e

» 7 >

XBEPHECEBEHEEVLAELD
e I U FROREERETOBITBEDREEA

RtERRL, Ty e FeX T AL, BAET2, SO, mHds bl

VR RARF IR RS E VA7 AP HY T739-8526 A IR AR Byhigsil 1-3-1
PREFERANKR & DIFEAT U E MR T305-8567 © X 1-1-1 A7
SRERFYATFT T e 7y N0y T AV FEEMIE L X — T739-8530 HIKEH#HL 1-3-1

BEF—RFHREBAOFL(CL Y BHEINABTFUERRE (E(CE VLKLV ITR) &, REPEHRLRLE
W7 O0ERERTRALEBE « HBBLTLD, J05BRHICESTIE, KRTBHTRE(CILE L cBSTHERED,
KPTBERFOFEFTIEFHBHEEERTRNOBITL TV S, 5 LAEFHRBREOBEN(CIE, BETHEER
W XBANKEDBBNTHY, ERMASHEALRRLEEZHRICTHATODEFHREBERAOBITENCHTE
Do fofEL, BUHMRAER, BUHRBERS THELREREVOT, BEAMEEZEESIETRETS L
BRI TEAEV. ZDc®, BHRERONHPRENEZIALICEEMIITESL, EREOL S BoEEENXED
BRHS, BEEMEEENZTIERHNRBERZMAL TN T /O—FREELLD, 5 LABREGHRBITOK
R, BFMEESVLORBRT ABREICHT Z2REY, BHUEIVROLEARDNDOIAKBZEN, HOLEKED

BITICHEX 2HENALM(IR > T,

1. BUHIC

20114 3 A11H O FALH T K PREmHiER IC > TA L
TR NBER R FIREN (L%, REFEIE L)
DEMIZ LD, REOBFHEWE D EICKZREH THH
S, EARBRBEGREFIERIL WAV, BIE
Td, fRERFED OIIBUHEE THY S 7oK OU 2 i
E, RREL TCFMAHF IR VIR A H TS, —F
T, HECYPNTHH S NS 3 Y FIC LD s E RS
FERHRE T v #RIET A e EhTomy, Fik
D02 ERABAETY, SHBROFHESL T IVEF—H
Eir Y ORMNRERA»TE&IT L, BERBOMEILT
W2 5 S 7 IR BN T B,

CDXD7RT, Fx ORI INV—TIEHNEINEE R
HMSHOR AR HEAEE I L 5 TR E O 54k
RUFITB I HHEN ], SURBFEP OOHRAHET
B % P23 E AN E RN ELRTCHFE [REH AT
TIFEEFTFEAFE D BAHEY B O 8 R F B 5
LFAENIIE |, PRAF OB E A RTREE (R
IR T NIFRBEAIFRAAE S Bt E ORI 2R
FHEOMNT ), FrepheEmhe G s imprse - vhoe
FRER) [REBFERAFHIC X0k S h B sE
DOERERBICE 4 57BN R EICEE LYY, FiC
FIE-T [ -EEE D% T ORGSO BT HENCRI 4 %M

MR e D TE,

INOOMRICH T HHEOREY, HHKOMNM L &
DLFERE BT, BEPRTRE TW LB T
BV, ZO7DIT, ()EHLHNTTREL L 7 BAHEE D 5
i & B OHETE R RS G 3 3R> W0),
()= RAI B TR OIE & A 5 = AARH, HIh 5o
REOETIAL EFRFR, 72 & OPFRAED LR T
bo FIEEBIOFRR T, —HRHEA OV F T Lk E
KB A8 ELHHMBD, BHEFFEWICL T, IRIHICK
SN F BT I VR (FLEETH 5 B
OFWHNE8.02H) B IUBSHEL Y 7 A (FELEEIR
137Cs & B4Cs T, ERPIIIT TN TN 2.075FF L U30.24F)
KRN AV, SHICBAELKRE L TOLHHEHREL DWW
21E, ZTOBITEHHPPE SN TN L DIIFE OB E RS
MLy I ANTH D,

—J7, WO & BT E A R4 5 ETEIC
DEFEOMBED, BHMEEROBITY IR T % FEE T
B 5o Bl ZAITEEIRTIE, HAHEZRRE T FICRKKREh TR
IZWEE L7 C, BEFTHIINIHA LEHEISEIIN S
7, HEAERE LT KICIRA L EEIE 220 Tl « g
HIGEIN S T ADBE 2 N5, FlzlE, KNDOER
HEOFBVA LB VF I ATEIHFANOETLEZDN
%o AVRFINBSUTHY, WERRIC-1{fio 3 V1L
WA A& L TEHTNE, KBEEAESBEH LT WS

20 © #EHE Jan. 2014 Vol.27 No.1

(C) 2014 The Japanese Society for Synchrotron Radiation Research



FEY T X

XBANEC I DMEEE L 7 LSS VOBSEI VROEERE TOBITBIZDMREH

E2OoN 570, FEEOBRE TEMOLyH# b EEIC /L5,
Ty AOEET R F N OB R S D/2HIC, +
BICHMCBAE SN, R TIERBOD 7 —RBICH < &
FEnbsZ &850 Tw5b, LrL, CTNHOZERMENT
IC1d, EBRICE E TW bR EROEENNETD
0, ZOIZDITIIRBORESHICINZ T, (LFREOREHR
W HPIC T HMOEPOFEC BT HUEND %,

2. RIRPOBMSHEMHOLFEDEH

22V oTh, TNHOBHMEEBERERICED LD
AL L CHRET A0 EMWAT 5 2 LI3E S Tk
W, Fex O ILV—TTIE, A, B, 7YV
Y ORk 2 TR BB BN R L ORI & B 7o XORR IR I
HRES 1 (X-ray absorption fine structure; XAFS) % X
M~ 70 —A% A0t Xk XRF) #@#A9
LI LT, ThHRHCEENS (BEHERREICRE S 9)
B2 e TR % R 015 247> T &/ (BRI
WEOESE - BHSWEBR), UL, REEEEOF
FBOMIPICE VT, ChbOMIEEBEOmE RS K E
TRPHICIE->TLED, MEOHHET WCs RENEW
& ATIE, SRR TV 21351000 Bq/kg ## 2 555
Fraas D, #ildE L T10000 Bq/kg #{HEdT 5 &, TDE
JVHERE132.28 x 10~ mol/kg (=3.12ppt) 75 b, SO
1000f%, D% D ppb L' NL D B1Cs % &3k 2 ST L
7o LTh, XAFSETHRHTESL UL Tid v ()
21E, N 2775V Fua T CEBREARL -85
XAFS 1O G T & 5 D38 ppm UXJV), filld
bR ML © XAFS B FICERRE R & D137 <, K
SHRERITE LIS O J7 1T & B 137Cs OO M L AN ] 1T bR
THHEPD G5, TDId, XAFSELZFIH T 51T
¥, MUTEABREHCDERERML TR S IE 070,
XAFS JlE I LR ppm LV TH HDT, EEE
DEEDI000f5 L LD Cs iz 7a\v & XAFS 7z & D
SXEZEATEL Y, ZOBE, XAFSETHE LN
THh, EBEO BCs 28 & AL R L Th ARk 7x
W

=T, REHTWIERRY « ALPEREA N2 T, A RER
TILLDBEEBALERHARL Z LZ LI LI fThbh 5, flz
W, B VY A GO RER A RIBEBDA VTS
£V —"THi% L CRATHERE & e 3 hud, ottt
VI ABKICET TN ED0, KFORTICEENTW5
PGB, HEAR A RAETHEM T AT LT, K
Y ABBEBEITLEOTAFHE LT, flzidA 4
T, REBEM, BCEUH, FEMHER S ICEORES
ENDPEHETES GERPIRLEE) . S HICHEHRIC
Lok En, V—Y—RBHICID\HEEHETHA A—D
V7T U—FERRAWIIE, 1003 7 0 VREOSRETH
B OBMHEI L MAZ LB TES, LL, ThHD

FER, MR GRERErEREALLZ LIITET, #
LN/ T — R e RIALFBEEAHEE L TOWAITEE R\,
Lk 2 bp b, BEER O ER R OfL 4 248
B 5121, KEEOBRHZ HRYTER 2 L TS 72756k
(IS & oML, AHRENE TRz B ERICHRL,
2 DOFENZ HIREZEZ BY L WEALSE 7 )V THifH
L7aii 6, ZORGITHLBLERD H, KRETIE, Wi
B HHADEE R L 7otk e o A% 3 U RICTHA
LRREMN LD, BEICET SR THE
HUCHFIE 2 HED 7 Bl FA N T %o

3. A9%

B 37 R, RIS A A 728 A ICHR IR 5 4
FIER T/, BEOFHUFI,» A LR TOITHE
DBWHRPIINTE/, Fxrd, WEREREFEERF» S
TR BEZEY) OB AL 1B 5 AR s & LT, U
OBRBEBHOWM R LMD TE 70, HICEBREER
TR S B a v FE (BU) &, FE18.02H &
L, EBEOREOBSEREIC X A5E133 » ARRE
THEICZ>TLED (RFMO 2L & V7 KR ILT6E
EH, WMEICIImEBE RS TR R EBARE), £Di
O, o 7ot 2 &L 27 Fa s A EEIC x
Lo Foalt, EEETHL IV A Y 17) 248
I8 A TRIRIR AR BTRAVA T K-LE%R (T EHEEIRK)
T, FICHEEEH S0 cm OES FTO AT EDIL
TR TARNLHA T2, COLBEHFOI TR
RE1X20-60 mg/kg T, HEEE 07 7 A IVITHERK
FEEOZNEFLLTERY, IVEIEEWICIYAE
N5 PRI NI,

CDOT EEEPDBHT-DIZ, SPring-8 DY —AF A4/
BLOIB1# T, CoLEFDI Y EDOKKKIH
XANES O A7 + b (Fig. 1) Z{IE L 721820 ) % /- ik
DI=DICEELBBRABO AT ML d Fig. 11w L 72,
X BRI AT e S (Xray absorption near-edge struc-
ture; XANES) Of#HT T, A7 FIVOFIR % il %
TET, MR ETLLEOEEEHET S FRHUE),
3 7 3% K W is XANES (38 # 0D 7a v A7 VT,
Bir pbF M A XG4 5 ETHEE TllZmws, £ Th
MRETH 5 AL I U HREBOLFE L LEFO I Y
FDANT FIVIRRE L Wb, —HT, XtV
RICIIEDPEES L72MLE&Y (triiodo-thyronine) <, K
RITHFAET A IEEWE (LEHOFEY OIS 5 Ik
REL%L L) ICHEENLHITEDOANRY R, T3
KB O IAVED AR BV ERBROBIRE R L 72e T
T i, COTERRTIVENBEYEICHES LR
e, HICIBWE ROV VERICIHAERK S L7REETa
VEDPFEL TWA T EAREL TW5,

DO L1E, <A 70 —A%F W8t X oW

BEtHE Jan. 2014 Vol.27 No.1 © 2]



Standard humic acid

Triiodo-thyronine

Soil sample

Normalized Absorption

| | | L |
33.16 33.18 33.20 33.22 33.24
Energy (keV)

Fig. 1 Iodine K-edge XANES spectra of standard materials and soil
sample collected in Yoro area.

Fig. 2 (Color online) Distributions of iodine, carbon, iron, and
aluminum in the soil particle in Yoro area.
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Fig. 3 (Color online) Depth profiles of radiocesium (13’Cs) and
radioiodine (13!I) in the soil core collected on April 13, 2011
in Koriyama City, Fukushima.
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Fig. 4 Dissolved fraction of 3T and !*’Cs leached from soil into
water at various pH for the surface soil sample collected in
Koriyama City, Fukushima.
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Fig. 5 Radial structural function (RSF; phase shift not corrected)
of Cs LIII-edge EXAFS spectra of reference materials (a:
hydrated Cs ion; b: Cs adsorbed on vermiculite) and Cs ad-
orbed on (c) soil and (d) river sediment samples collected in
Fukushima. Solid lines are spectra obtained by experiments
and dotted lines are fitted spectra by curve-fitting analysis.
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Fig. 6 (Color online) Schematics of inner-sphere and outer-sphere
complexes of (a) Cs* and (b) Ca2* adsorbed on 2:1 phyl-
losilicates.

THREAT LD, KEREY T LA T/ TR, —
FHZOESITKEREBA LT VL, TABAEEKY — 5
JERICIEARBBRICY A AWIC 7 4 v P T4, CORRE
2, KRR L DVEETH 5720, LV T LA TV ORE
B 7 R 7 73 & %3184

—77, EXAFS 75 & D50t TR L S E-F A Ok «
R A AV OREEERNIGE, NIV TLAT Y
(Ca%+) 7 X CARA L VOMKUNOEFSIIRON
J, ABEEEE L TKRLcEZRESNL T EN0
o WEHBEILED LS 3MOBBA 4 TH, TV/EY
OJ A FANORERL, K pH ChmOKEEZES 10 kv
{EL TV AEEICIE, 0B AL TS (pH
WA, MBEEL KB E ONBEE S LR
%)3530)  SEENL 2 iR 3flid A A DI NEE IR =
DT, Ly AOTHBABEEEEREIED G & DR
i, By oL LR AR & OR RN AEERICRRA
BBbHEEZDN,

ALYy I ALTH, A94F, EVEYARFAL, N—
SFLTA P NOBREREPRIL S T LIk, Peak A &
Peak BOKE XD LR TE %, Peak B D Peak A
I ARESE, Fg. 726902580, B/ EYRS
AFP<ASAF<NN=3IF 254 F&ixD, ZOIRICHE
FEROFENKEL LD EEZONS, JHUTF WL On
DERDPEZONLHD, FlzEEv/EVBEFAFL0DD
N=3F 274 F THBEEEROFER LD REWI &,
[EfEEOFOBRMOFMATHBINS, EV/EYETT A |
T, BV U LAGEOREBEBEERELENTIVI DT A
B HIAEHIC AT >Mg? OEBICHR T L5 AHMPE D 5
72, TABAEBK L OBEZEOMEETAELICS VW, —
J, N=3F 74 FOAREMIT, SitT AR ICHkKL
FICr A B AEEPICHFEET H720, BV T LAEDOHEHEE
TREEDERICH G TE 5, ZOME, N—IF2154F
DFHPEV/EVAETA PR LREICE YT LERETE
%o COXDIZ, EXAFS 2R HNBEE RO, Ch
ETEZOLN TV LI « BRI OERLMEE &
BEWITH B3,

24 © FEHE Jan. 2014 Vol.27 No.1



FEY T X

XBANEC I DMEEE L 7 LSS VOBSEI VROEERE TOBITBIZDMREH

FT magnitude

R+AR (A)

Fig. 7 (Color online) RSF of Cs LIII-edge EXAFS spectra for Cs
adsorbed on montmorillonite, vermiculite, and illite at pH
4.0 or 7.0. Black and red lines are experimental and fitted
data, respectively.
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Fig. 8 Sequential extraction of Cs adsorbed on soil and sediment
collected in Fukushima. F1: exchangeable ions leached by
the addition of 1.0 M NaCl (pH 7.0); F2: carbonate phase
leached by 0.11 M acetic acid; F3: reducible phase leached by
0.50 M NH,OH+*HCI; F4: organic phase leached by 8.8 M
H,0, (pH 2.0 with HNOs); F5: residue (insoluble phase).

Organics

Fig. 9 (Color online) Schematic of inhibition of adsorption of
hydrated Cs ion into the interlayer of phyllosilicate by soil
organic matter.
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Fig. 10 (Color online) RSF of Cs LIII-edge EXAFS spectra for Cs
adsorbed on vermiculite in the absence and presence of
humic substances (HS). Amount of HS adsorbed on ver-
miculite was larger in (1) than in (2). Black and red lines
are experimental and fitted data, respectively.
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An X-ray spectroscopy study on the migration
processes of radiocesium and radioiodine
at land surface
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Abstract Radionuclides, such as radiocesium and radioiodine, released from the Fukushima Daiichi Nuclear
Power Plant (FDNPP) accident have been migrating controlled by various chemical processes in
environment. On land surface, radionuclides deposited from atmosphere have moved under the in-
fluence of chemical effects of water and soil particles. X-ray absorption fine structure (XAFS)
spectroscopy using synchrotron radiation is a powerful tool to understand the elementary
processes of the migration, which has been employed in other studies on the migration and chemi-
cal processes of toxic elements. To estimate the behavior of radionuclides, however, the mole
concentration of radionuclides is too low to be detected by such direct speciation method, even if
the radioactivities are very high. Hence, it is essential to couple (i) classical methods such as dis-
tribution of radionuclides by radiochemical method and sequential extraction technique and (ii)
spectroscopic method written above to compensate these two approaches each other. Based on
the multiple analyses, it was found that (i) radiocesium is strongly adsorbed on phyllosilicate and
(ii) radioiodine is effectively incorporated into humic substances in Fukushima soil, which can be a
basis to understand their migration behaviors in land area.
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