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Quality control and uncertainty of measurement in ultra-trace analysis of nuclear materials
—Toward higher reliability in the safeguards environmental sample analysis—
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SAITO-KOKUBU, Y., SUZUKI, D., SHINOHARA, N., MURATA, F.
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Mass spectrometric technique has been widely used for rapid determination of long-lived actinides
in a variety of environmental samples. Due to the rapid development of ICP-MS, the accurate
determination of U and **°Pu, **°Pu has become almost a routine analysis. However, for the actinides
with relatively short half-life, for example, **'Pu (t,; = 14.4 y) and **'Am (t,; = 432.7 y), their
determination by mass spectrometric technique is still a great challenge, especially in low-level
environmental samples.

Studies on the distribution and behavior of **'Pu and **'Am in the environment is of great
importance for radioecology and environmental radioactivity monitoring. Due to the decay of **'Pu,
*' Am is continuously increasing and will reach its maximum activity in the middle of the 21* century.
The activity ratio between **'Pu and **Pu is a useful tracer for source identification, similar to
#0py/*’Pu fingerprint, and the **'Pu — **'Am decay study could provide information about the
release time of Pu in the environment. In addition, **'Am is an ideal geochemical tracer to study the
process of particle scavenging. Recently, we explored the feasibility of determination of **'Pu and
*"Am in environmental samples using sector-field ICP-MS (SF-ICP-MS). We modified the
anion-exchange chromatographic separation and purification procedure for Pu isotopes, with particular
emphasis on reducing the background at m/z 241 as a result of elimination of PbCl" polyatomic
interference using HBr for Pu elution, instead of the commonly used NH,I-HCI system. Using
SF-ICP-MS with a high efficiency sample introduction system (APEX-Q), we achieved a detection
limit of 0.5 fg/ml, or ca. 2 mBg/g. For **' Am, we developed a rapid analytical method using a selective
CaF, co-precipitation followed by extraction chromatography to effectively remove sample matrix and
pre-concentrate >*' Am. Low detection limit of 0.32 fg/g or 0.041 mBq/g, which is better than that of

alpha counting, was achieved. Applications to various environmental samples will be discussed.
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Fig. 1 Pu isotopic compositions in Sediments of Lake Qinghai. Fig.2 Determination of 2! Am in IAEA-368 ocean sediment SRM.

Rapid determination of short-lived radionuclides, **'Pu and **'Am in environmental samples using
SF-ICP-MS
ZHENG, J., YAMADA, M
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An examination of simple purification method for automatic seawater tritium
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[FEREEBLZE] KA40i%, #aUuX o Bo—#HakrE, 500~2,440 Bo/kg(R#z) TH Y | R
XS EDENR D > 7=, (BEIHEEIT-T=X a v U FHT, a7 EREE0x ) aTthsd
72O MOREDF 7 a2 L OMICHENER SN EEXLND,) ZHUTK L. Cs-1371E N.D.
ZFRE 0.4~4,070 Ba/kg(#Z) TH D . £ 10,000 EFOMENH - 7=, BBINZHET 5 &, Cs-137
BENEVOIX, £ vRTVATVR, AU Z TR, 7o 5B ThoT,

X/ AN CTONAME MR T D72, BEERRRRE O B (09) /N> 7)) &R
L7z, K-40 TlE, 0.5~24 TH Y, ¥/ apkeE L TOWMORAEMER IR S o
7o TAUZKF L Cs-137 T, AX XX T HZRWT 13~47 ThH Y, B (D) OREN
EVME SRR STz, ZERINAILHE TIL, Mg, Cu, Zn, Rb, Ag, Cd,. Cs T L
VM D3RR ST,

X/ a~OREE (T, 15AK) 2206 0OBITIL, K40 TiX, TEND OBITHRENT 1.4~5.7,
EARDGT0.19~28 TH Y, K40 1IBIT LW &R S iz, Cs-137 Tik, HE#ENS T
0.019~52, fEARNDHT 0.56~6.0 THY, X/ aOFIEIC L VBITOREIZRERER’DD
Z N SN,

[Scik] DNEEE A RAEEREEE o 7 — it £ 33,221-222 (1996)

Behavior of environmental radioactivity in Mushrooms
KOURA, T., KAWABATA, T., YOSHIMOTO, T., KAKIMOTO, H.
(Ishikawa Prefectural Institute of Public Health and Environmental Science)
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WZHENDH LWERIR AN, 7V > REAELEE LT, Y7 v— 7 CIrEiEiReivk & e o
FAVRFRIZ S FIEZREL TS, ZOHFT, U7 bITEBEME THL TV b= A
DOENY RIS ERAIRTHY Fix DT o ARLTRRICBITAZOFEEBOMIANEETH 5,
IHET, BY Y AEREETHLE L TEOEBHERITE 8, ABZETIE PNp @y BEIC X
DESND PPu hL—H—ZHNT, 7L k=7 AOREZEEE L OBIEMRZEE 2 BE LT,
2. EB “Pu hL—HP— 3L TOFETHER L, BEZEE ALK NpO, #—% > b (®'Np £
30 mg tHY) Z BAL KPR F RPN M OFET T4 T v 78 1 B — L 2 — ARG O il Bh
B A4 =2 =2 D% FIZIRY ), BT R/ F—50 MeV(EREIRA 120 1w A) T, £
10 BEREIRRES U7z, MREHEE . AURI A IAMRE LIaA A RHIC L DR, RBICa A7 b A R
—IT &V FNCAHIE B X O RESRIE 2 sk 7=, B b PPuiRiia v 7 = VISR L IRA L, &
UI VT =T A (ADU) EAERME., ZRTICBW TINS5 Z ik v, PPu I
UsOg B2 AR L 7=, Z OB 2 VT CS I L DML EBREZIT 72, & 2 Tl CS, IARICEHR
HAZNT Y 7 L TRLINDIRE T A2 L, 3B A BT EIREL(400°C, 450°C, 500°C)E TH-
IR 1R ROS S8 72, bR % Z50EHT SOCITIIEA L 7= 1 M Al 100 ml HC 1 REfE]ERTAfiE
ATV, WHEZWSEEIC L R L DB L7, ZOWIRICEEND P Pul v T ET VST
KICE VB SE PPul PUD o 2227 bu A b U —|2 X0 SRR 2 HE Lz, 2 225,
WALAERE B P O TV =0 L&D T 2D 1 M BEER~DRRHE 2 FHE L,

3. BREBLE CLAHEFELFAEN S IM HRBEIE T~ Pu & U OEMFFEA Fig. 1 12577,
400, 450 °C TIE Pu, U & BIZE A LML THE LT, 500 °C TIHEMENDLT I EF LTS
2, U, Pu & HITIRAREZRIT 3%LL T LKV, U B L O Pu OFEHIT IM WERICRETHY . —F,
TS OFALSIZ R ER IR T 03V 2 & 3 5 : :
LTS, ZZhb, #EHO U & Puld 500 °C i (?Eﬁﬁﬁﬂ
T, I 0 CH T X Wb S i, ZORER, IM
THERICE % BT DRERE ot BEZ B D,
INETIAT S IREIN S, 2D O T Ay
THE RIS LT 2 2 & TE B oN
2 A FHER ) b BRI SRR 5 2 L 3oy
o TND, G0 T, Z ORMRZFIH Ui A Y S
KB | EIRERAL & BETAARL 1V U, Pu & A

Sulfurization Temperature / °C
TR L OSSR TR E 225 T L B SIS, Figl 07« 70 b =0 AORIES)

Dissolution Ratio / %

Development of Spent Fuel Reprocessing Process by Selective Sulfurization
- Study on the Pu Sulfurization by the use of **°Pu -
Kirishima, A., Nihei, T., Mitsugashira, T., Sato, N.
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FAT&EBRZLERLTER ! BT EmBOWEEICHOWUIHEBRRRE T TIX Y 7 b K

—ENLF & LT, RHERIRIGR TlEfa A 4o ac#adh & U COMREN R+ LIk, 3 1f

[52B2] RE ©H D 21— /L FikBR & An(Il) & & Te 7N

Ry FViRBRAEIT -7, 22—/ FikBR CI3iE & VK
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t N ) G

[0 & 5] RE O BRI & L CHisko Ao it 7N

FET IOM (2D KO LT=T7 v b U & Bt 0 o e
e B ) s aqueous alkali metal chloride solution. (10M

W La 2> b IRHEL THEWITEAMICHERE L TV 5. Clion)

RBHBEIMTHD O, B, YIIREIETI RS b

DDEWITEED L I IZIEE S &) ST

DVEBES 2 BN RIRIE 2 LRI L TH 5, 72

. Fig. 1 £V Bu O53ElfRE% 6.52 C Fig2 £V 0

DT 2 F ) A R(An(IlD) & 7 THEICRRE) D5 do DU MET AL D 70— T D ek oy 412
50cm T. > FERBRTIIBEE 10cm THER L
WA BN SN DHEA A BED SM L
F & el 7R &2 B, Fig. 2 127 » R ikBR
Cm (X 26.2, Am I 34.8 £ 720 . RE DNIREEZIC

o o o
S = ©
T T

Concentration / arb units

o
[N
T

JGHT& 52 E2RLTE L, ARETIE, 70 )R KERTICB TS 3 KkeY
oo 7B U@ EEAE®IT LICI b L < I
LM (Li:K=3:2) TO RE D7 n~ k77 L% Fig. Effluent volume / i
ECIERE CEm B S iz, Z OBEEIEE VT i

0.5
DOFEREFRA A RE 1OM)DO b D &R, i -

T URIE D £ITRBAEETB IOV THET D,

vl Eu

/ SN\?
LiCI-KCl R & 2 Tz,
VWomd. v X )4 RCIEGd i . i Fig. 1 Chromatogram of rare earth elements in
RINOWBES 2R COWEZRE) & TR
FEIEFE & O T, RE 25&HE L TH 5 An(Il)

Concentration / arb. units

Effluent volume / ml

An(ID D EBET D5 Z L DRELE L 72D, T, Fig.2 Chromatogram of trivalent actinide and
An(IID)N DIRBEZEE) & BT R £ W U L 5z Ce in aqueous alkali metal chloride solution

FNCm L VIREEL TV A 2 L AR LT, (10M Cl ion)

(BEE] AdEiT, BOIEFHBT 2 (= F =R ArIEEH (255 < SRFE
MHDOZFEFEHEE LT, ENRFENR TR F 0 L7 a1 9 45 THLUPH LB g
Wino D<A F =7 27 F = REUZET 2 HFFERSE ] DR TY,

1. T. Suzuki et al. Prog. Nucl. Energy 50(2008)456. 2. T. Suzuki et al. JRNC 255(2003)581.

3. T. Suzuki et al. ibid 272(2007)257. 4.T. Suzuki et al. J. Alloys & Comp. 408-412(2006)1013.
5. A. Ikeda et al. JRNC263(2005)605

Adsorption behavior of f-elements on tertiary pyridine resin in aqueous alkali metal chloride solution
SUZUKI, T., TANAKA, M., KOYAMA, S.
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[FZ] ®@RA A EOGBERCHW O DI E IR, BWA 40 & BRI E 4
R % BRAKEBLAL 1-CBUKMER A A N2 K0 BIA A4 2 2 AR P CREL S, K%
WHDOA G 2 AEBCBEISE S, Zhucx L, 588 DKM & A AR BN 22 Fn
LT, A FNKBANLEFEEHE~OBEI = 2LV —% 5.2 5 Z &2 0 BHE) =25 EMm
SYBEEZFTE L CE o, RVEIC KX, FIINY 2 EBAL IS K 0 RO B R S A R P R <
I CE 2R RN DD, ZIVE TITREPDEREEICA 4o Bl &2 LB T Dk R REE
fifA A B8 /V(FECRIT)Z BA%E L, & FEMIE A A ORI DD & BRI 72 BARHh 1 5 B D
AREMEA IR C& 72, AE TIET 7 F /A R(An) & BIRGICEEE KT 2 hvEEAL 7 2
72 U, Np ¥ L U Pu O &M 2 BEEIZ DWW TR 5,

[Z25%] FECRIT ORI 2[4 1127~ d7, PIEE 1.0mm,  (g) B S 18 (X11E)

£ & 50cm, L 1lum OZAEDOHZET 7 ua U ERN
(12 0.8mm ¢ DERMETFALIZ L Db)E., B4
2 H T AN - LI A REIRIR ISR (), B
BIRR GRS hzET 7 n V& LR L ORI
IZFRBK AR 2 — BT TR 2 Z &1 L KM
(aq) AtEtH(org) Rim A =¥ 5, KE/ALTIX aq
DERFEIZ X % aq org S DO HEFEF G N K E < I
WL 2 HHNRLH . Rl A 4 BEh % Emk

‘ ’ HSAUEE
AlxHR) . org 1ZiR LS EM A VT aq org 5t 3 (AHB%NA)
HIZCEMEZEHIML, RVXET T LB T 5L (b) ﬁl"ﬁ,

S
Ebic, BA A OBEMMEETT D, lg?ki%‘i&'
[ # & & & 22 ] bis(diphenylphosphinyl)methane
(BDPPM) % H MR 1~ & LT 1,2-dicholoroetane (Z /N
2oL FORFERILIRIED An A AL OREBENE
(1%, An(VD B b ABALTH Y . An(IV)IEHI 20mV., 0.8
An(IIEX & 5128 30mV EEBAANCBR S iz, & 1
72 R USRIl D An A A2 % i3 2% L BEEAM T
IFIE—E L7, — . Np(V)IiZd TEHAMETH D |
BEVEMITEMBENICB TE RN 70, £,
bis(diphenylphosphinyl)ethane (BDPPE)Z VY% & An(VIIZkF L@V BIRENRE Bz, 2 b
DFEFRITFED < & EREM FIEE7R 71 T NEMBEME T An A 4 0 ORRLIREZ R L 7223
5 FECRIT CEMME T 5 Z £ 12 X W UVI), Np(IV), Pu(IV) & B IR 0 BECE 5,

ag/org R m

(BASL : mm)

1

1 RRRAESEA LA UBEEIL ()
BLUZABTF7OVE b) OHEKE

Separation of Actinide ion based on Electrolytic extraction by Flow Electrolysis Cell for Rapid lon Transfer
KITATSUJL Y., OKUGAKI, T., KASUNO, M., MAEDA, K., KIMURA, T., YOSHIDA, Z., KIHARA, S.
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OBT HE' & e £k #HA' BEF @' &5 k!

[#E]

{EFZHEEDREELU L TWD 3T Z A NETI7F A4 A OnBEE B E L, 7Bk
WCEHTH D EEZLNDE S MEERRFFE OB A BNLR T & L TR OMAI ch 5>
FAD—RAA FVFEEREIFTSER 2B/TIVEHANTAR Lz, TOE/M LRI
L% B & M AmII O H 21TV, ZOfMHEEZ ik L7z, £ o TR bl
HEEZ DR DT VBT LR D PFF N —R"AA & AT E ORI RS 4
T
[=8k]

DT ILVTHIFIFAT IV, VFINAT IV, DRUILT IV, VoF~F
AT IVERAWTCUTORECZLY PFA N — AL NFEEKREER LIz, &7 IV EE
RV F LT —T AR E OCITHAI LN, ZHibRFEEZT IV EOREEE N
ZINS 1 BEEE L, P2 F L= LV ERE L TR EREE T NR L — MKV R
EL, EEGBRICIVEBRL, DA TNANT R ULTF T TFATT A=A A B
(DODTC), VT INT =T LADTFT I NTFF =32 A MDDDTC), VX ILT o E
=LY RUNTF I =N A A NDBzDTC), VEFINAFUINLT DT AT T LN
XN TTF AT —NA A NEHDTC) % 157=,

AR L 7oA A . DT OBEICHE - TEIEME 217 o 72, £ O EIEIZIIKIEIC
0.10 mol/dm’® D EEEEAE BT KIAIR % . AHMBICATR OMMmHAIZ X F S EARREICHRE L-=
ha R R E AV, 2 LT OmBERICFAEZ A TUCERY . & 52 P Eu
B2V E M Am ZE T2 0.10 mol/dm’ OB REE/KIAIRZ 1.0ul MZ, 297K T1RREE S L
7o SEEERICTMEAZRESIR L, FHEOBHELY Nal(T)> v FL—ra s v o2& H
WTHSREZRIE L, Dl 28 Lz, F7PiEREOKEAS A RBEL L CRIE L pH
& iz,

[#F - B£]

HHFIEE 4 0.050 M IR L7-= Fa XU P urigii ez An-5ae, Cofticiks T
t, Bu(II) O AEITAE < BA i &4, Am(IID 04y E2 e E DBZDTC > DDDTC = DODTC >
EHDTC L 72-7-, & bEWalickt %789 DBZzDTC % AW CZ OfHsE 2 ~~7-, Lok
B KFA A VREEICKHT D 0ELEOE(ROBEEIT3 L0 EFEEOHMLAEE
BALIZHKT D 0BCb OB DEE & 3 Lleo7z, DLEORERI D, MEgE IR0 L5 T
&5 LplE LTz,

M* + 3HEx = MEx; + 3H* HEx = DBzDTC

Study on solvent extraction of Eu(Ill) and Am(III) using dithiocarbamate derivatives.
MIYASHITA, S., SATOH, 1., YANAGA, M., OKUNO, K., SUGANUMA, H.
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LomfRERON Y, RRUR Y, PRI, RS, AR, —HARN°

[IZUBIZ] 3T 7 F=FE T 2= ROMWEITHEL L TWDR, THENDRIIN,
AL RAI T8 &2 Rl 5 2 & T, 4f BT & SEEFORAICkT 550
EWEFHARDLZ ERERD, LnLAans, BE7 7 F= ROPIIm#EiEs AW, 2 LTl
PETXRVWERLH Y, BHBICHIZE L TWAEITD 2R, FxlZET 7 F= FofbE
PIMEZFLHZ 2 HIIZ, ¥y 7V —EBXUKENEIZERL, ZHETIZ Am, Cm OFH
HOBEZRRE LTV B[], AR TIZZ O&MEZTIS, 7% = REB X Am, Cm, Cf OFEH
T =2 ERIG LA AR E RO, EARATFIHEEZNEERERITEH L= THRET 5,
[E8R] o %= RE2GTe~/LF b L—H— 3B > 7P A 7 v boa 2 TEDOBERES G
THE L7 H D%, Am, Cm, CHIZHIE KRB R F—IC X VEEI N bDOEZZNEN
L CREH U7, BARGKEN I NER 100 pm, 2K 60 cm O % ¢ ¥ 7 U —I(Z, a-hydroxyisobutyric
acid & & AT HEBRTA IR 2 VKENBE & LT L, %79 (10em, 10s) ([Z X VB2 E A LT
%, 30kV OBEEZEIINL TTo 70, BRUKEISNIZHRAEZ v B 7 U — ORI B S
NI BEEEIC LY —ERR Z &I L, aBXUyAXRZ hr A N —IZL YV EELT,
DEERSEER TlE Lo(*0, xn)Sic L W EHEM DT 4 = NG L CERA1T- 7, 4
WA HAY =y MEEY AT L CTEFEEREICHEL, TNEAERIEL TRy ET U —
BRIKBOREE LTz,

(R EBR] ZOWRRTIXT V&= 48

K, 77 F = FOBXIKBBBLEL, 8 - 477

P EORE RS TWHEXDAL AL L 46 pm
PLRONEICKE 2D EWotz, B as| [ Am

A F R EER O THEITHOWVNT, BEA "; 44 | % % Sm
IKEBBIE & o 4 FROMROMBE % 4| .

Fig. 1 l[oRd, ZOBBEMANTCm o £ al % Gd
BRKBBBEL Y A A RERDD § % %

&, 108.5+20pm ThH o7z, FFEKTITH

HH & U7 22 T B T A & OV S Yoi ez o3 w4 95 9
DR b THET 5, 1/r (nm™)

[1ZEAR fl 55 51 ML ARRE 3A05 (2007) Fig. 1. The relation between the mobility and
AFEFRIL, FRISFHCET 2E#E (=L the inverse of ionic radius (CN = 8).

F—XPREFRIZED ICESSCHRIFE PO OZFEFEL LT, BN RFIEAKRRKR T2 5
i U7o2Fpl 1 9 SR TRALEE S R T DS 7282 50 AL R D i 0 == oy e+ o3 T D BR % |
DR T B HET,

Measurement of stability constant of lanthanide, americium, curium, and californium in HIBA/acetate
system using capillary electrophoresis and its application to short-lived nuclides produced with an
accelerator

KIKUNAGA, H., KURIBAYASHI, T., YOSHIMURA, T., TAKAHASHI, N., SHINOHARA, A.,
HABA, H., EZAKI, Y., ENOMOTO, S., MITSUGASHIRA, T.
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[3E5] Lo &R D 2-v Ka oA VEEfEZIRA L, pH2-3 OFFEIRIRICTHTE L1-th. &
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Do, TALD OREEITHLE S XTI L0 ReE LTz,

[ L E2] BV T ANLTAE Y LAETOA A2 TIE[LnHIB:(H0) =y F 76725
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N, AEXIZER—ICHELLTHOLNIEYOREEN R 5 DIL, 7% =KDtk
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FENOOZFEFEE L L CENRFE ﬁollt& 110 15
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RLEE o AT AT A) T T2 RE 5y SR R N
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A relation between mutual separation behavior and structural parameters in lanthanide
2-hydroxybutyrate complexes
YOSHIMURA, T., KIKUNAGA, H., SHINOHARA, A.
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U(VD)IZ, acac3 L — MEMZ T L728HAIE, Z2< BN TEY . 2 DDacacllfiz 123U (VD)
WZEAZ LTV D 7 BRI RORSEEE L b s S Tnb, [1,2]

AEl, U(VI) 1T acac & 2,2° -bpy Z[ERFICEN. S D FHEZH > THEREIT T2, £D
FERE LN SSEIT, UV B DT X T AT T =L D2 ODEENRESI L, =7 7 |k
U7 VEIEIZ, acac D2 DODIERIRT & WHEEA A 2 OAD>DEEFEIENL L 725 07 il #ERI8ELAT
BEA (2,27 —bpy) H[UO,(acac) (NOy),] Td o7,

2,2” ~bpy X, U(VD) IZEALET . H LENIAES LTV D, 2,27 —bpy 28 U(VL) |ZEL
LT [U0,(acac),(2,2” -bpy)] ERINDEEERVBELChoTc e LT, KFEENE 2
bb, 2,27 ~bpy 1%, [U0,(acac),] 777 A2 h®D acac & 7T =/)LDEEZHEDIRVIIEIZ
X0, BEFEFIZSVORESGITEBTE S, £72, 2,27 -bpy @ pk, 1T 0.2 (25 °C, /H,0)
LK< | Hacac i7" v b AL B DN DK N -T2, 77 (VD IZX LT acac 231> L
DR TERDSTZELEZILND, LLA b, [U0,(acac) (2,2 ~bpy)]X (X= Ui
LT =Fr) . [U0,(NO,),(2,2" ~bpy)] O/ OEERNELDFITELZOLND, &
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H7. SENLL DEMICHHFTHDH LB DND, £D%, [U0,(acac) (2,2 ~bpy) ] D72
BELNIAEIEIL E VI VWEB X BND, RIT, MEMRLEEEDENRZ X HND,
[U0,(NO,),(2,2" -bpy)] Tix. A A D4>DEFEL 2,2° -bpy D2ODEZHEN UVI)
DO T FYTINLZENL L TWDHR, 2,2° ~bpy EMHEEA 4L EDOKFEDE, ZNEDW
AR < . AT TT
MERLTWD, ZOfkRE
WIEREGE D L0 IE, =7
7 U TV O D E
[UO, (acac) (NO,), ]~ Z{E -~ 7=
FINEELELEBZEZbNWD, £
L T. [UO,(acac) (NO,),]™ 1%
REWT=4rThd, K&
WY = NAIRENADF A
O Y RFTUVHANIZ &
HDT, REWITFALTH v - e
5 (2,2 -bpy)H riEEm % vy ¢
LT3 EEZ BN, Figure crystal structure for (2,2°-bpy)H[UO;(acac)(NOs),]*(2,2°-bpy)

(H atom are omitted for clarity)

[1] T. Kawasaki and T. Kitazawa, Acta Cryst. (2008). E64, m673
[2] T. Kawasaki and T. Kitazawa, Acta Cryst. (2008). E64, m788

Preparation and crystal structure of U(VI) coordination compound containing 2,2’-bpy ligand
KITAZAWA ,T., KAWASAKI, T.
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JEFEY DIEE « WFIZB T, BESNDOREEHERT 7F /A FO—>TH D, FlZ. *
7Y =0 MO BT DALERVREO AL, LB T v 2 OWFIECBETEM ALy DRY
MFIZE > THETHD, LPLARBL, WRTTOXRTY =7 AOLFHFIR, R
LA OS IR LTI, BETHARMRARZ L, ABFE TR, A2 FA LZX
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FTR SN T e 2 [FE L, BAEECCTRIIL AL O MBI K 2 8 ARREE DA RIZ S0
TORMZEIT> 7,

[32B8] UEHEIRITBERSNDO, (P'Np) % IR AHEATAIE IS INBARE S 7%, B ERERIRIR
(B Z T % ATz, XAFSHIE HFEHT, FUBHRIK 2 28 R Mol S ¥ 7ot . SRR I
fiit, ERACFEHNAETATE AT o 72 % 7= ([Np] = 0.04 M), XAFSTHITE 1L RRM e [5] fickt
Yt 8¢ European Synchrotron Radiation Facility (ESRF) PN HSHMEME A B — A 7 A  BM20

(ROBL) (2 T T3l L7z, BEPLBEGEIC X 2 & b5t HEIT. Gaussian 03 /N> 7
—V&FIA L. CPCMIZBANE T /L &L UAHF 2 23 ]l L TB3LYP L~ L2 381T 2 KB ¢
DNpFE IR D& b E R 2 FhiE L7z,

[#ER] KBHCROLFR 2w T 5 BT, MKkfss ATk b EAN ML TH D, £ 2
T, ETEEEREER (1 M HCIO,) FIZH 1 ANpDIEFALFFEIZE L COMmFT 21T - 72,
W FEREA A (ClOS) XT 7 F ) A RA F AT HECRE I A IER ITE < . 10 M HCIO,
PLEOERERERT CTHCIONTT 7 F /A4 NA 3 OF—BALEICEAL LR WENE BT
W51, 6> T, 1 M HCIOH TR SN TV DA LRI MK SR ch s L E 2 bR
%o EXAFS AT bV ZfENT LT=6E 5. Np(IV)IZ[Np(H,0),0]*. Np(V) & Np(VD)iZ % 7Y =1
13 & £ 5 72 [NpO2(H,0)s]" (Np(V): n=1, Np(VI): n=2) ZFEREE L L THR-> TV AHHEN
TR ENT, —J5. REET B U U AEIE (1.5 M Na,CO3) T TIE. Np(V) & Np(VI)IE = R IEsE
{R[NpO,(CO3):]" (Np(V): n=5, Np(VI):n=4) & LTHEFLTEY, SHIZpH=13 LL LD
FEMEVR W TR TIEINp(VID 28 22 784k L, EXAFS & B FbF 3 H I L 2 H ik R E o R 5,
[NpO4(OH), " & 1k L T D AIREMES B WA R S Tz,

(84 & 1774
Iv W
— - i e — -7 ——
7 ) P g ;‘ J )i o™
P Np(W— TNV
vy - / -
v | 2494 v v | 2424 -
W v W v

[1] L. Sémon, et al., ChemPhysChem, 2(10), 591-598 (2001).

Structural Determination of Neptunium Species in Aqueous Solutions by EXAFS and Quantum
Chemical Calculations
IKEDA-OHNO, A., YAITA, T., OKAMOTO, Y., SHIWAKU, H., TSUSHIMA, S., HENNIG, C.
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(B4R, K2, BT RS, EEEKR 1)
OWMBLT 1, FRALE?, MRET S, kL5704

[IFU®ic] 2000 X0, bR OERSERBESH T O, Zhick v, 1k
FESL DRy =R B NERENR TS, LL, 8AROEREFR TRV
W, FREOHE TO%EAR] LVoltRRIFTINTHRND,

RITOFATE L TEREKR, ZHFIKR. 7V —2FZ, A&, &, z50 Lo -
WAL D FET D, MATZBENORWVIAZISEIETHIN, 2L 0FAT /W
A ADINLERITEDOERIENEDODNTVWD, AL, &, BE2ELZ L BNHHO
ETTHLIN, TNOLEBILHICOVTHERIEY ., GAFEORRIIRY, - T, Z
NODERTREZEZEAHLDEOREEALTVDLIONRBTH D, I HITILEMIC
X, iFE. PRI TLEOXRTT 47 VAN (RMEIERSY) RSB 4T 47U AR
(WM _RETIER2WERG) DEETDH, TRHICVANT vy 7S &BmeRRILE
EFNTVWRVDONEHERT XRETH 5D,

ARBFZEIE, RVEF R AT iE A2 v AR BE S T O & ST O R RS AT 21T o T2,
[HiE] A4, &, #2850 > T DAL ZLEMSEME, MY v
TROGBEERFEIVEALE, A4S 10 f, &Rk 2, MR EN 3 fE T
bH(EBEH), EEREE LT, A4, B, @ORTREARE (FLiE) o 3
FEXEORE %= HAvwi-, I, A8 (ADVANTEC 5A, ¢ 16 mm. HPEJEHL. &K 5
M) ICRIR S, RART > 7EHVWTCRBEIE, FIF Lo 70082 H0T 2
EIZE A L7z, BB E&EIX 150~300 mg TH o 7=, HARF T JHF5EH A #E JRR-3,
PN-1 (A 73 ; 5.2X 1013 n/cm2-sec) ([ZHBWT 10 R MEFRE L, 2 AR®
B ICHE ZBRLA LT, 2 O ER LI ﬁma@im#ﬁ@fﬁw&%z%nét
Thd, Tz, %ﬁﬂ‘”ﬂ?%ﬁﬁﬁfﬂ TRV X — O X My S (SEM-EDX)
ot X B4 Hric ﬁﬂ@ﬁﬁkioxﬁxA&ﬁw%%é_k_i@\ﬁﬁnﬁwm
ﬁki@\ﬂb«ﬁwﬁ%%ﬁoto
[HRPBLOELZ] HEP1FEEOZ YV —20HRAIRIC I &6 0WE N R
oo ZTOWEIX, SEM-EDX X V& ThHDdZ ERBRINTZ, £13% mm 73:% 10
pmBEOLOET, rdEn W, £, T /LA Z G LT 5 ERKITIT
WIR CRERBATRE R B I B EFN TR -o 72N . SEM—EDX (22X Y 100 55 200 nm
DO AR T PHER SN,

fEHESR T EHILEmE L2 Geiod, THTRE O, {0l XL ORE L5
M E D, L L, ARICB T 2R BHEICEID  FHETRENATETH- 2,
MHBER X, Bl A4 ik, 5,000 BHIEICH W T 1 ppm TH o7,

RS aEN %fzﬁiaﬁ?é kEEOTb\é%EEﬁ%E@’%@%%Mi R BR S LT
DELDObBoTz, Flo, AHT 47V AMIFETOLNTWAHRHME, P FITAEF, K
WESEMETIIRE ISR » o, EBRLEFOEAFRITITEN SV, HIZITAETIX
1ppm~80ppm £ T, EAHo7=, —FH, (bEfmofitsE, Zho&RBTEDOE AR
RARMY O EHEEIZIT, AEBERIRD LR o7,

Instrumental neutron activation analysis of cosmetics

FURUTA, E., NAKAHARA, H., OKADA, Y., MINOWA, H.
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(&S] T B ITiE I 3R P& O FE IR B O PEFIC K 0 BRI 2 ST
I L B ICHR DLW U T O PERIGLAR O 3 2 O R O TR E 2 E T 25 2 L2 &
V. BNTREZERT D20METH D, BEERAITHEHME AT, FTHHMERKILFRRE~D
JERSAREME DT R E R 2 ST T 7o, EF, BIHEEWE OBV IS
HrED SI~D b L—H B D T ¢ LA S OFMENZER SN TR Y | BYEFBEHESITIES
BWTHLTOERIZEZRDMLENR DD, TYETHEMEITED TR AN S ER & LT,
(1) B op P 7 RO, (2) SRR EHANC A © FHEGRE, O) MEROERIENEZ BN S,
FEST PR SR O EMEOMIEI TR, WBARE L FRFICIR L2 7 T v 7 22 =4 — %2
WTHIIEET 2 HTIER—RITH D, LnL, 77 v 7 AE=F —{ETITREBHIEEAN LTz
PHEFRZHD Z EIETE R, 5, 77 v 7 A% =2 —E L THNTRE S QLR IC
BEm S0 NEREDE 2 iR 2706 LT ERS eREeAEFEEL LTHWS 2 & T, &
(D~ @) DEERAHENS 2R TE D REMERH 5, ABZE T, EFREEL L TOME
FEAEENR JFURH I D WL REAR 24T 5 72 D IR R oy D 3T 22 Ry J0 58 & DR
WHE & L THOWD P HTE TIT o 72, BARIIZIE, Zr iFERO BB E TH 5 &
MR Zr 1D HE 2 TRy O Zr 2 NEMEHE & 35 P IE U oA TER L7z, 5 bh
TeHTEDAHED S Z3HliT 25 & & BT ICP HESIIETHONIRRE b L, K&
(ZNEARAEDE R TP M B T E O G M2 52 Z L 2 BN E Lz,

[EBR]B8L~T U 7L XBLEHE 48 Zr (Lot No.Zr-LO-2, Hf & B3\ 72 Sl B 2R AH 99.995% .
f23% 100 ppm LA T, 1 g T ODEMN@AE) 230t L LT, @mMiES)E Zr 1 Zr I EEIX. NMU
Zn FEMERR CRIE L 72 0.01M EDTA % W 5 E 1L TR 7=, Hf B &%, NIST SRM3122 Hf
standard solution[ Hf:9.92 mg/g+0.02 mg/g (k=2.02) 1% M B D AEAIZ - T2, BRERUE O 1ERR IS
X, BAVEMRMEMERY =F L2, EilaiEsint 1 ¢ D@8 Zr, 5806, K
50mg (B &% 2mm A DL FHIK) O&JE Zr 2k 4 5, E5 0 H SLEMRREMAER Y
F USRI LT-, & BIIEHRT R T v 748 NosC At (15mm X 15mm) % [7]—
DORY =F L U RIZ AT, Z Z I NIST SRM 3122 Hf standard solution 7> 5 B¢ 7R L
7o HEAEVERR & @ O U7 SR A 30 mg i F L7, AU =F L &% " FHE
A U7z, HbE B 1T B AR BT ZEBA 56454 JRR-3M PN-1 (B3 52X 107 m™? s7)
T20 5MFTF o7, 3 BRIAHIBL, BHES v 7 e 2B L, SMEESH% Sze, BHE Au
W T 2 vy BE2PE L, v BUEIXERE 3 BILLEIT 570, vy AT MLV OMRITIX
Spectrum Navigator (SEIKO EG&G) & Hypermet-PC(KFKI, Hungary) T17 > 7=,

[FER & EL] BUE, v RAE 2T TH D, FER TIIPFEEHERE M &2 A S EK
DI R, ERBAED AN S ICP B ESHTIEIC X % HE S54TE & O FEBSF IS DWW TRl
2o

Neutron Activation Analysis of Hf in Zr metal using an Internal Standard Method
MIURA, T., MATSUE, H., KUROIWA, T., CHIBA, K.
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[F5]1 BARET IR O 3 ST A RE—V C2 T4 VICELET U~
e WA o~ BT (MPGA) Z 1T 9 2O DHEBE B L T\ 5, iEkiETH D PGA
N1 BEORIEY o~ g2 A5 DIk L, MPGA TiX 2 AL LD Y v~k s 2 H
WT 2 RELEDORIFFZN SN D RIR Y o~ a5, Zhick v, thokogsrs
T, CHEOREDNEZIZRDLEDA Y v R ELND,
BN H o~ B HT(PGAYNT TS R 72 IEMEE ST CTH 0 | FAL IR Z ML L LR, A7 Y
—=VTOHTIZE L TWD, Ll BEMSST T AT v 7 HIIKFEELL GO, K
D PGA TIIAKFOWEIZLVEEZM T2 2 ENEHELWIERENE AFE LT, AKEIZH
FEH = BRERIREZ 1 AR L2 L7227z, MPGA TIEE O 2 %2 S BT HL Y B < F2
Hks,
PGA & MPGA & DDl > 7 F v 7 A XI(S/N)YDWED =D DEEEFFRE, A7 U —=
VVED TS DR EEORGEE 1172 > 7=,
[ZE@E BRI K OVEBR] L EANFE T o~ 0SB ISR DR RE WD, BE—LT A THF
HETHER(ER)POLORRET o ~BbBRESI, Ny 77700 KeRb, 2Oy I T
T REROLT DI =L T A4 COEMLELZAITIRN, ~U UL (ETIREET A) 12X
STEREERTHZLICEY SN Z2k#E L, ZEAEY VO~ EE AW TZ kS
RAFHESBE (NIES CRM No. 10), 77 A F v 7 #EH#EREL (BCR680, 681) FE DHIE % 1 slEHI D=
30 43705 220 Z3FEE PGA & MPGA (2 THro 7=,
(K55 & B %] PGA & MPGA A7 hMLVOWIRIZL Y, Ny 7 7T 70 RERDKFENDHD
B AT <8 BMEI ST (B8 K1) 1EZ0, PGA A7 kL CILIRENE DS K #E72 Bos
T = RRE— 7 ) MPGA CRGIATIRZ D IHE N o1, £o, BERENO D RI T AD
BRERGI, YU TR =R ERIRICE END 7 v BN ORI o~k
WEAIEIC K BRI B A R BRI 2 R LTz,
[#EE] ARFZED—8ER1%, IST A/ R_R—>a T T4 FRICBIT 2 BEHMZEE LTiT-o
~HbOThHY, ZZICHEETRT,

[105] T T T T [105] 1 T T T T

ar peA 1 gl MPGA 1
ol | I
v
> xx | 1 %9
N 2F ]
0.4f -
® \\ ] - KFE
I 1 02F \\ -
O- L | ] O-r\_I.L | ey | |
0 1000 2000 0 1000 2000
TR LF —(keV) TR LF —(keV)

1 EEREIOHE TH O PGA KUY MPGA () A~7 b

Measurements of agricultural samples using MPGA
TOH, Y., OSHIMA, M., KOIZUMI, M., FURUTAKA, K., KIMURA, A., MURAKAMI, Y.
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720 WriECTh D 2 EANFE AT o~ 8508115 (Multiple Prompt Gamma-ray Analysis, MPGA)
ZEBT LI L CE L EN vt (STELLA) 28, PRk 20 427 HIZAA
ﬁ%ﬁﬁ%%%%%E%ﬁﬂ%ﬂﬁm&3®¢ﬁ%ﬁ4F$—w(zyzB—A?%ymﬁm
TR LIZDOT, ZTOMEIZO N THET S,

NEDOSMER 7 7 > N (R - BEMGHG, SRk 16 45 10 A LV 34EM) 38 K OURF /it 7 = N
—HWFETHEEZAEDE, K 19 4F 12 HIZZ e — K2R 8 ¥y MR-z, milT —#
IR E DO BASE & G TITV, ek & RIFEEE D3 fifEC, AFERER 6 u BV &9 10 5L 1
OEHEEAE BNz, £, HEIE 2 WHICT SR EHEEGEE LA — T —%
Bl Uiz, Wk 19 4EFE X 0 JST Ml oA/ _—3 g U FERAIZE (IRE « KEEE, $&1w£
4 AXv 3FM) ZBL., ERLs v — g 8 RICN A, [FIHRR s 4 A %k
TG o~V —WIEY 7 b, ERBY 7 M2 T BLOEREDOT o~ BT — &A—
A (db) DR EHED T D, "IN OITBERAZED TB Y | REERIZERT D,

Z O STELLA #EE DFERIZ LV | KRR F /8K, /L U —F v Z— LRIt
[FRAFE Cd 2 M E S22 (HIS A L 0K 10 ORFEMEEEN S D A 8 —I2 K% MPGA
@ﬂ%%$ﬁ%&ﬂﬂi@%#bto;®%A JRR-3M T MPGA =& DHLK, £ 7= f i
B D& - 7= J-PARC (28 1F D MPGA FIIHIZ>WTH TN T 5,

EN O @*%i\BT4/A—Va/ﬁ774Fmﬁuﬁﬁéﬁﬁﬁ%kbfﬁoﬁ%@
ThH, ZZICHEERT,

B 1 JR 18 JRR-3 12361 2 L EANF A o~ #t oy W2 1E STELLA

ZECHk: 1. N Efth, AFELE 1B13(2008).

Completion of Multiple Prompt Gamma-ray Apparatus
OSHIMA, M., TOH, Y., FURUTAKA, K., MURAKAM], Y., KIMURA, A., KOIZUMI, M
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ETHETE RS EIT OB NRFED—> & LTRIRET ~BOIIERE STV 5, BN v
<RI CTIRS A RE D P T ER S SN DAY o~ AL, 200 <Oz X%
NFX =B ILEFE, EORENGHRETICE END LEOEENOEZITO Z LN TE 5,

BUE, Box 132 < ORI o~ B NZIEFRIFFCFE— DR O S s Z &I2iER L, Ji%
T =N S ET o~ oWk 2 L 7= 2 EANR A o~ BRIE IS K Dl - FEMRE - ik
JE R BT B ONTIED R 2D TN D, ZEAEN » ~ BONTIE TIE L T RFRE - FERIEE T
TH D FHEIRGTREN R TE 51T ERN 2 EDORIFE Y o~ E ORI 2, ZEHIE 44T
5 Z LI KD MHRACREE O B EIR S D,

A1ElL H AR A S SEBR S HAE OAFJE A 3 BAR R P T A RAR— VICERE SIS BRI v~
HRAHTHERE 2 W TR T ER BB L O T 5 2F v 7 RN T 5 2 ERIR Y o ~ e
EATo72D T, ZOWUERERICESEARFIEORHAEBNT 5, ZEIFET -~ HHEICBIT D
FEMEHL LSRR OMERRBI & LTT 7 AF > 7 HEHERE (BCR680) 12332 2o~ MY 7 &
ZRIZRT, ZO2WE~ M) 7 A Lo —7 i@ (FRRHIE Sz 2 KO T o~ O R VF
—) LHENGHEIFICEEND LR EZFE - ERTHILENTE D,

ABFZE D — LB LR IR ) R— 3 VYT T4 RIS 5 ERRMFERRE L L
T2 bDTHD, ZIITHEEZRT D,

HoTBIFRIF— (keV)

HoTBI AN (keV)

X1 77AF v 7R (BCR680) (25T 25 2%~ kY 7 A

Measurement of standard samples by multiple prompt gamma-ray analysis
Murakami, Y., Oshima, M., Toh, Y., Kimura, A., Koizumi, M., Furutaka, K., Hatsukawa, Y.,
Sushida, K., Taniguchi, M.
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(IZL o] dEFE—22HH LTS v <o PGA)EIZ, BORELZRT 2
FHEITLEDIZEA LR ERT LI ENTES, £/, RFAFNICRABZIFEAT 246503720
Tz OIS T 250 4 ZDHIRDEC, KERARTHIFECONT T2 2 L 3l
2%, BAOTIHONICHE L 2 h5ETH 5. L L, FEAEDILEZLSEOUFES v <t
ZRHT 27 DFA v A RT PVIZIERICEHET, HEOILEP L DN Y i EE
THIELLARLS R, £, MEBILEPSDON v OB IZWNEE R 2 £ 23% v,

LR O TERELE P&, HIFD v <% RIS 2 L EAFED v < 5 BT (MPGA)
B, MEITEOMMEREIC L, Ay wREBEOMAIC X ) EREOMEE N L3 TE S Y,
%2, 2007 412 JRR-3 FEB A — WATIFIFTER L 72 MPGA #iE% FwC, BhA - Afalk
DEILE TN 2 A, REEEDVERE %2 7
(2B%] MBI 8 A7 v — " —H Ge AR GEF 32 D Ge K IcHY, 272 L,
BRHZ 2 f5 AR ) & BGO Mg (7272 L, FEBHIZRMBEH)D» 6722 2, FEP 7 4 VA IR
B L 72 30BHS CO, 7 2R FPHA T T TEF % 30 29 ~3 BRI U 22255, BIFE A v < #i 2 Hl
E L7z, FARGFHRE e A Ry T EICEERL 2, oo w TR, 3k
D PGA EABEICY v ZVIIIE 21T - 7=,

[FER] RE: soERE2Z2HOT, Sy 7 VHIETORES JRR-3 ICHKEI LTV BHE
D PGA MEE DA & il L 7=, PGA 12 0.85cps/ugB lchf L, MPGA Ti3#H#: 30 5D
&EhiE 42.5 cps/ ugB T, 950 fFEKEE D E Do Tz,

H YRR T: Hilhg 7 — % (ENSDF) 2> & (ZHEEDSH 2 6 v, a3k 2 |E L <,
BRI DBR O ERFEHE T~ 2 MR T 2R, OBREDR D - (IS OB R b &)
R7 % RITRT LT keV); Na = 781 - 91, Mg = 390 — 585, Si = 3539 — 4934, Ti= 342
-1382, Fe =230 - 122, Ni = 362 - 156, SiLl4#}i1d3 X T ENSDF o adopted level 12 7 &
F—=RELTRBEINTOED, SiEfInTuihrok, Si TORPIRAFEETICK S
2Sin, ) MIBIC L B L L E L TREBINE D, KEBRTOBRIZIZDOT—F EFELRV,

MIEAEE (T &K B ES: Si-Ti-Fe IA1(0.4227 g, HilgiE#EaRl, JB-1(250.9 mg), Allende
FEf(256.6 mg), FEMGPEF(154.46 mg)Z G L, JLEEREZ A, NERFROFMIENTE
Tz ®, SiENERELE E L CnHEERE RO, £ 112 IJB-1 & Allende D& RE%
HESRME & & HITR T, JB-1 (ZHESEME & 1313 L 2 EREE 6 172238, Allende 1% JB-1
ICHEARTHESRE & D DR Lot AEBRTIZHE

RLASH Y T 2o 7 TTREE b & 278, IEBREHECR OBk K1 ERGIR

% true coincidence & chance coincidence OBH#% % #at JB-1 Allende

T2HENDH 5. BHRRIZGER PGAE L 3L A LWL L | TS| 0.0330 0.00425

R)LTH o753, BGO % H\>72 Compton suppression (0.0323) | (0.00561)

ERfFIETHLET2EEZONS, Fe/Si| 0.285 2.06
(0.257) (1.47)

£ Xik: 1. Y. Toh et al., Appl. Radiat. and Isotopes 64 (2006) ()P HEBEE

751. 2. KEAth, KFPHE 1B12(2008).

Analysis of cosmochemical samples by multiple prompt gamma-ray activation analysis
OURA, Y., EBIHARA, M., OSHIMA, M., TOH Y., KIMURA A., KOIZUMI M., FURUTAKA K.
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U & DR L IR RS INEE R R0 <= B U v 7 Ao & L TR E D NaCl 2 & e,
LD, METREDNT2ONKRELHMTH D, BOMICE WL ZLEL Ly
L ATIEZ. 2O X9 25l E b OB OSITICITE L= FETH D, L, BT
FEHEIHTIE T, 5T 5 Br NOFE SN OBERLBORR LRV —DH o~ ii%E
M D720, BiEZRT 5 51EE LT, AR X o EFmEMEE HWicE &, +
SR HEERZ S O T BRORFMEBICEIDERNEAOND, £ I T, ARENIERH
5% R )1 AT 2 D/ VR AR I X D BRI Lo T MR, AR, U FEEE O
TR ZAT o T,

[52BR] 3 Bt D FRE - el Th 21 ALE, R L) IEICARICERT LY
AA %, 123063 AOYMICRR2AFTERBEO D2 I LIz, AYiEIi)E TEmMS L
iR Z AT, BRI EHRRAEE S K OBE TR SN~ T X2 AF Lz, NI~
THKEAK, K THRER., ROBKZEX—R—=FZF L THREL, U AIRIFMIZT
—20cm 2, FYBLIONTXILHRE T EICoBE LT ST E Lz, I /VTHhitL C.
BN R 03~05g 2R ) =F L 3o TOUZE UiAA, BEFCEHTZ Lz,
FEBEREYE - A - ERIEREYE L, LMY Th D, NIST SRM 1566a, 1566b Oyster
Tissue, NIST SRM 1549 Non Fat Milk Powder, NIST RM 8415 Whole Egg Powder, NIES/NIRS
CRM Typical Japanese Diet, BCR CRM No. 279 Sea Lettuce, NIES CRM No.9 Sargasso, NRCC
DOLT-1, NRCC TORT-2, NRCC TORT-1, BCR CRM 278 Mussel Tissue, NIES No. 6 Mussel, BCR
CRM 414 Plankton,

RS - BT X v NT P — K% SLOWPOKE-2 WF7E R FFfiak TiT > 72, 5BHNE 6 0
RO ZICED) M HARMZ L 5 1, 2o%a 7T by 7 byiay VAT ALK
2y BRE 21T 2 72,

TTRERDER : tHEDOTEIL, FTLED F1 TEEICHWERE
i?@/g{ﬁﬁéb‘ﬂittiiﬁgﬁcF %f{»:ﬁ] =EHM = R o3 4] ey
FROSMETHRS, WIES D 2 & TIT- Si% F— (keV)
Y é:@ﬁ%c:ﬁﬁb\f:&ﬁ@ﬁ%f%% Ag Ag-110 246 65776
LR Al A28 2.24 min 1778.99
(R o B2 Lo hm e o i Br80 | 17.68min oo
RUE LT 3 A2 L IE. £ 10 I 1-128 24.99 min 442.9
. Se Se-77m 17.45 s 161.93
y BROAIZ, Ba-131m (14.6 min, 108.12 :
\% V-52 3.75 min 1434.08

keV), Sc-46m (18.75 s, 142.53 keV),

Rb-86m (1.02 min, 556.07 keV), Cu-66 (5.10 min, 1039 keV)IZHEKR T 5 & — 27 BNH /-, L
2L, AEEHZIZ G vy BMITT LA ERE SN o7 T, BEITER 1ITRT 6K
IZOWTAT o 7o, FEROFEMITY Bk~ 2%,

Neutron Activation Analysis of Marine Samples by Short-life Nuclides
FUKUSHIMA, M., CHATT, A.
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(1% U IZ] HEEHEREY) O AW BB % < & £ 5 aragonite 13 B A1EHIZ X - T calcite ~ &
EfEIENELT D Z ENHM BTN D, T4 aragonite 23 calcite & PR U il s i 23 >
CARZETHD Z EITERERLTWD25, 2O HARRIZIIT DK E R L O @m )
KRBT 5, FEHREUHL ST 5 B A MR 2 SR oM T3 2 2 L 1%, HEREREN
B DM B T 5 BAEHOBIHIC b RESFET L2 LMK D, £ 2 TARMZETILH
R 2OTh AFRE L (U-Th AERREEIC L DHERERIRE & & I, b rikic X 5 %ot
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7 BB D EDFEIHED, T Rb DS Slder o oige o o Lotel pac s
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Aragonite-calcite phase transition of pelagic surface sediment dated by excess >*°Th
SHOZUGAWA, K., KANAI Y., SANO, Y., MATSUO, M.
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Rb Ko
PLEOFRA R G QB 2 ER TR R Th o7, Z DA =
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7etBE Ty MRICAKE L7, U Liyg-" U XANES(X-ray absorption E without BCLA
near edge structure)/ZSPring-8 BL37XUIZFH W THIE L7, Rb Kaf ‘ ‘
(13.395 keV) & Sr Kaifi(14.165 keV)75. #IEXAFSHIE IV SU Lay - Energytev)
B O(13.615 keI EDRRETH L TV D0 EMET 572912, BCLA " o BCLA

DEEH DA L HXRFARY h L DU Lig-WIN 5 XANES D3 & Ji ~ 7z,
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BCLADOERIZ X WA E L, XANESAXZ L& 4\ E L7z (Fig. 2), S/BLt & U/RbIIZ
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EDIFELNEES 5 2 L HARB SN2, BCLAOMEHIZ L - T, 77 VM 0.960 mg/kg
DREHZ O W T HU Ly-WUUHXANESZ AN T Y 7 > DOBE L O OHEE N A HE T
DI ENRENT, RIFFROREFEZ LI 2 IR EYEIZ DN T Y 7 v Ot &
U/RbEL % Ll L. U Ly-"R IS XANES % Fl U TEALARBE ST E T & A ATREME D & 5 KRR
BIORF 21T o7, TORER., BMEKE, Sk~ Ty ) ¥ a—), Bix I HEREY K OHE
P2 oW T, U Ly-edge XANESZMS 545 ATREME DN R S iz,

High-sensitive measurement of uranium Lj-edge X-ray absorption near-edge structure (XANES) for

the determination of the oxidation states of uranium in crustal materials
Yamamoto, Y., Takahashi, Y., Kanai, Y., Watanabe, Y., Uruga, T., Tanida, H., Terada, Y., Shimizu, H.
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Design of Quartz Fusion Furnace for Extraction of Carbon-14
KUBOTA, T., OHTA, T., MAHARA, Y., NAKAMURA, T.



Fermilab <[5+ % —%7 > b AT — 3 o TOH AEER
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(KEK', JAEA?, KUR?, Kyushu Univ.*, Shimizu Co.’, Fermilab®)

oN. Kinoshita', H. Matsumura', H. Iwase', A. Toyodal, K. Masumoto', K. Bessho',
T. Sanami', M. Hagiwaral, Y. Kasugaiz, N. Matsuda®, Y. Iwamoto®, H. Nakashima®, Y. Sakamoto®, H.
Yashima®, N. Sigyo®, H. Arakawa®, S. Nakamura’, K. Oishi’, A. Leveling’, N. Mokhov®, D. Boehnlein®, K.
Vaziri®, G Lautenschlager6, W. Schmitt®, V. Cupps6, B. Kershisnik® and S. Benisch®

Various radiations, such as proton, neutron, pion, y-ray, and X-ray produced by bombarding high
energy beam to a target, occur in a target station used for a high energy nuclear physics during machine
operation. On the other hand, such kinds of radiations are also present at the upper atmosphere. Therefore,
we could assume high energy accelerator environment as a mimic environment of the upper atmosphere. In
the upper atmosphere, not only cosmogenic nuclides such as Be-7 and CI-36 but also various molecules are
produced by a cosmic-ray irradiation and photodegradation of terrestrial gaseous materials by an UV-ray etc.
It is believed that these nuclides and/or molecules adsorb on aerosol and then migrate. Sometimes,
cosmogenic nuclides are used for a proxy to investigate airborne particles. But, the behavior of halogen has
not been known well. In this work, we investigated behavior of the nuclides using Fermilab anti-proton
target station.

120 GeV-proton beam was introduced to the Inconel 600 target at Fermilab anti-proton target
station. Primary and secondary particles activate the target and air. Various radionuclides which originate
from the target and air are present in the target vault. Particulate and gaseous component were collected by
the filter stack, ADVANTEC 5A filter, Teflon membrane filter with pore size of 0.1 um, charcoal filter, and
NaCOs-impregnated filter, using an air pump. The 5A and membrane filter were subjected to rough
size-discrimination of the particle, charcoal filter to gaseous component. The NaCO;-impregnated filter was
subjected to collect acid gaseous component which was not adsorbed on the charcoal filter. After sampling,
radioactivity in each filter was measured using a HPGe detector.

Approximately 70% of Be-7 and Na-22, produced by activation of air, were collected to 0.1 pm
membrane filter, and 5% of other spallogenic activities such as Mn-54 and Co-56, originate from target,
were collected to SA filter. These nuclides were not detected in the charcoal filter. Cl-39 and Br-82 were
observed in only charcoal filter. No activity was detected in the NaCOs-impregnated filter. It was confirmed

that halogen migrates as gaseous state and the radioanuclides except for halogen as particulate material.

This work was supported by Grand-in Aid (No. 19360432) from the Ministry of Education, Culture, Sports, Science and Technology,
Japan. Fermilab is a U.S. Department of Energy Laboratory opened under Contact E-AC02-07CH11359 by the Fermi Research
Alliance, LLC.

Gas Experiment at Fermilab anti-proton target station

KINOSHITA, N., MATSUMURA, H., IWASE, H., TOYODA, A., MASUMOTO, K., BESSHO, K.,
SANAMI, T., HAGIWARA, M., KASUGAI Y., MATSUDA, N., IWAMOTO, Y., NAKASHIMA, H.,
SAKAMOTO, Y., YASHIMA, H., SIGYO, N., ARAKAWA, H., NAKAMURA, S., OISHI, K.,
LEVELING, A., MOKHOV, N., BOEHNLEIN, D., VAZIRI, K., LAUTENSCHLAGER, G,
SCHMITT, W., CUPPS, V., KERSHISNIK, B., BENISCH, S.
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Change of concentrations of trace elements and proteins in hepatocyte of mice at early stage of zinc
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1) M. Oshima, Y. Toh, Y. Hatsukawa, T. Hayakawa, N. Shinohara, J. Nucl.Sci. Technol. Vol. 39 (2002) 292.
2) Y. Toh, M. Oshima, Y. Hatsukawa, T. Hayakawa, and N. Shinohara, J. Radioanal. Nucl. Chem. 250
(2001)373.

Measurement of Iridium using Neutron Activation Analysis with gamma-gamma coincidence

HATSUKAWA, Y., OSAWA, T., MATSUE, H.,SEGAWA, M., OSHIMA, M., TOH,Y.,KIMURA, A.,
KOIZUMI, M. , FURUTAKA, K.
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Study on the separation of Am(III) from Eu(III) using self assembled monolayers (2)
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(CHRE L 72Y,
[FESR L ER] SIEE XM 27 EbET 12 mETH D, M SN2 Pul B3R IR
RLLFE S 3.5Bgkg. “Pu/Putbid 0.05~0.27 Th o7, EE I mPIETIEI I L k=7 40
R E 72N &0 h . ERLENRIRFE Y R L % OHEfEg ch b L b b, R
T 0.9 mfH T DOHFER AR L, JFUBHED TV b =0 AOEBNCHOWTHEERTHTFET
b De RENEL 22D O THEE K O Pu/ Pukb S B U, YEEE 0.5 mfJir THk & 722 -
7zo ZHUE~— ¥ v LRGBS CIT DN E T TORFER TV =7 & CYPu/fPPult=0.21~
036 N OKGBNEFER 7 +—L 7 7 b 7L k=7 ACYPw/? Putt=0.06~0.34 *))DOEFED
RELRLEM LTINS EEZDBNRD,
1) Y. Saito-Kokubu et al., J. Radioanal. Nucl. Chem., 273, 183 (2007).
2) Y. Saito-Kokubu et al., J. Environ. Radioact., 99, 211 (2008).  3) K.O. Buesseler., J. Environ. Radioact., 36, 69 (1997).

4) M. Koide et al., Earth Planet. Sci. Lett., 72, 1 (1985).  5) T. Warneke et al., Earth Planet. Sci. Lett., 203, 10477 (2002).
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Fig.1 Concentrations of **°*"***Pu and ***Pu/**’Pu ratios in sediments.

Plutonium records in sediment core from Nagasaki Bay, Japan
SAITO-KOKUBU, Y., MAGARA, M., USUDA, S., SHINOHARA, N., YAMAZAKI, H.
YOSHIKAWA, S., MURAKAMI A., TSUJIIMOTO, A., NAGAOKA, S.
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ORBEEHE T 12, RATEN 12, 0T 12, EiE5S 2, PR, ks >,
RABAE 2, ZREZ2 RERFL AP k24, BIFT AR 4
(S KBRS K AMS, * UK T, *KEK)

5] °ClI3thi#ED b L—H—L LT, TP TORBOMERL L& fi~5 L CEE %S %
Sl IS, BEREITO °Cl OREICIE, —RICHDEEE &SHTE (AMS: accelerator mass
spectrometry) 23N HATWS. FE HEITAEYWE L L BICEATEY, REKRE LT *Cl-AMS
EUiET 5 S LAKERIE Y L CERICHEIET D, AT, “CLAMS I281) 5 stk
FHEZOW TR LTz,

(528  RER] B KT A Y h—T Gt ¥ — 80 CHRE 1 (RE~5 cm) ZEE L7, 120 °C
THIEERL, FLEE 2 mm D5 DU MT /T 72, kiR 2 mm PLF O 38k 100 -200 g 2 B —H—{2 Lk 1,
TR 2N Uz, BhANcIE, 8k (RIC-A, B), 0.8 M HNO; (RIC-C, D, E, F) @ 2 fi¥g4
VY, RIC-E, F IZ1E & 512 30% HyO, (RIC-E: 15 ml/100 g soil, RIC-F: 170 ml/100 g soil) Z ¥ L7-.
OB X o CHRIE & VAR & (2578 L 7-%%, RIC-B, D O AKX 30% Hy0, (15 ml/100 g
soil) ZMMA THAMIOR ST, WIZ, & TOMEEIKRIZ 3 M NHOH KK ZRML, LRk L7
SRR ZIRE LTz, BB AR 2 NN L7212, AgNO; KIEIK A2 T AgCl LB % A=k
72, REHLL7- AgCl 2 AMS I THIE L, *°CUCl Rtk A skd7-. 7= S oo ML ¥al
BIED (counts/pC) & &5 Z EI1T LV AgCl HFIZHRAT L7ohisi O &2t L7z (Table 1). #HH
WRIRIZ HyOy Z ¥RIN L CH S BOG & E 7250k (RIC-B,D) 13U L7eh - 723k (RIC-A, C) 2tk
NTOS O ELBL SEHENTE. 21
B2 JGEREI O H,0, 2R L3tk (RIC-F) |3/ Table 1. Results of 36S—assay and **CI-AMS
B LRI L7 > 730 (RIC-E) 12kb~T S for soil samples
DUFEN KB L7z, RIC-C, RIC-E IHfiZ Sample s _:CI/CI
SEOCYCT AR LA, AU S ofiEls (comsi (* 107 _stomsfuiom)

Lo T*Cl OB 7 v MEAEKEHE L2 & & 1;11(;_1; 2202 -
ABNG. BB LEAEIC LD, HASHIC wee rors050
BT HRE D °Cl ZE LIZAERIC oW T RIC-D 522 0.940.05
WETLTETHD. RIC-E 1324.6 1.280.20
70, B O SO ERVERS HiEL LT, RIC-F 51.6 1.080.06
BaCO; IEZBA%E L7-. = D H1ETIL, SO 7% BaCO; Blank 68.2 0.08=£0.01
TeB: & b 2 B2 RIAT 5. S0 2 v STD! 7.3-156.0 100
FL—H—FEBRIC LY, REHEICEITS SO 38 DIFENKE o fefotd, WETE Ao,
DFEN AR LT FEE, Ba? MEAE COs” JEEE L Y T 9CILAMS FEHEREE (°CHCI = 1.00<107).

HDOTRICKREVEMAET T, SO M EZhRICHIK
FNBBREISND Z ENbholz (395%DRER).

Determination of **Cl in soil samples
TAMARI, M., SUEKI, K., SASA, K., TAKAHASHI, T., TOSAKI, Y., MATSUSHI, Y., OKI, T., MIHARA,
S., NAGASHIMA, Y., KINOSHITA, N., MATSUMURA, H., BESSHO, K.
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AT #—2 Ml B3, hil s

[IXT®IC] BREE 2°20Pu O T3 APIT R KE N R (1945~1980 4F) TH DM, 74
— LT 7 F2302Mpy & hL—H L LTCPuNEDK S 72 A H =X A EHFE A 7 — LTk s
SUREHEFEY T~ RE SN TS DI OWTHREZED TR 2 81E, B2 80
Pu DEEICIRE LB OB TANCET 20O TH D, ABFIETIE, Pu OUREEHRE % fig
TOMEDO—ERE LT, T—ZBNDROVEEHREEIZBNT, 74 —AT U~ Pu O45AIR
WA~

(32 BR] fEAGREL: FORVEEERF - FBALO KH 03-1 REFZEHTTEO BRI BEA D 10

SRR O REBKDM Tz, #AKEE (130 9250 L) 1 3EMRRME (~pH2) &
L, fr ETUER b L—3F 292py & 28 Am ZIRIN%, SRR M T 722 oi0, KB LWL D3 £ 7 B )m
BT,

Pu DAL 8 - JIE © FEOIR O KB EIE A DWW T, BKIBENFC, £9 Th & Pa
DBER T, ED%, AT Pu OO E{Tol, Pu 777 2 a % 8M IHERTRIR &
L, diffeT MY 7 AT Pu ZIVIBICTHEE L Tov D, HERR CORRA 4 L AZHARMHIE I 7 Lk
20 Pu DA - KR Z T o7, KIS PuZ2EAS L, SiFEERHEZAWVD oA
N7 b A MVIZEY PulRNEEDEEEZIT T2,

[FER L BE] P2PuREOHRENAMIL, HE 600 m (UTICEEMAENH Y, TETE
WHRIRE L 72 0, MEAHI CIREN ER-T 5, REMBKEO 2°240pu [JEFRETHD &
E2boND, 7, WEEETEEN LR L TWADIE, —BIEEHERYIZIEE L. Pu 8
HFIRH L TWA D L EZ BINLD, BERT 2%pu SRS Sz, [\ R oAb -5k
& T EERAA T 20240py JREE DOPRE 3 A /8 F — NZFER D 0, B8P/ PO2M0Py JREIE D K& < B
72 % D TC(Fig.l), ALk &R CARIIMAIZIR SV Ao T e E2 b5,
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Fig. 1 #3Pu/ #%2%Py activity ratio

239.240py in the water columns of the Eastern Pacific
SUMI, T., KINOSHITA, N., YOKOYAMA, A., NAKANISHI, T.,
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[T DIZ] A THRPERFE?20Pu (T1,=24100 yr, 6560 yr) [XF(21945-19804F 24T
Te RAENEZ IR Ko THi S, HIERREREDOKITO %% 15D D WEDE D FR D5 45
Eipolo, —J, WHETEEFIRMICHEOPuOAFE, B FWBHEMLTEY, RE~D
PulittH D AIRENE &5 2 BTV %, PuDRFEFIFNARITIZ & A LD o IR TH 523, 21Pu
(T1p=14.35yr) I B EHEEIZLY a G HED*  Am (T1,=432. 2 yr) (2725, o BGHTERREIL,
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(HY) #FZemiEoBIc, ZNENEEA >~ RiEEZzo 7 : =
JED MR, G CYREERIEK 2349250 L9 DR
WMz (X1) . WKREHIM ECHlEERERE L L,
BEFN B DOULR b L —H— L FSHRAN RN S k3Lt
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Distribution of 2! Am concentration in water column of the eastern Indian Ocean and its adjacent sea
in 1997 and eastern Pacific in 2003.
Nagaoka, M., [zumi, T., Sumi, T., Yokoyama, A., Nakanishi, T., Kinoshita, N., Yamada M.
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[1ZTDIT] 2007 45 3 A 25 BIZEER-EHUENFA LUK, 1 ML Iz > THx 1T
Bt B M o0 SRIRUSE L © A M TR AR L, ERBEERZRE (1P, 2'%Po ; PPU, U,
20T, 20Ra ; °Th) JEEEOZ(LA B L CTx 72, 20K, fEEEEHEBRORENR LD
L9 Tholona BT DTN 245, HER BN SFU- 1 L ik L CHIEICeE 5 #
TARDT R R A B D ANCT 5 2 & Th b,

[ 8] #wmETo 2 #us (1D IZ8WT, 200744 [ i ey
H 4 B581 5 A2 1 [EOMEE CHU T KRB BR L (FFEFK)
7o 153872 0 OFEHEIL 2007 F£D 4 A5 10 A £
TIZ20L Tho=0, *RaDEREICIIA T+ EWS =
EHI L7 C, 2007 - 11 A 25 I1XMREITETC Ra 47
MrRIZ 100 L ZEREL L 7=, urovdi
FRE TR L= TkRREL 2 e g, | M THTUAGNT
R, (LA & BRI T 7%, oy bo L BHA)

X RUT Ly, B8y By B0 20py 20py T Ry 1 HUF KRR B
) ) ) ) 5 ) = iy
AEREL, AT boA R Uik 0P RIE LT X RRRORRDM

*Ra & ERE LT,

[FEAL L5 22] Th [RNARIZES L Clidlifis & I E Ml S 2oz,

U [AERCARICBE LTI, MIRTETICR W CIEHiER I 20, 2U RERE L, T0#%BT5
B H Y, 20U BEREIIEE A EDREIT 1 LV &E»roT-, BT U, 2U
BEMRZICHEML, —EIZ2> TOLEHEZ RS, 2070 BEHREIZIEIE 1 TR
Do T, KEPERE U O IIH KRBT 2 5 AEOREZ KL TS EEZ L
H, PUSU SRR 72 KRB A I L T D 2B 2 5D DT, RITETOHKE
TIRERE BRI X 0 E A DSIE S wTREME DN B 5, B TR T O U RN IR EE OB,
HEZRICH T KOFEHERBD L2 (TobbHF T KOMEGRNELS o2 &) 2
FIZEELTWDHEEBZILND,

U [FINZAARC 2Ra DPLEEIC LT 2007 4E 4 H 4 B o 2'°Pb JEE XM HS THlREITH 0, IR
BT ClX 7.5 mBq/L & UREDK 1515, Rai@EDK 15 Th-oT, Z OidFl7e *'Pb R
ITHIZB IS fE - T R BT KICHESE SN 220 e Ex b b, £72 2Po 2B L TIL, PHAE
BT CIE6 AZCUREZEBLTEY, 7 AURIIFIERL-SUIELE N TE T, BT
1 21°Pb & Po 2NMEBL L-ZAE 270, 1ZEAEOREICURELYEN-T-,

LLED Z L6, A EIDRER N B IR T fE > THE R K RICER L o Rn OBHER & - 7=
ZEEBHLNTH DN, MBI - TERIFIKOE A0S EOREDEIA® Rn Nk &5 0
NERAOENCTDHZERESH%OBETH D,

The concentrations of natural radionuclides in groundwater samples after the Noto Peninsula
Earthquake 2007(a follow-up)
YAMADA, N., UESUGI, M., SHIMIZU, T., YOKOYAMA, A., NAKANISHI, T.
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The **Pu/*’Pu atom ratio is characteristic for various Pu sources and therefore accepted as a good
indicator for identifying Pu sources. For Chinese nuclear tests conducted in the 1970s, however, no
systematic study addressing Pu isotopes has been conducted. The characteristics of isotope
compositions of fallout Pu in terrestrial environment in China remain unknown.

We investigated the total ******°Pu activities and **’Pu/**’Pu atom ratios in surface soils (0-5 cm) in
the Kumtag Desert in western Gansu Province, and in a soil core sample in Lanzhou using sector-field
ICP-MS. In the surface soils, 2***°Pu activities in fine particles (<150 um) were 1.3 to 2.1 times of
those in coarse particles which ranged from 0.005 to 0.157 mBg/g. ***Pu/**’Pu atom ratios in the
surface soils ranged from 0.168 to 0.192 with a mean of 0.182 + 0.008. Surprisingly, this mean was
like that of a typical global fallout value although the Kumtag Desert was believed to have received
close-in fallout derived from Chinese nuclear tests mainly conducted in the 1970s. A mean **’Pu/*’Pu
atom ratio that was like that of a typical global fallout value was also observed in the soil core sample
in Lanzhou. In the soil core sample, ***"**°Pu activities in the various layers ranged from 0.012 to 0.23
mBq/g, and the inventory of ****Pu (32.4 Bg/m’, 0 -23 cm) was slightly lower than that expected
from atmospheric global fallout (42 Bq/m®) at the same latitude. Rapid downward migration of Pu
isotopes was observed in Lanzhou soil core sample layers. The contribution of top 10 cm layer of
surface soils to total inventory was only 17 %, while the contribution of deeper layers (10-23 cm) was
as high as 83 %. The **"**’Pu activity levels and ***Pu/*’Pu atom ratios in soils in Gansu Province,
China are similar to those in atmospheric deposition samples collected in the spring season in recent
years in Japan; this finding supports the hypothesis that the temporal change of ***’Pu deposition in
eastern Asia is controlled by the long-range transport of suspended soil dust particles originating from

the East Asian arid and desert areas.
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Fig. 2. Activities of 239+240Py in surface soil.
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Fig. 1. Map showing the soil sampling sites.

Characterization of Pu isotopes in soils of Gansu in northwestern China
ZHENG, J., YAMADA, M., WU, F. C, LIAO, H. Q
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fEIRE & 3R

(BUCRBEE A, @UURBETL ?) O BAZIEST !, BRLBAE ®, dm % °

[IZUHIZ] 2007 4F 3 A 25 HICERB P HHENTA Uiz, BT TR o ek
ENREIZEL IRo T L OWMENH 7, & 2 CEFURAT 2 FFTO T KEZHRL, Z0
HFIZEENTVD 20Pb & 2P Z kRIS ER LTz, KB D OFiREER L, BERE
DOIFEIC L < A S5 KB LE SR 2 L7223, 21Pb OJRERE, 2P0 OREE g~
DREFEN RN, 2T, TNENOEFEIZOW T iR IR 2 LR EZH &
MZTHZ Ll Ui, WEBSBECEET RS LT, HEORE, (LI X2 IhBEmg
DIRFIE T o7, Fio, EICEEND BB L 27 7 v 7 H K OVERBER OB D
BlE b, xIREBE LIz,

[F£8r] SR KITIERREAYE (pH : ~2) IZ L THIEEICFFBIR > T\ 5, PlFRETIE, 3k
I~3LICEAUREZIRINL, 7 o E=T K CKRILERE AR ST 2P0 27k S H 72, JRIEL
TR E A TR TR L, HfF A A& 7 =W, EDTA T~ A2 L=, DDTC &
IEIC & 0 BRI 7=, 29Pb O ERANIE, 2°Po & 4yEEL B0 2R ARE L, 2%Po O
TelpEpiE 3 o ALLERF - T, B 2P0 2 BEERT 5 2 & TRz, Po DEAFNEE~D
WA ZBE L THPb OERETIE, RER4 BL) OWNEEZ 30 mL gz THEE L7=, 2%Po ®
BEZIMORFICE, REHZBER D 2P0 2RI L7721, SBARORINELZ 2L S (F :
2.5~40 mg/L), [N Z KD 7=, 7235, LRI O IEIZ 1 2PPo BEAI &2 N L TRk 7=,
[R5 & & %2] 2°Pb 1%, Pb(OH), XiZ PbCOs DY TKERLERICIILT 2 L& X HiLT= Ay, Fe*
FERZR 40 mg/L #S L CHHLITIA 0 ThH -7z, (Tablel) st RIZEnAREZTMNL,
PbCOs & LCEINT D HIETH DN, $hoFmEMEERIE T 7 o 7 E (ErfiEd 210 : 0.06~
11Bg/g) OHIMIEZENMBLETH D, BURTIE, HEEROTENE Ui\ TR Oy B
777 arEREFNHT LN NEE XD, 2Po D TRIESEIL, Fe S Smg/L UL EdHi
XTI 100%HEFRETH D Z EN MBI Lz, Lo, KE(LEROAERN R, 2P0 L0 5
WL CLES Z DY, —HNENVLETH-T-,

Table 1 Retention of 2'°Pb in supernatant on the Fe(OH)s coprecipitation

Sampling Place Fe** carrier | Activity of Fe(OH)s | Activity of supernatant | Retention

date (mg/L) (mBg/L) (mBq/L) (%)
2007. 4. 4 Monzen 41 4.5+0.8 3.7£0.5 45
2007. 4. 4 Sugihira 41 0.99 +0.26 3.2+0.3 76
2007. 4. 29 Monzen 8 —0.07+0.18 4.2+0.8 100
2007. 4. 29 Sugihira 8 —0.05+0.18 1.6+0.4 100
2007. 5. 23 Monzen 8 0.43+0.16 3.7£0.9 90
2007. 5. 23 Sugihira 8 —0.21+£0.12 3.1+£0.6 100
2008. 1. 23 Monzen 8 0.31+0.09 5.1£0.3 94
2008. 1. 23 Sugihira 8 0.04 £ 0.08 0.99+0.14 96
2008. 1. 30 Monzen 8 0.15+0.06 4.5+0.3 97
2008. 1. 30 Sugihira 8 0.01 £0.08 1.1£0.1 99

The problem and measure on the determination of Pb-210 and Po-210 in groundwater sample
UESUGI, M., YOKOYAMA, A., NAKANISHI, T.
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NI AREARITRG A D R 4 Pl
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FACEDNS | MAEMDEENEZ T,
AWFZETIT S HICEREEBRE L e & D
BIER DB B AT KB D FFERM: %
BINCT D72, HILRTINO G 2 7o iR
TR IV EERIL, #NEFENokkdtse  Fig 1 Time dependences of the total
ZME LT T 22L& L, radiation concentrations from B-emitter
(@ : Junction to public sewerage system.,

(iR & 55 RUREBHNOKR~ 721 00 B : Kadowaki Chosetsu Pond) (upper) and of
BRAMBZRATL, Yy 7T hb 10
HFNEKE 1T LERL, ZDE F Ge 5
SR AR 2 W TRt 21T o T2, &
7o, ME#H 500m L & RifEHzE L <4 Bl
ExAT-o7T2, %Y 500m L C pH fIEZ1T -
7

AR D=4 B HIEDOFRERITR KT 2. 3X107"Ba/ml TH o7z, ZHuxh LT, ATk
EAKTIE7.5X107"Ba/ml ETEWI ENH Y, RILTAEKDFFERIEN o7, Flo, 4
B HUHRE & 7% S & & ORICITAHBARIRA 2~ b7z,

£TREAEBISIHT TIE, Pb-214 & Bi-214 ([ZIFHHBERIER N A D AVTZ, S HE M 2 BT 5 & |
TS OFERED LA < H BIZEAb S Fl ) D 7 s (TR 7R &) & BURRE DS Ehik iy
i < HBZEED B R E VLSS B IvTc, £ DEWIS BT 5,

INSDOH T NOpl ZJE LI, EOLATTY 7TAREOMEEZ R L, B A 2135
TR, B DR RITAI T KEKRDORHMEZRT LD TH D,

the weight of residue (O : Junction to public
sewerage system, [] :Kadowaki Chosetsu Pond)

(bottom).D

1) K. Inada et al., Proceedings of the Seventh Workshop on Environmental Radioactivity, 191 (2006).

Variation in Environmental Radioactivity in Water at Higashi-Hiroshima, Japan
IKUTA, S., MATSUSHIMA, A., INADA, K., NAKASHIMA, S.
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[#5] BOKLUNSIENT S~ 7 <, ERAL T L— bt &hd HO0 2R E 950k
K< MLVEDHBERIZE > TRAETDHEEZEZOLNTND, TI7VBLOTVUAIT NI UAIZ
T H,0 Z2ERETHIKIC L > TBEI LG\ =0, BILOKILD FTRAE LIZIENY o~ 7~
TlE, 7T R0 PUTh-"Ra 823, *°Th (2~ T U BL O *Ra 3% 2Th/AU < 1,
2R Th> 1 OFFHTVHNC 25 L EZ BND, ZNETIC, FrEillEt s =R kIloEHYEs
FOvE+KIL 1707 4EEHTIE, P TR0 <1, % Ra™ Th> | ORI SE STVWbHhY, £
7o  FIREKILUIVTIELE (K 1,000 4F) OB T, 2T U < 1 ORI s S
NTNWDY, Foxid, FERBKILANT FRELIEOILTAERY O 2Ra Th HEHHELL AL L,
M AR & FHO TR HIBS OIS TE L 72 2Ra/™°Th SEBELLOREZALIC DWW TEZ LT,

[ EB#EIE] BP0 v 7 & U o AORNHRE, 3% HF-HCIO,-HNO; OIRERIC L 0 /fif L=
. A A2 HusiiE a2 VTR L7z, & 512, UTEVA Spec. resin & TEVA Spec. resin (2L Y Z41
TNERER LT, AT VLV AIUCESE LT a A7 ha A U HORIREZER L, RN ARG
2k PU & PTh ZER L, 05, REHO PRa i, kR ) SRORAER AN TR R
L. ®Ra OUEREAHEPHICET S £ T 30 BULERE L2, v A7 bu A MUICk D ER
L7

DR 5 & B2 Ha KRB KILAVT FI RS OILTERE O P°Th-""Ra [EliZ, °Th (2T *Ra
M PRaSTh > | OfHFEFECdh o7z, K 1 ISHFEREKILAILT TR OLLTEE O
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Secular variation of ***Ra/***Th activity ratio in the summit products from Izu-Oshima volcano, Japan
KURIHARA, Y., TAKAHASHI, M. and SATO, J.
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)by E, RORBE T & 53T (2008).

Measurement of exposure age by determination of Al-26 and Be-10 in Abukuma Plateau
CHO, S., SEKIMOTO, S., TAKAMIYA, K., OKI, Y., SHIBATA, S., SASAKI, T., MATSUZAKI, T.,
KUBOTA, T., MAHARA, Y.



1P17 INUTNES S L7 S v Sl tab STh AR NS AE C o g S LAY et > A
W7 T Ak D I

(BORBEEE 'L BORKF 20 @ RbF 0 BROR RONP!, /R—=F 2—R° BV
TAN=TROOZEME | BAEE . PHEET . &fERA L B
A \EEE 20 SRHEER— . KT —° IFZE S, IREE Y Mare W.
Caffee’, Kees C. Welten®, FEJFJE . VHRFEZ S

(WFgEty =

FRASCHIFR A A HFICE EN D FHMESROERELZ 5 Z L1d, BA~OFHERO RS DO
JESSCHIER ECOMBEIR O 72 82 m D ECHEICEETH S, FHMROIFEALITE
TRLF—DEFTH DA, FHERRE RO AR BV THILA 2R EE 248 5 01T kK
IZAERT DHMET- 705, T OO OREMET — 5 & U TR O @ H 182 S B i F
DTF—=HEANKD N TS, UL, #2100 MeV LA ED T 30X —Z Ko 51T
T & A EWER e < . BROGEIERE O ITHE 2 — RO S O 2 VT 5 O3 8]
WTHD, ZOXIITHFHEFICIDECKREA L LS RKD D Z L, EROSOHEMEIC
B9 2 BLBR7Z1F T2 <, FHHEKLZO 80D b EERMIET —~ Th D, AL TIEKK
RFBEWEZEE % — (RCNP) ITBWT, m&o /L — 58Ik oD W M-B% SO B i i 0O 35 HY
AT O IO A E O RE 21T - 72,

[F8r - &R

HYEFOIZRCNP U 7 A 7o ha UBINO 22— 2B W TITo 72, 392 MeV DO
T LI =7y R~ E RS LR AOTTIET 2157, A TIX, BT E—2 D ASHmIiC
KLTO™ & 307 ([ZHHY TV ERE LR RE21To70, 00 Frh~it & o k7
FHAARSY S AR 2L F—EIcE TR BELR P22 B 307 FIANEHEGELE Y D A6 78 > T
BY (K1), DAY MAOFIEHEEITY ZEICL VAT Oy 2155 Z &
NTED (K2), 2FYV OOV TANGELNTAMRBREOAREEZSIEHTHZ LI
LoT, A=A NAF—OHEATEFIZ L DERISHEEZ RO L Z LN TE D, ABFETIE
HEPBR, B 0o BAaEAaD TN &b nFE Y 7 VITHWZ, "Be
R 1Be LW o AR E B <R ANT br A Y =B X ONNSEERE EOTIC LY ERE
1TV, b 2L X —362 MeV O B2 X DS KafED S DLz O THET 5,

[x109]6 \-o T T [x]_og] 5[ T T ]
—sp— 0 1 5,
2oL mm=- 30° oAar ]
55 f | 22 ]
= R =
= = ) .—‘.2 1F ]
\E/ hud - - ] 5 0 -\_ -------- | —— | |
00 100 200 300 400 0 100 200 300 400
Neutron energy (MeV) Neutron energy (MeV)
B1:0° BLUV30° S0l X2 1 AT NMVOREIC LY Bl
(BT AT bv L7z A~ b
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Ion-exchange behavior of Zr and Hf as homologues of Rf in sulfuric acid
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solution
Li Z.,! Toyoshima A.,'! Kasamatsu Y.,! Asai M.,! Tsukada K.,! Nagame Y.,!
Haba H.,> (Advanced Science Research Center, JAEA,! Nishina Center,
RIKEN?)

[Introduction] Chemical investigation of Rf indicates that Rf is one of the group-4 elements. Chloride
complexation of Rf was found similar to that of Zr and Hf and the Rf chloro-complex is more stable
than those of Zr and Hf. On the other hand, ion-exchange behavior of Rf fluoro-complexes is
significantly different from that of Zr and Hf complexes. Adsorption order of these fluoro-complexes
on anion-exchange resin is Zr = Hf > Rf, suggesting that the Rf complex is less stable than Zr and Hf
complexes. It’s well known that the stability of sulfate complexes of the group-4 elements is higher
than that of chloro-complexes of these elements, but lower than the stability of fluoro-complexes.
Therefore, it is interesting to investigate properties of Rf sulfate complexes as a part of the
systematical studies on Rf chemistry. Theoretical prediction indicates that the stability of sulfate
complexes of the group-4 elements is in the order of Zr > Hf >> Rf. In the present study, ion-exchange
behavior of Zr and Hf in 0.018 — 0.991 M H,SO, was studied by a batch method to find out
appropriate experimental conditions for on-line experiments of Rf. Cation- and anion-exchange resin,
MCI GEL CKO08Y and CAO08Y, were used, respectively.

[Results and discussion] The results showed that the carrier-free radiotracers **Zr and '"Hf in
sulfuric acid solution were strongly adsorbed on the cation-exchange resin as well as the
anion-exchange one, indicating that cationic and anionic species coexist in sulfuric acid solution.
Ion-exchange behavior of Zr and Hf was very similar to each other and distribution coefficients (Kq4s)
of these elements decreased with increasing the sulfuric acid concentration. Adsorption sequence on
the anion-exchange resin was Zr > Hf, while that on the cation-exchange resin was Zr < Hf,
confirming that Zr has a stronger ability to form sulfate complexes than Hf. Separation factors of Zr
and Hf were about 3 (Kq(Zr) / Kq(Hf)) in 0.028 — 0.991 M H>SO4 on CAO8Y and around 4 (Kq(Hf) /
Ki(Zr)) in 0.087 — 0.991 M H,SO4 on CKO8Y.

It is interesting that in the 0.097 — 0.980 M [HSOj4]q range, log K4 of Zr and Hf decreased linearly
with an increase of log [HSO4]eq for both CAO8Y and CKOS8Y. In this concentration region, it is
known that (O hydrolysis of Zr and Hf can be neglected, @ [SO4+*]eqis almost constant and 3
CAO08Y is in the HSO4 form. Taking account of these considerations, we analyzed the formation of
sulfate complexes of Zr and Hf and the ion-exchange process, then found that the slope in the log Kq—
log [HSO4]eq plot represents major chemical species of Zr and Hf combined with the resin. It was
found that under the present experimental condition, M*" is the dominant cationic species of Zr and Hf
on CKO08Y, while M(SQO,);>is the dominant anionic species on CA0OSY.

In the symposium, the possibility of applying the present ion-exchange process in the investigation
of Rf sulfate complexes will be discussed.

Ion-exchange behavior of Zr and Hf as homologues of Rf in sulfuric acid solution
Li Z., Toyoshima A., Kasamatsu Y., Asai M., Tsukada K., Nagame Y., Haba H.
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Fig. 1 Schematic view of a new apparatus for aqueous

chemistry of the heaviest elements.

New apparatus for aqueous chemistry of the heaviest elements
TSUKADA, K., KASAMATSU, Y., ASAI, M., TOYOSHIMA, A., ISHIIL, Y., NAGAME. Y.
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Study on reversed phase chromatography with the TTA extractant for chemistry of Element

104, rutherfordium (Rf)
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(Rl FIHEME 1 AR ®)
OffAT=E |, AR A h e EZFEL L RE5ATe

1P28

8Re 1, AN 17.0 BRf, NATREICAZ B (KT RLF— 212 MeV) K OVH
BLIZE L7z v 8 (155keV) 2T 25200, RIOKASAEZE=X Y 7 LR LRA
BRENTRETH DM E L TER SN TS, S512, "W CEE 694 H) OB TH LT
WD, BW BTSN T AIRESEE T R L—2 G, ABEARKICE Y, FEKD PRe
EARVIRLIEHESEL 2 ENTE S, L, "Bwid, w o &Pk sIc X v fE4
B2, HHHEENMEL . T2 FH T AORENKE L Y, " Re OIEIHHERE MK L 72 51
BENRD D, & ZTAPIZETIE, Bi#ERGIETE Y SWBERERE o BRe INIE 215512012, 7
NI T BT LG A T R OEA A R E R 7 A2 EfE T 5~ VT 07 Lk [S.
Guhlke et al., J. Nucl. Med. 41, 1271(2000)] 122\ T, MM Ol & O o3& L 2 it LTz,

W, 1BRe ¥ = kL — &%, JRR-3 (FRESHER] - 25 H) 2 MW THLE Lz W (25MBq) %
TS AT 4 (12 mm 1LD.x62 mm L) (ZW%A5 S TR U, A A4 2 B E MR T 7 A
ELT ANT v 7 IC-H £7213 44 4 %7 A OnGuardTH & & A AL AL Lo —F—X
QMA SepPak Zffi [l L7, 7/ I F V=R L —Z b0 BRe OWREEL, BT =7 LR
HWTIT > 72, QMA SepPak (275 L7z "™Re 13, ZBK U4, AFRAEAK 1 ml TIAH S
7= "Re OISRERIZ. HPGe MiHHIZHC X % 155keV @ v FAIED HRDI-,

WA A o 2R EAR I 0 7 A O R T E= 7 MREZ /ST A —% L L, JRHiEFR
PEDRRFS AT o ToAE S, A A 2 WA EFRFh 77 7 A OnGuardTH & 0.15M Fflig 7 o E=1 A
DBEDENRKIE TH -T2, ZOHAD "Re e KBETHEIEE 2 WO DT L X F~DW 35 &
JRR-3 TO 1A 7 /VIRHEED "W O BREHE T B 1% OERER L O P Re IBEIRE N D RS 5
&, 600 MBg/ml (B4 50 HAREIE) L7202, TV F VxR b —2 05 EEAFERE KOV
Lo THBND BRe DI KHITREILEE 256 11 MBg/ml TH 5 Z & 2 EET 5 & ek 50 {584
LFORENRARETHDL Z EEH LML
7=, HEEGICH T - T, FIHEOHIT
< OB, FUEMED ) A SEEICE X |
UTOREERE LT, 1) TVIF V=X
L—Z iy 2) SEE SR EFEWT 7 Teay/1#Re _
UK GE~ObIRS) oRicEy TR
3) A A AT T AiE, HENETTHD
T RPN EGTHH L 4) OBER [gmroe-vonn
7s>54@‘{@)%@@@@3@9\@@\r@inm;%
Mo 3 L7z i E (1 : i 420 mmx
85300 mm) OVEREFEAM 2 FEHtE L 7245 5
FTE DIRAMRRHEN S DN D E 2R LT,

Development of an apparatus to concentrate '**Re solutions by a multi column system for cancer
therapeutic experiments
HASHIMOTO, K., MOTOISHI, S., SAEKI, H., SORITA, T., MATSUOKA, H.
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1P29 HHF AVF 1 7 v kel X5 RO & A EEAR
(PR R) O & MFIE, P, mfEfdh

[IZU O] BB #—TliE, 2007 4F 10 H X0, Ins#Egsidiz@ C-tamikse
HE9E LT, %Zn & 19Cd 0T A Y v—T%, (f)t) BAT A Y b—=THE20WH %4
THETHML TS, AFEKTIX L 2 ORISR O RIE R & SEFHmIZ > W T
BT 5, T, BRI TAY =2y MEEFRAW 2 =—7 2 Fm RI OREHIT> TV D,
ARTFIETIE, EAOWE N D OILFEGBENRE T, RN EPERETH D Rl 22— —|C
BT D ENTE D, BT = N—|ZIXRK S BEOENZ A v 7 A[ReT, B0
Bz GEATE<VTFT ML ——28ETE 50 R RbLH 5,

[EBR] Zn & '9Cd 1ZENE N RIRFENARK AL OFIM & 88 (ML 99.99% L) |, JEX
0.125mm X Ef& 10mm) % 2 ERTZLOZENE L, AVF ¥4 271 ha b o 14MeV
i — A2 X D (pn) s THEE Lo, BT, SZn 1THERERIE A A 0 28HE, 19Cd 13
{LERILIRE & R R 2 A 4 o ZRHEEZ W T B2 1T o 7o, £70, FE R O AR
RN IR & AT B 7m0, BREE L TA < RO F S BEETE A RR 7 x BECE &
ICP-MS THIE L7c, —F, HAYV =y NEBRTIE, o FESEZHOTEKRLE Y, Zr
72 5N Pr OFRLWEER) (B X4 100pg/em?) #ZnEi 3, 1, 1T 2>F = /"—|ZA
X7 L, 9Zn 7213 1°Cd AR O EFANCECE Uz, RS, KBk BES vz RI %,
KCl =7 u Y /)V/He #AY = v b AT AIZT 45m Bin=dk v NI RE THaik L, 77 &
7 4 /v% — (ADVANTEC GB-100R) EIZHifE L7z, ARIEEOMEFMZIT 5 72, He H
A D% 0.5~2.0L/min, =7 2 Y)Y xRk L —F —DIRE% 580~620°C DHiJH T &
, WE S RIOBAHEAHITE LT,

[#E 5L E22]  657Zn O 199Cd D §5E K Y ICP-MS 43 BT 5200 — 1§ & Table 1 |27, Zn
B L T, A E TH 2OIEEN 1ppm ThH o720, SEHRED 6x10° TH 7= &
N, FEEDA 4 A BEZ MR Y KT Z & T ppb L-UL~ORERINRETH 5, T DOfh
DILFEIZOWTIE, %Zn & '°Cd H£IZ2Tppb LUV THH T2,

HAY = v MEIZE D RIEGETIE, 1.5L/min, 620°CDO5A: F TR KOINRN G STz,
—flE LT, BE—LE 11pA, 60 BT, 77 A7 4 v Z— EICH®E SN ¥Zr , 2"Nb
Fe OV 4INd O JERE IR E L Z 0 110kBq, 130kBq, 43kBq Toh o710, T ORFEA FV =
ISHBFFEDH & LT, ARifsmaiig 3P17[1]72 5 ONC 3P25S[R]12 B W =72 & -0,

Table 1. Summary of productions of ®Zn and '°Cd at the RIKEN AVF Cyclotron.

Irradiation time Beam current Activity Chemical yield Concentration Specific activity

[hr] [HA] [MBq] [o] [ppb] [kBq/ng]
57n 41 7.3 73 99 60(Zn) 410
19¢q 36 6.3 16 74 11(Cd) 340
[&3& k]

[1] mHAMh, AFEH2 3P17.
[2] 267K, AFFEHZ 3P25.

Production of RI for Charged Distribution at the RIKEN AVF Cyclotron
EZAKL Y., KAMBARA, T., HABA, H., TAKAHASHI, K.



1 P 3 O A~/ F F L—HY— (MT) B L O MT 7 EDTMP, DOTMP &%) D
~ 7 AKRNZEENIZ OV T

(BRKRBEER . RKE B
OBW=(F' THRAW BERE . PHZE, HAFH . KE R

(B~ U A3 IS F L VT 20T F T AF L URAKRVER (EDTMP)RRA /L 2

U Ah-166 1EFE 1,47,10-7 F 7 7w R U-1,47,10-7 8T AF LR AR B
(DOTMP) | T HsF M B 15 O B FRFN A0 2 36 M i BENETEHE O 72 6D O/ BERREE R Al & L TR
EZOFHEB TR SN TS, &5 50RARVBILEY S B ICERTLIHELALTWD,
— I, AR AR LS ORI ANEIT, ARSI U 7R O] AR,
TR — | NG OB EEIIKTFT D, LT - T, (L& o FE AN 72 i AYE 2 3
RHTDIZZ D DOERNRBHEREZ ST 2 2 L, FrGEEE S ORI & > CTHE
Th o, BULFEFT CHRBE I NI~ TF L —P—MTIE T, F—FEREE T TELHED
TLHRIZDOW TR DL LR B OBEHEMEZ R TR 2 BUF TX 5, AW TIE MT 2%k
EDTMP(MT-EDTMP), MT £ DOTMP(MT-DOTMP)}5 L OVEBRRIE /K O MT %2~ 7 AT
5. U2 3556 OMEITTHE O IRNS A OEWE L ORI Z LIz DWW THRE 21T - 72,

[ 28R ] BALS2RFGERT Y o 7 A 7 1 b A CRCERIT A 42 2 BE L TAg (99.99%) % —
Ty FHUIMTZ AR LT, @IRKFPIS TR o BE 2 1T OMT-AE B R KIS 2 i U7z, —
EROMTIRIRIZEDTMP, DOTMPIRIK & i E L CTMT-EDTMPIE R, MT-DOTMPIER & L7z, Z i
b DOEK % 8 HEICRABMENE~ 7 R B FIRE G- L. 1, 3,6, 12, 24 IFfE‘m ., ik & ONgds

(FFlg, Bhg, AN, KB, KERE. ) ZHH L. Ge-8if itz ATy A~ kb
A MY —%4T o572, YCo, ®Zn, ®Se, ¥Rb, ¥Zr, ®Y, "RNEDKHAZBH L, Zh b OZKMEIZD
W CARRBRE NI 1T 2 BALE & H 72 U OBUAZE (%dose/g) & KD 7,

L5 & %28] Co, ®Zn, "'RMTH ~DBUARNF L — MAE THIM L7z, PSe, ®RbixF L
— MNAWR & AEBREK E OMICKE 2B WVIZA LT, EDTMPE X U'DOTMP & % L — M
T HMWERRWEEZ NS, BYIZEDTMP & % L — MERK SE-BA ik, g &
Mgk 5B ~DOBIAL DN KE L EF Lz, ®ZriZEDTMP L F L — MEK S®SH Z &
2L, BB S B ~OFGALNHINT D Z & 23HA Lz, ®Y-EDTMPITE 4
FEHEAI & LCRIATE | YZe-EDTMPIZ RO £ R A 4 2 3K & L COFIANARRTH 5 &
EZbhb,

o o
HO\” “/OH
o Van Ve O T\ PO
HO\ / OH
HO/“ \_ﬁ<ou E :\
o o HanP_/N\—/N¥P03H2
EDTMP DOTMP

X 1. EDTMP ¥ X O DOTMP D&

The biodistribution of Riken Multitracer and MT-EDTMP, MT-DOTMP in mice
WASHIYAMA, K., NAKAMURA, R., KOSHIDA, H., HABA, H., ENOMOTO, S., AMANO, R.
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