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Analysis for Chemical States of Heavy Metals in Environmental Samples
Using XAFS
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Abstract:

XAFS X-ray absorption fine structure analysis enables to detect chemical states of trace heavy metals in
environment directly without any pre-treatment. It was found that the chemical state of Zn in sewage sludge was
ZnS, and it changed to Zn®" under aerobic condition. It was also detected that 18% of As:Ss existed in excess

activated sludge which contained trace of As. This report shows the method for chemical states analysis of heavy

metals in environmental samples using XAFS.
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Fig.1 Schematic diagram of sequential fractional method to
detect chemical states of heavy metals in sewage sludge
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Fig.3 Mn K-edge spectrum of sewage sludge corrected from
wastewater treatment plant A
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Fig.4 Zn K-edge spectrum of sewage sludge corrected from
wastewater treatment plant A

JFE #3# No. 13 (2006 4£ 8 1)

CuO (Solid)

Cu?* (CuCl, Solution)

Cus (Solid)

Normalized absorption (Arbitrary units)

%@@@@

(D: Excess sludge (Anagerobic)
(2: Primary sludge (Anaerobic)
(3: Excess sludge (Aerobic)
@: Primary sludge (Aerobic)

8900 9000 9100 9200
Photon energy (eV)

Fig.5 Cu K-edge spectrum of sewage sludge corrected from
wastewater treatment plant A

BY Y REREENARIET 2RI 572,

5 TKRICHKATEIHEELER (As) D
LR G

TR E B IED As 129V T, XAFS 7 % 9206 L
Pl %R, FAMIREE, ZOVHEEC LT,
RERD As H G AL T RERAT 256052 %, Tk
WMHBAC BT 2 As DL TBRELIIEH L, &0H58
FEA & FRIL L 7275 R k0 XAFS AT %47 - 720

51 RBG&E

IR LR S % B LB & IR ALEIR AN A L
7\ C LB 7 BERIL L 7o e i ithils e, asmisie, Bl
Ko —3, BEHUKR % XAFS NI L 720 SRR BRAF Ty
%, XAFS f#HT /5813 4.1 iR L7z

52 REHER

Fig. 6 |2 B LB 3 X OF C LB 0 S R L 795 R 3R
BB LU, BB TFHROMID SR L KRS & T e
F O KWL XANES A R 7 h L &, AsSs, As( 1),
As(V) O¥ =PI ANF—EZRT, &5
(2, EEEYE O XANES ARZ MVOF —Z IR ERL,
RSB SN XANES ARY MV E—ET 5 X9 2k
HAEBNTHILT, CEOGLEREEMET 587 X —
T4 T4 TECLo THEIBLZIRBER G #E



XAFS 2 L 72 BB R A3 & LG8 O LA TR AT

As (I11) | As (V)
Sulfide /]

|

E—
bt
W

Normalized Absorption

T

,’W/
rs|
ey

w/
—

. . . .
11850 11860 11870 11880 11890 11990

Photon energy (eV)

(D: Excess activated sludge
(@ Influent sewage

(3): Treated sewage

(D—3): Collected from wastewater treatment plant (WTP)-B
(@): River sediment collected from downstream of WTP-B
(®): Primary sludge

(6): Excess activated sludge

(@: Sludge cake 1

(®: Sludge cake 2

(©): Incinerator ash

(®—©: Collected from WTP-C

Fig.6 As K-edge spectrum of sewage samples and river
sediment sample

DHEALDOEALZ Fig. 7 1R T,
521 SMRIGHEICH (T3 As DILEREE

B O AKEEKIZEETN D As DT 2=
As(V) THh-o7-2% (Fig. 6@, B), AFEHIRTIX As(ID)
BLU AS BFNZEN15%, 23% M S 7z (Fig. 6 D).
LI o T ALEL S A 5 3R L 225 A5 & e AL
FRREERATPE S O T, REHRL S As(ID)
DBV ASS BRI ERTEY 7, ERLEA DAL
Bb S FAHBRTIE, Asid As() & AssSs THAET 5
TEHBNTHDLEEX BN,

REERE, EWSHENTIE, BAROERICL Y IFR
REETH 205, EWEIEHA 55| E AN 2 BECHER
REE 72 B0 ATHES IBEAMEMEICL D, AsOL 205 AsSs
PERT B LAWLAIILTVD Y, ChoDfE,S,

Influent Aeration > Settling Effluent River sediment

tank tank
Excess activated
sludge

P

Primary Aeration Final
Influent —»{ settling [—»| tank — settling —p Effluent
tank tank
v
" =SSR
Primary sludge Excess activated
sludge

'

FeCISj

Sludge cake 1

S |8
R —— P —

Graph legends Incinerator ash
- )’
- @@

Fig.7 Change of chemical states of As in wastewater treatment
plants

@

Polymer
coagulant

Sludge cake 2

¢S

As(lln) (unit:%) J

Above: WTP-B, Below: WTP-C

ARHBRTIE, HiRE EDITHIEEMI N As(V) 2R
A OERIZ LY As(IT) (@ ICE N, HEXSEMET
SO B ENBAERT S S & As() DB L, AsSs %
L7 b HEZR L 72,

522 WK - BHMIBICE (T B As DILERRE

CRIGoMkHR (Fig.6®), HFiHNR (Fig.6®),
ik —%1 (Fig.6 @), BiKr—=*2 (Fig6®) &g,
AFHE E = TR (5 mg/kg-dry) RiiTH o 7225, As
@ K Wi XAFS A7 P VAR STz,

FRATRE A S, FILH RS E L As DA As(V)
52%, As(Il) 25%, HRft# 23%, AFHRTITAs(V)
13%, As(I) 70%, WAt 18% T -7z

WHIREOH IR E T As L, #1781 0.1 mg/
kg-wet A, AFHIRIX 0.2 mg/kg-wet Kl TH D, HER
DOFBRSTHETIEAFETH - 72 HE D As DILEE
AHFETE e HBSITTRTGRSEOHMED As 12D
WC, HZMRIRAE & RIREE TS R e 5 T & i
LTHD Y, AT XAFS I C 2 UEHE S L vl
RTHhb, T72, BiAKLETIEAs ZBILEI N B75, il
FTEEEFRNCL > TAsHBRILSNDEEGA R 5720 B
HIK A 5 1 14 mg/kg-dry @ As 5B &, $XTH
As(V) TH-o72 (Fig.6 @),

JFE $#t No. 13 (2006 4E 8 H)



XAFS 2 L 72 BB A5 & R oL AT BT

6. FED

i 2 S5 BIK V) T SPring-8 O &5 HE E S 6 & AU L 22
XAFS f#hT % T RGO AR O AL EOF AL,
TAERIEG R EOESROILFIE, B L O0HE
FRICBUT LA OELZH S 2T L,

IOk HIZ, BEEIAET HEEORELMEE LTI,
Tt o H 4R OILETLRE % Fi T & 5 XAFS i, 4
BRALZECREALBN T2 Ry -V ThY, 5%
DFERIWIFE NS,

FEHOIE, REICHHE SN2 BEE OV EC, B
BE DRV 70 W E R WL O B SE 7 & 0 FEBEE )
135 FBE LT XAFS T 2 L 72w e E 2 5,

AREE THEM L 72 XAFS #HT1E, () R LR AR 78
I —ORRIELEEFRELE LTEBLE GREFR Y
2002A-0239-NX-np, 2002B-0290-NX-np, 2003B-0598-NX-
np)o HE - MATIZH 720, FHEME L2 Z Lol
¥ 5 —DEROBHINREH OB LR

BE
1) AVEM, RFERERS, RiEEN. v R -y - AR - i ERA
JEAE,  1985.
2) Stover, R.C. Evaluation of metals in wastewater sludge. J. WPFC. vol. 48,
no. 9, 1976, p. 2165-2175.

JFE #3# No. 13 (2006 4£ 8 1)

3)

4)

5)

6)

7)

8)

9)

NG SEEE, PPIFECRD, FRMAN. ESEOHRNOERB L OFEE
REICB AHF%E. T/KER &S, vol. 40, no. 486, 2003, p.127-139.
KB, X B 6H: —XAFS & 2O — 74— —,
2002.

FIBER SR, Aili—33, HRFEE, g BRMEERY S 0 E 4R
A F ok - I HARILESAEE. no. 10, 1995, p. 830-837.
WEBIEE, ARV, MR T, SORIER. TRLESCB 2 0%,
FORRDT S > FZOREITWT 0% TREN S vol. 39,
no. 482, 2002, p.121-129.

RS AY, EEURAE, ABIEZR, EETR. FAKGRAGELESEO
ALEAG A IRBEZE AL, 45 40 Il T /KERFZEFs i 4. 2003, p. 907—
909.

FORREZ, NPERERE, PRURAY, BREUSARN. BESPERIRIC X B e R,

Ly ORICEBERRE A5 40 Il T K GEWF 7R %6 # 4 AE 4. 2003,
p. 910-912.

Nagoshi, M.; Kawano, T.; Fujiwara, S.; Udagawa, S.; Nakahara, K;
Takaoka, M.; Uruga, T. Chemical states of trace heavy metals in sewage
sludge by XAFS spectroscopy. Physica Scripta. vol. T115, 2005, p. 946~
948.

I A e Sk



