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Abstract

FKIRAFAET B TIVIV O LR DT - LA - RA MM AR EZ<Y A 70— LAV ZEEX v ¥V T, R
FIT XA ARG E  (XAFS) 7081, BRURFTXMREITIC X ORE Lz, £ztbie L THBEDO L I DWW T B AR
DI ZRITo oo ZORER, TIVIVIZ goethite 75 & DBELERICHAS - BEEND T W Dh >z, £z EXAFS M 5,
TIVIVEE IR bR IEIC R R EEA L UTIFET 52— AT, LY (BL 2 EINEEEAE LTIFEST ST &N
Dhote, Z0YD, ELVICHNTTIVVZIKGEREMELS, HBICEE T NPTV, G5 NBILE\ DS
B fRE Kd Z R e 8 (Ka) DOENT 5 LIck D, HAGAFVEED Kd ZRHENICEINTE S W7,
CORIAIE, STROBRRN TORTZHE T S L TOEEREEE %5,

1. FL&IC FREICEIh Uz 51T, TIVIVD TR \OIEEIC X
RB/LRTHZT7IVIVIE, REBUEOEVITREROV & DAERRT B REEHADORMZ FETH 5 L > DR HEHA
DTHY, ZORSERNMAIIEES —FREROBICE BEELHEETZC LT, TIVVOERETTOBRITOLSE
ERERICHHE NIz 13l — AT, TV eimpEZIC DWW TR LTz,
RipBiWTEDIEE (LT AR ThHO, ZORREEE
DRI, TIVVEROBFE L L BE#HT 5 [4-7], LML, 2. S LURER
TN E THIBREJE T T LIV O XEE) L2 RAEIC B3 5 1 TN, O TE - T IV AERE U fz i L
HIFEmIcH Uh o7z, 20T, B4, 700t (E AN ORI THE L 72 [11-13], ARESEL T,
TOPIREZ, BEUDENBIEbNE YA 7 ub—LXH  ZEUEZAEEXKLE R OBUKEG HEIROBDIRD 7 )V
% FAO T R X ARSI S~ 2 7 - XERRUA D B RNATH O, WRlE LT 1959 FEE T
W& (XAFS) A7 MU - XEREHF (XRD) 5% % BEIL COzh, BERBILL TS, ABIBETIE, W
BAMICEKOPRE L (8]l TOKE, REHOTIVVIEE  SLLASRYIOLTO N S O #E - RERNCERZ BRI U 72,
F—RICIER IR DT, TV EEET B0 (FEYD 3% pH 12 4.8 TH > T2,
FEADBREEICER L, TV RN EI LI EZ S THEEERHE 0.5 mm DL EORAR FIEBRE, 2Hic WY
N2 LEEPFHNT, METTROZETINTIA SR LR Teo 7NV OEBLTEMMKIS XTI, H#EXERD
WL TH % XAFS BT IWIVICHEH T 2154, 30keV LI L HiEtBXOWR XEREFCRE LTz, T/WIVBXUEL
DEBIRIVF—=XMOFHAPRETH O, RRBEAD YOIV, THEERZIEE T/ L 721% T, ICP
XAFS OEH BB E W [9], 7z, PF BL-15A[10] 7% & BROMEciE Lz, 72, NV ERhor L vk
THELTV2 XRD ZEUEE TN ZHHAT S LT, T IVIVDILEFEIE, PF-AR DE—L 5 A 2 NW-10A T
TR OTEEDO S - ALAEKEE - KA MEYIZFRHCIRE WE L7z L K NG K U7 VL K WU XAFS A
TX %, AWIFETIE, THNSMEHE XD ez St Lz,
MHT 2T, HEROTIVIVOEE % ZE T % K70 Ko, HERN FOUEEN Z{FR L, SPring-8 D
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BL37XU 3 & U PF O BL-15A IZ BV T, ¥ -1 7 1 XRF-
XAFS-XRD #2170, WUhEEO T IV, L, %
R DR (XRF), {LZHEf#FT (XANES, EXAFS),
SEPIENT (XRD) Z17-o7, XRFESINTzTIVILZE
LY (goethite, ferrihydrite, illite) IZ¥d % TV K
Ut LY OWESEFESS EXAFS I X 5 W ERE (NE /
MEEEA) DT Z T T2,

3. BREER

3-1. HBROFIVIV - €L VDNV REE - (L2TEE KB
R
EIRGIOYTOD 5 OFEHC 9 % 7))V )VIBE % Fig. 11
RUTze TIVVEER, HiH 0.5 m MBI THRA (18 mgkg)
THH, iSRRI N B &HICZDOWRELI BT L
Teo SRILEL O LEEDO T IVIVIEREX, 0.12 5 18 mg/kg
OHFPICH O, HAERPHADOLTED T V)V EEEE (Zn
Z 1 0.075 mg/kg[14] 3 K U 0.027 mg/ke[15]) ICLLNT#Z
NEN 203 EBXT 5635 TH o7z FizihfaDIEAIZH
5N, TORBERWT, TEhOTIVIVOLEREE
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Figure 1 Total Te concentration in soils from abandoned mine tailings.
The box represents interquartile range (25th and 75th
percentile), the band near the middle of the box is the 50th
percentile (the median), the square indicates the mean value,
and the whisker represents Sth and 95th percentile.
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Figure 2 Eh—pH diagram for Se and Te at 25°C and 1.0 bar, which is
calculated and modified from previous studies [17].
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N3 LT, TIWVIVOLTEPORIICRIZT N EZFHNS
N3 ehrRmIniz,

TV @RI e tHERIOKZmA, MEhns
HEBPFNTFER, TV 8.4x107"% Uit hieh
S7h, LLVIZ 1% b Eh, coLmEhTREL Y
ETIVIVITEERTE LU IKITTBT R TN Ehah - Fz,
CDXHFEBIENEREICH S PO VL L VD
DR LIRE, FNFNTIIVIVEBLERE (HTeO,
BE) LHTIVVEE LR (HTeO, & E) BXULL YV
(b (Se0, & &) bt L VL (HSeO, 7%
E) BETHB (Fig. 2)o TOTHHPOLLVEBBXTTIV
VDIV T TD XAFS b b, L rikFicHitl >
s (Se0y) & UTHETRM, TIWIVIETIVIVIEE & diT
JVVEBINES L TW e, Eiiitkz @ik oo~ 7
74— (HPLC ; A& H1h T L2EE) /e 1ICPH
HOMEI T UIRR, filichrctlLvid, 2Tkl
VEBEOWRETH- Tz (FIVIVIEHIETED), ThHi,
EZoNBTIIVEL L DRFEEOHRT, L VENE
LATBAIRT VD THZEEZ LN,

3-2. XEHDEL Y - TIVIVORFRSAH

TR FEERICL, ¥4 70 XRFICK D ZHO 115
KL, TIVIVORESIN OBRREI T o 72, T OFEHR
FIVIVINBEE L TOBEMIEVWINEHDNEELELTED,
TIVVDRA MEE UTHIMDEETH S L EZ 5N
(Fig. 3)o TN HDTIVIVIBEEA DTV DFED /28
12, FHRACE TO XRD iz 17 (Fig. 4. % DFGEE,
NS ORI FZREKT 28 DFR /Y goethite TH D, —
i illite TH BT DD, TNEOHYMEELT
WBENEZh o Te, TIVIVIBEIRO T V)V DAL 7% [
ET BTdIT, TV K B 7 8 XANES % il &
U7z (Fig. 5)o ZORER, TIVVEERICIE, TIVIVEE
W VVBHIHEFELTHEEL TS T D RBE N, C
N5k, 79V 7 TO XANES T DRER AN TH %,
[ERED~ 1 7 10 XRF-XANES #7105, 70L& ERRIC
L& goethite R illite ICTBELENTE D, £HZzDfk
FREELUTE, el Uy LTREINTY
5T e oT, TORRE, /LT D XAFS OFER
E—EL T3,

— DT IVIV DL BV T, TV IV K WU
EXAFS DJIEICI LTz (Fig. 6) FAE#EEI L LT,
goethite 38 K UKL 8k (ferrihydrite) 1< Was & N7z
JVIVEE & 7 VIV D EXAFS ZHIE L7z (Fig. 6)o TN 5
% FEFF THIH L7285 X — &2 & Wiz EXAFS B#(T Y
4y FERBT LT, RFEEOERNESO NS, FHE
FUELD EXAFS DfEFifE S & DL 5, (i) goethite 35 &
U ferrihydrite IC W& E N7z d 7 )VIVEE & 7)VIVEBIX, 13
FEEOWEMEE LD T L, () WThOLEALE
MEET &L THOFESENHA LN, TIVIVIE goethite
ferrihydrite I NPBEIESAZIE R L TIRET % T &, (iii) T4
b IS N7 VIV E TS EERED N ESE k7% K
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Figure 4 p-XRD patterns of interested hot-spots in soil grains. The
upper, middle, and lower figures represent p-XRD patterns of
various hot-spots. (a: Spot 1, b: Spot 6, c: Spot 8, d: Spot 7, e:
spot 9, f: spot 10, g: Spot 3, h: Spot 4, and j: Spot 5)
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Energy (eV)

Figure 5 Te K-edge pu-XANES spectra (solid lines) of interested
hotspots in soil grains marked by open circles in Figure 1.
Red dotted lines on each spectrum are simulation spectra
obtained from the best LCF results by combining Na,TeO; and
Na,H,TeOq in the range of 31800-31835 eV.
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Figure3 p-XRF maps of selected areas in
contaminated soil. The upper figures are

optical image of five interested areas (A-E),

High while the middle and lower figures show
the maps of Te and Fe, respectively. The
open circles in Te maps indicate interested

Low hotspots for further p-XAFS measurement.
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Figure 6 Te K-edge EXAFS spectra of hotspots in soil grains and
adsorbed samples: (A) k’-weighted x(k) spectra, and (B)
their RSFs (phase shift not corrected). Solid lines are spectra
obtained by experiments, and red dash lines are calculated
spectra by curve-fitting analysis..

Bidentate- J}.‘ “‘
Binuclear \‘f\ Te(VI)-Fe: 3.3A
A"

Monodentate-
Mononuclear

Figure 7 Types of surface complex. Left: monodentate-mononuclear
surface complex; Right: bidentate-binuclear surface complex.

LTWaZ L, BENDhoT, TTTHEENDN
PSR, BRZE# (monodentate-mononuclear) $H{k & —
. (bidentate-binuclear) $i{ATdH % (Fig. 7)., THEH
DT IVIV D EXAFS I H1%7z Te-Fe DN 5, LHEho
goethite | CTT VIV R JESEAZTE L TV 5 T &H
mgENTz, BL YOS, it L VEETIEIFERRIC M
FESEARZTERR T 2D, L VBB TIREH (b2 Ea R
ROHNESRADMESA L 10 B T eV o Tz, JVESE AT
RS 5LV, EHEMEZEGZNDOT, LV
DIKIAIRENZE L S BN E WS HTHIORER EBRENTD

S U WAL



%o DXV, HIHIO/ VT ORI, LEmhTklL Y
BEICHELVEE LTEELTOLSICEMD ST, M
BICHHET 2 L VDIV IKISIRMEIC K 0 BRI
wi L L fmEns,

3-3. REHAFEDRE N & RIRAIRR

ko s, 7L L UBDEKRT 54 F Vg
AFDHL, LLVBOARD OK) B LT
BSEARZIE L, oA A2 TRNEHERERKRT %7z
B, TV TR L Y OIKERED RN EEZEZ BN S,
Linear free energy relationship[16] I X U, TVt L
VIREDE DA FVEREML ST S RS S A A
WIRGIKEELERAND Bl fRE (Kd) Ox#dEid, 43+
D pK, & HEBIFRICH D, pK, WRKEWEE (=558 D
55 B RZEER LTV, 2O EZHMALT,
Z < DA F YV EOKIALFIEND Kd 2 RN HEGR S 2 C
EWNTES, ElEKADKREVERIC, ZOREMEICE
WTAHBEHANERA L% T L A DIFSEE E THL
IZ7%>TETWVA [9,16]0

FTT, KRR EN D128 4 F VALV HE
1Y % IKEEAL BN\ DK 1M B A D MEIE AT DRGSR 2 R L
T, AFVEEHNES KL SESADNT N2 R T % h
& pK, & DBRZ TNz, ZDRER, 2 DD pK, DFEMHE
(= (K +pKp)2) DREEDIAICEA FVBZINRD &,
SBEISE R & NBIEE A Z 12 4 F V I 2 IHREIC X T & 72
(Fig. 8)o —7H, pK, *® pK,, DKE X TliR=5GE, 4 E
B8R & NBEESAZXAIT 5 2 &M TERD > Tz, TDHA,
200 pK, DN RE AR TH 5 T &id, RmFEAKD
A5 EIRAE D bidentate T 2 72, FIIME D 77 M EFIC G
B 52 DDBAOHHEZEMIKML TNB T LAY
EEZBND, TNEORHMEE, FF Y BEOKIEMHNES
ENORERRREZ THlIT 2 L TEEAFELIND Lx 5,
DR S, XAFS TIF b NI KIS ARSI, Tk
AN Z X LDFFIHR L LR OB E DO RMNARRIC K & 7%
Hiikz 925 LRl TWV5,

.
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Figure 8 Relationship between pK, values and attachment modes on
ferrihydrite for various oxyanions. The pK,, and pK,, values
are obtained from the reference.
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4. ¥¢8

BHEIOBRZED, TIVWVRLHEEOBWITTHED 1D
THO, BEE—FIHEMIC X0 E NI iED
1 DTEH 5728, ZOXHOMIFHIILBNERIRED,
5T, TIVVIEKREEREZR EICEMEbNsIcEMEbS
T, WhEE (L7 AR)) THBTD, ZOREHR
OFIFITEFERPANC L BEETH %, AWIZEE, HBIGHHD
AN 72 B % T & TTIV)Vix & OB THEDOEREE
BEEO KN TFZHEMNMITES T e 2RLTED, B
HRPFOBRBERIAAND EH R U T BB, R
AFETH W< A Z7 10 XRE-XAFS-XRD 7% & D& 71T
&, HEHEERE RARICHI Ul Xtk e UCEET
HY, SHOISEIFEENPIFRIEINS,

iz, TOLEIMDOSBLNZWEME (NEESA
vs. M EIEEIR) DIFEIE, ZFOILERDOZEE T B AT
AT S ETEETH S LHIC, 4+ VBOBREEEH
(pK,) 5 THERANOBRERENRFINCHIATES L »
5 K O B DB BB LA R ORI DIxhd
o7z, THUIE L DILHEOEH) RN HFET S L TD
EHEIYE LRI 75 B,
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