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Abstract: A method was developed for the simultaneous determination of chromium(III) and chromium(VI) in dairy products by high
performance liquid chromatography(HPLC) coupled with inductively coupled plasma-mass spectrometry(ICP-MS). The sample was boiled in
EDTA buffer solution, cooled down and centrifuged at.8000 v/min for 10 min to separate the protein. Then the supernatant was filtrated through
0.45 um filter membrane, and chromium(I1I) and chromium(VI) were simultaneously extracted. Using NH,NOj; as mobile phase (pH=7.0~7.2),
Chromium(III) and chromium(VI) were separated and detected in.4‘min by HPLC-ICP-MS at a flow rate of 0.6 mL/min. The effects of various
pretreatment conditions on test results were.researched. The amount of EDTA should be excessive to eliminate the influence of calcium,
magnesium and other elements. The complexation rate of EDTA with Chromium(III) was significantly increased by boiling, but the time should
not be too long, and 2~3 min was appropriate. The two chromium species had good recoveries and separation effect under pH 7.0~7.2. The
results showed that the linear ranges for Chromium(III) and chromium(VI) were between 0.2 and 20 pg/L with linear coefficients more than
0.9995, and the detection limits were 0.034 and 0.066 pg/L. The method had a simple pretreatment procedure, high sensitivity and good
accuracy and precision.

Key words: high performance liquid chromatography; inductively coupled plasma-mass spectrometry; multiple techniques; dairy
products; chromium(I1I); chromium(VI)
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1 HRSES
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L1 EZHA G0

TR, MEECNW; &K (ira); 2 U2
4 (EDTA, R40); S ESHRAEA (100 mg/L),
AT ENRE A A =R (100
mg/L), FHFEEAT: BAK (A 18.2 MO/em)s

AT 34 (HPLC), 22[H Agilent 4 7 1260
A AR G A B A TR ACP-MS), £ [ Agilent
AT 7700x B G3268-80001 ifk:, £[E Agilent
ATl SG2-ELK A pH i, HHRP-FER 21 3% (Bifg)
HIRAF; 0.45 pm FFLEER,

1.2 5 i ey B \ N

JisitH (0.05 mmol/L NH4NO3): 1L KAL)
3.4 mLAHFRAIZ) 3.7 mL 2K, H 10% 8RR EL 10%
KRN pH7.0~7.2;

ZEM 0.1mol/L EDTA): 1 L WishAHF A 33.3
g EDTA, H 10%HHER M B 10% 2 K 3T
pH7.0~7.2;

Cr(II)-EDTA FrifEfi 5 (10 mg/L): HX 10 mL
=MEEFRIEAT (100 mg/L), I 10 mL ZEM9,
FRBAHESE 100 mL, 7E 50 C/AKWE FREFE Lh, 4
& Cr(IIN)-EDTA 24 &4 A E Z S0 AZIB TR E 4 °C
TRAFLI3AH

TRAFMERT: B Cr(IlD)-EDTA Frffff s 10
mL, 100 mg/L WIS EARAEA R 1 mL, BT 100 mL
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¥R 02, 05, 1. 2+ 5. 10, 20 pg/L KRB IRER
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Ak ds: BEHSE O EAGES; RE Ih%: 1550 Wi
RREREE: 8mm; 3 1.2 L/iming BT 08's;
SIFTIRILER: 52CT; SRAERGR: He B, 4.5 mL/min;
IHBNIR :

L4 AR
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1% %K. (EA TR pH (A PREFHPE 2 55001 . Kibe
MAE AR A 5, W FS 2 50 mL A &,
FHHRAlK e 75 BUARAE 8000 t/min &5.0» 10 min, HY
iEWGE 0.45 pm JEEE, JERGE HPLC-ICP-MS 43-#f7 o

2 ZR51He

0.3 mps.
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Fig.1 Chromatogram of mixed chromium (III) and chromium

(V]) standards
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Fig.2 Chromatogram of spiked mixed standards in a milk
powder sample
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s, w2 FE= A B AR R C TP R O 2D
LR T JUHASFURI S REAS, JUs, Bk g
B e IR A I R e P AR Wk, 8 100 g
Pk &35S 1745 mgs 8% 100 mg. % 10 mg. £¥ 7 mg.

EDTA 5 & /@& @ WL, 111445, DL ERYR J9fl,
0.1 g FEAHIES . BRETER RANTE 0.5 mL iKE
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BIOK 10 /%, B 5 mL, VDMFEIF =445 EDTA

A
2,12 RELIREHF R

— &5 EDTA 7fE5 I P& AR SRR 8, &5
BN A R AR . BEEIRETE, REHE
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Fig.3 Effect of boiling time on recoveries of 1 pg/L Cr(VI) in

buffer solution

E: A ERA AW 2~3min, SUEEDICEXF] 93.1%~
95.3%, & SiLESBEAMGHRLHE,
2.1.4 pHAEFm

HUR Y EDTA %A =AM britEid s (10 pg/L)
FEANE] pH EIZErmE P 250 2 min 5, € £k W
K 1o HERATLURI, B pH EALM, =M HE
WCRLRRRRRE, ULIIZEMRY) pH (EXT =A% 1 SR
BCRBAE R, IR UER, & 2 min 5,
EDTA 5= &7 2% 5

110 pg/L Cr (111 FRAERRAE oH ETERH 2 min FRIMELR (n=5)
Table 1 Recoveries of 10 pg/L Cr(I1I) by boiling 2 min under different pH

pH 14 6.0

7.0 7.5 8.0

Cr(lN) =M/ (ug/L)  9.7240.18  9.83+0.20  9.77+0.15 9.73£0.16  9.75+0.22

Cr(II) =K & /% 97.2+1.8

98.3+2.0

97.7£1.5  97.3+1.6  97.5+2.2

ZEFL pH AEXS N RS E 45 R R E IR
i BX 10 pg/L (/N U8 PR AERAE AN R pH AE T 20

2 min JEFINAZE R WKL 2. Z5E/R, 76 pH EMKT
7, BEFE pH AL TR, /Nt i BISCREEE R pH
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BT 70, ASMEERECRIEAAE ., XEFATE
FRYESRAE N, A EGPOEFE A =M. e
WAESE T iX— i, HPLC-ICP-MS 2tk Eor, A~
AT AT IR MM T RS, =M Ab I

kg, BEH pH fE N, NSRBI, =
B AT ALK, FE H =M S 7 i i i e
ZHFERAAS . d AT W, SR NI R IR T
=k

210 pg/L Cr (V1) #RAERIRAE pH ETEH 2 min FEINELER (n=5)
Table 2 Recoveries of 10 pg/L Cr(VI) by beiling 2 min under different pH

pH 1& 6.0 6.5 6.8 7.0 7.2 7.5 8.0
Cr(VD)ZMMa/(ug/L)  6.05+0.11  8.1140.14  9.04£0.14 9.45+0.12 9.58+0.15 9.57+0.18 9.65+0.16
FCr(I) EMHE/(ug/L)  3.62+0.06  1.60£0.02  0.58+0.02 0.23+0.01  0.12+0.01  0.05£0.01 -0.06+0:01
Cr % =CE/ % 96.7£1.7  97.1+x1.6  96.2+1.6  96.8+1.3  97.0+1.6  96.2+1.9 97.1+1.7

VE: SRALIMIF 6 ZMMAE R e AR SR LR R, M dE Mk AeARE IR SR .

T BSOS AR B R R S L o =
B, MBI pH EROZRFERT 7. SR 050 5
RIN, BEERSIAHN pH ETFE, =N 575
Iy ESRURAR 2 . MIREIARI pH EIAR] 7.5 B, —FH )
IR B, R ASCRAGENHE
pH 7.0~7.2, {EV# 0.6 mL/min I, =& BT
[i]/& 1.45+£0.05 min, NUHESHICREART]Z 2.80+0.06
min, 5> EEEAE,

22 MEWMA. BREREEEE

B 1.2 R TR A AR e R SR AT, LA
R X i, CAEHRUN Y Sheztilbritk s, =
AR IIZRIE T Y=1.285%10°X+1.267x10°, ZkE7a
0.2~20 pg/L, AHFKRECH 0.9998; FSIEE LTS
FEA Y=1.231x10"X-6.119x10°, £ V435 0.2~20 pg/L,
FHICRECH 0.9996.

KR FZE AR SR R 3:1 B, =
BRSNS 1) /s R BR 43708 0.034 pg/L A 0.066
ng/Lo

WORE N 1.0 ng/L HREAER, ESLRE 6
U, DS =R A SR I TEIAS,  THE LA AR

2 (RSD) 251N 1.28%F1 2.04%, B4 BT,
23 EKER M

LAWY 2iA . BRGNS, 5T =
AT NS BRI e T ALK T 2 R gL
PYARAG H =B8R B o e T AR 4B 5.
B A IR 2% P A P AR/ RS
EDTA 4845 =Wkt 1458 1.4 [(3RA 20 5|
FREATER WA =M AINAR[ES R R 3. 45
P, AR IR R HASE .

AT NG B IR RIS A, 7SR ) S
ESIMANEAMERE, SLMEMK, JFHRH I
= i .

LRI, ZS IS B IR R R S = AN R
MAFE AT, LRI ERIR
S, X e LR AR AR IR g A
BOE RIS R R = . 9 IR — AT R
ANk, BLO.1 g M02g, & =1, FHpMEMSE,
TP RIIMAASF KNGS SR AEREL ARl
e WL 4.

4 3 SNEMAFEIEIR (n=5)
Table 3 Recoveries of spiked Cr(III) in samples

Hon Wi 1 W2 s 42 BRI 843 2 WEE 1 W38k 2
Cr(IlAeZ/(ug/L) 2.00 10.00 2.00 10.00 2.00 10.00 2.00 10.00
Cr(l) & MME/(ug/L) 1.97£0.03  9.78+0.22  1.95+£0.02 9.83+0.14 1.94+0.02 9.71£0.16 1.93+0.03 9.74+0.13

Cr(IID) =& /% 98.5£1.5  97.8422  97.5+1.0  98.3+14  97.0£1.0 97.141.6  96.5t1.5  97.4+1.3
&4 NNEMARESEE (n=3)
Table 4 Recoveries of spiked Cr (VI) in samples
Mo Elg 0.1 0.1 0.1 0.2 0.2 0.2
Cr(VDAsANZ/(ug/L) 10.00 16.00 20.00 20.00 30.00 40.00
Cr(VD) M/ (pg/L)  1.71+0.08  7.56+0.18 1131025 3.32+0.09  12.91+0.27 22.38+0.35
Cr(lI)EMYE/(ug/L)  7.9940.18  7.91+0.13  7.91£0.17  15.9240.25 15.8440.21 16.03+0.19
Cr Z =D /% 97.0£2.6  96.7£1.9 96.1£2.1 96.2+1.7 95.8+1.6 96.0+1.4
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3 Zig

AR EDTA 3R B il A 5 =4
B M NHER, LA HPLC-ICP-MS [FEIRHIE . $RZE THT
WER I, AR T SEER AT, LA pH {E 7.0~7.2. 0.05
mmol/L NH,NO; iz, X 4 min 58— 14 Fl
INIER ) BRI E , ZRPEVERE 0.2~20 pg/L, FHXFR
BIIRT 0.9995, KR 0.034 pg/L 1 0.066
ng/L, JiEARsE, RSD /NT 5%, HOFREINE R
SERRA, BT IEAT AR R, A R U
HERA T ML, TR B IR
Fike
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