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A AL ST, A A THDHCr(111) EfEA 42 ThH DHCr (VI) 2 D F 0358 THIO IR I E o
LTHMHET2FEZESLICKRTAZET, 0.03 ng/LOMEIRA (BERINAXE AW EEFIC X 5
) B3 oniz, £77, < bHENDAY T oo L ANANY RiECHE S 7ae— vy va by
FrzB W T, WIRORAE, EXBBEEEVICL2mbez L, REBEA—RELREEG—HED
MNZRELRAE—2EVWEEA—RHEO LI ICKRETLEZET, ERICRVEWVERELZSZ, KX
R s, HROTCHESHEEIC L DZMHRRICEE 50,06 ng/LAER SN, S5IC, B L EGR
ZEDAFHETIE, V7 2= VIR RICEDROECHRBEZET 2HE L MESRTH D
Cr(VD) ZDBECE D L aRL, MEERSIETHD Z L 2L LT, B KE, %508 E
THRLRENENT D “ELD” THLHH, M ERIFFICY 7 A KNI BERRE 2 RIED A HE
IZOWTHEFEL T2,

WHHRBRCIE, fERkDIRE H LTI, 6RO % DEDO A ZRE L T\ 2523, ARAF5E Tl kH
EDTDIT, T O@RPREIBICEIT HCr(VI) ECr (TT11) ORREE( A5 T LICHEKMICE=4 U > 7 [
Thole, Fonle7vn 77 A NERD L, HHBGREICEWVREZ R LIEBRRAIZHED, ffilH 00
BRRBICEL TV AMAA RN, £ 2T, MHBEBRFICK T 2BEHBERE L6 X D72DITH LT
T aiEEBRE L, ZOFEERERO NV IESH T DEORIRE E DX TN T v Tk
Thbd, 777 a ETYH, MHEERPCHIREORD N L0, MHEKROMKZ &P TEZ T
HBHE, Cr(IIDIFTHK TIZFSoICHE SN T ARNZ LR bho o, RiElE, CriZlBR b P4 eE %
Gl LI BRICEDN R HIETH D, ZNUHLOEMT e 7 7 A L TlE, HEIZBT 50 (VD) Ok
HFIEIIZW T B Ao 7oy, BEEOCr (VI) ERRE O - & 2 @k &2 R A7, b S V- &4 Cid,
JFENCH HCr TTD ISR ZTMT D L, Cr (VD) A4 ITAER L7, 160 %ICBIT 5C0r (VD) I 1
TEWCREREBEBONRALONTZ, ARDOIZ-EY L HEREHZ XA FHMIOEIEIZIZE > TRV, +
BoOCr (VI) ARKRED RN, HEBYRIEICE T 2 BARBE KR KO B EICH LTI —XF 7 ik
FHiETho, SHOBRFNILY, FEEHIL T EMBEINS,

[%—7— K]
A2 oA R, AR, BRE, RGBS
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1. Ui

RECB T D7 v aid, =iz e s (Cr(I1D) , Az v A (Cr (VD)) & LTHEET D Z EAMbIL TN
5, ZOHL, Cr(IIDIZAKIZBNWTA VA VOB & 2 #iET 2 0HTLETHY, 7YV A FHH
REhTWb, =5 T, Cr(VDITBWEBILAITHY, ERAMEWE L LT TWS, £, KED
EWCr (VD) I FKICB W TEWBEIME 2= — 0, BBt T b KE by & ok A £ k3 5 Cr (I11) 12
WX, WARE MK BEIME IRV, Z O(LFEAOMEE OFE WV &l <0 B COr (V) ISR A 72 B A 53 AT ik 8
ENLL T2 &b, BARTIE TRz e L L TBILBEZRE LIEBRELERREI N TN D,
ZOXDITHEDBALEICIRE L REEENRRE SN TWDHIeRIE, iz,

THEMICHEH 7 m L, ENTHEMET PP HBEINLTWD, AvFE2EF LD ET LT T rE
AT, BOEMEAIE LCCr(VDBREHA SN TWD, 70, SHEICB T 2RIEM TH D AT 713k
AL AR CCr (VI) Z24ERR T 528, B AV MR E L LTIAKHHENTWS, Zo X5 IZFHEn
Cr (VD) BRI EN D 2 LT, AAEFEOCrVDHERPRg xR Sns, —JF, i, +
HHYR (EETHEI SN TV A EEH O P T2HBICEZWVEDO 7 v A3, IERUHER Slzer(I1D) & LTH
FNTWD, cr(IDIERD X 51z, AMEICKETH D2, HELOEH L-Cr (T11) BRAK O S
LTk, Cr(VD) & LTCREBIZE TN, 6121, MFKEBRLTWSZ ERREINTH
5 (K (1) -1) , 20OXH BT, BERBEEOCr(VDIZE > Tl & Z &, TN L% DK
RKEH Y T A =T IO TFKIZEWTHE SN TWD,

AF o TP]BED
RE7O0+R

------------------------------------

--------------------------------------

T A=A
PEERA

s (77 —4#200ppm)
o EICAEECUI

Bit7RneR
DK TOC(N)D
EEHAE, MnO,FE
T2 (Saleh et.al. 1989) i

JPAREES
DEEE IS

ERE - pH- < H Y -
B - Fe? tk - BEYEE KT
M (1) -1 BARER, ABBERICEL DA v L0553 5
20024 IZHiAT S A7z LEEE YR RIEIE, 20104R ICeE S, BARMKROFERTE LM RO R L Sh
Too TEEVGYSRIETIE, KD 212" T X912, IGYENREEREL B A5G ICKIORRER ED{TH
b, Lonl, BEREROHYIZOWTIE, BARBORFEFIXIEKE LT, KESMIRH NI R0WEGEEICE
Hfloxtg e S Tnin, 3hbb, HRZHET 2 FIEEIRODLNTWD, BRERNE S »0H

B, # (1) - LoRT
LEBRATEOMNE

FERTA KT A4 S @ FBOEERL —
—_ S o8 b

LLTEDHRTY  BEWEERRRO E L B £ . o0
N . N TR D b 2y =] : ?,E\x‘ J= 2

B, BEDIFIE | poe A EOHeoRE | B AR A B b

< - - REREE AT £
THLHCrVDIZAW REEmeRE # RSN ESARCHET S L EO LN, LEEHEEEY
Y e % LB SEREECEAYT. BoAHELE BT 5B
C - TR 2 EEATOBRLEORHE  ERARRER A, KHi~
WL D LETE B CONEY ST

- FEEEEERENE : 1,3368 5 5. SAMKISFINE  S0f (H27.9.15%)
e, FEz, hosc#E MEHANBE LT, HraBERESERITALE S oG

TiX, FRALRENSH )
B(1)-2 HIEBRAREITH M BREIEED
e B B Py X (1) BERMRERICEITHREEEDHRE

10
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SNTWDEN, Cr(VDIZOWTIE, REOBEMNSHEIGTERY, L Lans, ENSTERERIZ
ARG HDHZ LD, Cr(VID)ITKHE LIZHSBHEEDORENR KD T3,

F (1) -1 HEARBRECESSHERLOHBICET BV FT 4 L HETIR

®H FE:Cr(VI)’\O)iﬁ
WHE < 10 X HERHEIEYE O
FEHHEIC L o E A & K 2EOWEAEO EIRE X
LERNICEDEHE < REONY I 759 RERSHEHEE X
L§a®#5§1ﬁ%%2f:%é\, %

Ny 7Ty RIEE OLE, (LFEERER & % R

Oy AR - R BIE 72 & 0 B B B ET & OB & R 3 RTEME O

2. HrEBREW
ABFFETIE, HEEE Y RISV THE—, BFE DL RE THBIOX R L Shp Affiz = 4 (Cr (V)
IZOWT, BRBENALBENEHET 2 FEOMEL BN E Lz, LHIGREETIE, Hng
HHZREETH DHAIT, HRHE R foom oo B2 0 ARD
FIpisk & U, RIS~ SO HIC AN BH7R7 P AN
SVWTORMET D2 & &ipoT T -

B OB

b, £IT, AW TIE, BARERD /| e
Cr(VI) Z/ERR L 9 5 BN E D 0%k sECRL ‘
HETHDFELZRET L LT, LB L T B
BYRRICER T HCr (V1) @ HIRHE K o ABEFCHVI)
R DI 7 & 5 70 IR ok A R 4 orrdrEes CrV)BHT A7 7 4 Liz BT 5 EH
IcRE ABHEE : 4 F 2 55BPp®E L7=Cr(VI)
T, Uo7 7ue—FTIRY Mt I P “Talwn - muzesm
SLEROELE, 1900770 TR ST St
F1%, Cr(VI) &Cr(I11) D s E D : e

EWERN T 7 7 A1 LTRSS

L, 207a 77 iz k->ChiT [ 4l

SFETHL (MWD)8) o SMET  m(1)-3 BFHTATF LIS BEEHE SR
i, BRRHEROCr (VD) 04k & £ 0

Y s g s lon tr i
FEIZ SN T, BBl R ERE o [T ansferdevu’:g‘AEM

BF9e U= iddo 578, FEBSIT I3 E 4R K s X" o3
Cr (VD) DRI, Cr (111) 78 & ORALS IS 222 (i 4y FOOM Jrisctors
Lor (VD) O K OBARIG L 72> T b, e o

P~° ’/’ &
LAL, Cr(IID &Cr(VDIZoWTZERZE ‘;’6 A FADM/

ROWBE L b2 CEERIAERE L o @ oo/,"ﬂ Q-
-
R EER VY AR EROCr (VI IXEICA

L N 8 \x\ Cr(VI) -
AT & o T I AHE LB S e W .
N~s -, PAGG &’
WA, —F, BRBROC (VD) I, =5 ‘ - . e

Cr(TD & LTI L, BIEMISEE ST m(1) -4 Bigemmme FALILBIE MRS MY R T4
CrVD) &2 TD LHRBND, DT (Ohira et. al., Analytical ChemistryiE20154E)

11
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B, Cr(VI) DIEH 70 7 7 A Wik, ANBHFIZEACr VDIZE & HWCCr (I11) O, bbb, ik
FOSIZ L Z2Cr (VD) ¥z m$ EBESND, ZDOT 0T 7 A ) ZTET 5 FEOHL I H RO H
ExEBE LI, 220007 7u—FL LT, HEZObLODOCr V) AREEDOMIAZ BIE L7-, HE L 25
Cr(I1D) ZWWMU7=BR T L > CCr VD) AR L 9 D0y, HDHWVIE, ZOEMRBEEICEN LN S M
THRB R ANLRFENEHET D HETH D,

WTINOT 7a—FIZBWNWTYS, BF7 a LAFEOBAGER I, BRHEEREOREED, A
T, HRHEBICETE > T, LHEEHKRT 7 v 2fla2 4 ) OFARTFETHLER EEGER AR L
TEEAFA A v OMHE (K1) -4) 128> TEBALEBNZ 7 BE L CEBE, ®EE» ORI HHT 5 Fik
ERESLT H 2 & & Lic, FRIS, RO EEELZN @R o @I X 620y, SEESIT FIEORK %
DD, RIT, FRx RGBT 5 186 OCr (V) B L OCr (TID I HHARR O R 7' v 7 7 A L & s
LCWL DA B2 —T 2 — A% T D, ZONNIEDOHNIZE - T, BARBEROCr(VD)IZEIT 5
Cr(IIDMBDAERTrEADE=FY 72 EBT D, 61T, HERHIZE > THEE 22 50r (111)
DIEMT 20 E 90, WH L72Cr(TTD ACr VD) IZEB I LD A BT 25 Z L1 X 5 BREKD T4
7] DAERL D DNENEENT D FIEOHESNZ B LT,

3. ERERFE

TENAGEET S N7 v i) OBRHEEEZMNLT H720121%, £7°, BF7 v L0 &2 BRI
2, WERDOHTIEL D & EWIER] - IRESMREZBLILNERDH DL, TOH, 1) BRENT A A (B
CER B S 2T ) OFstED R FERBEEAAL VX —T7 = — ADMSNL, 2) WHRBRERD =D D5
. B m R RRE 7R T IEDRESL 21T o 72, 612, 3) R TEIC K57 o 2MEHT
077y ANVORGEED T, EOWMET, 4) Film MO M A ELZ B L, 5) HEIZX 50 (V)
A BRBEREAMG 5 15 & RREE L 72

1) BRBENT ASA A (BRCEBSEES AT L) OFPEORm EEREBEAN A ¥ — T = — A DR

WAFE 7 0 AFEDOBRALES 4y B,

Wb & M % R LIt A 10 mM

AT A2 AT SEDFTS g NP

e (-5 HNO, Isolator(-) AEM%

1D, BIERBEOAY VF Ak o Accentor) N CEM.;G@)

FETHY, REBETORES o> crom 4 12

F U EBMEERTICE AT Iy 7 g e A A

RO T Z LB TE D, WY ; —>

B AR, Cr(I1D) 23 A A >, DI .. A NARIDM, )

CrOUD KA A b LTHETSD ey s )
. - N HNO; ~ Acceptor(+) CEM 11

2%, EHIC L DIKB O & A T&&a@rai;fz;'—

20, BEHIET BHCr (11D & 00, —> v

Cr (VI) Z 3l 2 O i 2 EL Y

Mz enTtxs, ot

Wiz T TnorrEt GesRom B(1)-5 BHEAFVHETNARIZEDEFIOL

E) ~EEBATH LT, BF BORCER 9 8

v LEEZ BB ERTE D,

ARWFIETIE, EEReE, FRICBIRIRE IS 2 0B RO Z 1 L3, DITOH%RBR%E1T
S, TP, MBEOHEICEBNTE, Ny 77T 0 ROBKBNBEEL 25, WROA T4
VKR, TN ANOSNV RAERRIZ L DV, WIRRBEOZERMEE IR LT, £, AT A
VOHBERIFHEME T 272007 e —RbEEER Y U URTFITL O E LT,

12
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2) W HIRRBREM O 72 6O O kG EE L R >0 i RE ] 43 R BE 72 o3 T 1 OO ST
WHRERZ SR THED 2 <<, SRELEDEMAROITEETEIR, E<rbbbnsa T
HVT7 2= VNIRRT RIZEDCr (VD) OFARISEFH Lo @EE ST AT L2 Lo,
ERDWMEERBIZOWT, 30-ecnbDE SO 7 a0 —% /L ZLEDRA b ¥ A 4 — R & o - [E k5
TEHLBLWTHEL, I5IZ, /A XOKRKERLIERIEAWBICIE, F¥ETY— in Fa—7
FREFIZICHFET 228 T, mEELEZR-72 (K(1)-6) . 512, ITDIC K 5 E =M 722 il
ERRA LA T4 BERIFFRAE EMAGbE D Z & T T ng/LOBERE ST % B LT,

._Effective light path = 100, 300 mm_

Optical fiber

Photo diode

LED (525 nm) Glass tube
iqui Optical fiber
(10 cm, 30 cm) Liquid outl p

Liquid in Glass plate

Optical fiber s
RAABRENELIL

0.8 mL/min
100 pL
10 mMHNO; Q
+2.5 mM DPC f?"i
0.4 mL/min Waste 0.4 mL/min

Sample

in 10 mM HNO; 70— AT L
(-6 EABRREELLEIO-—FHRATA

3 Rt 27 v 2 F@EN T r 7 7 4 LV OEG

R LD 7 o AR HERBRIT, ITD~ORBREEAS v 7 —7 = — A2 x OBt O R,
PSS L, @it is R PEAE 7 v DO BACER] 3T 24T - 7238 L2 R FVIC AL, AF
EIZE-> TR E SR~y FLEE (M()-7) . ZOAR s BB CTHEEREZHRINTE 5 X9
WFa—T &AL, N7 TREI Lz, 20O, RgETRILT74VvZ—%@L, 7 4/b
=D TN THE AT LA~ EBEEATEL 70— 2HE L, 2070 —IlXkb, A4
T 7 % RIEIARR L7z, B A7 5T, Cr(VI) & Cr (TTD) 23l SN2 ERIEE N T S h,
BRIMAXEFROLCEFC L v ERT L L L L, MEBEZAMETH2LT, 50T
DWEHT — 2 BEETEL Lo L,

13



4) BT 7R v RV O Rl 5 14

5)

DTPILEA LT
Yo7V T
73 [ @51 B

H
|
|

1

5RF-1602

Isolator (-)

- e e
Acceptor (-)

SP1

Sample
LR R B N

- Acceptor (+
B - - -
»

Isolator (+)

Sample

- » - - o> ’ ol
CFDM 11

ssssee esssscssse
—_—

AFDM

..)

CEM
—

| $%%

PoaTe vt

30 mM

10 mM

HNO,

==

M()-7 MEHRBROEERNESHE AT LADEEEATO—

HREA AT LATENEZBEEH T e 7 7 A VB

WT, RAMREE EFORIC
fEEN R o=, #Hizl

D, WHORWT 0t 2% E &

WHRBRIE AR LT,
%t

1e5%51 5

ANy FATIEHDH LD

n— FNIZAE LE, &
IC—EEO LEAE A, fHiEE AT 5515
Thod, HOENTEAWEITD~NLEATDLZ LT, B
HEiTo7 (K(1)-8) , ZDOHFIETIHE,
Hik%a 77272 a T ICEZDIENTEDHAY
v FARH Y, MK THIHE,

W2, BEREA LTS

HINZ A9~ 2 720 D

Crif EEMET L2 T

WOWKEZBEANTHZ L TCrOI bR 5T %

BEFL 72,

T3

MEEL7=T

iz
JLIN

WL R E A2 A Cr (111 2N L 7= B
DBEV AT ANEA L, BEEGINIZ

/ WK 5 mLeE D

T#Hbg

BRAL#R!  Bt
+AE

SNMEbSmMLI &%
759 aryE L THE

H(1)-8 730 avikIck b LIEMEH KT

& % Cr (VI) = B re 7 Al 5 1%
+HEZCr (VI) @5 E 72 HCr (T11) Z2HMT 2 2 & TCr (VI) D AERKHE
ZREHET 21201E, Cr(VI) OVEKREZMZ D 0LERH H7=8, Fili7epHEt &2 gt Lz,
S, Cr(VD) OBEIICEDHEERZMA DN TE D,
FEDIFONTTHRLTVWEEZLND, TDW, pHEMFEE 2 Tkt EziT>7-, &k
BB EMIICA MVROKEL nLTOEIL T,

B L7z,

14
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4. BRARUTEE
1) BRKREWNT NA R (BIEEBIDHES R T D)
OREDOR EERBBEAL VX —T =2 — RO
AYA
KIFFRDOETH S, ITDICL HIEFE7 0 AFEORR
{bER 53 Bl % BB SN BARR T YR K D
FHE O CTRE L7z & 2 4, Cr (VI), Cr (I11)
DWTFLH0. 020 pg/LORHRFR NGO, 4
ME, VAT ARRIEDOIFYRIZ L DEW ANy 7 T
T RO, 105 ORI Lo Twn
inol, RIEDA T4 KR, 2B TEYS
DOBMEZ KL TITH> 27 ) —=r It Lo TK
Mg ek EE XD ENTE7, 0.6, 2.0
ngCr (VD) /LOFEHERK Z < VIR LPIE L7z & Z
A, B BBELELONLD LIkt (K
(1)-9) ., ALV AF ALY, EHEREZ T
Lz RE2 K (1) -1012R”d, 7 ==L LN
KRB Te—S s g VY
AT LTHEMETH LN, EKTHE, Cr(VD)
DI, Cr(I11) D&, REWKEZHABE L TE
AT DL, ENEN, EREORHM & HE
MENTWDLZEERLTWS, £, MER
EEDOF ¥ — FETRIZRLTWD N, Rif7e
EMRESTF SR TS, £/, Cr(VI) &Cr(111)
WCIE NN 50T G E R
HTETWa EMESNS,
ABFFECHW LB L EERZ R L2
74 F > OMtE, &M A A > O3 A]
RETH D, TDOW, BEHANR & h H AR I %
LTRKIMETEHEAT S &, TOWMERELITIE U
ERCTREMENER SN D, K(1)-111%, 10fFiC
ARG LB 2R LTV 5, AN, BB : fh
WIROWMELZ 1 I THE LB TH 5, AR,
ARk AR 2 R E10:1E LTHEL TV 5D,
P L o010 pugCr (VI) /LK & 1047 1234 L
721 pgCr (VD) /LOEIE BRI L — 27 @S 2R LT
WAHZ EnG, EE D ORMENSER ST
LT ERDOND, KIETIE, 4174 TUT
S A DO 7 LA BRI CE 5
TR, BibARETHDL, S HIT, %Ik
TN, BT ORMY & OpHEbER S ND 2
Enb, AT A4 ThT RBREOMIZ,
BRI 5 B, WRAE, KM & DSTEEE WS 30D
T AEERTEDLHEETIETH D,

ugCr/L

5RF-1602

2.5 ——

T T T
with cleanin
RSD:40% O &l
Al R A D
1.5 2
.
(o]
A
104 |3 -
x
+SD| -
— o= e | B ~-AV(: 056}
0.5 - T T
0.0 .

1 2 3 4 5
X(1)-9 ERECAVDIZERRIZE TABEN

T I
NEREERSERNEEREN
- S R O 1
= Cr(VI) + Cr(lll) =
10+10 gL’

T T
20 i . O Cr(VI) 50 ugCr ]‘/R?fa.ggg_'
119min o ey 40_+ ]
5T ey )
10 ] ‘_
57 ]
0 —

T T T T T
20 40 60
Concentration, pgCr L

R(1)-10 DB AT LIZKBERIEFv—k

Ll I T l L) l L I Ll I .I I T
B ion (x1 | Separation .
I Separation (x1) 1 w/ enrichment 1
n | -
[y 2mAU 10min ! (x10) "]
o 10 ug/L ! 1 ug/L g
- ] -
- ! -

I

f@n fugl ! 1
[ Cr(lll) b AAA ]
- | —
[ Cr(VI) = e !
L , -
[ crany e ada i \ _

| | L IR
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9) VEHIRBRENG D 7= OB REEE, 7RGEE 7  B [ 53 RS 72 404 1 D e 37
KFZETIE, & 610 iR O R 72 28 i =
2 N REESEE TR, WEown 190 —

‘ oo o 30-cm
DR THEALIE, MHETI 7o—A ¥ | y=5.36x+2.95 10-cm |
- N \PZAN z Y ST .
=73 s LSRR L R'=0.998 J=1.83x+0.627
Bk D HRER 2 NE S D Mt 217 - 72, 100 e
DT = ABARY FIEE, EL D T =099 7

& H Iz \ \ DY Z

CrODORECLBREATHD, =02 g y=0.983x-0.215 |
T =)V IR Y F{£T&Z&f%$}ﬁ< f:y), 30_Cm R2=0999
W EMmPERE R RETH L2 50 |
AITz, b 21E, —EiR K ELl-ecnd
T E30-emiZT D L, 30fE DR E B y=0.0484x+0.131

Fnb, Lol, EBCIER—ZT (0D R=0.997 1-cm

JA XALEE SN D20, BE (V7 0 :

J A RES/N) Z30F51I2F 5 2 LILTE e, 0 20 40 60 80 100
(B (1) -12Hfk &R, I3 K 2201%) o Concentration, ug/L

FIT, R—=RAFA D) A XEHz OO, E(1)-12 FERIZKDS/NOHE

EBEW G ¥ AT X % & R W % 5
KT 570, Y ET Y —inFa—THOF LA T A4 VIRAWREME L, BILWRAERIZEL-T
E— 7 DB EMZ OO, /A XBEETEDn, +oTiER, MA)-6IZRLZHF LT r—REHE
Fll, 207 —F%TIE, AV T74TRAELEBERPRHG~EEAINLOTIERL, &6MLT
WIRA SNTEBIRICEDR—AT AL AV TA LV TRASEECr V) ZEAT S, TOH, X—2R
TA L ERBIZEELTE, S/INLZREIKETE L, TOMRRE, S/INEFRELLETE, RHERR0.6
ugCr (VI) /LAME B L7z, RIEICSER OB L FE R A FIH LA T A o BERIRER L 2 WG 325 &,
S HIC20f5 DR ET A B AL, H O o REAR X, 0.03 pgCr (VD) /L& ik DIt iEiE 28 2
BEZ 2D EICRBI LTI, SBOLEN O OB T a7 7 A VT, ARIEIC X5 E R AT b
DV, BRINBARR RO WF i h
TiTo 2 k& LT, L L L
7, TEHHUKOWE T, R L 15 Sample A o0 -
HAKRS S DREANY T 2= L HARY RIZE D ® -9 -
B EILET S, 207D, AEETIE, Bt
TH )= VIEREMZ S T, Cr(VD) &
Cr(IID) B LTEWIRICE D7 T v 7 WE%E
Fha L, Cr(VDIZ X 2R AOEEOREMEN S 7
T EESINE P DIREAZ R LTS,
LovL, AT LA > T4 oy BRI
T THE S D MM DR EDN T L - T Hig
S K o OB RS IR D BRI B =, Seik 0
DRI T 77 OREIZRETH - T, 0 10 20 30 40 50
(D-13121%, ZOHEIZHOVTRLTWVWS, Added concentration, puM
Sample A, BIXW 9L 6Cr (VI) DIREDODRF TS ®(1)-13 LEHMHKDOBEEDOEELTEMBRENR
FHWILE Lo LTz, LanL, B L EER
WZ X DB 24T 5 2 & (KIHITD treated) T, 77 7 ORI A 5 Z LN TE /-, 51T, Sample
A, BCIIMEBROMENE A>TV DR, Tk, HEHHAKTOEEIEEWIZE HCr (VD) OFETOR)
KBELRSTWVWDLTeDTH D, 1TD treated T, HERREFR CHENHEOLNTNDL Z D, KIEIZ
LD IR EDRDE DB TND Z EBDbND,

Filtrates A

A’/A T
SampleB o _ -
e \ e,

—
o
|

-

l’n

Absorbance, mAU
(@)
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3) MBI L7 v 2flisH e 7 7 A4 LOEE
eIk L TwaiEH o+ 0.60
R AE R T TH/EIL, 7o H Y
Y7 LTITD~NERE AT S 2 & THDS
nHEH T 7y Aol 2K (1) -14 0.45
R T, Mxle BEECRME Lz & 2 A,
WP D A X — MR LT
0 AFEN A S L 0D LTy
CbDThotz, ZOMEIL, EMMIC &
B Z AR P LERRL THERIETH
4 E AR RIS Lo THIE LA R (M 0.15 - ‘
i1, SPE-GFAAS) Offi & Xwn—%K%E/RL | Cr(VI) (ITD-GFAAS)
TW=, — 5T, NEETHEIEL - Cr(Vl) (SPE-GFAAS)
AT o THRLILDEICIXI07FE B T 0.00 y T y T T T T
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III. &3CAbstract

Development of the Differentiation Methods for Natural and Anthropogenic Source of
Chromium (VI) Based on the Elution Rates
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[Abstract]
Key Words: Chromium (VI), Natural source, Anthropogenic source, Source diagnosis,
Speciation analysis

The differentiation of natural or anthropogenic sources of chromium (VI) (Cr(VI)) in soil
was investigated in this study. To achieve this purpose, a rapid and highly sensitive speciation
analysis method with commercial sensitive detector and cost effective conventional flow
analysis methods were developed first. The electrodialytic separation of cationic Cr(IIl) and
anionic Cr(VI) was possible within 5 s. The system was further optimized for soil extract
analysis, achieving a detection limit of 0.03 pg/L using graphite furnace atomic absorbance
spectroscopy. Furthermore, the gold standard approach for Cr(VI) analysis, the
diphenylcarbazide (DPC) method, was utilized by combining flow injection analysis with a
long-path absorbance detector. Although the long-path absorbance technique does not generally
improve the detection limit due to amplified baseline noise, the use of a new type of mixer (a
capillary-in-tube mixer) made it possible to improve the net sensitivity. Additional enrichment
during the electrodialytic separation of chromium species helped to achieve a detection limit of
0.06 pg/L, corresponding to that achieved by expensive commercial elemental analyzers. It is
also important to avoid interference from other compounds in soil extract analysis when using
the DPC approach. The proposed electrodialytic separation system was able to separate not
only chromium species but also possible interfering analytes from the sample matrices. Highly
accurate Cr(VI) detection in soil extracts was thus achieved using electrodialytic separation and
the proposed DPC analysis system.

The soil extracts were subject to 6 hr of shaking for analysis. The Cr(VI) concentration
was periodically analyzed during this 6-hr extraction process to determine whether the source
of Cr(VI) was natural or anthropogenic. With the proposed analysis system, the concentrations
of Cr(III) and Cr(VI) were able to be obtained every 5 min, and the rapid elution of Cr species
was observed. If the soil extract was not anthropogenically contaminated, the concentration of
Cr(VI) gradually decreased during the shaking period until equilibrium had been achieved. For
the rapid elution of Cr(VI), the fractional method was applied, which can provide additional
information on the Cr(VI) elution profile by allowing the extractant to be easily changed.
However, this elution profile was not able to provide enough information for the source of
Cr(VI) to be differentiated. Thus, the Cr(VI) generation ability of the soil was evaluated. It was
found that, under optimal conditions, soil can produce Cr(VI) from high concentrations of
Cr(III), even though there were significant differences on the Cr(VI) concentration at 15
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minutes after Cr(IIl) had been added. This difference of the Cr(VI) generation rate may be
effective for identifying the source of Cr(VI). However, evidence for this is required with
further research.
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