D. and Salyk, C.,J. Geophys. Res., 111, D15107 (2006).

[6] Heikkild, U., Beer, J., and Alfimov, V., J. Geophys. Res., 113, D11104 (2008).

[7] On-line database of cosmic ray intensities, Proceedings of ICRC 2001 (http://cosmicrays.oulu.fi/), pp.1-4 (2001)
[8] Yamagata, T., Saito, T., Matsuzaki, H., Nagai, H., J. Nucl. Radiochem. Sci., 7, p. 193 (2006).

[9] Nagai, H., Tada, W. and Kobayashi, T., Nuc!. Instr. and Meth., B172, pp. 796-801 (2000).

[10] Masarik, J. and Beer, J., J. Geophys. Res., D104 (10), pp. 12,099-13,012 (1999).

[11] Jordan, C. E., Dibb, J. E. and Finkle, R. C., J. Geophys. Res., 108, D8, 4,234 (2003).

,90,



JAEA-Conf 2018-002
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Grain size dependence of meteoric ’Be concentrations in bed-sediments of Ado and
Yasu rivers flowing into Lake Biwa
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Abstract

To investigate grain size dependency on concentration of meteoric '°Be extracted from river bed-
sediment, we analyzed the ’Be in bed-sediments of Yasu and Ado rivers flowing into Lake Biwa, Shiga
Prefecture, central Japan. The sediments were sieved into 5 grain size fractions (180-150 um, 150-125
um, 125-63 um, 63-32 um, and <32 um). Each of the fractions was sequentially leached with 1M MgCl.,
0.5M HCI, and 1M NH,OH-HCI to extract Ex (Exchangeable), Am-Ox (amorphous oxy-hydroxide) and
X-Ox (crystalline oxy-hydroxide) phases, respectively, and the '’Be concentrations of the leachates were
measured.

Most meteoric '’Be (93-95% of the total '°Be) was located in the Am-Ox and X-Ox phases of bed-
sediments for all grain size fractions. The '’Be concentrations of bulk and extracted fractions decreased
with increasing grain size. Furthermore, the bed-sediments from upper stream showed higher '’Be
concentration than those from downstream, and this tendency was stronger in Yasu river than in Ado
river. The difference between Yasu and Ado river sediments could be due to lower pH of Yasu river
water (7.2-7.4) than pH of Ado river water (7.9-8.0), that is, due to more partitioning of Be into water
relative to sediment particles in Yasu river. Consequently, '’Be concentration of Yasu river water was
significantly higher (about three times) than that of Ado river water. The results indicate that
meteoric '’Be concentration in river bed-sediment is not only grain size-dependent but also strongly

dependent on pH of river water.
Keywords: meteoric 1'Be; grain size,; bed-sediment; Ado river; Yasu river

1. ICBHIZ

"Be @@ KA THRR S5 FHEBAEMBHEERE TH Y . BILD<C/KERIEM DO Tx
T a YR B E L TREAFICHTE Lctk, BKkE & IlciRmIcibE+ 5, HERICHET
L 7= ""Be (meteoric ®Be) 1. )72 &40 U CEM S, MBECHIEICHERE L T, 0

,91,



JAEA-Conf 2018-002

7o, HERE P O "Be 13, KBHEESCHIB QAT OI1E)>, #HIEKEREIZH 1T 2 RRIGERCKTE
R L, MG OB EZFEK L TRY, EORELZHZHLBEO—DELTHSTDH
% (e.g. Willenbring and von Blanckenburg, 2010) ,

TR (2004) (ZEEEWIHIEAERI =7 O "Be JREAZHIE L. HEEMTH O Be D 90%LL L
X KRS HIRIZTERE L 72 8£KIR D "Be 73, W RHEREMIC K 0 FEBIM~Hhi ot S 472 IRAY
BRHERETH L RMEZ R LTz, DF 0, HIEHEY O "Be ZE)) 6 HERELE OF#A L] &
M7= Oi2iE, WRHERE® 50 "Be IMAEEZMZ THLERH D, £ T, BERIZN

(2017) 1%, EEWICHAT S 8 WO RAEREY) (Rt <180 um) @ ""Be J & % JIE L7-
EZAH N Z T E A DE (1.9-17.1X107 atoms/g) &7~ L, WHEHEREY O 'Be (~20X 107
atoms/g) [CREREEL G 21552 ENW LN, o, MRLOR 1% % < & e HERE
T "Be WENEWNEWIRBKTFELHA LN oT, 2D ORERIX, I B~
® ""Be OpikEHE x HEE, IRHEREY ORI E BT A2 0ERHDHZ L 2R LT 5D,
Z ZCAMGE T, RO & RIS 2 FER)I T 522 & B (X 1)
EXIGEE L, 60 EFiH 6 U CHEL L 72 RHEREY) & F T meteoric '“Be Ji & ORI
KMz, AL 28, WINZ EIZEEIICH O N T2 2 2 RN E LT,

2. #AB - ERGE

HEEIMICMAT 222, B0 Bk, ik, T
ik (1 oZE)ND 1, 2, 3 KOO 1, 2, 3, 4
DU 7 IR HEFRE 2 Bl L Z10E 4L, 180-150 um,
150-125 um, 125-63 pm, 63-32 um, <32 um @ 5 73 E|(Z
SHWT T2, 6T, MO 4 OFREIAMT, &
KISy (2 %F L, Wittmann et al. (2012)IZ5E - T 1M MgCl,,
0.5SMHCI, % L IMNH,OH-HCl ®JIET/LY —F 7
ATV, HEREWICHAE LTV D ARy (BEx), 7 EL
7 7 ARGy (Am-Ox) | s e b ks (X-0x)
R U=, SAb22s @ 'Be B2 EEHIE 1% B AR 40

LEESHFENERR MALT O SMV % 27 DGEGE RN [ 1 i dersim e o B i 4
FHC L DT T,

212, ) BFN)IRAEREY ORIEE - L0 mEB 0 "Be MIERMRZRT, L2/,
BN T v . Am-Ox B4y & X-0x B D "Be RN Ex B~ TIEFICTHE S (10—
100 f%) . Am-Ox %4y & X-Ox il XIFIE R U Be I 2 /) L=, BN IO 3 OHERY D
RSy (Am-Ox+X-0Ox) @ '“Be JEEE L | HS 4 OHEREM DO Lo (FEY —F 7)) @ 'Be
BEZEARD L, FIEIIEBED 93-95%Th o7z, TNHDOZ EnG, KEHD "Be 1THERE
MOWFERNAFAELTRBY, TENT 7 AR, fERERIED T OREMIZ (A
FREEIZ 'Be BWAET H Z LD D,

O, WTFROIEFRRZICB W TS, ORI 7253 E (<32um) THib "Be IBE &<,
RIREPRKE L 72 D122 T, "Be IREMMEL 72 0 | K bHLRIZ2 3 (180-150 pm) T d '"Be
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b = - 2 (Ex) —O—3 (Am-0x) [ 3 — 1 (X-Ox -Ox
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L H —1—2 (Am-0x)
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an F o0 [
~ ~
w0 w0
= =
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o e
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X 1t X
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= o o =] G > \g T
=3 o °
o o
O_‘I 1 1 1 1 1 1 0-1 1 1 1 1
<32 32:63 63-90 90-125 125-150 150-180 <32 3263  63-90 90-125 125-150 150-180
NS /-Le
Bt (um) Bigg (um)

B2 RHER ((a) ZE)1. (b) BFUID ORE - L5 MiH O 'Be
) 1-3, BRI 1-4 0%, X1 ISR HUR CRRIR S M7= R HERE ).,

BEMEL ooz, ZOFERIE, Wittmann etal. (2012) (2825 7 ~ Y U JIRRHEREY 1> & 15
BNTAEREF L TH oIz, ZOZ Lnb, HEEWT O "Be 1TR 7RI T 5 E TIAE
L. MRLOR 72 2% < S eHEREMI T, MR ORI+ 2 2 < S0HRBY LV . BAIEEY%7-0 0
KEEPKREL, WETH "Be BRREL DT ENRHOLTDTHRINT,

[l URIAR S « ALk sy D "Be IR A i3 2 &0 ZE)I, FPIVThd . B CHERE
Mo "Be REN R B E <. FIRIZWIZON T, "Be IREMEL BB R 6Nz, 2D
BB E LT, 22, B EROBEBHSIIWT RS ILE TH v . IEZL O L5k
# L7 "Be DIRABNEL > To DR L, T TIRAEZL DD O AN DI 9 20T, HE
FEM D> BRI 'Be WAL T 2 BENEE X 720 LB 2 55, BN EROHEFREY O "Be
FERBEEIZm oo DX, FIIOHIENZ T, JIESHES, MR EBTholtlcd B2 b
o,

FHAKRD pH ZRNE LT E 2 A, 21X 7.9-8.0, FM)INE72-74 &, ZE)IOFNRLY
TNHIETH T2, iz, FKFIZEFE LTS "Be (XEFINI2Y 1.4 X 10° atoms/g &, &
EJID 0.4X10° atoms/g IR T 3 FIZ EFmD -T2, KIEET O Be ld, pHIZ L > TR LA
FREIC2 D Z v STk h (X 3),

7.9-8.0 TIHIEIE Be(OH), & LT, 7.2-7.4 T
DT BOH)' A 4> & LTHEET S o oy N
AR B B, LI 735 Cy Ik pH 23 ::;  foeton
RWEFINICIX, RN, RS - ,\
7K~ "Be DA T 28RN REL, T ol Meeor / "\.\\
FRAZBWTIL, B O HEFEW) 18 222 ) 1| D HE . IJ'\ LN
B EFRIEED 'Be IBEE TIN5 2 4 6 8 10 12 14
: )| 598, 2l _ o

s o o e R B3 KEERO B (0 i e
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Db, ZOWNKODLT D pH OEWVICER L TWD EEXLbND, 4%, HBEYO
meteoric '"Be DZEE A 5002 D 720121k, HEREY & KD D Be DW g - IO X
D7 RIS BETH D,

4. ¥&H

FEEWOILE & FERICHiAT 2 BRI TH L RE)N LTI Zx8 e L, EfiND T
FEAZ T TR HERE ) 2 VT, meteoric ''Be J2 & ORI EVEZ | ALy Z 8 W Z &
Tz, EORERE, FIRHEREY O B O KR/ IXHERE K O WA K5 (Am-Ox, X-0x) (2
FAELTWD Z &, MR OHEFREMI T HAE B2 72 0 OREFEDKE WD, 'Be %< W
LTWDHZ L, JJINZED "Be DEWITINIIAD pH 728 EHJIEREICEEIND Z & &
M LTz, BLEDZ Ene ., HEREM DM S ~D "Be Diifitk 7' 1 A ZHfE+ 572
WZITRE 125 L7z "Be EWIIKICEEAF LT "Be O T2 Z 2 D ERH 5,
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Temporal variation of 3Cl flux in Tsukuba city
before and after the FDNPP accident
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Abstract

A large amount of radionuclides including '3'I and '*’Cs were released to the environment by the
Fukushima Daiichi Nuclear Power Plant ( FDNPP ) accident following the Great East Japan Earthquake
occurred at March 11, 2011. A certain amount of *°Cl was also expected to be produced in the FDNPP.
¢Cl ( *°CI/C1 ) in monthly rainwater samples collected from January 2010 to December 2012 were
measured with accelerator mass spectrometry ( AMS ) at the University of Tsukuba. The deposition
fluxes and monthly fallouts of **Cl were calculated from **C1/Cl in rainwater samples. A deposition flux
in Tsukuba was (5.2 £ 0.1 ) x 10*> atoms m™ s in March 2011. This value was 17 times higher than an
average in March from 2005 to 2009 ( 30 + 19 atoms m™ s’! ). Variation of the **Cl monthly fallouts
after the FDNPP accident strongly correlated with monthly fallouts of *°Sr, '?°I, and '*’Cs which were
measured at Meteorological Research Institute in Tsukuba city. The total amounts of *°Cl released from
the FDNPP accident is estimated to be 0.12 GBq by the **C1/**I ratio in March 2011.

Keywords: 36Cl: FDNPP accident; rainwater; accelerator mass spectrometry
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Depth profile and inventory of 3°Cl in soil near the Fukushlma Dal-lchl Nuclear Power
Plant
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Abstract
A large amount of radionuclides was released into the environment by the Fukushima Dai-ichi Nuclear

Power Plant (FDNPP) accident. The emission of *°Cl that had its origin in coolant was suspected,
whereas *°Cl from the FDNPP was reported in only one paper. Therefore, we conducted additional
measurements of *°Cl in the surface soil to a depth of 5 cm at 31 locations (distance from the FDNPP:
1.3 - 30.0 km, date: from June, 2013 to November, 2016) and soil core (distance from the FDNPP: 23.6
km, date: June, 2013 and September, 2017). The **C1/C] ratios of surface soil varied from 0.01 to 1.00
(x 107" and high *CI/CI ratios were observed in the northwest region of the FDNPP. In **C1/C1 depth
profile, high ratios (*°Cl/Cl=107'>-10"") were measured and **Cl provided from the FDNPP accident has

already moved to the depth direction of more than 5 cm at 2013.
Keywords: FDNPP accident; °Cl; Inorganic chlorine (Cliwr); Depth profile

XTI
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THARR LT & TSNS *CLIC L Y FDNPP JE A g O 150> ClUCl 23 0.11 - 2.63 x 10" &
T EH L7 Z &A% Miyake etal. (2015)I2 & 0 e Sz [2], Lo L., BREEEEH o °Cl o 4t
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3.6 PR FEHEICBITIARERE R IBEREBUCL > THHINZ 1 O HIAH.
Penetration of '*I released from Fukushima Daiichi Nuclear Power Plant accident in the
western North Pacific Ocean

ARSI e C O EE RS S T 2 IR T bR A
T. Suzuki'”, S. Otosaka', J. Kuwabara?, H. Kawamura', T. Kobayashi'

VA AR BRI RS R R Tt 2 — BREEEN R E S L — T
(Research Group for Environmental Science, Nuclear Science and Engineering Center,
Japan Atomic Energy Agency)
PHARBA IR TEBR IR B RMTJEHFE B2 — AMS BB
(AMS Management Section, Aomori Research & Development Center,
Japan Atomic Energy Agency)

*Correspondence to: T. Suzuki; E-mail: suzuki.takashi58@jaea.go.jp
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Temporal variation of '>’I concentration in seawater of the Arctic Ocean

KA TR R e TR OB e REAKE—RD G- TR R
H. Nagai ", T. Yamagata ,A. Hasegawa *, A. Kudo 2, Y. Kumamoto *, S. Nishino *, H. Matsuzaki *

"HKICEE (College of Humanities and Sciences, Nihon University)
A KPeke &% (Graduate School of Integrated Basic Sciences, Nihon University)
3 JAMSTEC (Japan Agency for Marine-Earth Science and Technology)
YOS (The University Museum, the University of Tokyo)

*Correspondence to: H. Nagai; E-mail: hnagai@chs.nihon-u.ac.jp

' concentrations were measured in surface waters and for three depth profiles in the Chukchi
Borderland (74.5°N 162.0°W) and the southern Canada Basin (72.5°N 155.4°W) during the R/V Mirai
cruises in 2013, 2014 and 2015. The '*°I concentrations in the surface waters of the North Pacific Ocean
and the Bering and Chukchi seas in 2013, 2014 and 2015 were 1.44 +0.28,1.35+0.19 and 1.18 £ 0.17
x 107 atoms L', respectively. The depth profiles of '*’I were almost identical in 2013 to 2015. '*I
concentrations were 10-20 x 107 atoms L' in the surface layer, less than 10 x 107 atoms L' (i.e., the
minimum value) around 100-150 m, and 65-120 x 107 atoms L™ below 300 m (below 200 m in 2015).
Although the peak '*I concentrations exhibited slightly fluctuating values of 90-120 x 10" atoms L™,
the average '?’I concentrations at water depths in ranging from 300 to 800 m were an almost constant
(83-86 x 107 atoms L") from 2013 to 2015. Both the low '*°I concentration level relative to other areas
of the Arctic Ocean and the constant '*’I concentrations over time may correspond to the ages of low
discharge rate, until the mid-1990s, from the nuclear fuel-reprocessing facilities at Sellafield (U.K.) and
La Hague (France) to the Atlantic Ocean.

Keywords: 1291 seawater; Arctic Ocean
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3.8 HEHIL 10 HAE KR OREERDPOATAFIHAINT T 10 HACE KEROFIRF
Reconsideration of the age of the Towada caldera 10th century eruption
based on the fixed age of the Baitoushan 10th century eruption

FRIRE B
Masataka HAKOZAKI"

VE] N7 JEE S RAR 1) i (National Museum of Japanese History)

*Correspondence to: Hakozaki, M; E-mail: hakozaki@rekihaku.ac.jp

2

AN T Z0 10 A KL, & SCEO R IKGLERE T/ — VTR LT i
G2 - F BREEM OF AP D T 915 4 I A LT EHEE S TVD, ZOME K% D
JiET 5 To-a 77 71%, BACHLT DBl B FF SR 381 D BB/ g & A 7p ST
%, Fiz, PEEALPEEOEERIAE 5 HEE LD 10 HALE kA ERE TS B-Tm 777D
ERHEE ORI AZ I, AL T AR O W EHERE Y OFRG 0T 5, FEA L 10 ko X
DOFARILVEIE 937~938 /1L 929 FLHEESIL TS, ITH, FIE 775 D4
Wi 14C YA b GEFR: AD775 'C spike F7-13 Miyake Event) Z4E1% L HEL 2 514E
RIEC spike-matching WKV, FHEEL 10 HACRE K OFERITTVEE 946 4 ITHEE LTz, £
72 FHEMIETBRSE RN IR AR 1 ICE - T, ZOFEMITEIS N, ZOFEMIT4E
T IESEMREF ELTZ, LU, RIZER IHTICRED S 72V A To-a DERHEE
(ZRAD DD AT REME N E LD, TR AT T 10 LR K DREIK 2 R 350 i CED
FLIRIIHL ETHBERLETHY . T — VTR T DR EM OFETRENRD , ABREOZ A
YT RBR T DI ELTEND, EKEROMEFHLEIEGLN TVRNE AT IENTE
%o TRIHA LT T 10 AL K OFEREHESTD7-DITIE, TN — T D R AT
H AR AR 2515 C. 1C spike-matching F7-13FR 3R RN A LA R EIEIZED . <D
RS RIRHCAGFE LT AR Z IEfR ISR | ZFNAARILE T 5 LRSS,

Keywords: 1-FIH2/L7Z; To-a 777; F12E1l; B-Tm 777; AD775 "C spike

1. +FEIAVTZ 10 HACE XI5 E1TFE

TR AT BT 10 HEALRT SR A L8 KL, i 2 2000 45 C H AR RH
FEDME K EHETESAVTUND, EDOFRAEFIL, THRFMEFCITIR DB IR DRIk E | K ILTE S TH
AELTZT N — IR LT ) - 52 B ORE M O R AR D TEJE 915 4 Lskd b T
W% (22 BENZSTBIABFZERT (1990) . FL)11+/INL (1998) | ARA1EA (2000) | BT FH « #r
(2003) . KT (2008)) . ZOWEKIZ I THE LI K ILIRIZ+F1H a(To-a) 77 7 L7k
Sh, KL B RO B 2 2B W THEEREE L GRS TS UNEFIE)
(2012), (2017) | AEBHALEREEM I (2014) 728)

To-a 77 71%. FO FALICHERE T 5 HEAIL 10 HEf0E SO IR o [ 58 1L-1 /N (B-Tm) 7
7T ORI E T SN TE 2, wIRIEN>(1998) 1E To-a 77 7& B-Tm 7 7 FHAET
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DR OB E BRI NN ETHO B EHEREY D HEHL L, B-Tm OFERZTEE 937~938 4L
ROTz, Tz, EFIEFN(2010) 1%, FEEO 2K IR B EY-E B = BIBOHEFR
W) CERL., B-Tm OFREVEE 929 FL3RedT,

2. B-Tm DREELE

U4, Oppenheimer et al.(2017)1% H 88 L AL FE O HEPE AT C spike-matching (P& 775
FEOETRIKFE 14 J2E L (Miyake et al. (2012) ) 2888 2958 3 14 FEntE k) 256
L. HIEL 10 500 k DA% [T 946 47 | L3R $D 72, Hakozaki et al. (2018) IX[AIERD 5
Mra HBRILAL RO R THIEL M E T Em ORI 946 £ ThHZLafk
LTz,

F7-. AFIFEH(2017) 1%, Hakozaki et al. (2018) & [A— 5 EHI G L CEEZE RN 1A L AR HiR 4F:
Rk (R 2015 728) 2 L, SERBER O b B AR 3 [RIN AR LA HE At B O IRF1 %
22 2017) EDIART —T 4 712 E o T, [AFEHT R i - (A5 2 e | MR 1B T4
DA 946 42 ) THHZ LARERLT,

ZNSDOEBOMNI LT3 ED, FEAL 10 AR K (B-Tm) ORI P 946 4F
V2R E LTz, LTe3 o T, t@TIE0> (1998) & EF1FH> (2010) 2MER ST D3R D72 B-Tm D
FERITFROTHoT-Z b EE LT,

3. To-a DHEEENRICKT T 5%

UL f1E1E)> (1998) & EF1FED (2010) IZLDEROIHTIZRRD A1, To-
a7 7T OFERNITEE 915 45 Tld/a<, B-Tm O EFERNSW - CTIHEE 923~924 £ F
7L VEJE 932 47 ) THD RIREME AL D,

TR AT T 10 PACE K OERARILD — S TERZMEEE 1T, mE B F OB DT
FRESHL, HEE 15 4 (FEJE 915 4F) OFtskiaid, FRiditil 2352 (F)1]+ /81 (1998)) ,

LAIA WEINEE B JoERHSEA R A2

(8 A 18 H FHHITHEEN2<EDHTHDIHEST=D T A& T REFHITEST)
=0 HPEE ERKE S TRES R SR

(8 A 26 A KD _STHEBVRDIEN S TR 7S PIE O o T2)

INBRLER I, T EH T IC B EO KRR T VO AL, WAL 2B 5% &
DKL DR Z R/ L TRY, K&k Thotz HFE LT TOEKEFERDITHZ 8
—EDOHAFIEFFO, LU, BIMIFEE CI37ad | HLETRIBENZRFLETHY %IJ@kUJﬂr:
KOFLERTHL AREMEL HEFR TE 72\,

HI—DDFERIBILTHS [T/~ — /TS N T RS OF RS IRER7:
FEARIEMEIT S WO EE, Bk H ALK B APk SR T, B - F 2SR O feb Ml
DOEFRERDNEE 900~902 FELRD B TND (B BIE S SUBBFZERT (1990) . KT
(2008)), LU, ZHHDOHEEM T DM EI2 10 MR L SN CRY ., (ERFEE R~ 3 T
BV ETAT T BB T O | 238 5 & X ARIFL TR,

51T, Rk D TERWEERR AL MNI, ZNHOEEM DM EREL 200 4R O R
EARDOIN LENTZb D THHEN FTHD, 1BH | BIARILAE T D120 THRERIE B
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7‘0@@\ WM OFmE B0l eN W (X 1), RIS, BB E S 723D 915 4F

2. ZHOREEM OJFEARPMEERS L, I TENTEL T, IIMEERA TR 902 45 CTH D0
MF'W)?W 1%, B ESNIIME (40 O—3) 12 13 J@LOMEER 3 2 - 728278
5o HVIFIRNZETIFRVD, FETHIUID RO —AThH D,

Fo, EHLEUREEM THATD | W 7138 2 B TR R LU TH T DO
IF BN RSN TAEZ R T2 T 9= VR AEEZOLOTIERL, T TR (D7
ELFDEFETIN—NANRAELRNST2Z8) 2RI £,

ZOINZHFIHE AT T 10 HALE K OFARARILE S TE - BRSSPI ERIE, &
HHLE N7 HHR THDHL DD | MET-HREHLEITE 272V D THD, ZNHDOFERIEHRIT A
WIZFJE LW 20 SO HRIZB W TEREO BWERIEHREL TN T&ET, &

DOFER, [To-a=915 =) LW VIFRIA A B TIFASEE L TS,

i[_,\7|‘7_|' «
‘{\k_ “%ﬁmyaf

1 & 200F Mk DIKEZIREARDLM DM

4. +FEANVT T 10 HACE K OFAREE I MIT

B ST, FREALT T 10 B K237 F 915 4£| _%Eébt_ta‘: SE T OB
oo Ty, L, ARIZ 915 AE TIHR W EWWI RIS B2 o 7236 THRZEMEED O
915 FDFLIR X, HALHIITIZISIT DRID K E 72K LM KA 7R 5Z & foaé B AR (R
(CHEBERLER DN ST OR AR ERIE L EfEICEDX 52 80F, BRKEFE~D
58 PR BT B 2 U D | THiReD T 4875 ra%’e&&fiéo ZOZET RAARRERRE, R
WEENEUT A DR ELRBLT-F 2 1T MafF W EFETHD, TDTDITH,
R AT Z 10 HALE K OFRIZ DN T, EEHE%:%OT% L TSR DS,

AT T 10 A K OFERETEESE D201, FAGAIL 10 IR K OEHE
ENAFO DD, bR OEFE THHEE 25, T70bh | T/ — ) VITHR T D1 2+ H
SRHLEE R % A REZ2 RV <8 T, F DT 1C spike-matching F72 (X4 35 [FINL A L A= fim A
RIE(TELEBLL) 2L, ZORERA IS, Z<OERDFRIRFIZIEA T FARE R |
FNET NIV AELTAERERIRT O THD, EHLLOTIEL (EROFETRFERIEIZE
WC R 7 7o T TR IS N D Z L7 HHDHAM I TE A0 T (hixE
(2015) |, FlRF (2018) ) | JZERA B REMBAOICERIEEL . DATICH WD RETH D,

2120, FN— BB AR, I VI LN OERE TR T AM NG ENDD

LICHIERDBLETH D, TN — VR AELRNC B RITESE LB R, N &Sz
AL & ENDREMERH D, ZNbE BARD D121, AM ORIFIRIECEIL TS 7
ELZ0EREISBEL, BONTFERPER RO+ BOLAEDLERNETHD, £
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DM, TN— NI T DAREIEM 1L, KEETH EALEK T O KA DD D73 T
DN, ZO FRMANIALE T2 Y HET (BL- GBI 23513, BB 2SR BT, S dMEiR L3
VEIEE 958 A2 73, fitn 750 AR D AR D L2703 CD (F3 B ENL SRR ZE AT
1990) , ZOMPEARDFE B L, EANKARE B2V RIS 7 JE B 2210 B0 6 km LB
TR, ZOINZ, ITHETHHIE T, 7 — VO EEZ T T, AU RO
BARDBEONDZENDH D20 REHRBUCHT--> T, M EOE ER RO 5N
Do

51 FSCHER

ARAFASE A HSE - BOGAE DY . 2000. 70 K LLBCHTMELK IS RO YR S -3 IR R BB O JE FL& 2 DRI AREEdi
FR- RS E R R EE R A AR THILE, CD-ROM, Qa-POOY.

2 - BART Hf AR T - Ep A AT B AR L. 1998, GEfHERT 2 HIV - A BRI -5 /K
LR (B-Tm) DR RAEAR OHEE . ¥3/K I 28 (Laguna), 5, 55-62.

FRFELRE. 2018. FTAEAIE TSR RN LR ERIE]. B FYv—T b, 709, 13-17.
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FRIRFELFEITA)>. 2017, AL B ARSI DR AL LI REOBUR RS, B AS UL Y SHE S
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FNEALI/NUFAL 1998, AAMEZIEISA T 10 HALISHR O TR Z 57 2D R OHF B -+-F i
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RFEIE LTS - ERRD A BB AR - 2 E . 20100 BEEEE, /B = H N EHETEY O G
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TEE, 47, 30.

e REEITIER. 2014, 9~11 HEACOD LEsiR RS EL LR B O RS ATz ALRAE R O S RERI A
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3.9 JAEA-AMS-TONO IZBIT5HEN 77 7 A MRABIEERE AGE3 DI

The present status of the AGE3 automated graphitization equipment for radiocarbon
dating at the JAEA-AMS-TONO

PSSR 1 - B 53 (R TR b1 - R AR T BT 2 VR A AR
SREAEAR PR ITA 2 BRIRHE 72 2RI ¥ 2 PEIEREDL 2 A L EAE
Takahiro Watanabe'”, Yoko Saito-Kokubu', Natsuko Fuj ita', Chika Ishizaka?, Tomohiro Nishio'?,
Akihiro Matsubara’, Masayasu Miyake'?, Motohisa Kato?, Nobuhiro Isozaki®, Hitoshi Torazawa?,

Akimitsu Nishizawa?, Tsuneari Ishimaru'

TESLHFFEPHFEIE N B ARIE - O WP SE B e AR R e 2 —
(Tono Geoscience Center, Japan Atomic Energy Agency)
RS AEART (Pesco co.ltd.)

*Correspondence to.: Takahiro Watanabe, E-mail: watanabe.takahiro46@jaea.go.jp

AMS is widely used for radiocarbon dating of geological samples. However, improvement in
efficiency of sample preparation are needed for high-time resolution data. In 2016, an automated
graphitization equipment 3 (AGE3, IonPlus AG) was installed in the JAEA-AMS-TONO, Tono
Geoscience Center, JAEA. Background values and carbon recovery rates during the preparation process
of the AGE3 should be estimated before application in radiocarbon dating. In this study, the AGE3 was
evaluated using the international standard materials (IAEA-C1, C4, C5, C6, C7, C9 and NIST-
SRM4990C) at the JAEA-AMS-TONO. Graphite samples were prepared by the AGE3 and radiocarbon
concentration of these standards was measured by AMS. The results were agreement with the consensus
values (within £2¢ error). Background values were 0.15+£0.01 pMC (IAEA-C1). Therefore, we
concluded that the AGE3 can be applied for radiocarbon dating of geological samples.

Keywords: “C: AGE3; Graphitization; Elemental Analyzer; Preparation system;

1. [ITHIZ

P BEFEW) O L8 AL 5y DFFAIZ W T, i EOHE SLSHIE O (LA 2 | FRk O HVE B8R
BaETRTHIENEELRD, ZOREFIEOOESELT, MEEE = HTE (AMS) 2 v
HVELRRE D HOR M R SR AR AR E 23 A < i B BH S 41T % (Iwatsuki et al., 2002), L2L, £ &
DT —=EPBELIRDT — A5 | 3B R BB T HFEN RO TND, FFIT, Fkx 72
Fefze s U RUR O BT LB FR | TEME CHV R 72 AT S L B L 72 o TN D, ZIVETITIEH
SINTRTEFRIAL T, BTLBRDO—EE T 3Bt DBREES T A5 BEVE A il L T 2 FIEIZ OV THR
HIN TS (Yonedaetal., 2004) , H AT I FCEBH RS RIB B8 % — T HIERFAR
FFGEPT IR VR R SR A E O RTLER Db a2 D D720 | B8 77 7 A Ml AL &
(IonPlus 1% AGE3: Automated Graphitization Equipment 3) % 2016 “EJE (28 A L7-, AR E X
2010 4ELARE ., 55— 1A% (AGEL) 2 —Z(Z Wacker et al. (2010; 2013), Nemec et al. (2010)=° Solis
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et al. Q015)ZRV S B CVEREFHII AN E D B AL, BIFEITEH 3HARD AGE3 73BT D, AGE3
X R TR &R L SR D BRBED D R LR BT AD Gy, 777 7 A N E CTA 754 H #)
TITHZEMATRE CTH D, L L, OO FEZ U 572 12i%, BRI 31T5,
FRFEVHYL . RFEUNER  AE) =) B OB OV TR AR LB AR T 52 LN BB LR D,
ARG TIL, LI HERAEAC AR FE AT SRR B SV AGE3 % W TR D U7 [ B YE M 2 o0 I i i
Rt 4 5,

2. RBLE oI L

AR Tl YY) E T D IAEA-CL, C4, C5, C6, C7, C9 2 N NIST-SRM-4990C (NISToxII)
ZHWT, AGE3 O MEZ L 7=, TAEA-C1 1T KERA (fRERYE) 3k TAEA-C4, C5, C9 (33
BLUT- KRR AR, IAEA-C6 [T A711— 2 TIAEA-C7 & NIST-SRM-4990C |33 =V TH D,
IAEA-C4 KON TAEA-CO 13 R B IR EE MR W & (4B ; consensus values., Z 1< 4L
0.22-0.44 pMC, 0.12-0.21 pMC, 95% Z X [#], Rozanski, et al., 1992) , AGE3 D/ 7757 R
S IZAE A LT, eE S5 EF (EA) X Elementar f3.¢ Vario MICRO cube Z WV, v —H A
XA~V 20(99.9999% ., i EHI 200 mL/min) 2 L7 (K 1), EEAEREZ#7E (4X4X12
mm, Elemental micro analysis f184) (2817 A —R 77 —1220 BEA WNE O A JEBPRITEE
(920°C) 1T A L7z, EA Tl -4 53 FHH I DU Tid TonPlus AG OHESE 5541t~ 7=, BREE
BNOERLAIE L CERkdi (Gt oM . Elementar #H81) 2 FH L 7=, E oAl L GREITCEZ M A
L7z (GEE T H . Elementar #1832 5071 550°C) , F72. Wiz U BREDZD, TN
——VEFHLE,

_ 4 - A
ki BETS77/ FAREE AR
He—>}«—o0, AGE3 [ = ﬂ (To? 7
. \ HERS -10C
e PN
CO,b5v

1 SRR 2 — RIS BRI SE T I R L 72 AGE3 O 22

HIRHBL L #—ICEE LTe AGE3 OREEA X 1 1273, EA WTHEEHABEE CO MG,
CO2 A% AGE3 WO FFARY CO,hTy 7 1B A LT, RE FH (B K 420°C) 12XY) CO A
T T INDBEL  KFEUSINL , Fe & fitiit L 580°CC 2 KeffMEAT 22 L1807 97 7 A e
L=, T 2B I A EEROIREIT-10°C TH D, 777 7 A MHELT TonPlus fHOHELE
FMHTIENV IR FE BRI 1 mglZxf U CERKY 5 mgD SR CHEMELT-, AT —ZhIRZEICLDIE YD 2
Z<T=0 1 AREHLEE % (2 EA TR 3 O T 7akBtokBez £ L=, 5577777/

- 117 -



JAEA-Conf 2018-002

ZEUXLT V=0 LY — RIS U, TR PE R SR i BE T E I R Rk e o & — s
EREEAC2AFIEATRR 1D JAEA-AMS-TONO (15SDH-2 XL b Jil# 2%, National Electron Corp. )
ZEMLT,

3. BREEL

JAEA-AMS-TONO THEOLN-ERMEEHESN TWHABMEEELEL . AGE3 OF M IEERE
MiL7= (B4 2) , JEHEFIL TAEA-CS T 23.38+0.13 pMC (n—6)\ IAEA-C6 T 152.4£1.5 pMC (n=6),
IAEA-C7 T 49.35+0.22 pMC (n=3) . NIST-SRM-4990C T 132.65+0.74 pMC (n=6) TV, F 1Lk
FREOD I M PR SR T FE O A B (Stuiver, 1983; Rozanski et al., 1992) b+20 F&FEDO#EIFH T— 2L
7o ﬁEEE/ﬁTZ@EﬁWX%E 54/%@% L7 FIEIZED "CHE DA NS EEET HE, £lo ke
FEC—BT 22N EARTIEH DM, A EERE L7 RO W TRESIE 3 Bl E721% 6 [FlERTE
DIl AL CRIE LSDICRHMEZ D DR H D, WFFED B L EDH3, £26 DAFED
SEFRTEDLOTHIIL, BURICB W TH R A 2 2 —RED AGE3 (3HUE B D4E
RBEICHE A FTRETHDHEB 2 BND, Flo, N7 TRl L CERL7- IAEA-C4 K F)
OBTERERIL 0.19£0.04 pMC (n=3), IAEA-C9 (K J7) 1F 0.33+0.02 pMC (n=3)THY, HIEF KD
FARBPEICBNTHITHEH FTRE THHEHE 2 bID, HERIET/ Ny 77 T0 Rl Jiﬁﬁ ST
W% TAEA-C1 (JREEHE) ORI ERE 513 0.15£0.01 pMC THY, IAEA-C4 &U“ C9 O RL LR
iF;j“ Thote, LinL, FEBRORBBEZE~ AGE3 ZiEISSH 57280 JLR TR LD KR

YRR DR BE R 2R ROIRAE T DA D5 B DUV TR D ngﬁ)é (Wacker etal., 2013),

140

NISToxIl | 2
136 $ CS
b
24
O 132 T 4) C:D ({) + (}) +
% 128 <]l> 134.07 pMC | 23 [ froaoas L..... T
1 23.05 = 0.02 pMC
1 22
i"H_‘; 1 2 3 4 5 86 1 2 3 4 5 8
il;%t 170 54
3 C6 - C7
E 160
= 5 ¢ o 5 50 (? —
I YO T s Somoutor st S
10 T (}) 150.61 = 0.11 pMC | 48 49.50 + 0.49 pMC
140
1 2 3 4 5 6 1T 2 3 4 5 6
AHES HEES

2 AGE3 CilHELT=2T7 74 N T R 1 R 38 T B T 7 s
[{—27" 77 7 A MO0 UHIE TiiZe<, AGE3 1280 3 fEE1E 6 fH DFlkH _ou\f %zh/c“a%&“
F7 AR A T LT~ =T — 3 —|T+] 0 O#IPHEZ T, PO EHB IO IS EMlA T~
9~ (Stuiver, 1983; Rozanski et al., 1992)
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EA XY AGE3 i FHIRFDAEY —Zh Rlz oW CiE, BRI E RIC 0727 7> 7 JIE (858 D A
PRER 3 [BIFRE) 2L CUWAZELH Y, BUR TIIZHRICERO B -T2, L, [Fl—ORRYE
BTERE D7 T7 7 ANARZE G L TR, AT —2h B0 e RS0 bk +

FICEBETDIVNERSS (jLH 2008) . 524 A EMLOERE TIZH AN, v I 757 ROFARRR
HIERSEE D] b -HERFOT=01IE, 7 — X OMIF L% EfE I HIE TR BT 52608
BELEZOND, F-. J:%k%?ﬁ«w@lﬂn‘ﬂfr_ﬁ%&;é#ﬂ%%m(2016) TRLIZISICEH T Tl gL
fibf:ﬁﬁgf’é@fﬁﬁﬁ%ﬁ’?ﬁ“@%é&%ﬁﬁéﬂé D &EREL~DE S BRETS I TEY (Solis et al.,
2015) . ML X —ITBWTH AGE3 Z W TRFE R 0.1 mg %:ET@EMEIJE%@&)@K%ET
5D, D EFEIDOGE . KFLEDIRE LSO D ZZ DWW THEHMI A L E Th 5 (Nemec et al.,
2010), /- CT, SRITEHOEB IO EIZ OV THRFTZED TV ZENEE TH S,

4. FL¥

JAEA-AMS-TONO |Z H 17T 7 71 M3 E AGE3 238 AL7=, AGE3 I[ZXVifiL =757 7
A REE TR R SR E Ot M A R L 72, ABFTE T, FReofE RnEoini,

1) TAEA-C5. C6, C7. NIST-SRM4990C Il i Al A A HERURF D FiUH ME R SR IR FE D& B A
(Rozanski et al., 1992) LB LZE+2 0 OHFIPHT—E LT,

2) TAEA-C1 OJEFRERIL 0.15£0.01 pMC, C4 1% 0.19+0.04 pMC (n=3), C9 % 0.33+0.02 pMC
(0=3)THY, WEREOFEMRBEIZB N THoIC#E A fTREThHDHEE 2 HND,

BE IR

Iwatsuki, T., Satake, H., Metcalfe, R., Yoshida, H. and Hama, K., Isotopic and morphological features of fracture
calcite from granitic rocks of the Tono area, Japan: a promising palacohydrogeological tool. Appl. Geochem.
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Temporal change in radiocarbon and chlorofluorocarbons in the
Australian/African-Antarctic Basins in the Southern Ocean during the past two decades

REARTE—RR ™ - fox RiE—" - HHEZ!

Yuichiro Kumamoto'", Ken’ichi Sasaki!, Akihiko Murata!

PR IE P 8 HEAE  (Japan Agency for Marine-Earth Science and Technology)
*Correspondence to: Y. Kumamoto, E-mail: kumamoto@jamstec.go.jp

We measured concentrations of radiocarbon ('*C) and chlorofluorocarbons in seawater collected
from surface to near bottom layers at stations in the Australian/African-Antarctic Basins in the
Southern Ocean between December 2012 and February 2013. Bomb-produced “C was derived from
the nuclear weapons testing mainly in the 1950s and 1960s and transferred into the ocean surface.
Similarly, chlorofluorocarbons have been released into the atmosphere since the 1960s and dissolved
into the ocean surface. During the last two decades, chlorofluorocarbons increased in the Antarctic
Bottom Water (AABW), which suggests that formation and subduction of AABW conveyed them to
the bottom layer. On the other hand, there was no significant increase in radiocarbon in AABW, which
suggests (1) the bomb-produced “C has not been accumulated into AABW despite the formation of
AABW and (2) transfer of the bomb-produced '*C from surface mixed layer to subsurface layer has

been restricted during the last two decades.

Keywords: radiocarbon, chlorofluorocarbons; the Antarctic Ocean

1. IXT®IT

A AR R [ L2 B 5 RV R B TR S D ARIR - R oK (B8 K, Antarctic
Bottom Water: AABW) 3, FaEMKEERE I > TILAIABRIBEEIZBIET 5, £ OMRERE
KITVFEHIZ I > TERFELIL L L, RERBUEOUERIEERO—H L 2D, OWEFERE
BRITIBEOXELINCRERFEELHZ TCEEEZLNTEY | AABW EREDEELIX
KUEZENCEE T 278 B IC B W TR b EHERREDO —D> & 72> T % (Orsi et al., 2002),
AABW DIEAIA T > THRFE R K T O E TR ERE it S D, L7z > T
NN REUT I S 72 KK - R RUR T L » T ER I AKRICBIT LI 7 e o7
AX, EOERELWET HT2OORBA NIRRT N —FThb, —J, 1960 F1% Fs
IR CHENE SN EBRIC K » Tt SN it iRE (RF14) b, 7 A LFETL
LR HUZ K > THEICERE SN ->2H 5720, AABW A BT 5720 OF L% ML
—H LD, Fald, 20124F 12 A5 2013 422 HICHEMEA > REEZ Va4 —A KT Y
T —ERERB X OT 7 U —mEIEAICBS VT, 7 u B AR OIRE 14 OUEERE D> D HEKE
FETORENMEBRIL ., ZILD % 1995 4K T 1996 42 RV CHUR S AL/ fE R & i3 %
LT, BMEKH 20 EMOETN S OEEEZI LN LT,
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2. HiE

HEAREUEHE, 2012 4 12 A X5 2013 4F 2 HICSEME S 47z [ 50 ) MR12-05 T2 35\ CTEREL
SNz, AW T, FRIEA > FEER 2 33 DR 63~65 XTI - THRR 170 EED S 65
£ CORPHCHFHEBIN 250 L7z, 72, A > REERE 2 va d, Bk 70~80 FED 7 v
LB R OH T AL 7 HEEEIC L - T, RO F—2 T V) 7 —mimiEs & mor 7 U —
FMIERIZ 2 03D (K1), FEHA T, KR &S OB 2 B BT 25 Z &l
B T Mg > BRI £ T ORK 36 JE TR 2 8 L7z, 7 v > 7 A (CFC-11,CFC-12,
CFC-113) EEIIM EicBW T, #EAK 500ml 22 5% ECD M A7 u~ 7T 7 4 —CHlE
Sz (Sasaki et al.,2015), R 14 1%, WAKREHY 250ml & E7 RICREBIRD . WKRREHF O
TEMBIRFEOHIMN - KL 7T T 7 A MEEITV., BARRE T IFZEREEE D & 7 b o ik
FE RS ZHWTHIE &7z (Kumamoto et al, 2013), k357 14 OWIERE R 1L, a7k L iEus
WD MC/PC DO To33, T7bb AUC TEREIND, AYC ORI L SNDIRBLETE
[FNLAAEE BC/2C ik, RERNARE B3 ATt Finnigan MAT-253 % W CHIE Shviz, 71y
T AYRSE & AMC DRI, FH K 0.01 pmolkg & 6 % Th o7z,
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3. EREEE

X 1 (B iCE 1 D CFC-11 (pmol/kg) KON AMC (%0) DERELWIE /34X &2 79, R
4m%vm\%ﬁ/mifm<(4m~%ww\%huﬁfiwmm;@%mﬁfmf%
R < (-150~-140 %o) 72 HHEM M A HNT-0, BRTLRMEMIZIZIZY —7e0Mh (-160~
ﬂm%dk@ofwko — 7, 7H/ﬁ%@1@f%éCHﬂli:§ﬁﬁ J& (~6 pmol/kg)
i< BE 3000m LUEDJEEKTHAE w%ﬁ‘bapmwm)ﬁﬁwénto
mu&m3$’m%ht_n6®fﬁﬁﬁ% w%ﬂ%6$ TR U CELH S 7o As R
(Key et al., 2015; Olsen et al., 2016) & i L7, ZOF5HE, CFC-11 IZRMERS B TITIRED
B U (~%% pmol/kg) . FFICHM DA —A F T U 7 —EBIEARIZ ISV T 3000m LLED JEKE K
FIREENEIN (~1pmolkg) L7=Z ENpooTz, ZibORFMZEIIL, 5K 20 4RI Hr
T TR B FE K DB S 4172 Z LT Lo T KM /AKH CFC-11 M@ AKITEIZN T 2 & g
LTW%, —JF, BEN 20 FOMIZ AMC OEESMICITRE BB O 5Tz, Z
DIk \(1>ﬁt&fﬁmﬂm X o TEFEBRRFRSE 14 PEREERBICEREIA W
Nz, (2) REBREAENOZEDO TEOERE~OZERERRE 14 Ok b RERT
HoleZ LERBL TN,

EE

[Zx 50| MR12-05 g2V C, WKRELORTBUC T W=7 nwic 2 1I28iLH Lk
FET, AFZEEREO—EIT, HARFE IR OB HGIEIC L > THE LD
DTHD GREEE S 2015A-F04, 2016A-F02),

51 FCHR
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Preliminary results of 1’Be of the rock samples from the lake terrace of the Lake
Pumayum Co in Tibetan Plateau

IREAR V- PEBEL 2- B 5y (B R G- 2+ N —
Fumiko Watanabe Nara'”, Takahiro Watanabe?, Yoko Saito-Kokubu?, Kazuho Horiuchi®

Y200 B R T HERER BEMFJCAT (ISEE, Nagoya University)
2 [ ARJE - I B A SRR AL 22 % — (Tono Geoscience center, JAEA)
SHLRTRFBE T4 (Graduate School of Science and Technology, Hirosaki University)

*Correspondence to: Fumiko Watanabe Nara; E-mail: narafumi@isee.nagoya-u.ac.jp

Abstract
Here we report the preliminary results of '°Be values from the Tibetan Plateau (TP) which were
measured using Accelerator Mass Spectrometry (AMS). TP is the highest plateau in the world,
with an average altitude of about 4500 m. Such high altitude plateau would enhances the
moisture circulation on the earth, such as the monsoon activities, and may provide the
significant precipitation to South and East Asia. Lake Pumayum Co is located in the south TP
and has the lake terraces on the eastern lake shore. These geomorphological features show that
the dynamic hydrological changes have happened at this region. In this study, we measured the
in-situ cosmogenic radionuclide (in-situ CNR) to estimate the earth surface processes, such as
the erosion rate and exposure age dating of rocks. The '’Be concentrations ranged from
3.78-10.8x10° (atoms/g), but the '°Be values showed the decreasing trend following to the
distance from the lake shore. This result indicates that '’Be values of the rocks at the shore of

the Lake Pumayum Co could be influenced from the erosion rate rather than the exposure date.

LIZL®IZ

F b EIE, R RO ERE (K 2,500,000 km?) 2> 1 5Tl i H GRS &K
4,500 m) |2 E T 5 TH D (Fig. 1), Ty MNEFIZE DA KA FEN G, RO & &
4,000m DL EOHED 82 %% (58 | HIE PRV FHEN D | HIERHIAR O KU B X O E A6
BRICH U CHEERERZRI-L WD, FlZ1E, e~ T v—F Xy MNaJR OB MR 2R 23, 7
VT A DIEFETIRN B R B % T2 LA S U TV D (Zhisheng et al., 2001), F7z,
F Ay MR, 7O TR D EE) GE, A 2 RIL72E) OUFH N AAFAE
LTWDTEMND ZOMIIT 1T 50 A DR EAEHOZAb S BB O M E I R A8 25|
SEZT AN B 2 DD, FRCT Ny MU T 27 ABRIE O BALER X, KK
(LIRFBEOIEERIZE A 5 2 5 LN T RISV T D (Lal et al., 2004),
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Fig. 1. Map showing the Lake PumayumuCo and the sampling sites

T~ N B (28°34'N, 90°23'E) 1T &35 7 ~ Y+ 1] (R HEAF 281 km?, Fe KK
TR 65 m) 1, VED R 5,030 m SALE L, R CRieh i INCAEAE T DI D — > Th D, Hi
TEF Ry ME R T T A= AFB OB TIZHY , ZOHUIRIZIS 1T DK B2 B L5

ICAV R B A= ARFEDN OOV BEZZ T, Lo T, ZOHBKOMEDK K &L B ZE
LT HZEF MEDA L RE A= AFEOHEAE T T HZEIZED D, AR R T Y
THEFEEV A=V OIFENE, AR OHE 7 27 IR EL TREDOKEEWR T 57
b, BUA=ARBIOBMHL, SRR E VST BRKEEE 2D ETHIERICEETH
%o T~ O TN R By s B RS L TR L i BITH AT Iy VIR TAKIRE
N E CVZEE LN TWA(Fig. 2, 1 H LTV, 2003),

HI5E, HDOWITHE K EBRE DARMIE-
CERMEICE MSNI g ERA AL Bl Ha
B ICERE T D (in situ) TAERRT DT H R
ERkAZRE (cosmogenic radionuclides, in-situ
CRNs) T "Be X° Al OWPEN D, B4 DFEH
FERVRBHELFEE T O N ED LI TND
(Putnam et al., 2013; Ritz et al., 1995; Yamane et al.,
2015), Z#5HD in-situ CRNs 1%, &AL O s

B REL . T ORGSR LS D VE RIS k- THHEES RO R | A A N RIS
AT %, B A8 ENDAFE(SIONTE ENDIRF LT AFHS—7vREL, 'Be X° Al 28
RS Do AT TALTFALAL S OVE SIS S AL, DX — 7y iR E Z<E 8. Ha T
TP ""Be O Al DA RIS HETe, £ D72 in-situ CRNs & V= HIEREL O B
Zer B CEHOWGLIL TS, ABFFETIE, Ty hE R R E T 57~ 5 41
(Fig. 1) Ol )5 830 CTEREL 7= A #0BH 1 @ in-situ CRN ("°Be) &, Jl#H e & & 0405142 H
WTHIEL  ENHORE R0 WK OZE8) & OV 52 U 2 361 IR B O RS VA
AT,

Fig. 2.

Lake PumayumuCo.
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2.5k T

2009 = 8 AIZ, v A B O B B G, SIS h s a3kE% B 45
Hricit 5 U7 (Fig. 1), &l Bhobo Be O EEE, FERLT, AP0 (2017) (26> 7=, ﬁ
WFFE IR, B ARSI R MR e o 2 — 05T T 5L b ARG E 25
FAWT, "Be HITEEAT 70, MEZRRIE X 1 FEHIXIL 4~9 BIORIEETT -7, Ffﬁuiw
(21 Nishiizumi et al. (2007) (ZHEVY, “Be/’Be DAE A 2.709+0.030x10"2 T2 ICN 01-5-1 %
AU, BRSO S KD E RO ZALE A IE T 5728 "Be &R R L0
CRONUS-Earth on line calculators (Balco et al., 2008) % T, "Be O & H4EE K NE &
HWEOHFEZIT-T-,

3AEREBZ L

F Ry kT i EREE A RO PBe I, 3.78-10.8x10° (atoms/g) DHEFHE 7~
Lizo ABFEDBE6IL7E "Be B OFE ST, W BBENLD > TR 3 DI 2R L
Too EA D 'Be IR, B EATE R LTZESNDWIK IR TSN T D7251E, 'Be
{;af“ IEINIZZ2 U DITHEVE NG 2139 CThH D, Lo TIDRERIL, 7~ 2 10 B

ICTERBESNIEH A O YBe L, B4 OFTHFERIVLIRBHE ICHEI N TWD

T EMEA T EARL TS, Balco et al. (2008) K0 F H L7=2 &H 1T 5.2-7.6 mm/kyr &
AU, BEROT R Mg i His 2 3517 212 A (13.4 mm/ka, Lal et al., 2003) KOHEHIZ,
FEFICBWRRBEL R, Ty M i IS BT AR BIERNIERI SN EnE 2
5id,

E G
Zlﬂﬂ? ZHEDDITH T~ T, B AR F IWFFE B SRR B2 7 — 286172 "Be
HEICELT, B 2—iB ThHLAaR THERZIILD B 2 —2AF2 T %ﬁ’i’ﬁ%Of_o
ARWFFETIL 2009 FICT Ny b7~ =Y+ B PEE RSP fEO — R EL TiT bz, &
ANy MZBITHFREHRECCIX, FEFFET H7I—0 Junbo Wang 18 1=, Liping Zhu & 1|2
2RI 12\ l2 Tz, 2SR L CRSEHI 2L E T, RBFZEO— 1T, A M HIE
N B A A (WF7EREH IR BARF-. BIAkAE75:19) D3R ITIV TN,
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