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B OE.ag2s7—#mEHEd C(l) . C(VD) Bzt eib- BB 8T hRAEI ik, TEERAZRL
A AL, R R B, &1 44 4 Dionex AS11-HC P & F 42 (4 mm x50 mm x9 wm) ;¥4 60 mmol/L( pH9.0) 55 &% 4%
W hARHA,AEH 1.5 mL/min; A8 BAREF & TR A EHT TR EZ oM, ERAN £ 0~20 pg/LEEA Cr
(M) .Cr(VI) Z MR, 484 248 R ¥4 0998 A b Rdmek &£ 81.2% ~94.8% 2 18], a5t A=t £ 4 1.7% ~
4.1% ;% T A 0.12 pg/L A2 0.18 wg/L, Ak fbhik A T HBPREHSERG &N, 5F4 BiZF ik
SRR R R A R RE R 6 F BT T AN, AINB RN F B P2 (D) BEAFLE,

KEF: AR E L, LRSI, B RARAF B TR, A4S, HE

Determination of chromium species and content in rice wine by
high performance liquid chromatography-inductively
coupled plasma mass spectrometry
SONG Wei-hua, DONG Wen-hong, HU Bei-zhen, LIN Huan-yu

( Comprehensive Technologic Service Center of Shaoxing Entry—Exit Inspection and

Quarantine Bureau,Shaoxing 312000, China)

Abstract: A high performance liquid chromatography and inductively coupled plasma mass spectrometry (HPLC-
ICP-MS) method was developed for determination of Cr( Il ),Cr( VI) in rice wine.The wine sample was purified
with Carb-NH, SPE column,eluted with ultra-pure water and then separated on a Dionex AS11-HC (4 mm x 50
mm x9 ym) column using 60 mmol/L ammonium nitrate (pH9.0) at 1.5mL/min as mobile phase.|dentification and
quantification were achieved by inductively coupled plasma mass spectrometry (ICP-MS).It showed good liner
correlation between 0 and 20 ug/L with correlation coeficients better than 0.998.The average recoveries of Cr( Il )
and Cr( VI)ranged from 81.2% to 94.8% at different spiked level sand the relative standard deviations ranged from
1.7% 10 4.1%.The quantification limits of Cr( Il ) and Cr( VI) were 0.12 ug/L and 0.18 ug/L respectively.The method
was suited for determination of chromium species in rice wine.Shao xing rice wines of different kind and different
age from different manufacturers were determinted using the established method, results showed that Cr( Il ) was
the main specie.

Key words: high performance liquid chromatography; carbon black amino column; inductively coupled plasma
mass spectrometry ; chromium species;rice wine
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(VD) B0 DRI, X T4 P A D S S B 7 e, B
RSN SR, AT, XKL & etk
bt SRS TR I S TSR A R 2 ng R . (3
b T B TP H A% T 28 ARG I L (S BR R T R L
M. N T A RT3 W h S AF R B RS,
SIS R ST T e R A b — HPLC—ICP—MS ll 5&
TV I A S A i 0 O v, IR R e O R G 49 0%
Hby AN Rl AN [R]4F 453 B AN ] 28 5 1) 3595 364 T T
BICAS I Fr i e o
1 HRER®
1.1 5N

Cr( M) .Cr( VD) BRifEsHIEW T E R ATIE BT 5
LM R A M KA B A T
ABRAFE i aliaEosk TR fE b2 A R A
L UP R (7T1% ) i1 753 M fh I fb 24 A IR &l (4
Eali P SEEKRHIEFI A F . AGILI-HC BB T
WiAE (4 mm x50 mm x9 pm)  FEERCHIR A A 5 2%
MREHEATE (500 mg/6 mL)  HLHAEHEHECA BRAF S

LB & 455 TR BT 3% Aurora MO0 32 [E 1 &
TN A AR Al K A Millli. Q Element A10 35 [H
Millipore 2% ] 5 W5y 80 AR (LG AX 1260 Z2HEERMY s £
igealifbas  SEEINMMALAA R F
1.2 XLWwH*E
121 S MRS L H K A MilliQ
Element A10 #B&[E7KACHI A5, FH T 10 6 52 56 5 FH 19 bR
B SFEIE W . THR S 20K 55t Z ) eslifk
Fralifb/e . RBESAEEHETHE 5 mL(50%
FH SR 3 W) T4k, B 25 mL BB 47K 7 ko

60 mmol 1474 1R 4% : Bt 3.95 mL 4lifb )5 RS , &2
2551 1000 mL, FH &b 5 B9 27K I pH 5 9.0,
122 FESRTAEE  BEBGEWEFES 1.0 mL, LA L
IWEALT I R BA A FEAE R SR 5 DL 9.0 mL B4tk #EF T8k
it U BE 15 mL F RS R, 2 A E] 10.0 mL, B
WA 0.5 mL BT 1.5mL fy#EESH, Il 10 mmol
EDTA ##% 0.5 mL, T 65 C/K¥ ™ W 45 min J5¥%
WE RS LR E R TE A
1.3 g H

TR i 25 A : AGL1—HC BH S+ Tl
(4 mm x50 mm x9 pm) ; FishAH A 60 mmol/ L A
W4k (pHO.0) 5 Jii i 1.5 mL/min; #3172k 20 C 5 JE#E
.50 plL.

FELER & 58 F IR IS 25 8 S 38 1400 W
A B TR 18 L/ min; F AR 1.8 L/ min ;
AP 0.2 L/min; 24 A5 Hii# 1.0 L/min, 5 85 5 [A]
80000 s ;filff# <, 125 mL/min (<,
2 HERE5HW

W % 0 — M A 2 Cr (VD) B9 5 iR R
(CrO7 ) ALK Cr (D) MRS S T (Cr'" ) o B IREh J—
FHBHES 7, 1 =M B TR, T LTEA IR 2%
T, SR — b B 7 58 48 07 125 2 AN HE X X P b S 7
BB . T AR SRR pH BIRAS, Cr( 1)
5 Cr (VD) WEEM S SR AR, BERPEAE X
BT B 43 B, pH B9 B AL S & 5230 Cr (V1) [i]
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Cr( D) M 55fb. BRASUEST BT 45 9 nd vl S, i e sl
FLLIE Cr( M) 5 Cr(VD) RPIESRREM: . Bk, FEFE
AR AR AT R A5 o B A AR AR B /NG, DLARIE
JEURFE S S TR 28 43 O E S A Z R AR RF AR S, A
esEge R Ce() 5 EDTA 598 gy e & 40 1Y
PERT SR Cr( D) 40 0 B AG 2 45 5 45, [R] A A& 90 v
WA A3 Cr( M) 5 Cr (VD) BB OR" . brife
R P T shAH Y EDTA £ R84 5 W )A
| pH7 , LA FHIE S e Fi b i g o 25,
MR H ARG T A R 2 Sk | P naE , A E
TEEREWENITCHLE, LRSS TR A
0.05~0.4 g/LyEEIN . KL, Bl EDTA 0 £k 0%
HeJE R 10 mmol/L, & pH7.0, FR W R & H
10 mmol/L ) EDTA # £k 1:1 Fa5E , LA FHIEER I
FaoE a3 535 .
2.1 EIbIEAERIERE
2.1.1  FUANERJFERAERE  ARSCES HhE T AR AT Ak
BT, A B SRR A ZE AR A AR . S5 R
FEHA, HBE IR T (B i TR S S b
IR MR EEIENSY , 5 B T OGS o
PERE AL FH 75 ay, HLAG I FE B 22 I S is Yy ™,
B BRI T e B S AR b IS R U T R A 1) O =X
PEATAREE R A
2.1.2 [ UFIEMPLAE ST b E AR, R
P b (R GEZR g YL, 4 Cr 7 i LAY IE
BorEaa T, Fek s &R &3 E RS
P WZR 5 X B T s AL i i 403, B3 b Ag 5 227
FE SR AR AT AT R A B, S R B AR i 4 3 TR
FElE, BB SRR 2R 0T M (0 35 A R d W B
T 75 SRR IERE U v AR L X i Ak
J5 ) e BR A B A 19 25 1 e e v ik e B, B TR A —
RETAYEREE Cr( D) ,FRATTR 25 mL ARG )S ,
HEAH 5L B AR A AE P A9 Cr( D) /NTAXES KRR o
FEE T ARV B TR 1 1.0 mL 25 1A
(% 20 png/L 14 Cr IR 15% 19 2058 ik i i s,
535 9.0 mL 4livK (5% fr A7 B . 10% A B e 0t , ) 5
T DR 5 R s 2 s, 2 2 Al L, 88 %F ik
JiReE il ep S SN W N ST S <3 O R 1 e E 1
KT 95% , AT, RHMBAli /K VE BRI

F 1 AHENSENTESY B INAR R (% )
Table 1 The standard addition recovery rate of
Cr( I )and Cr( VI) after elution( % )

VEMLTA Cr(I) Cr(VI)
10 mL Ay#E LK 101.2 99.4
10 mL {) 5% Hipi 98.2 101.7
10 mL (¥ 10% FfE 100.5 98.5

22 UERFMHHIERE

2.2.1 ICP-MS #R43  BRALAT A AG & v 8 2K 2y
FIPEHEAYTE I M ( Be (Mg Co \In Ba Ce \TL Pb Th #k
BE 1 pg/L) X} ICP-MS BEAT [ Sl AIE , (A3 R
SECRE R R RE A A B IR A ol AR A S L sl
PR A HAfh T 2R 51 A FFAE S B TR R IE il 22 st
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TESTUn ArCT 1 CIOH™ Xt Cr52 i) A I 3 1l T e o
K] i 75 2 1) T ASL L ) 0 T G 47 2 AR 3 Al R A<
LITHBR o 2R A ) 3 R4 1 He VB mEHE <, O
AN 125 ml/mim,

222 WAHGGEERSr P Cr(ID) A1 Cr(VI) 7EA 4
AL ) S R I A 8] 55 BARSS AL, T A 48 LY
Y7 v 5 R B T R 34 R M SR . VRAH U B N B
M(Cr &8 > 13% ) Wil AANE TS Gy, A T2 56 ol
WBORH T A (51 ) 322 126 AN 455 TN A i S e B B0 4 il PEEK

Tl A A 455 4 2 AR I D) 48 1 31 47 i A0 A 3, B A
Sli/KVEVEE M W pH Sy b, R £ PEEK 48251
BT ook ke sy . L 60 mmoL. 1Al PR #4175 WK
(pH9.0) i sl A8, Wi # 2 1.5 mL/min, 3 #F &
50 WL WAH ST S5, B A B0 4 1 B Tt i A
XFF Cr 1943 B A DU IR AR T DU IR T 1
A EEXT Cr PRI IE S ST 43 55, (B 53 Hr i) [a]
TG, A B RS T 10 ming, T #2294 T AT
LIFE 3 min P58 85 HT 5 Mk, 30 A B4 09 5 B 3K
5,02 pg/Liy Cr () (Cr( VD) FrEE S E WLE 1,
R R H#LEE AG11-HC S F#iAE (4 mm x50 mm
X9 wm) AAE R A3 B I AL A

7000 cr(1l)
6000
5000
2 4000
3000
2000

1000

0
0 0.5 1 1.5 2 2.5

Cr(VI)

Bl 02 pg/Lig Cr( ) .Cr( VD) bRbE A

Fig.1  Chromatogram of a mixture of

Cr( Il ) and Cx( VI) standards

23 HKMXREMRARMEIKERIEZE
2.3.1 £ R MIEAMKR  0~20.0 we/L ol N
T 96 J& >4 0.0 .0.2 0.5 1.0 2.0 .10 .20 pg/L Ky 2 Fil
WIS WIS UER W, IE4 0L viv(1:1) 5
10 mmol/L EDTA #h % W IR 4, 7€ 50 °C K% h
R 1 h, ff Cr (D) A iR 1y Cr (L) —EDTA B4
Yy, R N E BRI, T3 H 5 3 A o 2 (L
2 3),Y Jym B E, X ik ek BE (peg/L), AE
0~20.0 g/LyEEI N, 2 FlEs T8 & b5 i ih £ £ M B 4,
A REIY KT 0998, 4 0.5 pg/L MR AR I WK 8
KHRE, LA 3 AEAE MR L AR B, 10 455 e L D e &
B, S ge s W3R 3,
2 Cr AKX R B R

Table 2 Linear range and detection limit

- e MR
Cr e A (ul) (ngl)
Cr(Ml) Y =4147X +3304 09996 004  0.12

Cr(VI) Y=710.7X +16.299 0.9985 0.06 0.18
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232 BB RS RE TESEE N R 1.2 %
PERF AR T 15 80 B I A i BEA T N R, 88 IE T A Y
AERRPERIAS IR . = AT [FIACRAE 81.2%
~94.8% NEHE 1.7% ~4.1% K PLERILF 4,
2.4 FEWRIE

KR = RA RIS 2 X ks 2.5 .5.0 100 pg/L
A LT AR A, 15 18 T X DS SR RS S R AT
THUE, B IETE SLUNER 50 45 5L A MR TE 81.6%
~89.2% N4 % 0.8% ~4.8% |

3 BRSNS SR SRS R R
Table 3  The standard addition recovery

and precision of rice wine

W7k Ko (% ) RSD
(pg/L) 1 2 3 (%)
- Cr(M) 928 876 948 4.1
cr(VI) 848 876 812 3.8
so Cr(ll) 846 862 906 3.6
Cr(VI) 848 866 894 27
100 Cr(I) 886 912 884 1.7
cr(VI) 904 872 921 238
#4 INERIEEYE
Table 4 The method validation data
; . B (%) .
@fiij’if RIH AR BER CHAR (o)
(0 AL AP PSS EAT
) Cr(M) 884 816 892 438
Cr(VI) 864 844 884 23
50 Cr(Il) 842 862 854 1.2
Cr(VI) 838 830 880 3.2
100 cr(M) 871 874 860 0.8
cr(VI) 878 878  89.0 0.8

2.5 SCEREEm ARG

T IS A B R T AR I 2.2 SR XS 4 2%
XA R]) T REAFR A AR TP i BB S & b AT T
MREFFHE T E 00 &, Bda =k 6 Ui, IF LA
PR SRS BB A T A AT AN [ 2 B
RS ST GE , G 2RANR T PR .

a6 K7 R R sl a5 A Ce(I)
BT SAFAE , A R Hh A I H D R Ce (VD)
AT AL, AT RE A BT P A A TR A A 2 e A
A L PRAF IR I, BRI RY pH (E 3~4 547,
IR HF B9 A S R IR AR TSR R S i Cr
(VD) Bkl Cr (D) o A T 56 Gk X 4> 5% A i 72, 8
10 pe/L Cr( VD) B IIRRFE fH PSR Cr( VI A2
ZERAIXTEL, W 2 Fros, i E AT UL, 2 d s, Ce (VD)
AW 2% T A8 Cr D) A7 B H B T e, ply 3
Cr( VD) 7R PE B vh A Fa e, Zr ml Ce (D) $% 4k
MR AN 22 i A AR B, G pHO AR X e, —
JBEAE 6.0 ZeAa, IR 35 A7 B S My | 28 SRR 45 1Y A I8
YIS AR X B, O Cr (VD) AR AR R3S T — &

M
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Table 5 The content of chromium species in different vintages of different manufacturer
SRR GG 25
[ 5 ANTFAE G AS N 45 2R g/ L)
06 4 07 4 08 4 09 4 10 4¢ 11 4 >10 4
Cr(IM) 21.3 11.5 17.4 13.2 14.1 7.3 8.5
AT
Cr(VI) - - - - - - -
C 10.3 7.6 5.7 6.3 6.1 6.5 9.2
B r( 1)
Cr(VI) - - - - - - -
C 12.1 9.6 12.7 6.9 6.4 6.4 10.7
cr r( D)
Cr( VI) - - - - - - -
F6 Al G SRR R Y LE
Table 6 The content of chromium species in different vintages of different rice wine
g Sk AT RIS (pe/L)
Vs 4N N . N SLL Y N ~ N 3 -
o PRI SELL R A PRI BRI R DTN B A
1 Cr(1Il) 133 16.4 8.2 15.7 10.2 12.1 13.5 12.1 13.2 18.7
2 Cr(VI) - - - - - 2.1 - - - -
10000 Cr(VI) [2] Memon JR, Memon SQ, Bhanger MI, et al [ J] .Journal of
9000 Hazardous Materials,2009,163:511-516.
iggg [3] 343, Jubcht . B F HH B BN T 035 Kb #E
S 6000 N BREME[T] R T R BH ARG %4 ,1982,3(5):
5000 19-25.
4000 (4] 24 R, FHH,F LME T2 &% L AABE
3000 FBFHRRERAFZARMNZAKFRE Cr(I) 5 Cr(VD) [T].
ey T T oS IHFALEE 2009 ,37(3) 1433-436.
min [5]4 %, X4, 3%k M, % HPLC/ICP-MS £ 2] £ K& ¥ Cr
6500 Cr(II (I 5 Cr(VD) AR 7 [J]. T % X5 53k (3 i) 2012,25
6000
5500 (3):13-16.
5000 [6]38.&3&, Tk HPLC/ICP-MS £ 355 A & 698 L £ H
» 4500 R SV
S 4000 oA F o4 5 A [T R 5 R ,2006,27(1) :56-62.
3500 (7] %A, B F ok A Cr(TD) A= Cr( V) 2 3% &
B WWWW ICP-MS sl & A %[ J].4 %A+ ,2005,26(7) :172-174.
2000 [8] Rdede x| 447, X B3, 5 R AR B T 5T &3 — & A5 4
0 0.5 1 1.5 2 25 3 F BT EN AT AR &4[T]. £4%,2011,29
mn (10) :1027-1030.
P21 g/ LCr (VD) BN 2 d iR LA (90 kA, #h o % W3k, 5 .8 F 636 — & BIB L B F R

Fig2 1 pg/L Cr( VI)rice wine with

standard spectra comparison before and after two days

it
T8 3 X 2 1% S ST BT S5 A Ak, ST T A
R AL ¥ A~ HPLC—ICP—MS & 237G vp 4 285 Mz
ORI . %7k TR SR, 38 T T I R R
AFREE WS HTAIN , 7E 0~20 peg/LE N Cr( L) (Cr
CVD) et R 4g, %00 [F1 031 AE 81.2% ~94.8% Z [H],
AEHPR435)24 0.12 pwg/L F10.18 ng/L. FIHIZTTE
XPAN R AEAGY (AN [R) 4 lb A AN TR) 218 Y 1w il 647 1 AR
M), A LR PEH XA BT 8% 2L Ce (D) S
AAAE, WU AE 04 I e B T 20 7 2 3 se R 1Y
SR W) R0 A7 RIS 1 SR BBURH I, 1) i i o

5% ik
[ 1 ]http://business.sohu.com/20111107/n324738966.shtml.
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[10]#45F TR, %/, 5 LEABEF BT HRAEMNT
RREE TR A BOREAEI] R FFER(EE
#) ,2011,36(6) :679-682.

[ 11 ] Pantsar— Kallio M, Manninen P K. Frdsenius[ J ].Journal of
Chromatography A,1996,750(1-2) :89-95.

[12] 75 4k1&, B3  ABAFFEB P ANAZTEEIAH[T]HE
A& 5 R ,2004,21(6) :69.

[1B] MR, XK, 28, § FEFBERANLTERSS
FBORBRAGETXZHRL[I]. P BERE,2010,221(8):
37-39.
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