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i OE: B @SSR g - p IR A E A R T BRI T ik . Ik KERAERA -
K(1:1, VIV$REL, Cg FIA &1k Sk 2 (graphitized carbon black, GCB)#+fLJ5, Waters Torus DEA &% 4
(100 mmx2.1 mm, 1.7 pm)43 55, FH 0.9%(V:V)H B2 Zi-50 mmol/L H BR%% (pH=2.9) /& I HEATRR E DERR, FRITiZs
BT, £/ Wil (multiple reaction monitoring, MRM)R R #EATIlE, MRk ER . R wAERE
TE 0.5~20 pg/L e JE VU FE P 58 RLAF MO LR 156 2R, MG 2 M r=0.9987, Jr ik thBR A 0.8 pg/ke, &R A
2.5 pg/kg. TEVREESHIR 100 20, 100 pg/kg MFRACE T, w5 BRER I RIS H 87.7%~102%, AHXS AR fn 2=
INF 6.1%. i ZJrEfRiAA | MERG AT EE, & TR TP AR ER I E .

REIR: AL, B SRR A S-S, KR, QuEChERS

Determination of perchlorate in fruit by QuEChERS-ultra performance
liquid chromatography-tandem mass spectrometry

ZHANG Xiao-Gang', XU Zhi-Hua, SUN Hong-Feng

(Food Safety Research & Management Center of Masterkong, Shanghai Engineering Research Center for Convenience
Food, Shanghai 201103, China)

ABSTRACT: Objective To establish a method for the determination of perchlorate in fruit by QuEChERS- ultra
performance liquid chromatography-tandem mass spectrometry. Methods The samples were extracted with
acetonitrile-water(1:1, V:V), cleaned up with C3 powder and graphitized carbon black powder, separated on a Waters
Torus DEA column (100 mmx2.1 mm, 1.7 pm)with gradient elution using acetonitrile containing 0.9% formic acid
and 50 mmol/L ammonium acetate(pH=2.9), and detected by negative ion electrospray ionization mass spectrometry
under multiple reaction monitoring(MRM) mode, and then quantitatively detected with internal standard method.
Results The calibration curve showed a good linear in the range of 0.5-20 pg/L, and the correlation coefficient was
0.9987. The limit of detectionwas 0.8 pg/kg and the limit of quantification was 2.5 pg/kg. At spiked levels of 10, 20,
100 pg/kg (n=6), the recoveries of perchlorate were 87.7%—-102%. The relative standard deviations were less than
6.1%. Conclusion This method is simple and sensitive, which can be used for the analysis of perchlorate in fruit.
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LHE O = E R (ClO ) b2, sk
PERRRE, HAY RGBT . XMEREAR SR, SRR
Tl AR HAT Tz i, HGE i NS s A S 2R
45 rhol A BT TS Y, S R SRR 2 R E AN
T, BRI EREL & R E  ER e E,
3 [ PRI DR A B L SRR £h Y A H AT 2 A RN
0.7 pg/kgbw, KK ZABE N 24.5 pug/L, AT 2009
RPN 15 pg/LW; KA AL AR T 2014 ARRLE R
FRER A H 3245 AR 0.3 pg/kel

HG, PSRRI 7K 4™ 2%
OO SRR RISy b R e SRR, Ay vk
A B AR - Tk R OB A
- IR A 1S 20 A B O R A TR R A
nh, RS R 5y 2 HAB AR B 5 9 T4, S H AR
PRYMERfE it B OG- TSk B RBUE R . PUT 6
Jrsi, H H AR K IR, AR TR Jr ki 4
75 RO G- R IR B R U TR $T
TR Sy, HBA M SR B, T SRR il
P32 TR AN o AHZKER rb i SRR R B R PRk
fH {1 QUEChERS 45/, AT 454 QUEChERS HifAb BEF;
AR, SR R 5 80 A €63 - B 6 T3 75 (ultra performance
liquid chromatography-tandem mass spectrometry, UPLC-
MS/MS)E PESE B34, DA 7 —Fh ab B EE PR | TR 5
A3 HER L Ry L AT RSN KR b i SRR B T 5 i, DA
010 B il WA ARG PR R SCEE RNy it A, DR IR 9%
H AL

1 MR5ERE

1.1 UE5RF

Triple Quad ™ 5500 2 2 WA (3% - 3 I T A (3
SCIEX 7% #]); ¥ ¥ & > Hl (Centrifuge 5810R £ [¥
Eppendorf /2 F); Milli-Q #R 47K (3 [E Millipore 23 F)

WG, W (Ensa, f8E CNW AH]); Cig. Ak
Tl 2 (graphitized carbon black, GCB)W [l ( #5243 S50 Rk
FRA A R A ), EARRER (Ll =99.5%, FEIE o2si 2AH]);
BRI NFREE =98.0%, EFE CIL AR]); K 44K,

KRB AR ER R FE L RT BT,
1.2 LETE
1.2.1 A& ®F %

HERIFRI 1 gOR5 R 2 0.001 g)RESL T 10 mL 2.0,
IMA—E NS, FA 5 mL ZJE-K(1:1, V2V), 1§57,
P HREL 30 min, KHREURFERE 2 10 mL A&, FL
G-K(L:L, VVYIHBEE O, GIFIRBURIFE R EZIE; 12

m

M

RS 50 mL .04, 8000 r/min B0 5 min, EiF
WA Mo B 1 mL R T2 100 mg C5 1 100 mg GCB
BB, IR AT 1 min, 10000 r/min 8.0 2 min, 4
W2 0.22 um JEBEITUE, i UPLC-MS/MS 43#7 .
122 &#E&%F

{8 1% #E . Waters Torus DEA £ (100 mmx2.1 mm,
1.7 pm); BEFEARL: 10 pL; KRR 30 °C; Wishtd A
50 mmol/L H BRI (pH=2.9), B  0.9%(V:V)H R 2 JI§;
U 0.4 mL/min; BB REVEIRFE)Y: 0~0.2 min, 90% B;
0.2~2.5 min, 90%~40% B; 2.5~3.0 min, 40% B; 3.0~3.1 min,
40%~90% B; 3.1~5.0 min, 90% B.
1.2.3 it

FH, 5% 2% B T~ (electrospray ionization, ESI){i; 15711
;22 ) Wil (multiple reactions monitoring, MRM);
F IR 450 °C; WE%% ML R 4500 V; KR AR
276 kPa; AT ST: 138 kPa; 4BV T J7: 138 kPa;
M=V O HER: 10 V; Rl TR 6 V; k5 i 5
WESHILE 1.

®1 SEREMNFESH
Table 1 Parameters for mass spectrometric analysis

of perchlorate
ey BEE T FETF  KBEEE nlifERE
. (M/z) (M/z) Y% leV
98.9 82.9% 70 34
1R AR
100.9 84.8 70 32
AR AR 1069 88.9 70 37

2 HRESR

2.1 BIEFHERE

o R R FLA B R, (R R Cog FEXE LR
B, NEAF PR ERE 54T, Waters Torus DEA Ji
i UPC? (i, (5 24 B4 3 shHH L 0 al, HILIC 45
K5 AT TR S0 50T, ARDFFEE AR ) kT
PEATINAE o 76 1.2.2 WEIERAET m sk B Bt
W, OBy, IR, & TR AR R 1 4
Mro WrEmRER d M LA 1,
2.2 EEUAFIAEAL

ABEFE IR BT TIRSY, M e R R A v
i, BERZKRIZREAE AU R, I HLACAR R He Bl 2
IO K SR R PRI . SEIRZE I R, S FhHREL
RIS A BIBCRAE 85.2%~99.5%[8], W1 2 Bk,
B NERUK BN 1:1 1, $RBCRIBEN T 99.5%, HARGH
PRERCR, AR L IE-/K (11, VIV R ERBUAT -
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BRIFMEMNCR, MR Y=1.32182X+0.02927, #H
KREr Ny 0.9987, LA 3 f5H 10 fEEME L (S/N)B & &1L
AW RS B BR (limit of detection, LOD)HIE & FR (limit of
quantitation, LOQ), 4354 0.8 pg/kg 1 2.5 pg/kg.
2.5 FiEEWERMNEHE

FEARIRARE L H AT BRI 3 vk K A SRR,
AWRBEIKIE 6 IR, BETT kM IR FIRE B R, 25
W 2. 455 R AR R 1E K IR 8 2 iR
87.7%~102%, AH X #5 E fli 2= (relative standard deviation,
RSD)H 2.2%~6.1%, %71 B WER B AVEE A2 M 57 R JE /K
S R AR I

#2 KRPEEEE AT BB R R ZE(n=6)
Table 2 Average recoveries and the relative standard deviations
of perchlorate infruits(n=6)

FE b fnbr/(ng/kg)  BRE% A ARAEDR 2/ %
10 99.3 3.7
X2 20 102 5.6
100 99.9 6.1
10 87.7 3.8
R 20 96.4 43
100 102 22
10 101 5.4
B 20 93.9 6.1
100 99.1 3.5

2.6 SEPRAEmRATNIE

KA @A T IR T AR | R AL /A
W TR KR TG, RIS ILAMRESS h
WK e AR SR, & RTE 2.7~10.8 pg/kg ZIA] .

3 4 i

WG HTF QuEChERS ESRLRETALBEFEI A, @A T—
ol R TR P 2L 3 - B R T M 2 A SR R R R 1Y)
BTk o ZJr IR AT AL PRV (T 5 . RO & L VER P4, 7T
Syl 7 K R e R AR B AL R SR
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