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Fig.2 The activity variation of 198Au

(closed symbols) and 122Sb (open symbols)

produced in Pn-1, Pn-2 and Pn-3.
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Fig.3 The activity variation of 198Au (circles)
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TC-3 measured by IP (closed) and Ge-
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1) Myong-Seop Kim e al., Phys. Med. Biol. 52 (2007) 2552-2556.
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Multiple Prompt Gamma-ray Analysis (MPGA) and Prompt Gamma-ray Analysis (PGA)
techniques for the elemental analysis of geochemical and cosmochemical samples

M.A. Islam', M. Ebihara', Y. Toh? H. Harada®

'Graduate School of Science and Engineering, Tokyo Metropolitan University, Hachioji, Tokyo
192-0397, Japan

*Research Group for Applied Nuclear Physics, Japan Atomic Energy Agency, Tokai-mura, Ibaraki
319-1195, Japan

Prompt gamma-ray analysis (PGA) is a highly sensitive, precise, multi-elemental and non-
destructive analytical method of elements and is used in various fields such as geology, archaeology,
cosmochemistry, industry and environmental science. However, PGA has an inherently low signal
to noise ratio primarily because of the large background associated with it." Therefore, difficulty of
quantification arises when the gamma-ray intensity from the trace element of interest is not strong
enough in comparison with the background gamma-rays from large amounts of other elements
present in the sample. In this type of situation, multiple prompt gamma-rays analysis (MPGA) can
be used to reduce background level. Moreover, as in MPGA the coincidence events of cascade
prompt gamma-rays from each nuclide are collected, the spectral interference from the other
elements can essentially be avoided. In this study, the newly developed MPGA system was
compared with conventional PGA for elemental analysis of geological and cosmochemical samples.

The Smithsonian Allende meteorite powder sample (105.34 mg) (prepared by E. Jarosewich,
the Smithsonian Institution; split/position = 22/6) and geochemical rock sample JB-1 (110.32 mg)
(a basaltic standard rock sample issued by the Geological Survey of Japan) were analyzed
repeatedly by MPGA in gamma-gamma coincidence mode (4 MeV energy range) to obtain suitable
coincidence prompt gamma-rays pairs for element analysis. Analyses were repeated four times over
half a year for JB-1 and Allende with the same samples. The powder/lump samples were sealed into
thin FEP (fluorinated ethylene propylene) film bags. Analytical grade chemical reagents and JB-
Iwere used as reference standards for comparison method. For JB-1, recommended values of the
elemental contents of the literature Imai et al. (1995) were used.” MPGA was also applied to some
hydrogenous meteorites- Orgueil, Ivuna, Alais, Y-980115, B-7904,Y-793321 and Y-86720 as well
as to rock sample GSJ-JB-2 (mass range about 25 - 190 mg each). Comparing the prompt gamma-
ray spectra obtained by conventional PGA and MPGA method for same specimen of hydrogenous
meteorite Ivuna (H at 2% mass level) shows MPGA can reduce H peak as well as Compton
background relative to conventional PGA. High accuracy and precision for Mg content
determination by PGA are not always guaranteed due to the known and unknown interference from
other matrix elements and background sources. In this study, Mg contents of the meteorites and
rock samples determined by using 2828.2-585.06 keV coincidence peak in MPGA and comparing
with available literature data shows that all Mg contents determined by MPGA are in good
agreement with recommended/literature data. MPGA and PGA were applied to the same specimen
of Ivuna; MPGA detection limits for most of the elements studied can be reduced up to one order of
magnitude when compared with PGA detection limits under the present experimental conditions.

1. Gardner, R. P.; Mayo, C. W.; El-sayyed, E. S.; Metwally, W. A.; Zheng,Y.; Poezart, M. Appl.

Radiat. Isot. 2000, 53, 515-526.
2. Imai, N.; Terashima, S.; Itoh, S.; Ando, A. Geochem. J., 1995, 29, 91-95.
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* Correspondence to: Y. Matsushi; E-mail: matsushi@slope.dpri.kyoto-u.ac.jp

WRELEEE DOEGIYTTICER T 2 THALRZEZ VU, HsRm ORI 2 B #EE 2 5K
DLIEDHETH S, FIZEHNTA P, FHRERGE “Cl ERBT 503, IEFEE
ST &k > T 10" atoms/g DA —¥ —FTERTE S, F7z, WaHbob (F& L TPGA) ICk
> THEA OB SOERIR 2 TR D EBTE, *Cl AL DOREBICHEL T X —
FrBOoND, TN6DT—F0 6 RBELAOHIFEEIHETRETHD, HEABLVEZY 70D
VA FHIEIZE LT 2 E TIZ-15-150 mm kyr' OfEBH SN TWS, PUTFIZ, RKFEZEN
LB OEICHERALZATA FO—-ETH 5.

MEDER, - BEEARE I R )
| . 3 2 oc oc
Terrestrial Cosmogenic Nuclides = ~la()=CA+D %

10 =1.36x 108 ) C: nuclide conc. (atoms g'')
oo (Tip = 1.38 X 10%yn) 36CH (T, = 3.01 X 10% yr) £ tme (y0
Al (T1f2 =7.05x10%yr) P production rate (atoms g yr')
B Zz: depth from surface (g cm'2)
A decay const. (yr'")
denudation rate (g cm2 yr'

169, 4p 350Be

Nuchde cone., C

Silicate surface Carbonate surface

Scaling nuclid ducti f N S Z= 70 f OB
g ide production rates SR B E ORI D= (A FIR- IR S EZE T8,

AR VIO
Foic | _gkms ] [|rcrams

3Cl production rate in calcite [atoms g yri]

Jor_ 00 e 1or 10 P=lat, A, [cal G}
j i \1 2 7 1 [n-absorbers]) N Spiked ~160 B/CICI

E 1 1 - _*_ #Measured
2 i LK 2 ratio
£ A 57
32 ‘ iy
2 / 32
= Y af
£ A4/ 88
[y —— - S
= (AN ] " 7
g . /2‘ & | ‘lgala [T, [Fel
a 45 i {B][Gd] [8m

. i/{é} : {; {B], [Gd]. {Sm]

1 -
5 i agg;?tg‘znf ?‘2‘6(0109)96)' BCIAMS (Accelerator Mass Spectrometry) & CI-MS (Mass Spectrometry) at Univ. Tsukuba,

PGA (Prompt Gamma-ray Analysis) at JRR-3M, JAEA




PR 22 FERKREFEBEIEME S

P BER LT IC & 2 8RR Fr D Mn & o rIHE

KA, G, SR, BEER"
EERARE R R G T e 8t
BHEA R BE AR TR

BEAIC I3 FHZ2M 2 K L T OO FEHBR L OLRIGIC & D 4 U RIS E B (FHERE R
BR)BEEN TS, RLBENERT 225, —RIC, FHEMAERZEL U CERNICHE X
NBDRIFHH AL BAMEOARATH 5. ZOMOREKRMEIX, FICAREBEGICEBLWTIE, #
DEVMED /-, BAZEE TR/ L CARICERET S Z LIXRETHS, L2
AL =y T VDOEED S R ZFEAIE, HBRLENBRATROEGERVIEF I BV, 2
NOOKETHFHRERBKBEL LTINS, {4 ld, 2o "MnEZETLR)ICHERL T
VB, INE TICEBEATOERS Mn EBEOHREIZIZEA LR, 22T, PHETHRE O
BRI 2EEEZRATVEDT, ZORVTRAZMET 3.

BRI R Mn BRI, BBREOE O ERRINEO Rtk & “Sc IBEED 6, 30ppb DT LHEE X
n3, %L OBBIIEICENT, REDFK MY v 7 AEME Mn OERBR2PET 2 2 LA
5T 5, HMEFREMLO TR B FREHL ST T O I EROSHEET 2 DT, FEBIRE
BIEELY, FNSEEF D, BARSIIFERAFO Cd oK & 2S5 % A 7 BEE L
SYNTHEC, SRREA M S E SR b 0 % 10ppb L XL Mn 2E&E L T\w3, 7, AR
S~ F Y v 7 2 FOESEETRE L 2 ICP EEBOMIEIC & h SEER D% LRI
7o %, AHIE T, BARBFEFIFERFEEBIAF JRR-3 @ PN3 TORS 2 Hi & L iR
fEh T REHE TR X D #BA PO Mn OEEZ2FHE L, PN3 TOBHERGOBRED RED
h, $kEGD 5D Mn OLESEEE, 77 v 7 DFSICOVTRN 21T 7%,

PN3 T® *Fe(n, p)*"Mn 0% 5% RiEd b 72028, BMESKREICEEN T3 Mn &HF &SR
HTh3, 22T, Titiz Mn & & HIBE L, “Ti(n, p)*Sc KIG2> 5 “Fe(n, p)*Mn Rt D EF5-
KxHBES o7, *Scid *Ti(n, np) K% EHET UL, “Tim, p) LS SIFERL v, KIE
WiiEiRE 13 JENDL-4.0 228 L. Ti iOFH$%h%E %2 SOLCOI Ic X DEHHE L2 E 25, JRR-3 PN3
TORHTIZ, 1gDFed 5 94 ng ® Mn i3 3 “Mn KT 5 Z L b ho iz,

Bz 3, BiEE P B E TR I X D AT O “Mn 2 ER L T 3535, 2 oL rEikid,
Mn &% 1A 7 VAR & A4 4 v RBEOHA GO TH 5. "Mn FHICHEZEML ZwvA 4
VRIED R TERIETDERBTE LRIV R R HEZBARSDEZSEIZLIRL, Mnd
V% & Fe, Co, Ni, Ir DRERZFX7I-, Mn Z2EBWICOHET 2 Z L8 TE, 99.9%LL 1D Fe %2
BETZILNTEL, Ir ODRERBHS TR Aok, Wlr OBHT 24 v <ffid, “Mn OF



VRBEDBEODOT, HEGETSILRARVWEEZ SN, FEMZEMIE 3N 1H
20T, Ir OBREBEFE 2N T 20E1H 5.

SEEL 72 Mn 2 PEFRE T2 -0ICHW 2 5KE, ChiEHATIROOEMER) 2 F1L v,
BOoNICEET 7 v 7% INAAICK DR, @MERY =L v idgtiz 2B T8, 77 v
JHEPREC R o7, BELTHELZVE BIHRLTLE) EEZONS, AvsrRED
MEZDPZTHRIET 7 7% 2HFEAN. MEPIS 2L 77V 7ME ko2 5, #iE
HOERED bHBEFORMMDI 77 v 72X HLL T3 L9 TH3, L) EMECRELZHVN
FESWIT IV I RIEBTCEL EEZOND BIET 7 v 7 AT KD Mn ORHRA L 0.3ng
Thot, MAKRZ LIV LELC EE, *CIL "Ar BEEL, ERFRIIb- M ET3TH
%9,

JRR-3 PN3 CH& % 17 9 AP B Lo mikic k b, A% 1g Awiud, 20 ppb @ Mn
ZEBTHTHI I LB ok, ZORDT 7 7 DEFLEIZ50%TH S, BEMERELZH N
. 77 v 0 HFELSRET T LBTE, PETREO DDA EFMER) ZF L U7 5 v
JOERFRERD, 77V 7 MERT 2 EHAEELBT T 20ESDH 5.
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PR 22 FRERKE TR BRI &

R 6d EHAIREGED 6d BIOENBETR DT v MENSAIZE
D EMERIRRES  ~MRI #& & BB HTIRIC & D RRES~

fREBAE D, BIL=E D, mEE—2, RERFED
DERKFEFEIRERFER, DR R 57 R

TE EERBHEEEELZLOBEE~DO MRI H Gd EEAORSIX, BHEESHMEBRHEENSE :
Nephrogenic Systemic Fibrosis) & 5| & Z T /aEMENH 5. ZOREIL, BREEFREE RS SN
TEREID, ANICERBEE T Z LICERTIOTIERVNEEZ LA TS, RO BIIX
EEAIBEEHDO Gd BERCARNBETRONMIZ, BHEKTERKITEEIIOVWTRITIZ LIZ
bbb, TITEARRETNEREDT v M Gd BEEAA L=AF ¥ 2B EENED 25 &5 L,
#h5 1M, 18, 2 BRICEEO MRLBE TV, ENEE - T O Gd 8B 0RRHEL % BIE
LTz, ZO®%MIIL, 9MBEERIL, BEEER L%, THETEIMESITEE VT Gd B X UMK
BLTEDOEEZITo7-. MRIETIIBALET VEHLBEHOBICENVWERDALZ ENTELN, £
DL 358 CEBREREUT & 52w, AETREENICRFONELEB ORKRETHD Z L83
Ezbhd. —F, BHHEAHTETIE MRIEOREEHLUTO Gd B2 EET DI LN TE, TORK
B OBRLEFABLBEHOMIGEVEZRDE. SLIKENBETEOCEICEH L THLEMICEN,
EROE.LOPLIDEWI GAREIZLIFELBERRIZLIDIEEL ENSOLVEELTWL DM,
SBBFTALERDS.

I. %8

BEELBHBEEEL L OBRE~OMRIA GAEEAI O EIX, B2 HHHEAE(NSF: Nephrogenic
Systemic Fibrosis) %8| &9 & SN TW5. NSF IZEICUIZIRR L, KEOE/LLREE R %
FADEHHRABTHDH. BFE Gd EEAIT 24 BE% £ TIZ 98% B RPICHRE I 5. L L BHERERE
ERFICERA G T DL, EEAPERNICRERZEE L, Gd 3% L— b DR, B EICE
L7, —EOBEBEEZRTHEOHMELSEZDLENTND. FTHA L= AT ¥ o (F— =R
B, —fR% : HFYT7 I RARIIIMOEER L LT, {LEWOREEEHMELS, BEZEANT
T D AREMEABVWE B b TV, FLEEONSFHREFA LR B LZNWI EBRHOATNDS.

AHFZED BHILERAREZDO Gd EREBLERNMETROLMIZ, BEREETARETEECO N
THRETHZLICHD. TZTHEREET ATy MeBET v MEMEAL, HREAOICRFNELE
BH Z L OAEER MRIE &, EREHI T LT b B EIZ £ TR RIRES 4 43 AT RE 72 UMb AT D Tl
Finb, Gd LENBETEOERELAART.

o. MEte ik

H A SLC 4 P&, Spraque-Dawley(SD)% 9 NS » FEZ 6 ILEA L, 26 3ILE T 7 v M,
Y SLEBREETAHE L. 2B, BRE2ET N7y MIBASLC ICET MEREEEL, 7
BEICERD 23 %, SEBICABTORTEMHHL, BREZEED 1/6IZLbDTHD.



Gd EEAIZITA L =A% ¥ > (500mmol/kg, F— ZILBME)AHEH Lz, P& LS Tk
FEBEEAE L U C Gd BEWRED = DIZRFERESHTH Gd EHERETR(1000ppm, FIEHIZsR TEMK), KO
F DM TEDREEREDT-HIZ Bowen’s Kale, Bovine Liver(NIST, 1577b)Z{#HMH L7-.

1) MRI

HZ A5 285 MRI 0.4T APERTO Eterna % Jf L, &A% 5
A, &5 1R, 1 B, 2 BRI, R 1EFATERETHREZTo .
"B, Ty MIAYTNT o DRACHEETEHICL, BEEHE
(0.1mmolGd/kg) D 25 {5 & (2.5mmol/kg) DAL =AF v L 25 L
o MEDE, FL=AF v InLIERKRLIZ4, 3, 2, 1, 0.8, 0.6mM
DIEEEREN TN 2mL % 7 v FOBIZE X, GdDOEEIZHW .

BT, SEBOE Y 72 W C IR - =g - 2R ROL %

REL, FEERELRDE. FEHRELIY TLHEEZRD Y, 2Inb RIEZEL L.

F1 BESH
=R 3D-FSE
TR[msec] 400 | 200
TE[msec] 30
FOV[mm % mm] 100 % 80
EHAIR RS R 192 X178
AFA AR E[mm] 1.1
NSA 1
ETL 5
| BesR | 11m49s] 5m55s
REILIL BEFaAIL
AAEMHIE 21T

ST, REREL Y RE —BME Rl FEMBRERM) 2 ER L, SEEEMRE 0T, B FEo

REZEHLL.

2 BEHME M

B2
E5w

1# 5.2 A1 DBEKTHRIZIHET L, miEBLD), KEE(FMR), BiEEKDN), XEOLIT), it

I&(@LVR), #PIMSL), /NMESIT), K&ESKN), Mig(SPLYO 9 k%R, REENES, WAL
LT, RVF L UHMIBEH L. EHEENZIX Bowen’s Kale, Bovine Liver # % EH 4 0.07~
0.08g, T HITGA(NO3)3, A L=AX ¥ U EZNENAMIZ 100 L, I0uLiEFLEZbOZHAEFE L.
Z D%, ABEZFEHRERFFEERITICEEL, HRARTFET IMWIZ TR o7 &2
#

1To7z. FERGRH 5 A TIIREK TE

BUERER 149), %9156 0% Q1 50, £ 2 BRI G 5), K

M 1 FER RS CIERRST 6 BB &), 3~4 A% BRI Ge Y- BARHBIC Ty BAELRIT- -,
BRIENPDB/IZy A7 LY, FRENCEEND TE LR L, AR EEL V, Bowen’s Kale

NIEGA(NOy); & DI T, Gd B LUK ENTEDERZIT o1~

m. #R
1MRI ¥

1B HRIC R T 2R HREMR TH L. BAEET VHLREROMIEVRA L.

Kidney 2

15 T -( -4 model I Liver

- L M‘mm%; ~g--normal =1
% ; K%"”“‘WWWMMWW | ‘ = = ~#-model
B o1 § I i é 1] —g=—normal
"ot ) [
[G] 05 @ 3 05 - &

0% : ; ; 0B ; ; )

o} 10 20 30 40 50 4] 10 20 30 40 50
Fefin) ErRlh]
1 MRI#  ReRIRE ARG B, AT



Tk
DOGd &[4 2 [ AR GAIZ L 5 Gd BECEZERZ T U BFEHLVBRE2TTNAEOK R,
TR TESEE L WD Z LR Ghofz. E@ERICKT2BRETT VD Gd SMEMREREL
LV, SHBEDOF TIIRHICEICB T H2EBDOBEMBFEN TH L Z &N moT.

600

Gd >0 GdZEzEX)
= 500 _ a0
s 400 £
M& 300 g 30
i
% 200 20
(U
o
100 10
BLD FMRKDN LIT LVR MSL SIT SKN SPL BLD FMRKDN LIT LVR MSL SIT SKN SPL
10
8 T % & E(n=3) # modell
x* model2
# model3
#normall
mnormal2
B normal3

2 AN Gd BB L UB AL/ Gd £REH(T)

BLD FMR KDN LIT LVR MSL SIT SKN SPL

OENMEITLE O RE LT tHREE 2 ICFE L. ZOPTHREBICEEM R E{LER LT
7Zn, Fe, Ca BEOEEMKELZX 3 IR L. BRETTNAEIZEBIT2ETO Ca, Zn EOHEM, *F
72 1MLiE - MR T Fe BEOED 0320 iz,

2. MEHME S HICRIRAL-MEttE g

RIGHEE| Ric | EkiE| £ |BaER r BUREBE) | BatAE 160000 -
23Na 2*Na 14.96h 1369keV(100%)

37¢] 3801 37.24m 1643keV(31.9%)

g 2K 12.36h 1525keV(18.1%) | fapshimgy| 120000 -
55Mn 56Mn 2.579h 847keV(98.9%) E

196 | (o, y) |1*2Gd 3.66m 361keV(60.12%) 2 80000 -
46Ca ' 47Ca 4.536h 1297keV(71.0%) i

53Fe S9Fe | 44.50d 1099ke V(56.5%) % 40000 -
54Zn 55Zn 244.3d 1116keV(50.6%) REFRERS ©

81Br 8Br 35.30h 777keV(83.5%) o -
152 Gd 153 Gd 240.4d 97.4keV(29.0%)

250 y4y 1200 Fe

200 _1000 .

£ £ 800 -

& 150 o .
g i 600 1

# 100 f2 )

i © 400 i

50 200 - T T
0 - s Ry Ry Wi o N e 0 3
BLD FMRKDN LIT LVR MSL SIT SKN SPL BLD FMRKDN LIT LVR MSL SIT SKN SPL

3 FRMETLRE



V. &%

OGd & : 4B O MRIEORB LM TIIA LA=AX ¥ V2 RETHE, GdBE LENE RIEOER
PEIEAY 0.6~4mM O TH - 72 (PR EBRFER). 5B MRI kORERIIF5E CEREEEEL T OB E
LB, RETHIEENICEREFNZLZEBY DIXR#EETHI EEZLND. LL, BlEgTiIRE
HE#%20 2 B%E CERESEAICS D Z L, EHEHMESITECBOTHRETED L LOD, #EW
BRONTZZENDEEZDE, BAEETMIBWT, 5 2 B E TOYMP, PSS isg& RN E
TeeEZBZ LMD, EBEPINEICBWT, BTO Gd EOEBEIEVRRON-0DIE, Gd 2¥F
WETDHEVWIEBEBPELVOTIX 20 nEEXD.

OFENMETE RO IEL Y, BREETABTITEIEIT S Ca, Zn BEOBMMARD bz,
ERNICERE L 72 Gd BE<HFET D L, BANO Ca R In SWETR LB MbIZ BB L EDN
T, Gd DENIFENBEZ R, BRE2ETVOERNTGd AFL— b2 boh, CaZn &
BE#bolz LTI, ZORBEEHLE ZIn X Ca PEAE CTHLIBICERT I L b AREMEE L
TEALND. FELBARR2BFCIBVN T In %, BIHER S 2MEBTR CITIHMEENR Z 5729,
BARROEELTDRV. FMK-BRICE T2 Fe BT HLBEARRBICIDERLEZILND. 2771
BER2BEOLRE, VVBEEROEETEUN O T Ca NEREL, BT LA Calk Tz
L7, SEEZ STEEBITIBFRELETOFETIIRVWEEZLND. #Ho TAEOMBTLHEERED
EEBEREIZIE, BZOK@ENEELZEEZONS. GABEICLZEZEN N HWVENKETHE
DHAFCFEET I, SHOBRFRETHD.

V. £&¥

BAERETNLVT v MIBITSH Gd BLOEAMETEOSMIZOWNT, MRIE, HEHEOHED =
EBICEVEEZTVY, RO ZHEEHLMNILE., =2 Gd Hf - BERBOEILThHSE. HFELBYE
THEEERETH D720, MRIETOERRIIHIFHFTCERVWEEZDS. 9 —D2iF Ca, Zn, Fed
DADEATHD. AFETIE Gd BRI HEEDR, FNBETLROSHAOEIIZENL WS
LTWENERETE R -Te7edh, SBRERAERELRVEARLET NV, £z Gd KEEEET
NEEZRWNT, EAMELCROEBARFTILERS S LEZD.

BN
D BN £ I OBBREQ)BESFERMEE—T N ) =7 ASERIC X 38R —
KEREHT RS 27(1),17-20 (2009)

2) BB A L= L ORST VY U URA B, 2007 £ 3 AR

3) BB O mEAC T a—EEFAWEEE S AT I v T1 3 MRI O RE SO,
BARE BT E2EE 63(10),1127-1132 (2008)

4) Pietsch, Hubertus et al. : Impact of Renal Impariment on Long-Term Retention of
Gadlinium in the Rodent Skin Following the Administration of Gadlinium-Based Contrast
Agents. Investigative Radiology 44(4), 226-233 (2009)

5) Martin A Sieber et al. : Gadolinium-based contrast agents and NSF: evidence from animal

experience. dJournal of Magnetic Resonance Imaging 30(6),1268-1276 (2009)
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Concerning monitoring of radioactivity from the nuclear reactors at the Fukushima
Dai- ichi power plant.

This is an offer of support from nuclear scientists attending the 13th International
Conference on Modern Trends in Activation Analysis (MTAA-13).

Following the tragic earthquake and tsunami in Japan we are observing during our
gathering the evolving crisis at the damaged nuclear reactors of the Fukushima
Dai-ichi power plant. We express our sympathy to the people of Japan, our

condolences to those who have lost their loved ones, their friends, their colleagues in



this incredible act of nature. We regret that beyond these losses we all now struggle
with a nuclear crisis in motion.

As scientists with vast collective expertise on nuclear reactors, radioactivity,
radioecology, and the effects of ionizing radiation, we would like to offer our help to
the Japanese who are working heroically to minimize the releases of radioactivity and
their effects on the population. This nuclear crisis requires that this scientific
community stands together and shares their experience and knowledge on how to
move from uncertainty to the certainty of accurate, reliable data.

We can help with the collection and management of samples of air particulates, soil,
water, plant, and food materials and the measurement of radioactivity, down to the
detection of the tiniest amounts of radionuclides. In particular conveying the
experience of scientists involved in the assessments in the aftermath of the Chernobyl
accident should be a great asset to the Japanese people. The Japanese scientists
among us would also like to help with communications to the public. We have
therefore compiled a list of available scientists from our community with their areas of
expertise and contact e-mail address.
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EVSVDER —AL5M FREANDEREFHIEZFNER -
B RFEREKRFGE TE R o R FER
FHFIEE BHE 1355

[iIxTt®ic]

HBEHEZ R M b 4347 (Radiochemical neutron activation analysis; RNAA) X H#4+
RNZICERBNTR L BEHMEERIC OB - FRL Ty RAEZTIEEANETH D, Zhi
WELSHTHY . REEZ BB IAEDHET DD T OHRITE VD, BHECKREFOL~
MY w7 AGREROBRS ZENTELDOTREDOEWONITX 5, HTHFH7THE (Rare earth

“element; REE) [3#iEK - FHMAFHIZEER TR I N —TD—D2Th b, —EHOHERALCER
(VI A4 MNEAE)TIIHTFHEARNHBL TRY . 20 L 5 23 BHI L TIE RNAA & b 18
BHEOBWONIEEL 2D,

RNAA IZ &V FEfk7 REE OFEE 1T 5 1213 235U O T T HER O HERY T L 2 F 52 MLE
THOLERDY, ZODITITABFTO UREZIBETOILENH D, £ I TANI TIX REE
CRIFFIZU D EETDRBEEEZ T RL., BaREBMICLD2FSERABOOMEL, £7220
k% REE BB L TWb 2 L5 4 MEA~EH L7,

2L IA4 FMERIISGILLEZRERBEATHD Ty R4 M NA—TFICHEINTWAENR, B
RRMHE b OBRRBAIN—TThD, TXH T UVALEANLRIYBEAICZ LWEBE
BEETHD, AFRETIE2 VT4 MNEROLFMEED D FHILFNBELITo 7,

[£5k]

BR - BARRBEREFICHAL, AARRTIHFEEBEEOH AR 75 JRR-3 12T 24 I
BRI %21T > 72, RNAA D455 BEE{EIX Minowa and Ebihara (2003) [1]Z2 &Iz L TEY .
ZHIAKREEES - 7 o ALIEBAER EBA AR s v~ NS T NOEREN D, L
INRIIFYFEE T T ARIFRAEDIICL VRO, 72 U OFEED D Ba #4578 L, 235U
DS BIAERLY) 190Ba DB D UREA2KRDIZ,

2L T4 MERIZK L TE2ETO REE, UEEICMX, EDTA £ X OHERE TORHIC X 51H53
B2 17V, EDTA 8 K - ERIE K - R D 3 tHD REE €& $17 o7, EDTA R H#ZIZI1Z REE
EEICEFBLTOVBIETO Ca U VEEM, EBMRHRIIEICH VT AR EDIFIMLLEE.
BEICIIERR OFHNTICEENDE L EXOND, IR, BNy B
. BEHAT I AEFRADWTICL Y EE - BWETROLALFMR b RO,

(R - BE]

U O E BT R4 LR 1490Ba K N E O % 40La 1 61T o7, UEBICHWDHBEL 72
140Ba WEEND T T 7 ¥ 3 ik Ba O FiiERFE 131Ba b &N A7, MEEIZ Ba B E
DEVWRABCRIEEN/#HE LY, BEORERAROIZ~10ppb DEEZITD Z LN TEIZ,

RNAA |2 L Y REE 11 5t% (La, Ce, Nd, Sm, Eu Gd, Tb, Ho, Tm, Yb, Lu) % & L 72, A1 Tl La,
Ce,Nd DEEIZ La, *Ce, "'Nd # IV 525, Zh b OBBIITHEFHFEXSREHOERME LT
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BEEDZ N TEZ,

LT A MERA 4 BT 39 TR L TEEBEEZRDZ, 20RO 2 WECIIMEY
BEL727 7273 arZLICREE BEEZB, 4 RBOFE - BELEFMERIT=Z LA ML
— T OBEMOEWHIZAY . REARDICZ LWH#EINZ22 L 54 N Tholz,

2T A NOMAIH /R REEBE X — (Cl2y T4 MEBETHEKL) ihHFEETED
BB LEVFERIOLD L, &% T TH (Light REE; LREE) 2B L TWAE EXNY R —
DZBEVHY, EFLH L BnICADREEZRTIENHILN TS, KETHONM LT A b
X3 RBAEE, 1 BRI REICHEY L, MO X 5FREKITR L, &8 B TIENWA
4519 B3V FRE — 0 NWA 322 A LR Y 2F— %R d, =54 MO LREE 2E K%
L B\ THHtR (Heavy REE; HREE) B ER/IIHMANELRY, LREEEERNZ— il T
A FRAARD REE "% — 2 Tlid72 < LREE 2B oS HiBk ECOBERICEIVIBA LS L
S TW3A[2], EDTA BHIEF O REE Y —NIRBEE 2 RTA bHD Ca Y VEREDO L D
@B) LV BBEEBRRBTHY ., ZOHFOPREGIENZ L2225 Z DO REE #{K1% Ca U VR
TRZRWEEZDBND, £DFA LREE 8 ERSIIHE THRICZ T2 hER ETOBEROEELE X
bivd, RIERS % A5 L, NWA 3222 Tid LREE 258 L TR Y, B D REE /3% — 2 ftl T
W35, —JF NWA 4519 D7 # i3 LREE
BECTHY., THITERIC L 5B !
AR5r CHE TR L 7255y 358
BBRETE TR0 L& %‘“
2bhd, LL, bLNWA4519» &

e NWA4519

..........
®e

S ~ 001 | —e— ik
SAS 73 %
FEUEHS A SRR {rztﬂén‘ép % =, e
atetE2 N3 &, HBREHKED —&— EDTAE H &
LREE RX&Z— L DEXX L VAT, 0.001
DIETTH D N ERITITE OER 1 NWA3222

Y. ETIHFYDEETIXEDTA R
HR & HEFRF A @ LREE /& — U M3

Y

Al

FCIZhsZ tidEELv e Bbis, g
NWA 4519 (3885260123 £ T O i 001 ‘\‘\0\)*\*_,
CDOEENED TNEWELBESH

TWpIZlxEXDHL, LREE#FER 000 T
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb L
NE—NE2 LT A MERKETO e Pr NdPmSm Eu Gd T Dy Ho Er Tm Yb Lu
TRlE ML TWARIEELEZEZ HND, B =11 k NWA 4519, NWA 3222 O REE 7#7E
B (Clay R4 hTHEA)

44 & EDTA R HK., HEER MK, i
[1] H. Minowa and M. Ebihara (2003) Anal. Chim. Acta, 498, 2537 7oy FSHTEY. WIFh b 2EE

[2] Y. Guan and G. Crozaz (2000) Meteorit. Planet. Sci., 35, 131-144 ~ ®T COREERLTND
TRV 2 DR T
[3]M. Ebihara and M. Honda (1987) Meteoritics, 22, 179-190



CKaAYFSA4 FBEIIL—TDLELFHEK
—EDHHEBESBELTOEEYE—
BHERRF R K PG TP es o o E L E K
FHILFMEE fHe ER

ET A=Y

CKar I MNEAITN—TIERFE 2 RI7A MERIZE S, KRR OEREZ
FoLt&ZBEZ2bHNhD, £OCK 22 K74 MEAITHE 194 (2011.1.1L.FHE ) HEIhTWD
M. FOIZE AN 1980 FELIBIZR A I TWD %, FEFINMED Thewn, ETEAE
Karoonda [Ef5 & Kobe [EA DA TH Y . ZDMITE T NTRESCHEB AR P TRE I3
ABEATHD, TOTN—TORFEDO—21I,. 310 6 DIEWEAFHIA TEFFOZLTHD,
ZOHRCAEROERZRIFTTIELEND 4006 CHESNIBEAEVRTFETD LV Z LT,
MORFBE 2 RI7A4 MEAITN—FITRVVEETH D, UL, £OBERIZET FMIX
EEALTRY, O E LT, Fe &R L LT TR BRI E L THET S Z
ELEFON5,

1990FERMNECKAY RFIA M A—TREFDOIN—F L LTHEIND XS ichotziie,
WRELTCV Y RIS M A—TLRIN—TTHDEVI RIS TS 8, HHEICE
BB 2 R TBRBRMAMEKZHANTHL CVay o4 FERBITES, REMICR=2 > R
FA NITN—TEEERBRICH A EBRBEINT VNS,

AW TILICK 2 R A4 FOEARCFEMBREZTN, TREMEROAN»D CK 22 KT A4 Dkt
BMERAONITHEELEMNE Lz, FIC, EREORVWIREEIC LEBERIZOWT, Eik,
HFLEOEBAENTVWECV Iy R M A—FL COary RIA M I A—F L DOEFRIZD
WTENENEZE LT,

[ & T F k]

RT3 BN CK, CV, CO 1 R I A MIGEES N TV SFEEBEA T HLE 4 20, 4, 2 &
Thod, CKar FoA4 ML TTIERFEHSE L, type 3,4, 5, 6 IS NDBEBABENTE
NnN26,82ML, 4/5 (type 4 £ 5DOFME) & 56 BE 1ETHSTHD, ZDHH CK5ITIER
TEEZLNTWDL—MOBANREEND,

Hi3k 2 72 R R TR A RO 5 %12 B EA K L TH 100mg OREHE AW THMTFFH
AR y ROHTE (PGA) %17V, FELHEMEE RO, RWT, ENEhOBEARREEZHE
fELTH—Ic Lk, 20— (¥ 50~80mg) % Fv TS T AU EoATE (INAA) I &
D, FERVBETEOERZITR o7, EHIZH 100mg 20 L. {LF0BE%. FEEET
T X< EESNE (ICP-MS) # AWTHERBMETLELEE L, £/, ¥ 50mg #AWTREAT
D Fe DIFTEREER A AT 7 —43HIEIC L v R~ 7-,

[#5 53R & & 2]
2 26 FEAIZKT LT, 33 TEDLELFHML & Fe DEEREBEARDIENTE T,



CK3 1244 ST\ 72 MET01149 AME4EIC, R | R mean (4]
2V RIA N IN—TThD L EAESNT, MET awerones
01149 1T 2B L FHK DO RN DB R 2V RI A4 b —

HLU.CK LILES FHEE Y — 2R LTz (Fig.1),
CK3 L p¥E =31 T 5 LAP03834 & Rk DFER %
AL (Fig1), i b2 bk s LL 2>

RIA ME—ETHEEN _2HY, MET01149 LA

S SREIOSENEDL LW L bholz, &

T

momme| | mean [5]
—e—LAP 03923
—e—MAC 02453

CK mean-nom alized abundances

BICBRDTFERIEE TATRT, R0 43Uk b1 AlSe Ca bV Mg Fe OrMnNa Zn se

BeBRILR 7 SRR S e o7, CK 2 RF A b Fig.1 2EMXARDNIBEOHFEE2—>
TSI BB I UDERFEO—D2THY AANTT—H5HRETHINLD 4 >DFEAD CK
TRWI ENRXFFINT,

Fig2 Z 16D CK 2 NI A FDOLRRBREOFHEEZ Cl = FT7 A FDOLRREE THEL
L EEREOER TR L, MKAOHMEIZCK 2 K74 M 16 HOERREEZ T, THRIT
BMIBEDORWVWITRPLERWIEEDIRIZIE <=, CK 22 R7 4 FOBERMETRIICI=a T
A ORI THE Y b3, RERBETERN GBEREMETRICHIT THRLZIIHEET S LW
IR ERO,CKay FI A MOTERREITIHDIT L2 16 HORBARK TRERIELDE ZRTH,
TREE L EOFHONEEOMICBEEIREY 2oz, £72, CK 2 R4 FOFHfE L CV,
CO =2 FIA NOYEZEZ AN THD L WEDOHEBITFERF I T DEER DI,

Fig.31Z CK,CV 2> KT 4 FOERMETE (S LV LEMEE DKV TER) OFEEMEE SUERE
ey ML, BONEEEBEIICBE S IZIE—LE, CK2Y F7 A4 MICVar R
FA MIHERTBL & TIOMKBRENS, CKay F74 N TEAFENZ A 7 L OMBEITR
LI o7,CVary K4 MERIUBRETRAERIZL Y ZNbDRERKITZEEZ D L,
BEAFENIA T EOMEABRRONIITTHHB Fig3 AN L) ICERMECEEFEL A
AFENZ A TORICHEIIR N, BFENL CK a2 K74 FECVar R4 MIES
BREERTHD Z LR INT,

LB L L L L L L L L D D D B D B B B B N B B R "- T T T T -
E m m
F  ® A B ]
L [ ] L
o 3 "zgl ° 1§ i E‘%E'
© L 4
g s A 6882 o ® o ®=H
g 1 E o1} w;
E 2 s a ° ]
© < 02
- o
s & | *a "
© © .’A
s E o001} &
Lo — c F ® CK4 O CK4 (6] Pe 2
= CK mean = fe cks o cK5[6] ]
o ——C0 mean [5] : & CK6 A CK6 [6]
-B-CV mean [5] B CY O CV [6]
0.001 1 —1 1 .
4 ] S N Y N T T Y N T N T T U0 OO Y T T Y T T N W W O | Pb BI h TI Cd
A1ScCa F TiluGdSmLaSiYb VCoNiMgEuFe CrAuMnAs K NaGaC 1ZnSe S
Fig.2 CK & CV & CO DHEE/E—> Fig.3CK& CVOBREAROFER/E—>

[1] The Meteoritical Bulletin Online Database [2]Kallemeyn et al. (1991) GCA, 55, 881-892. [3]Greenwood et al.
(2010) GCA, 74, 1684-1705. [4]Kallemeyn et al. (1996) GCA, 60, 2243-2256. [5]Wasson and Kallemeyn. (1988) Phil.
Trans. Roy. Soc. Lon. Ser. A, 325, 535-544. [6]Xiao and Lipschutz. (1992) JGR, 97, 10199-10211.



Julki 7z ey MIZBIT 2R 7 7HBOMERE 2 7~ ER 70k A

BAREREHRBRMEZMABELTKL
RAPHAZE HHNEIR

S kiizay FipwiIcBET 3> kil (F#., LWE, 85, BHHE)
oW T, ZNo6DKINBHYPIZEEITNZ Ay I Vv AIKBEINZALVIE
BYonthzitol. hvosvhaARRB R TitoBRHIcRBIN38HY
ThHH, CNICHEINZZ ANV FEER I LIV R~ OMRZREF L
TWARILEDBHEBEINS, JoTHY I VAPOANLITEEYOHKEZFARNS
LT MESIOER., EH5WCIRAT THEOHBKEHEL. LMD XD
RERICEB I A2/ ER 70X 2HoNICT A ENABE LS,
XN VEEMOHBRPOHE B LU THEDOHEBR 2 KD 7 5EHR.
M kiizay oSO KILDHE B EORAT THREDOHBKIZ. AV
TALAICEAKIL 7Yy bDOIATICHNET AR - WEBEO 7 V—7¢E, AV T A
2Lkl 7uery toEBIKMNETSES - V-7l 5 2 LW
TEL NERT2DANV I LEERBRIEDEBEDRVICEEL2ZIITES
T A T7TMEOAVILEEEERBL T, £, MK - LE T ICHEA
AAEAS 7 EN 140km FTELCEY, 5 -BHBETORZ 70 3H)E
BETH D% 100km L ) bELSMLARAATY S, 110km & H b EFTIX, R
STHD7 2P ¥ A4 b (AVITLICBUCHY) BPBHATBRICZEI T80,
g - LNETODAS 7 EIcBVT 72V vy AL FOBRAKDENRIYD, ZOHK
BLLTCHE - WBEORA I THABBLIVCHUE T DAV LEEENES -
BEO ZzHnICHRTE kot HESINS, o, OBEMELE XTI TR
I EOHBERHDH, 25 7THRBEOERTTH I Ky LDV Y ¥R
E2ETIY, v/ >0EREHT A, £7-, RO KILICERXT= |
VNANDRAT THREOHMBP R, HOBERMEINS v, FHEICEWTA
S7THABEONMBA DR, WMOBEEHICRAPL I ONTHARAL R T 7D
ERBELBRD, A TDEHBEATVE I EEFEL RV,

SEOMRIZE>T Mo kiizay FicfMBET 2> KILD 2 <4
R72 2B LEOMES 7O MBRIZ. AR AT TICk>THMI N7
EOHBEZRELKMLTWB I EBTrok, A7 7HRBGERICBIT S
PoHER 7o ABIOYE SR ICEEEEZ DL TEELRYET
H 5.



AVEFSA FRABICE TS FHBRERBRHNEZE 6Cl DERE

BHERFH AR FEBE T2 ER 0 F B L R
FHALEEE EP X

[1ZTDIZ] FHEMIIFEHER L I 2 BT RLF — DR FAROIR > TWT, HiEks
WHOIWHITHEZ TFHRLERE L TERIEPES, 2 REEMERIND, £REND
BRORNT SRV R 2 /O MSTHERERCAH VA B EITFHEFOICEE AT
HY ., MERSNIDEIFERE BN S TOHFECRE, #IBRICE T LEEREZHAIT S
DIV ER B,

BCLITFHERIC L > THERINIBHMEERED 1 > THY, BELZ 30 TEOERHLZ L
D, 3Clik, EiZ Fe, Ni bR BASAEBADOEBHF TIX, b DILEOEM
PRSI Ko TARE L, i< ICHIERICE T L2 FMEBRA CRERA DB TEREZHET S
ZERZESHVLNTWS, =57 A BREHE T OMOFHHE Tk Fe, N1 12z K, Ca, Cr
72 & ORGSR 35Cl OFUEF BRSNS X > THhAERIND, Zh b DAERKIGT
D 36Cl ERFIT, FHBROHOTRNAX —IZ Lo TRR - EEZRT D, FETENLD
BClEREEZRD D Z LT, FHRESCHENAME OFHRBHRE 2 &, FiHLEN2E
MEEDDZENHKD LIS, T I TAHEETIE, THETIZ5 DOBEAKRA T
DEFFHTLEN D D 6Cl ERBEHE L2 12, SHIZ2ODBAMA TOAERRERD,
ERREND IS O RO BB BEOHELRAT,

[3E8] Gold Basin [EAKI T #C,#D & L7z) ##HWTHRIL L, A &> CEHEEEHE
AR Y 500 T, BEMERIX HF TY —F U 7 L THE LT ERMEMEZRY BRWTL B
e Lz, oM EREHITS OICHBRTOE L CTBRICAT 3 HEMEIC X > T2 >08w
FIZR 7z, TOXRIICLTHRETRRBEORL D 5 20O (&4, EREM, &BH, &
RIVERE. BRRVEFH) 128\ T, 6CLIRE 2 INERE BEOITIEIC X » T, CL K, Ca, Cr, Fe, Ni
72 & D 36Cl ARG D ERRHITLRIRE & BURHME /M5 ICP B HIEIC L » TR -,
Fo. BEREZHIRT 572012, 4 2OWF TOLBH T OFEHRAE B ML 10Be
SHEZMEZEESTETERE LT,

[AREFHEAE] HHEO ®CIREIL, FrENPDLOAEMRE POCL., FMHICE I AEHTT
RORE % [Eilphase L T2 LU TOXTERE S,

36Clphase = Ziz;( P(36C1); X [Eilphase)
TIZTH, EREMTHETH S CL K+Ca, FetNi i OWTHOREZ A L L L., KA T
RICETOREZ BT TED, BN ZREICL > TERRERDT-,

[#5 5 - Z2] Gold Basin #A~#D D& BT D 36Cl JEEE IR EIZ S LI=RE L 138 2 -
TV, BRRBEORLZIZBETHHZLARBENS (E1), &BMATO 0Be BT



BRI D729, Wi i3#D, #B, #A, #C OJBICARWVRECH -t E X b5, &M
D 6CLIRED D b RROFERIH/ LI,

FARHITR DD O 36CHAERRRITR 2 1R Lz, LIETEE L7zl 2 b —HoFEcR % &
DHHELRFIETON LE LD, BEAKRELZHE Lz, PFe+NIIZXT 2 P(CD,
PEK+Ca)DtZ D &, PFe+tNDBRKEXWIEE P(CD / P(Fe+NDWS/NEL R BMEADRH Y
P(K+Ca) / P(Fe+tNDII K& 2 5 MAR H - 7=,

Gold Basin #C, #D Tl P(K+Ca) A DfE & 72 o 7=, £ 7= . Gold Basin #A, #B @ P(K+Ca)
I PFeANDIZET LV TCHEIN DL 3N ORES BRDZETHo772®, Zhvb 4D
PEACICIIER D -T2t B2 b b, PCOBENTZHIZ K+Ca b DF 5 BAERAIIZ
INEL N TE, ELKHETE 2o EHEBEIN D, Allegan, Barwell X P(Fe+Ni)H
BWZ EhoERBIES ORET, PCDIX0IZiFWEEZ B3, Gold Basin #\W\WTE %
% &, P(Fe+NDHEV Gao [BEA T P(K+Ca) / P(Fe+NiiZ K& < 72 o7z,

Gold Basin fBA CTO& BT D 36CLIREEIIKTF 5 7 A BBEM P O FHEKRIZEY
ARL LTz 36ClLIRE X ik 4 & K< Pl@EmER L7z (K1), P(CD/PEFe+tN)IZ&BMHF D
BCLWEEITK L CHHERH Y, EBRHF D BCIEENEL 78D, DEVERENKELS 2D
F R RNV =R FRHEMEHNCEE THDZ EBo0 5, £, 2 50 P(Cl), P(Fe+Ni)

ERURECHDEEZOND. e ————————
i 360 @ this work | HP(CD/PFerNi) |
= © weltenetal. ) 440
#1 &BH D D*Cl, "°Belf B [dpm/kg metal] %" o
fragment ¢l “Be £ 10 Eii ....... © {0 _
#A 249 =007 057 = 006 o sf o z
Gold #B 133 004 021 + 001 # | o o £
Basin #C 622 + 022 166 = 011 % °f ;o o {»3
#D 049 =+ 0.03 % 90 g
Gao 746 £ 015 137 + 003 & 4 !
Allegan 247 + 09 g | o
Barwell 224 =+ 0.5 ¥ K3
ﬂ.l%-]_ 2 -on sl 2 2 2 1 3 3 4 I:. 2 a2 1 2 8 2 0 2 2 b 20 10
0 2 4 6 8 10 12 14

& B AEF D*C1 B [dpm/kg metal]
1 Gold BasinB& 11 D*°C12E 1 5 i DHIBE
72 *°Cl 4% R [dpm / kg target element(s)] &R SR

P(Cl) P(K+Ca) _ P(Fe+Ni) P(Cl)/P(Fe + Ni) P(K+Ca) / P(Fe +Ni)
#A 41000 + 3000 14 + 4 26 +0.1 16000 + 1000 54 + 16
Gold #B 50000 + 3000 21 =19 15 =01 33000 + 3000 14 + 13
Basin #C 72000 + 3000 27 + 9 64 +02 11000 + 1000 -
#D 18000 + 1000 20 £ 2 0.50 = 0.03 36000 + 3000 -
Gao 120000 + 10000 120 + 10 7.7 + 03 16000 + 1000 16 + 1
Allegan  -42000 + 15000 340 + 20 27 + 1.0 - 13 + 1
Barwell 9300 + 3900 220 £ 20 25 + 1.0 - 8.8 £ 0.9

(1] i BE, ELRSTEERFEHRT(2006)

[2] ¥ 3530, FERCEEKRFEHIR(2008)

[3] Leya and Masarik, Meteo. & Planet. Sci., vol.44 (2009)
[4] Welten et al., Meteo. & Planet. Sci., vol.38 (2003)
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FIR KRB & S LA FERH R AR F K
RESPLENIZEER B BOG

[F] 57 V7 oRERBLBPEOBEICL > T, KRIBEDESEW ORAE BN
BERIZH D, BBEIZEBWTSH B ARMERIOMIEE T, SRS 5BEDEIC L 2BERI#E
INTEY, HRRVEERKIGEMEOEHIIET HIMANKRDLNATVWDS, — 5T, B
T2 BB E D RRGEME L HFET 572 8. KR ﬁﬁ’é%go)é@lﬁgﬁf&bé

WRIEHEDO T v id, BAKRHOOKSEE S L THIEL V. S HIKEZITERO=T o>
VERRT S P, Lo T, BBRICH L RBEREZ T T RVEKIZIE, BEROKROR
EATES N TND I &b, %é@q:ﬁ]ﬁ"]f;km@ﬂt%%ﬁlﬁ'@‘é EMTE B,

U bZBEz, SKPORTRMEEZANT, 2HEZ2ERICK 52 RRIGLEWE ZEBH L.

DEEBLFTET 2 Z L2 ARFROERE LT,

[EZB] £F0IBEFHEOEES, KRRJSEMEIZ L 2BEZEORARNEERL T,
STIERES - kgl - dbiEE R CORIBICB VW TEKRAB 2RI Lz, £7-. RHpyiis
BBHDTRENEEZZONA2RAEB LML, EARHIBARMAEOE, RIWAL TS
KEORTROE % 7B LT, B DN FIRYE T XBRRINSHESEE (XAFS) I2X2%
Wi, BEBRPETF R LS (INAA) L ZEAED <ot (MPGA) (X 5Tk
ST, EEBEFBEMEE (SEM-EDS) 12 X 288 L AR OKFITH T 5RO 21T o 72,

[RR L EE]

ORI #7

XAFS I & DREAITOFRER, K FIRD
‘B Ca X gypsum (CaSO,* 2H,0)D5 FE X,

BTHHZ LBy hoiz (Fig. 1), Ca %

BURIFEDBIT R PICRREREE
FT5L. KRFD SO ¢ KL gypsum
CEART S Y, EREIORAS MLk )
gypsum & calcite (CaCO3)D A7 kLT ,
RE—2T 49T 4 7 LI RER B w0 wm wm s s
B RIS R D BURE, KIEEIR e
DTy NVOEELBZITTWAHH  Fig 1 STILBL - £KEEED Ca DK XAFS 227 kL
AEIEVV IR OB T gypsum B3E < RABEMB A DN, E72, gypsum DERKT TH
B LI, TR OR PRI RIAAELO LB T 0% EFICE 5 b0 TIREL,
REFIZRFERFEE L W RR[RBERBE THHZ L 2R L TWN5,

S R L L7z XAFS IEDHKERTIX, Win (BILR) EHMEZRWZ2REHZIBWT
STORETH B S OFEIEPHER S,

normalized absorption

e S SRUERT AR
-« gypsum
-_calcite




OmB o

INAA IZ X 5 eHR 2 Tl Ca. V. Zn
WZIER L. BHEtRE (BF) & AWl
iTo72, Ca IIEBEMICEEIZEEND T
RTHL—FH T, LENFHALINLTWD,
V. Zn IZALBIITRMOBREO R B
RETHBCER SN ERETHS Y,
EF B A O Y E I ITEE W R E R
D JLk-1 ZER L7,

Ca @ EF (Fig. 2) 1%, > LUEEHIERE
W5 DORECEF > 1 &eo7z, NABNE
PRBD THRWHETH- TH EF B3 E
W2 kG KEER RO TR T D F 52
AR Iz, Eio. mEHORE (45E,
BRTRE ) THEWEF M5 bh i,
728, Fig. 2 MHF D CJ-1 iXTHEOE L ORE
EWETHY  HES RO DIRIEEDN D
EF ZHH L, Z0fEL2 SR TR L,

V @ EF (Fig. 3) IXiEE OBl (& 5R.
ERRTRER) CHR R R BE D EE HERUE)
NIES No.28 @ EF ##8 2 7=, FFET & K
ELT EHBEZERE T 5EBEME O
EVRE RS AR ORELTE VY EF
ERTEWIRERPE O, T, BEE
I CIERVE L 22 o 7,

Zn @ EF (Fig. 4) 1XERORECIE
WZEVMEZ R L, BB 0 R&RI5 G A B
WCRBEL TV D, @RIROREID S 5 L
WBIEV & Zn TEDHITEWEF 7R LTz,

not detected.
not detected.
not detected.

EIEREESE
EAFFIRAR
=REB
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SRR
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HEATAEF
>
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Fig. 4 Zn @ EF D LB

BB ECREEOPRIC L DB ROBRLELD

N5, SREEOHAR L BEEMD Zn D EF XV & ADOMEREZR LR, FOEIT/NED

o7, /ME, E/E, BETIXIV & Zn T

Pl mEmR LTz,

ULEORERMPL, Ca TRHEOLREROK FRWHEICLHEE L, WEEZHRRKL T
DRBOWME B ARRENT, e, AMOMPETRET DL VRO Zn ZERTHI LT, Kl

R REEROZBZTMT D LN TE
OfERBIAL T DBE &L TR

77

SEM-EDS IZ &k A KK EF B OIEE & FRIK FICkT 5 TR o 2T o7z, 1&& A EDRL



FiXSi & Al 2 &5 A, FFRFIZ Mg K %
BLbDHE Abiz, ZhbidEE
T ThodEEZOLND, Fig. 5 OIRPE
i DR B ITERIR ORLF IR E A
ool (KFnO), £OMARIE Si &
Al THR SND H D72 Tl (Fe BE
Db O bBRER I e, BRIKOR I
SREIEEAMR, Sk, B ERV 2R
BHIFEE LTz, ZORMEOR FIZ, kS
BT TR EZBRBE LT & 20ty
ThHTIAT valtErzbnd 9,
TIAT vV aPHERINIZHBIOPR T, A ETHh DIl IS AR KTIFEETBFEL
TWDDIFILEBEH Y ) —XOREOHL ThH o7z, TS O B AR O L OREHCE
WTHT7TAT vV aDFENERSNEZZ LD, TR EAZHEHREE LT L
DTEBTFEINT, Lo T, 7947 vy a2l KRIEEMEOIHROFREL b L EX
bNd, o, HFHEETH DK NHEET P OLHNDIZONTHRTT L7747 v adhi
BN L R AR b7,

Fig. 6 DOEWFIRHEAMB DOFEH 1%,
B2 WIEO EIRLTIRE 033 L
TWAHHLOBRAELNT, ZHiET 4 —F
MERHEROBE L 2 505 7Y, ks
e 3 FE AR A3 30T D 75 G 55 o T A HL oD 30K ©
boHRGELY R, AR THREOHIK
MIHITZ, (UTIIBEYIRD & 5 #Hi 5D
REITORERINTZZEND, T 14—
BAHER R O BEAE O JEE IR O #FE C
EZoTWHEWNWZ B, Fig. 6 @ REIATAIR OB D SEM B& (2000 %)
[faR] RBFZICL > T, UTFD 3 ROBEEH, (1) BXKFORFRBEIIRETICE
REEE L TWb DO THD Z BRI NT, Q) TEOHERKOR FRWEIC L 58
BLRHMBRRKIGEME DR BOW S M T2Z N8 TEE, B) 794 T v a2i
WHIZ DA L TWD Z BB L. TR EAZIEHEE LTWD Z ENRB I,
[ZZ K] 1) Isono, K. et al. 1959, J. Meteor. Soc. Japan, 37, 211-223. 2) Murakami, M. et al. 1985, J. Meteor.

Fig. 5 #RFE > JHOREID SEM 5B (2000 %)

Soc. Japan, 63, 119-128. 3) Mori, L. et al. 1998, Sci. Tot. Environ., 224, 87-91. 4) Han, J. S. et al. 2005, Atmos.
Environ., 39, 3113-3125. 5) Wang, C. F. et al. 1999, Anal. Chim. Acta, 392, 299-306. 6) Kutchko, B. G. and Kim, A.
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