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K-BENFHDONEIC SR D BRNOZEE STXM THRANT, ZOMR, REKPOEH T = BEDEIIKE
TB5CLET, MATHELES TLANAFRLELTHFELSC BB I LDRE N, CALDMERND, STXM ZF|
RL-A#YOBEREY v EL/F, REPOPERRICETZLFHFBRELZRNAT I LTCERELREERLT

CEDEANYIETFTETH S5,

1. IU®HIC

WA & IV 72 XAFS ¥EIC & A T E O L5 ERh
(ARVI—vaV) &, RBROEH, 4, 1%, =7
LY V7 EICE ENDER % I TGRS 7oA B % B
BT H728, HIERCBE Tlid & 2 BL4 (L0901 fif 8
FT5ECARAREFELE>TECWLY, CNETH
X#paeHw7- XAFS i, fRaemFEegicl, REL
FSHITB W TEE MR R AAR L TE/, FHE
E£TIH, KBIg—% AW {HEoumBEO X #H%2HW
TRFEE TOTLED ARV T— 3 VB, LD —LA
FAVTITZH EDITTr> TWh, BEDOEAL HELYH
FILAEE, 0mBEOKESF 1 KRED = 5P
% BTkt ZEE RETH D, BREI(L - HER(EFHY
TR IR FIH SN TS, LpL, SHIT/hS R
S K+ 7e &) AT HFICT 5I20E, um &
JE LAV DOZER G FRREIT LT L b T4 Tld e\,

—75, B X BEEO XAFS #f i\ ARy T —Y 3V
i3, EBRIZHEN DN SWREFHETOKE2HE Bl2id
TV KEE) IZ2WTEHESHWLNTEZ, LaL,
KW AN DG E\CEE KR x & OBTeHRIT, £
TR DK & Ak X AR EBIC RIS A D S 7o, TOHE
BEPEIC LB 6, XAFS % Fl W22 BB b4 5eis %
72\,

INHDOT LD, XVEWERSMRET, K0V

Fw, Lo ON XAFS & W7o Bk b « BRI
BOWTEELHHE L - T&e, ThHOEFIIEZLN
HEFEEDL OO0, KEESOFETHS STXM Th 5,
FFEO—AN (BB 13, 200440 Chan 5O A1 E
LEELE | ICBIS 5500 € STXM OFFFE & A HE % 0
0, ZOENNOBADLEEN: A\ D OB T L
T&ERLY, THLAFT, 2012427 > Th o =K
UVSOR® ¢, i\ TPF CSTXM? A ¥ %5ICE -
720 HHANICATE, STXMORY VRZ A LTETTY
FEZLTCWBHOREIRT, HAT2HD STXM HBE)L
RO/l LIIBFEIRELTHY, REESTHNOL
TWABHEGHORBICKE SEMT 500 LifFsN 5,

AR TIE, STXM % BREEALF AR I I L 726l %R
o Bk Xk Hic, BB T &0 EWERI S RAE T &
DNBNTERE AL EDRBENTHD, TNBEL SN2
SOBFFEH (TSTXM % & B\ =AM X 5 S iR,
G ONMMFV—FV7) OBEEBE] & [Ty A
DKL~ OWFE I FUE T B E OFE D IC OV T,
LUF TR L 72\

2. STXM & b5 W =WEVICK LMBHR
R INMMFV—=F20) OEIEHRRE

INA F VY —F 7 (bioleaching) &%, /N7 5V T 7%
E OWMAMORBHENEIC X 5 BRI OBEFRIER I J UL
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MCaEn2GBRIBIEFAZE%R T 5, ChETIC,
OFMEE GF, i, 2% & UvIVE) 2E5THEMN
WMAEHOIEH CHEMINS Z EPREINTWEY, /N q
FVU—F V7 ORERITE <, FICHT O AR R TR
IOHEKAICENFIEST % & BRBRANICH DTz,
PR E M DR G- L T 5 C E DRAIICTE
B S N/cDIF IRy HT L <, 194742 Colmer 5 23K E D
RETOIEVEFLEE K 7> O EERLHIES Acidithiobacillus ferroox-
idans T HEEL 722 LIC L BY, FURLET—AFFUT D
PSR CTlE, N"A T —F V7L 58 RBERFERA S
NnTEY, BfE, HROMEEZOK20% 85/ F U —
FUTEC IV EEIN TN LY,

NA XN —F V7 ERHOKRE kil & L TR\ fF
HENET ON 5D, MEREETIFEDII 2 IGIC L > TD
AL OMAL RGP E L S &, BEBERPTO Fe2t O
AL SSRE L/ NS WS ERMOENTW AR, BRESIGIC
WEEMDBEE-T 5 L ZDRIGEREIZ—E TS, TNETOD
W2 Cld, A. ferrooxidans S OMAEMOFAEIC k> T, K
RS D IERRREDO B 15 0 OB F5E < 70 % C LA
éhf\n%m“o

ZNTE, BAEDITED XS BT X > THRWE R
EAMBE I TWBEDREAL D, MEWIEwICEEns
FRIGRESK 75 & BT R OB LRISIC L » TV F — %
BLTW5, BETHAHEDFHOTHREEFHE T HICIE—H
BRI DBEPHY, BEWIREEED 3R L F
RS B ODOFE « DI AR S EEZ BN 5D, OIS L
LT, Bl ffals 2 v X7 0 U 7c B PR RIG/2 0T
<, BEYDSEEE ML TG & (AL 5 4 (K5t
WEEREBINCEA 5 C Lin EEHIT N TS (Bl
X, SEEEREY L OHEE, BEEEMEZTOES),
LpL, EDOLDWE, BRIC K-> THEYHIEY % ¥
fEL TWBOPITOWTRIRBALHAEE L, N F Y —
F v 7 DERRLERRNDODHS &L r > T b, RIFHL
RPS VIR KOEEE, 5 EORMBERICERT %, /31
AV —F VT MEY- WA & D £100 nm R E
DRFTHEE TR E T, EESWDLEDOOTHEHL W, M
2T, NAF U —=F V738 & BRI A 2R IRIG
THY, EEIEHTHSH L —KRTH 5,

CNOORBICHN LT, #idd STXM (3572 7 i e
(<50nm) RTLENHE « TREREL R, &B LA
B ORGSR C SISz T, JEF v V3 —H
TEEZEYNE LT, ERFEBD XS ke &L s
LILHTES, EOENIFEEHFET S, ThbHOD
STXM OFI &L, EIZX/IeNA X)) —F V7 HEICE
A5 EOMBEE B CE 5 READ 5, &<,
22 FRAEAN50 nm AR & E\ 72, Bum &\ A
Mt A X aERL Th, TN (e Ew it
HM) OEFESHBAERTHD, RSB NA F
U —F TR BRI T E 5, RfaTld, mfegk

SO 7 T T ) —F T ERERIIC STXM 0 A L
7o x OB A & ST, FZITH BRI - 7o O —i
RANT B,

2.1 STXM (L& BWEY-SYRERBEICE I £ 6D
FHEOKRE

KR TIE, RENZY) —F VI RNT7 7T TH5H
Acidithiobacillus ferrooxidans (ATCC 23270%F) IZ L 5
$RIL (pyrite, FeS,) OBMLEMERICEH L TW5, A
fervooxidans 1%, HXMEALFIIKENRZ TV T THY,
pyrite ICE £ N 5 2 figh % TRL L Tz L+ —%f5
LML N7 VT ThHbH, STXM 4#1id, UVSOR BL
-4U % X U Photon Factory BL-13A 1 CTHE fii L 7o
STXM BT FHBEHT, b7 4 FEoOHEK (50~100 nm)
11T L7 A RR 2 g S & TR L 7o,

Fig. 113, A4V —F v 7KK (a) & EBRE D) ICE
\F % pyrite R OE T HMEE (SEM) TEThH b, U—
F v 7 KO pyrite REICIE, THWZT TR, M
fat 4 ZOBAPERBEF CBE S NS, COEATT Y
F Vv I (etching pit) &MEEN, A. ferrooxidans 12 K %
Mgk —F v 7 T, HBRICBEShLIRELTH
%12, pyrite (B H CHMEMRS 5 &L THEB SN S,
D X, KEBRTY, A ferrooxidans 7> pyrite R IZ AT
BFL, TOE T IERT 5 EEN R LERE S
VAR X e A

Fig. 2b i2i3, AYMROLEAS FEEZBNB X /N
78 (protein), &M %KM (alginate), mhik % fEHH
(agarose), %M (DNA), fBE (lipid) DRFE K I
XANES A7 F)VERL TW5, FEEYEHTEY—
IANVF =BT A6 (E—27 T3V F—ITHIG
JTLERELBETERIITale 15R), KFE K WL
XANES 27 FVa WS C & THED kO F Y TE
RETE 5, £/-Fig. 213, U—F 27308 HORIHR
FHT & N 5 pyrite KFICfHEE L 72 A. ferrooxidans i
DRFEA A=/ 73 XU XANES A7 F L& RL T
Wh, FEOBRWES L pyrite L FTH D, FD LS
R L KT 72885 13 pyrite B T OFE IS A5 L 72 A

Fig. 1 SEM images of pyrite particles after 4 weeks incubation
without A. ferrooxidans (a) and with A. ferrooxidans (b).
Black and white arrows in images (b) stand for rod-shaped
pits and A. ferrooxidans cells on the pyrite surface,

respectively!? .
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Fig.2 STXM-based C image and C K-edge XANES spectra of
model compounds and A. ferrooxidans cells on the pyrite in
2 weeks incubation samples. Absorption edge peaks were
identified as aromatic C at 285.2 eV (a), aliphatic C at 287.3
eV (b), amide C at 288.2 eV (c), carboxylic C at 288.6 eV
(d), and O-alkyl C at 289.3 eV (e)17.

Servooxidans Ml B S N5, LMIFEEKDO XANES T
1% (Fig. 2b ® whole cell), aromatic (F &) 285.2eV
(a), aliphatic (i) 287.3eV (b), peptide (\X7F
) 288.2eV (c), carboxyl (Z1VRF/ V) 288.6 eV (d)
D= BBlESH, BERREOFPHLEE TS &,

xVUNTE, SBEE, BB, BIRD A ferrooxidans fif
ICEENTVWALT Ehbrb, L, X777 (KB
B E. coli) DjRF XANES 5 #1% 45 7% - 7-BEA BRI &
LM AERTH H, THICHL T, pyrite-fifaft
A B LU MIasET O K% XANES AX7 } )L (Fig. 2b
O interface 1 & interface 2) %, FIZEeE S HEEIC %
TAHE— T DRHEBL T\, TORERIL, A. ferrooxidans
DT CEEME A FEICE S/Milas Bl A EA L T 5

Table 1 Major organic functional groups present in model com-
pounds and samples (summarized data from Keiluweit et
al.®)

Energy

peak (eV Transition Functional group
a 285.2 1s—nf_c aromatic C
b 287.3 1s—3p/c* aliphatic C
c 288.2 1s—n&_o amide C (peptide bond)
d 288.6 1s—nf_o carboxyl C (acidic polysaccharide)
e 289.3 1s—3p/o* O-alkyl C
. protein
pyrite
500 nm
UGG
Fig. 3 (Color online) Color-coded compositional image. Images

collected at each specific absorption edge (polysaccharide:
288.6 eV, protein: 288.2 eV, lipid: 287.3 eV) were merged in
the image!¥.

LR b,

WA B R OLE RS FEA A—Y 7 % RGB
(red, green, blue) IZ53 L TR L 75587 Fig. 3 T
bo FOFER, #2378 (green) B LURE (blue)
M ORIC S S BlE SN, P (red) (TS
i & pyrite I FRMEMICE K FHET LT EDWRSI N, C
i, XANES 27 R L TH O NHER ERFTH
D, 03D MR- S T CE R RENE S B D,
A. ferrooxidans DfFFETH T WEIC & Tl s+ B B % o
ALTWBIEAERLTWAYW, FleA A=V V7 ER
P56, BHEICE O EBOE Z03150-200 nm £ TH
D, ZOMEEM A. ferrooxidans 1= X 5 pyrite I E D Kt
BThbeELZONS, Mangold &%, I IBEmEE
(AFM) # & H\T, A. ferrooxidans 75 pyrite FEH 12 4 %,
THMBEAERY A TRALL T B, i 6OBE T
M ERY OIEZB150nm BETHHZ &2l L T
BY, AR THLNIBEERE LTI TH %,

2.2 STXM [C&L2WEY-YMBERAICS T 58%EZF
BORE

JRZZD STXM 75 ¥1 70 6, A. ferrooxidans I\~ X 5 W ME%

FEEIC & SRSV E B DREE DR S o, —BIICERYE
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SRERIT S B EBRE N\ oo, MR OfEl &
L T pyrite DKGEBEAB IS S LB TFHINS,
COEFEW S NICT 572012, STXM I X A B4k
WHABEIC ST 8O o 55 T - 7o ST
HIZHFAET B8P BHESER L L TIREL Thul, A fer-
rooxidans 75 PEE 3 % MRSt S B AERBED B S C &
RS & 7n B, BREERRH LU U —F v 7Rk
Ok L i XANES A7 F L% Fig. 4d 1R 9, EHER
D5b, 2L SO —7 v T RIFE—FEN
ZNn707.5eV, 709.1eV TH - /o, BEESLOZFEDOEE,

AR L TE—27 v JOLFNVF =NV T FF52
LR L TW5h, Pyrite D k9 bk BIEA
(chlorite) @ X 57547 A BBEHICEEAIMDAENT W5
BEE3, 2ffigkCho TOLEFOIRIIF—v 7 FIEIE
N, R ARBERAL O 2 fligh & 13RS T FIVF—I1C
V=27 bty IHRBEINLZ EAmEINTWAHE, —
77, SRS ROBERESR & U TEIRL 727 L% VB gk
2 flits ZU31fli) OANRYZ FIVTIE, BEENMO 2 fligk
E3ffigk LML T RNVF—LEICE -2y TRBSH
LS &7 5 7 (Fig. 4d), A. ferrooxidans 0 i 58 15
O XANES 27 FIVICIE, 2 2O —27 REZExh

ZNHOITFXIVF—FMHRAECALO 2 M & 3fliok & [ L
IFRNVF—BICEHE SN, £/2, MlEEKO

XANES A7 Ui, pyrite &3 HE: 5 AR FIVIBIR
HL, WO 23 EznTuwirzwnwEEZbh
Bo CNOHOKERD, A. ferrooxidans MFIZIL, FRSRHAC
(Lo 2 fii & 3ffiOW T DM A EEN T WD T &R
SNz, F72, A ferrooxidans fEfID AR 7 RV, #-
BREEHRDBERERRLTH L 7T IVF VBRSO A7 F )L &
PLTEY, MgPcEEns80KT51E, WL
BN T & LB (R L CTHRAEL TWAZ EaRLTW
Bo DT ki, A. ferrooxidans HPELE T A MNAS G B
D LEEEREEET L B Z/HFT 5, T/,
pyrite BRI D A A=V 7 OFER, gkiziiast
BIC &= A 7SIl -pyrite BERHICIRE L TWDH T &b,
Ml By (B SREED) IC X A OB RS X
U pyrite IC & EN 2 FROEMER AR~k L T\ % (Fig.
4¢), L 7=7 - T, STXMIC & % # L s XANES & A
A=V TRERMN G, A. ferrooxidans 4B SEAEREE R B
L, SRR L SRE R T IE T 5 A KRS T (R L R
TR CER T 5 Z PR INT,

2.3 A. ferrooxidans O pyrite AfRET )L
CNHORRDPENA T —=F VT DET VAN TH

% A. ferrooxidans 12 X % pyrite ¥ fi# KI5 O fi# B % 3R A&

720 AEY-SERIEIC B B RE, SO R LS

cells  Carbon

pyrite

500 nm

Normalized absorption

ol

g Fe(Fe(ily

whole cell
I
interface 1

interface 2

Fe(lll)-alginate

Fe(ll)-alginate

biotite
I
siderite
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704 706 708 710 712 714

Energy(eV)

Fig. 4 (Color online) STXM-based Fe image and Fe L, ; XANES spectra of model compounds and A. ferrooxidans
cells on the pyrite. Vertical lines were displayed to show the specific Fe (II) and Fe (III) peaks at 707.5 and 709.1

eV, respectively!?.

#5135 Nov. 2016 Vol.29 No.6 @ 297



Extracellular polymeric substances
with organic ligands

Outer membrane protein

p,
A. ferrooxidans cell

Fe(lll)-L

Fe(ll)-L Oxidation
Dissoll;'"'ﬁm_l,c ):‘
= enzymatic

** non-enzymatic
L = ligand

Fe(ll)
Pyrite (FeS,)

Fig. 5 Schematic representation of possible chemical and biological
interactions at A. ferrooxidans cell-pyrite interface within a
contact leaching process.

Wik > T, kD X >k A ferrooxidans (2 X 5N A F
) —3} VIZETIVRRIBTE 5 (Fig.5), A. ferrooxidans
I3 pyrite ICfHE L, $54BURE & 3 % MR 2 BB & Ml A
SHCEEAE T B, BEAE SN/ REEIT, pyrite FICE
N5 L OFEARIINC & - TA o |k pyrite DIEEE
T LA SH 5, pyrite 22 6 OFOEE HLERIL, N4 F U —
FUITHMENIC L DB BILRISEOBEREE TH 5 /-
O, sk 2 BERE O BE AR SR AL RS I8 & USSR 7 i
FRISEROEE M5 LICBRE S
ORI, N ) —F VT DORIBSTH HMEY
“SEEE RT3\ T, ISR % (R AE 3 % F R BLAL T O
FAERFGEL 72O TOMBTH D, @25 fHE Ty
FEfEMT A AT RE 7 STXM I & A RIS OBEE S HTIC & > T
DAEPBPICTELMBE N2 5, M EEY O =7
BERE SOk & OFEARRE” AR I LUk
O &> THFUVNIVTHEIEL ZBEEETHD, K
BFIRIC &> THMEZR S A 4 ) —F o 7 RGO —if % B 6 2>
ICT&E, e, "M AV—F VT DOERbLE S HITHED
5123, @BRBEMROR ESPRA]R EINTED, AU

ZE B BB S TR AR 2 FIC & A S RERE AR RE A RIL L
72V —F U T ORI ¥ SHBONA F Y —F 7D
ERRICE T AR EE 2 5,

3. At I ADWLTHMANDREIC

RIFTREMHADORE
SNBSS T IREA (M, TREFE L)

DFEBIZ L - T, REOBIEWE D EICKTREH THH
s X I N, ERGEREFHR LG EEI LAY, SO0
HECTH S N7 AR C IR R A R W Ok
Bttty A (FIXBCs B8LU Cs) THY, <D
DL EINT W5, FIRERITIAE L 7B EL Y o A

DEMOBAHREDL, WIRWHEE B2 TP 5—75, 1@
5 IR R0 B R O SRR F O] O3] 15K & C 22 fHlfR &3
DOEMBPED BN A, TNHIE, FFICHE L ittt
VOLBINC L DER SN/ EETREL TS, 29
L7 EOBREARTOE®IL, REFDONTRT « 5TV
NOVOALFERELALENFRMBRICELG SN TERY, TOHIE
72 LIZE EOHFRIC X 5 HHERE OBAITEB OIE L W
RLFER TR TE R\, COX DRSPS, KEITIE
KETOBSHEY Y AOEB) % /L3 A5 nt X,
BRI E OB OWT, STXM & H w7 - 7o i
Gl AR L7\

3.1 HEHEE Y ADRBRT A BIENDRE

LEIOEEE—RRBORERIZ ST, BEELy Y Al
FICZTHEY I E - TRRFEIBHL 2 EE 2 BN 5,
ZoxTavdory s (Cs) OfbEREE L T,
B2 > AR @SR IR L 72 ) TICE SR M7
ETHIEDGPo> TOBAD . ZOKF 6 ORBUS M
U ADOBEHEIERENEEZEZON TS, —HTH
WSHHICERI S N7 B VT 4 VR — TR S/l
Sty A, 2 D50-90% MKV TH - 7220, Lz
Mo T, MIRIWEEROBSME Y 7 ADZE#IL, FITK
IS 50, BREFOBBRIICEE T HrO0FThhrD
TOv AR INS LTINS,

YO LRTIVAVEET, TDOA T VIIKICET SV
WHEERE->—HT, 22 18 LW R & ORBR
A BRI RNICREICRE SND Z EDPMLN TS
L, ROAKEHBA TV THLEY T LA T VR, 8
R ABEPTER T 57 A BG4 Ry — RN
e $ %6 BERICY A ZWICHEAL, 7 A BIE4mERK
vt EEEEG RS (RHBEER) 2o L3S
525720 FRIT AR IR O L EC MR A BB L 7
WISV AR, 856 hn 7 HgEem) MY
FOYy 7 ADEXAFS 27 PV EHIET S &, H2
FAHERETOFEREE SN, O XD RNBIESEPEE S
nNTHW5Z A5 (Fig. 6)2627,

CDEDIEWERPEETHAHZ LI, ThETHELS
HEIN TS EEFORHME LY T ADSRESMIT BN
T, W& Ly AD90% UL EA3FRE 5 cm LY
ICHEAEEL Tk Y, ZOMEMIIHETRL Y ORI Z & T
LB L -7l B AEBEINSB2, 251 T+
EERBICEE S NSy A, BEE ST
ICHA LEEEISETIN S, WK EFE 2 flBED AV TS
VT 4R —THBL, AW - ISy A% E
B9 5L, BBXZ70% U EOBEHEYE Y 7 4750.45 um
U EOBRER T AHICHFLEL 71230, 2EDEBICE VTR
FHEY Y A, KA O N RE R T IR E S e
FERBBL WA EEZLND,
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FT magnitude

2 3 4 S
R+AR (A)

Fig. 6 Radial structural function (RSF; phase shift uncorrected) of

cesium L;—edge EXAFS spectra of hydrated Cs ion in water
(a) and Cs adsorbed on vermiculite (b), on soil in Fukushi-
ma (c), and on sediment in Fukushima (d). Solid lines are
spectra obtained by experiments and dotted lines are fitted
spectra by curve-fitting analysis26:27),

3.2 MEMEESVADEBRT A BIEANDOREICRKITT
YO E

—J7, 19864EDF =V /T A VIRFEEKROBIC, FIH
DZEREWNH TV % FINPROBHEL Y7 AIL70%
DEABHFETHY, MEBELIERGOER AR L
7230, OO RN LEIRERTHD, T v F
M EEN 5B HERYEREII20mg/LEE &, BEH
BOMREIN7E DB I Z 5~10f% ETh -7z, TD
IO, " TEORELBHEERYDBEN T4 H
W, R Y A O B BHE T B TR B 552,
ZFTTHA, EFEROEFIVERELT, vV IA
T HEICRAE T HNEW R BR T ABIETH B3 —3IF 1

A FEKRICBEIY, VU ARERNL 2RO ER
Iz T, RERBEBRMOER 5 % 2 bnbEHmE (Z
:fi7‘v%)@ﬁETf&vﬁA®%%$ﬁﬁ£®i

DNIED LI fiN722738 ) ZORER, —IRicHkXN%
&, BRSABBEIC T I VEBBEIRINRICE Y Y LRI Z 72
ZTLATIE, By AORERNMED LIz, Zhid, ER
TABEREEANOYL YT AA T VORADT I VEEIC L -
THESN/AZ LIS DEEELH S, £ TEY T A
L, Wi EXAFS #3758, = ok CldNBESEO
éﬁ%??@~7@%ﬁﬁﬁﬂ%’ﬁ&bto:hu,7
SVEEDEIRT ABE A - /o7 ols, BREICERDAEN
fW%%%%%&#%h/ﬁA@%é@ﬁ¢bt:a%%
3 (Fig. 7)2739,

SO IREHWEIC L5y LBRAEDMELDRIT

Cs + HA

HA + Cs

Normalized absorption

HA + Cs

R+AR (A)

(Color online) RSF of cesium L;—edge EXAFS adsorbed on
vermiculite (V) in the absence or presence of humic acid
(HA). (a) Cs adsorbed on vermiculite (Cs concentration
72.1 mg/g), (b) Cs adsorbed on vermiculite (Cs concentra-
tion: 54.1 mg/g) when Cs was added before addition of
humic acid in the solution (HA concentration: 80 mg/L),
(¢) Cs adsorbed on vermiculite after addition of humic acid
(Cs concentration: 35.8 mg/g; HA concentration: 80 mg/
L), and (d) Cs adsorbed on vermiculite with addition of a
larger amount of humic acid after adsorption of Cs (Cs con-
centration: 54.1 mg; HA concentration: 500 mg/L)27-33),

Fig. 7

TV F)I TR F DO AORERFNNC ED
FREEZBNA, £ T, TV FI)II TR NI
BRIy AEminl, b ERBRICL TE 72 Ly IR
i EXAFS CTid, SMEEGRERTELZ NG 2D
(Fig. 6), EBR7 A MERFET SO0, NBESEOE
BB ICE AN R G o7z, LrL, TORK
ERLT 7 O IBER L K B CHBEY A BRZs L 7olkhic
T AERESHE D L, ABEEEROEIEPEML 7z, Ch
i3, W E S & ORKEEY DSBS FHICEET 52
LT, TV FIOBER TINS5y 7 AONEE
ROERMPAEINS T LR L TW5, B4ty 7 A
X, O LcEBREREARTHLBRBN T RAKRTE
L 72 ABINCRICIb - 72 - 2 b, COER)
ROWERZT B, ZORR, 7V E v FI)NT BT
Wt ADBHFREROEGEDPEL o7 tE 2 DN 5,

3.3 HIIY-FHMESED STXM SR

CORD AR EEE S RPERICARL T bh%
MDD 1T, B LAY LRI &\ 2205 B T
Bl TE 5 STXM i, HENLFETH S, £ STXM
i, WEEPOWBERRICE TR aEEZ L TW5
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Fig. 8 (Color online) (a) SEM (secondary electron) image of particulate matters collected from the Pripyat River; (b)
Color-coded chemical composite map, derived from cSTXM images (blue: C; red: Al) in the squared area of (a);
(c) Carbon K-edge XANES spectrum in the area designated by yellow broken line in (b) and that of humid acid
(the Suwanee River Humic Acid) as a reference material3¥

FINTER SN/ BB POKRE, 7TIVIZTL, AU
L% STXM TEZE L 72, STXM S#AaEHE, WIS
BT BT Ik Ges CRPICH IS 7o B ER %
b £ FEOHEME (50~100nm) < TEM F#i A v ¥ 21
WRL, BRESETERL 2, TORE, BR7 A BRI
B GENATIVIZTALARLAHY Y AR HT LD ITKR
EZMHFLEL TWET Do 7 (Fig. 8)3, £/ DR
FO K XANES #HIE L 72 & 25, WwE & I1ZIiER
RO AR PVER LTz WS L TRLCT7 I VEED A
R7Z PV ERETS E, TUEYy FIIOFRETiE287
eV HEDOY — 7 B ICE o /o CHIET 2 /—Ib
HICEEINHRFEOE—7THY, TOFEHNHNI VD
%, BHYEOSH 7 I VLD & KICET S\ 7 U REE
B D AN FIVIELL Twb, WFhicLTtdIhnb
DFERIL, 7V v FhORER I, BIR7 A BRET
&5 OB T % BHEWE L\ WO FEEMIE-> T 5
WEE L, ZNHDBEHEE Y AOWEZEEN HWE L &
ZTCW5 ERIRTE 5,

4. SERICEIFT

AKFETiE, STXM %\ CHREWBFOERILEWD
‘BRESL 754 450 nm FEE OZERISREETHNL T LT, #%
W 3 5 SIS IR0 T 2 2 7 WD IR DB R TR ¥ D
FEREEBH LR ERAN LIz, BEFOLEOWE
I3, BRAREERYSCBEMDT 7 I 700 FNETOA

TV TRE LAY BIWE Th b, O LICWBE R
FEOTLFEICEH L THNON A XAFS EOF S 72D %
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DH STXM Th 5, STXM LA F-IT 2285 fRhe s 7 m A
EFEEME (TEM) 1, Txl¥—#E%45% (EELS)
VAU A ATRE Cld b 5728, A& xI4uc
L7256, BTRICEABEOHELfNE . ZD72D
STXM % H W= BATRy (2 T3 e CIEE TR
BOEENNI) BHEHOF S 7 XV —v a
i, BRELF OB« ZHIRICE W TASHRIGHEL T\ ThH
5D,

72720, STXMiZBWTHFIAT 5 X AR5 2
LEREIIEHTER Y, D LIcREHBEA~OXIGR, &
BEOFTAEE « fEREO R EE, STXM OF &% 7E 9 /-
DIZh, EEGEMVEETH S, AEHEGA~OXR L L
T, 754 AFEMPFIH SN TH%5%, FieLt
PR E TR IA LT EERHCTLEE WEHD
XANES OZ b7 & THRIMEINS) BALNA5EL%
W, COXDBE, EORED X O ETHEAD
BEPREDLD RN, TNUTOXREHETHHITE
15 MRS NS0,

F70, REMEMEICES W TE, STXM 3 EICHEBEIC
5720, AROBESOWMEPLETH S, KRTHEAL
7oA T 2 N e TR O TIRIEZ O TBETEL
B, Bl ZXEROEA « SRR OB G ITIEFERIN L2502
B\l b, TDOYE, TEM THWOLN S FEREH I
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Importance of characterization of organic matter
in environmental samples using scanning trans-

mission X-ray microscopy
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Abstract Scanning Transmission X-ray Microscopy (STXM) has become an essential tool for environmen-

tal chemistry. The method allows us to obtain mapping of various elements coupled with specia-
tion of the element based on X-ray absorption spectroscopy. The method has various unique
characteristics such as high spatial resolution (ca. 30 nm), elemental selectivity, and its ap-
plicability for the mapping not only for each element but also for chemical species. In particular,
STXM enables us to obtain mapping of each functional group in organic matter. This review
showed two examples of environmental studies using STXM. First study on the direct detection of
Fe(ll) in extracellular polymeric substances (EPS) at the mineral-microbe interface in bacterial
pyrite leaching, where STXM revealed presence of iron complex with EPS, which can accelerate
dissolution of pyrite. Second study showed the presence of coating of humic substances matters
around particulate particles in river water by STXM, which in turn inhibits adsorption of radiocesi-
um in the land water. This effect showed that humic substances affect migration of radiocesium in
environment. These results showed that characterization of organic matter by STXM is important
to understand various chemical processes in environment.
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