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S/ ERIFEFEAERICEZAIIAPOrOL OO &

0L (VI) OBFEE

LR, EA AR, B &

YO RE fER!

A F R EIEEH 2 v 5 & ik & B EFRORE & 2 A bR 72m)lIAKp o 7 a2 (1)
Erus(VD) OSREREZBEFE L. pH3.0IXBWTZOANVD BEQY IV IFFHIUNI VBT
YEZW A (APDC) &HERICEEERL, EHEUECMETAZ LIV LARY T F T LY
®)F 7 FNT 2=V T—F ) (Triton X-114) OFHEEEFIAICERMICHIE S S, APDCIREZ M S
#, pHZ 5012752 &T, BLHIZAVWAZ LR, 7uaD) 270h (VD) &&HIHREIEEHRA
CHHTES, 7ua 0D BEEE7 A {Cr(ID)+ Cr(VD)] BERLZ7TANVD) BEZELIICZLE
TEH L, BEK 30 mL % 30 @i L2BE&0 sl (VD) RUE7 0 somiBRR (3o) EENENR
2.5, 3.7 ng/L Tholz. KREZMNKDRIFEEYE JSAC 0302 IZEA L7z 5, BALEE L < —FHL

TR ER.

1 & =

ZULE, HDo%, AFVVAH, BRLhDLH kLT
FNCIBE CHWOHNTWA LR TH S, 7 0L ZBEOB
1tHi%E & 2LETH 5, KEKFIEBWTIEZ g 20
‘ROz as (VD) ELTHEELTBY, pHe LT TiRZ 1
A (D 2%, pH7UETIRZ 04 NVD) PRETHHI L
PHSENTWAY, Z7ui ) BLEBEBETLEND—DT
BhawurEwbhTBY, BELHERShTWEY., —7F,
sua s (VD ZFEEIRL, BPARIBV LML
TWaY, ZhHDZERE, Z7ULDBREDATIERL,
% AR R A LEND S, 72, RARKFOY
O LAREZYT T ug/LLRVTHEI DS, RALHOD
B IBMEIRENLE L 2 5Y. zus ) &7 ai (VD)
O EE - B E LCIE, BEmmEY, kE®, B
WHE R BB, Fi, AFvrux o7 LHE
WETIATHEEBINMEBE T VT4 ¥ THAEDES
MEDREINTVEY,

AR, 70 AR R EWTODBLIRERE &
LUT, 4G UHEREES 2 MERE L LT B
R X AESBE SN TWS. A F VRS
HAHOKBRITEHER I 2 ViEE (CMC) LTI %

D EERE KB TS LSEL: 321-8585 iR FEREWEE
7-1-2 _

PHARBEAMEREY & —: 329-1196 WiAREEIE T T FHAE
2145413

R L, ZEEIFEN2HERRED LIRS % &A%
T3, DL E, BRI CMCAHED REEMEH 2 &t
OkH) L EBEOREEEA % &M (FREEEFIAH)
CATHAEEL, BUKMWRE IS ISR S - RS
na. WA+ oBEaE, FL— FERIERRIL TBK
SR AR 3¢5 2 L THHTERTH 5. SRS
L AMETEOSWHEICOWTIE, BECEEM a0
Bhb.

7 a LS INCEwS NS F L — FRED—DIT,
Ya Yo rvIFr NI VBT yEZY A (APDO)? 2%
H%. Honma i, 7 1A (VD) & APDC & OgERiZEA
B A (INNYTY T (VFFHNINE A b-S,S)]
[NN-¥QY) I (TFFRNVTFHNINAAL +-0,5)])
21 A (1I1) $&4K {Cr(PDC)2(OPDC)}, & UBIA A5 I
JRX INNNEQY T (VFFHNINAL PSS) 701
2 (D) $84K {Cr(PDC)s) TH Y, 7w A (D) & APDC &
DEERIZ Cr(PDC)s DA TH A L ZHE L TWEY, %
72, APDCHZ T4 (VI) E#HRPICHEBRTAZ L 2R
HAT27 2Ry MEERBEICI270a @D 704
VD) omRlEREE#E L Tw3?. —J, pH, APDC
WRE, PUNRE, IREIRHZEEZBMLEELILITLD
Zas(n &r7usVD 25T 5 HEb#ES
NTwz®, I FE? T, FHEEICBVTE
CHWOHNTWBBLA CLIERICHD) 2SAETHY, &K
BIZ X BHE OB AR OEHA T RETDH 5.

Paleologos 5 X APDC 2 Fi\V:TZ7 0 A (VD) % & sl
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Table 1 Operating conditions for graphite furnace atomic absorption spectrometry

Instrumental conditions
Analytical line
Lamp current
Slit width
Argon gas flow
Sheath
Carrier

Graphite cuvette
Injection volume

Temperature program

Drying ramp
Ashing step
Atomizing step
Cleaning step

359.3 nm
9 mA
1.3 nm

3.0 L/min

0.2 L/min

(during atomization 0 L/min)
Pyrolytic graphite tube

20 uL

80~140TC,40s
300C, 20s
2800, 5s
2800, 55

L, 724D &8%/10/—=VERWAE %, MiRR
EEBLTAOZ LI Y ESHMH L7, Shemirani 5"
Yy 7H#E%, Liang & Li'® 13 1.7 2 203X F b4
RYVANBEIVTy2HWTZ O A ) %2 5HE
L, 7ua (VD) E@EILELTrOEEMB L. LaL,
WENORES BFEFROGEE HnTninizn, 7
T AED ug/L LAV EL EOKBENC L LTz
V. Zhu 513, YTuET7 vty ERWTY
oA (VD) 22 L, BAFRFEOENET S LI
X0, 50 fEiRAE CHIHERSA 0.01 pg/L 2B T 5.

AEFFETIEIEA & VHEREIEEA E LTRY A F 25
Ly@®)F 7 F V7 2oV —F ) (Triton X-114) %,
FL—PFRELLTAPDCZHWAEEEMBECLD,
ALK 2 WL Lz, WIIKFOY T ug/L LXVD 2
DA L2 una(VD OFNEREOREELHME L
7z.

2 % B

9.1 HEBRUHZE

BTSRRI EC I, BE 25700 BURSEE — < v B4
FRFBEEBZEHL, ¥ —rBsEefn. Bay
IS4 B Z 57 7 4 MLEEE HV, HIREROEA
A — N ST — A L7
ENTRSRMEIIE, lon BEEVEZERLZAA
S8 V560 BRSNS LB R 2 L 7.

pH #EICIE, B 18 Bl pH A —F — %A L 7.

yua sV EEER (1mg/mL) &, MELFRET
WAL 7 0 A EREFEZH W2, 7 os ) EER
#® (1 mg/mL) ZERALFHEBEHR 0L 7Y 722 HW
THBEL72, RS OBRBITEROME, HOREIHR
LCERLZ.

pH B, BWELFNET TEHARR (99.7%) »
LML 2 M EFRSENC, BINLE B AKBRIL S b

DT AERMLUT pH3.0 XiZpHB0EL2dDEAW
7=,

4% APDC #EIZ, FIGHMEERRFWL45HT A APDC %
LINE L7,

5% Triton X-114 E#IE, FDGHMIERA/LZERR) +F
VIFLY@ATFNT VI —F ST 7.

B (70%) YEBEFILERAZ, ZOMORAIEITIT T
BB AT LR A R L7z, KIZEYE - A+ vk
IVARTEMIQ VAT AR LADOEHA L.

2:2 70OL(VI) OEZRE

FBK 30 mL % IR E ICHY, FERRERE®R (pH
3.0) % 300 uL NI L7258, MHEE%Z A WCpH % 3.0 123
B 5. RIT 4% APDC B 650 uL K& UF 5% Triton X-
114 ¥ 500 uL 2 L 72, b5 4MiRE 935, 40T
TI15 MR L 725, b oEEos 8T 22 & ThRIEE
FEEEFIMEE 208 S ¢, FREEERIHORE L EX
BERBOITKET B, KHEERELE, FEIEEAME
FEESRPCHRE S, TNICOIMBEER (X7 —IViE
W) 1mL 23 L CHER S/ b o BEFRFEE
WEST S, $72, RELREBICOWT L RBOBRIERZITS.
DL XDORMEEEIIIOFETHS.

MEORKR, BONT-BHEFRFEEEOUESMEE
Table 1127

2:3 £IO0LDEBERAE

AFK 30 mL % 3O IRRAE Y, BREREEHE (pH
5.0) % 800 uL 7RI L 7-%%, KEE{LF MY o ABEEH W
TpH % 5.0 IZFET 5. RIT 4% APDC A1 800 uL &
U 5% Triton X-114 ¥ 500 uL # &M L7z, 549 B#
3% 5., 0%k, 2:2 LAKOBEEZIT). TOLED
WAERERIE 30 5 TH S, BONLEs OLRENS T
A(VD) BEZZLFICZEICEY 27O 00 BEEZK
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Fig. 1 Effect of pH on the extraction of 6 ng of

chromium from 30 mL of water

@®: Cr(VI); &: Cr(Ill); APDC: ca. 0.06% ; 5% Triton
X-114 soln added: 1000 uL; Heating: 40T, 15 min

D5,
3 MEREER

3.1 FEAMEIEOBHR

JEA F U WEFEEHA & LTI Triton X-114"7"" 03
M, RKIFFVIFLYAONF 7 F LT 2oV T—F )
(Triton X-100) " $ HW STV B A, #0564~
CREBBNI ERD, T T, EHERTHET S
Triton X-114 (22~25C)® w5 Z Lic L. Tz,
INRIRE OB 2 TR, ORI ES % 40C %
BEIRL 2.

Triton X-114 IZHEFE L, O F F TIXEHFITEAN
Lz Wiz, HSBE L - REEERIMN E BRET 5 0%
MhbH, BREEELTHER (X5 —VER EHAvwzE
&, REEHAEEZER I CERTHILTE .,
WERABEREHWCERLZBEEICERE L, 50% HE
DY T FNVOBBEBENALNZ, 22T, BREEELT
0.1 MAERE (A% —VEBR) #HWAZ LITLT.

32 70OL(VI) O#mBEEEOREL

3:2:1 ZOL(VI) OEBEICKIETpHOXE Ju
A (D EREBAELEGT TICB W TREME R Cr(OHy)s " & L
THET B0, BESHTICBIT S pH OREZ 2.
XL IEEE 100 O, Z=RBRE R L VTt #:
Ve 4T o CTHRZMEHERIIC, 724 VD Xids o )
ERNML72b0%HW. Fig. 1R L72X 912, pHD
RIS T a A (VD) OMFBREZERLZ. Zh
i¥, pH @ LEFIZHE, APDC OEEMRRE (pK. = 3.29)* &%
R S, BEHED PDCTIRESEML 72720 F 2 6h 5.
—J, za A W pH3SALbTMICHB I, £
ML LD pH TIREFUSHBPOLEDSER L. S X9

100 T T T T T

50 | b

25 b

Relative absorbance

0 0.05 0.1
Concn of APDC, %

Fig. 2 Effect of the concentration of APDC on the
extraction of 6 ng of chromium from 30 mL of water

@: Cr(Vl); A: Cr(Ill); pH: 3.0; 5% Triton X-114
soln added: 500 pL; Heating: 40C, 15 min

RHBBHERLAL-BERICOWTEBR TS, UEoZ
b, z7aANVD ZHETA-OORBEpPH % 3.0 L L
7z.

3-2:2 7 0OL(VI) OHMEICKITFT APDC BEOEE
Fig. 2127 L72X 912, APDCIBEOMIMIfE-> Tr 1 A
(VD) OMIEIEEIZH KL, APDCIEE 0.08% Ml ETIZ
T—geol. TOEEOIZT LV LiEH® PDCT
EDOBNIIZL:4X10° THE L5, FEFICERED
APDC 287 T A (VI) OHHBICHETH B Z L35 h o 7.
—7J, BEF L7z APDCEBEBICB VT, Z7aa D) i3
AT E N ot 22T, z0A VD EHBT
% 729 D APDC IR R 0.08% & L, ALK 30 mL i<
LT 4% APDC % 650 uL N3 5 Z &z L7z,

3°2:3 Triton X-114 FRDRMEOEE  Triton X-
114 B ORINEE, T4 Cr-PDC 6% B Y A 572
JORPLETHL—F, BEEREZELTLI0, RO
BREBEOR M) v 7 ARKIRT 272D ETEB72F4
LT HIEDPEE LV, Fig. 31Z/R L7z L H T, Triton
X-114 BHROBMEZBLEE TS, 70a (VD) OMHNF
WHEEICEDF DEE L ToRwv, RIS, KHAFICERET
% Triton X-114 B % RITESEHE  Ame = 275 nm)
KEoTRDZEZA, WME 750 uL Bl EIZB VT,
Triton X-114 ® CMC (0.01~0.02%)* Ml L& % o7z, &
DT EDPS, WIE oL M EizBwT, —HHI kL
PREGERM 2 HRET, KMo BRLTwsbo e
Zbhd, L7zdo> T, 5% Triton X-114 RO TME X
500 uL & L7,

3-2-4 JNEBSEOFE Sl Moz
7D EHY LOBEICIRT 2 LEXD Y, MRREH
BN & TG EEIER S N W B H B, —
J, APDCIZ X 57 1A (VD) @RI 2 HHIZIE,
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Fig. 3 Effect of the volume of Triton X-114 solution
added on the extraction of 6 ng of chromium (VI)
from 30 mL of water

@ : Relative absorbance of Cr(VI); ll: Concentration
of Triton X-114 in aqueous phase; Triton X-114 soln
added: 5%; pH: 3.0; APDC: ca. 0.08% ; Heating:
40C, 15 min
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Fig. 4 Effect of the heating time on the extraction of
6 ng of chromium from 30 mL of water

@: Cr(Vl); &: Cr(IIl): pH: 3.0; APDC: ca. 0.08%;
5% Triton X-114 soln added: 500 uL; Heating: 40T

APDC &7 1A (VD) Xidzuaa () & ORBEEESF]
HALTWwWa0, ERM2EL TSP, MEREZE L

THE, A DEBEIFEATHHBIATLE)

BhAdH b, Fig. 4 1R L7 X 91T, MRIRE 40T 0¥
&, 155 BUEOMETZ ua (VI) OMFIEEEIZIZIZ
—EE kol —F, MEKHEECTSE, 70 AID
PRHOTHPCHBINTLE) 2B G o7z. Lz
T, TEEEEIL 15 5 E L.

3.3 27 0LDMHEEZEOREL
ERMHMBECL Y 70D 7 aa (VD) ERIERIC
WHTEA2EE2BERE LS, NEEES 80T 127
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Fig. 5 Effect of pH and the concentration of APDC
on the extraction of 6 ng of (a) chromium (VI) and (b)
chromium (III) from 30 mL of water

@®: pH2.0; A: pH3.0; l: pH4.0; V¥: pH 5.0; 5%
Triton X-114 soln added: 500 UL; Heating: 40TC, 15
min

5T ETAPDC &7 Tl (D) DR RISHE & A X
HHIENPTEL., LhL, IMRBELZELTL L, #Hib
LB ORI REE A AR, AR L 2o
Tz, BOSERMICHEEE G TAILERD72. D
BS3 APDC BED 0.1% VBT, 2 OoMiREED 80T
DEXRCBEISN. 022D, L BEREEICT
57:%, pHR U APDCIREZRELTHZ L Tr O AL
(mn &zunVl) %2FEBCHEBTE 2500EZEZ R
ATz,

7aA (VD) RUZ s (D) OMBIZKIZTT pH KD
APDC iBE DB % Fig. 527 F. pH5.0, APDC i
0.10% L EIZB W T aa () OENEEERIEZIZ—F
Ly, MULEBTOZ Ol (VD) OMMREE L IZI3—
BL-BEMEON, T4, Cokasnrzasa() &
WEED PDC L DENVHIZ1:1.6%10° L2 1, 712 AV
VB ABEBEVEED PDC BLETHL I ENGDo
7. L7zdioT, &2 0s0iicBI 3 pH % 5.0,
APDCIEE X 0.10% & L, #HBK30mLIIx LT 4%
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Table 2 Effect of diverse ions on the determination of Chromium (III) and chromium (VI) in river water

Tons Concentration/pg L™’
AL(III) 0 0 20 60 100
V(V) 0 0 1 3 5
Fe (I11) 0 0 50 150 250
Co(II) 0 -0 0.2 0.6 1
Ni(I) 0 0 0.5 1.5 2.5
Cu(Il) 0 0 5 15 25
Zn (1) 0 0 10 30 50
As(1II) 0 0 1 3 5
Se(IV) 0 0 0.1 0.3 0.5
Cd 11) 0 0 0.1 0.3 0.5
Sn(IV) 0 0 0.015 0.045 0.075
Sb (I1T) 0 0 0.015 0.045 0.075
Pb(II) 0 0 3 9 15
Bi(III) 0 0 0.002 0.006 0.01
Artificial river water®
None Add Add Add Add
Relative absorbance '

Cr(VI) 100 94 101 102 107
Cr(III) 100 91 92 99 97

Cr: 0.2 ug/L; a) Composition of artificial river water (in mg/L) is Ca®": 741, Mg2+: 1.87, Na: 6.50, K": 1.20,
SO/ : 11.97, C1™: 6.39, PO, : 0.02, NH, -N: 0.05, NOs -N: 0.26, SiOs: 19.0

APDC B % 800 uL ™M 5 2 LIz L7z,

Fig. 5WCRL72%& pHICB I 2 BEECEET 5 &,
7@ A VD) Tt pH3.0~5.0 2BV THEEOMEES) %
ARL72DIK L, 7aa D) T4 pHICBIT 2z
BB g o7z, TOLXREWVE, APDC &7 a2 (1)
RiFzuas VD) EORBICHEEL2E5Z ZEFOENICE
BHDTHHEELZONS, z0A (D &, 10 °M L
TOREETIE Cr(OH:)®", Cr(OH:);(0OH)®",
Cr(OHy)4(OH):", Cr(OH)s XU Cr(OH2)2(OH)s & LT
HFHELTBY, BFHEEHE pKa = 8.57, pKa=6.27,
pK.s = 6.35, pKu=11.46 LHE I TR2® . ZoZ e
75, pH2 KU 3 Tik Cr(OHy)s’ 2%, pH4 KU 5 Tk
Cr(OHs)s(OH)* " MMES L bFEETH L L EZOND. L
725 T, pHO LRI o Tz a s QD DLFEDOE
FE+355 +2 10T 5. 7oA (D (FBEEAEE
THHIEPAMENTVEY, BHOBEDICLI-TIr B
LKRGT L ORENHEE 720, LFHEOFEHETHAT
LEEZOLNE ThHDIEHs, i) OB
WZiiEEED PDC™ 721 T &, BAALEME O REHTRIE X
N, —%, 70 (VD) Z10 *MUTOEETIZ
HsCrOs;, HCrO, , CrOS & LTHELTE Y, BiRE
EIEL pKa = 0.745, pKae=6.49 TH 2™, Zh kLD,
pH2~5IBF 57 1as (VD) OEFEZRILFEMEIE HCrO,”
THy, 725NV OHMHICITEREDO PDCTIRENKX
 FE5THEEZONG.

34 HETROEE

NP ORETLRES 7 10 2 O OB TR EH E
CRATTHEIZOWT, ATk %EHOIFEFHEET
D 11ER, sSHEERU S FELREFEIE TR, ATH
NIKIGAIRDFNKDOFIHE % FICAB L 72, BRE
Table 2 IZ/RY. AEXRES s HERITETOTEHEERL
7272500 T, RERpB I hh o7,
BOREORVWREHIBATE 208540, HELS
M) ABEEELIE TR ZTo742E T A, 0O5MD
EEWSGEDH 20% WA L7z, L72d3- T, iKER 2%
EWCEBT A AR, RBKEFHRT S, Triton X-
114 W ORINE 2 R T LER D 5.

3:5 REREIRHRT

S0 fEIRAM BT AMERE, Z i (D ks ol
(VD) 1IZ2WT 0~0.5ug/L O#MPTIER L7225, 3
CEMAME (HBEREBUZIEIC 0.999) 2R L7z, RIEEHAR
B (n=6) OEEREE (0) D3IFLERELRBER
(80) EZ7ua(VD), £7UATENEN25, 3.7ng/L
Thh, 10fELERLEETR (100) &, ThEh
8.2ng/L, 12ng/L THho7:.

3.6 EEEHBAOEA

AR B AR EEE TN O BRI A EE Lz,
JIAKRBHIERAE 045 pm KY F b 7Vt T L v
(PTFE) A Y TS5V 74 vy —%HAWTFEBL, #DH
DS HIERERNEZHWTOH L. TORKE (n=3),
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Z 1A (VD) #BER 0.090 = 0.005 pg/L,
0.093 £ 0.010 pg/L & 7% h, 7 1A () REIZ 0.003
pg/L EEHSN, Z7us (VD) PMEHETH-7/. RICH
AHrALEZ O )IKRFEEEYE JSAC 0302 (R %
100 ERML b DIcAERFEH L2 25, BiHE
10.1 0.2 ug/L IS L CTEREIZ 9.9 £ 0.6 pg/L &% 1,
MAEHEANTHR L.

L7 0 LEEIR

i

4

HWHEREEL LT Triton X-114 &, FL—rREL LT
APDC % FiVv: 2 E 5 & BEPETHOLE L 2 A&
bEBEZT LWL, Wilkdorsasdn &7as VD
DO HEEDTEBIC R 5 72,
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Speciation of Chromium (IIT) and Chromium (VI) in River Water
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A sensitive and selective method for the determination of sub ug/L levels of inorganic chromi-
um species in river water is described. The proposed method is based on the cloud point
extraction (CPE) with non-ionic surfactant and graphite furnace atomic absorption spectrome-
try. Hydrophobic chromium chelates in a 30 mL of water sample were extracted into a surfac-
tantrich phase of polyoxyethylene (8)octylphenyl ether (Triton X-114) after heating over the
cloud point temperature (kept in a thermostated water bath at 40C for 15 min). Separation of
the aqueous and surfactant-rich phases was accomplished by centrifugation and cooling in an ice
bath. The surfactantrich phase was dehydrated in a drying oven, and the residual extract was
dissolved in a 1.0 mL of 0.1 M nitric acid/methanol solution to decrease the viscosity of the
extract. A 20 uL aliquot of the resulting solution was injected into a graphite furnace. In this
study, we used ammonium pyrrolidinedithiocarbamate (APDC) as a chelating agent which reacts
with both Cr(III) and Cr(VI). The CPE behavior of Cr(III) and Cr(VI) according to the varia-
tion of pH and APDC concentration in sample solution was investigated. The results indicated
that the major factor of CPE is the concentration of dissociated PDC  and the chemical species
of chromium, Cr(OHs)s(OH)*" and HCrO, . Cr(VI) was selectively extracted at pH 3.0, and
total Cr {Cr(III) + Cr(VI)} was extracted at pH 5.0 without an oxidation process. The optimum
concentration of APDC was 0.08% for Cr(VI) and 0.10% for total Cr. The linear calibration
curves of Cr(VI) and total Cr for ca. 30-fold preconcentration were obtained over the range of 0
to 0.5 ug/L in the initial solution. The detection limit (30) was 2.5 ng/L for Cr(VI) and 3.7
ng/L for total Cr. The proposed method was successfully applied to river water and certified
reference material.

Keywords : chromium (III) and chromium (VI); cloud point extraction; ammonium pyrro-
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