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Determination of chlorate residue in fresh vegetables by high performance
liquid chromatography-tandem mass spectrometry

DENG Suo-Cheng, BI Rui-Feng’, ZHANG Wei-Wei, ZHAO Chun-Hua, JIAO Jie-Ying

(Sino Silliker Testing Services (Qingdao) Co., Ltd, Qingdao 266012, China)

ABSTRACT: Objective To establish a method for the determination of chlorate residue in vegetables by high
performance liquid chromatography - tandem mass spectrometry (HPLC-MS/MS). Methods The sample (5 g) was
extracted by 5 mL acetonitrile twice, and extraction solution was mixed without further cleanup. Hypercarb column
was used as stationary phase, and the mixture of 1% acetic acid-water solution and 1% acetic acid-methanol solution
mixed in different ratios were used as mobile phases in gradient elution. The analyte was determined using a triple
quadrupole mass spectrometry equipped with an electrospray ionization source operated in the negative ion mode.
Results The linear relationship between the peak area and the mass concentration of chlorate was good in the range
0f 0.0025-0.2 mg/L, and the correlation coefficient (r?) was greater than 0.999. The mean recoveries of chlorate were
72.9%-100.2% with relative standard deviations of 1.8%-6.2%. The limit of quantification of chlorate was
0.01 mg/kg. Conclusion This method is simple, fast, accurate, reliable, low-cost, and is suitable for detecting
chlorate in fresh vegetables.
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SRR —FICHLBT B 7, HAT s AR, 1R kL
PEVEBR R G A A rp R AT, AR R A KGRI
S Z 45 e MR A A ek B b AR AT R . AN SRR AR X A M
(8 AR T H £ 52 B E A, SRR R 1 2% i X A A 11 5 )
F RIS FOR PR St - R4 1k, B B4R
(European Food Safety Authority, EFSA)is i &R 4 H
T 5245 A& (tolerable daily intake, TDI)Jy 3 pg/kg bw!?,
2008 A R HE AR X SRR R T M BT A R A LR A i Y
P, BRI E  rh SR R 1 d5c B B PR BRIACR T
0.01 mg/kg"',

SUBRER IR o e — A S ISIRER I B AR I R
Y, BRI A R ER Rk A RAIK LR b on L
B 1A T R AR D) WHO B T /K i iR 5k 1 4 K
-4 0.7 mg/LW, I 1A 2006 4R & AT (AR K
DARRAE Y MUE, AT U R A S O K A T I T
HoR SRR RIS E R 0.7 mg/LY, BE 3818 i ad 72 v] 18
RHEE KA AR RRER . FoE GB 2760-2014 ( & it e 2 E K
BRUE A S IR 6 R AR ) IR — AR A RT Tt
SRR R AN B I, 48 FH AU S S 1A TR M sf
W2 R IR ER IR B o TR Y H 1 S 3l T i o SR
TGP FERYEARNE T 5 BE &, P i 3 b Al R ER E
SR 5 R AR AL B

SRR ARy % - B B ek B aig-
R IEU O R - B B IR B
A T R, L H T AR LR B R E A, A M
75 o 3 BRE A SRR R AL 2 7 0 T B T a5 g
BRFHER IR el 1 8 5 E3EE AR R, @l 5| A
A TE R T JCAL IR RO 5T R A T g, ARG I R
i, LU AR I BRI, AR T Or ki H
I e A58 € 5 - 5 K S5 3 1 A I B i 35 b SR R Y
WA XS 40

A5 FTF AR ZFL A 2B AL IR (hypercarb) 7325 1
5 A 3 - R BK BT 3 (high  performance liquid
chromatography-tandem mass spectrometry, HPLC-MS/MS),
ML T U E A BILE 0 4 S BBOSCR AL RN, 4%

SRR BT, S 1B i 3 rh SR R A A N D 1%,

ATy LR R, BN | A R ER S B A IR AL
W, S g R AR BRI
2 MRS

21 NEE5RF
AB Sciex 5500 QTRAP HI ¥ AH {4l —= & DU T 5
B (G E Y A RGN A, FERIR A 7R (EE KA

3Al); X3R BA R B0 HL(EEE Thermo-Fisher 24 H]); BH
LB (1S mL, SEE BD AF]); R EE K ik
(G Agilent 23 H]),

FARERARE S (HEE 100 mg/L, 3€[F Accustandard 2
w); Mg . WEEHPLC %, *£[E Merck 2~ 7]); HIR. 4R
(4rFrai, 3€HE Sigma 24 F); S5 K S 4 K
(18.0 MQ-cm).

FELSR B ILZR A Y L T B SRR A el
22 ZEWHE
22.1 iR

FRUEEIR OB H: 78 100 pL ¥EH 100 mg/L Y
RIBEAREMB R ZE 10 mL A EMP, HBadikesE
Z0, EHDRRRE Y 1 mg/L (R FAR AR TBEL
1 mL JPRIFREA R ZE 10 mL (4R, Bk ERE
ZIRE, WO R A 0.1 mg/L IARE AR

RAVARUEE WA B F K- 206 (1:2, VEV) 3 0K
0.1 mg/L MSERREARE TR B, 0.0025. 0.005.,
0.010. 0.025. 0.05, 0.1. 0.2 mg/L RIVBRAEK -
222 AT

TBCH i ff 8 32 A I A, FH A U3 R AL 1 A S 2
7 HERRFREL 5 g FEARCIEB 22 0.01 g)F 50 mL 2.0
Tl g IARAE , BIAnZERE T TSN 50 L W& 1 mg/L 19
FRUE T AR A5 8 Fi#5 7K 8 0.01 mg/kg AYIMARAR 5L,
TIFREE S T AE IR T #5830 min. LA 5 mL 2B, W
BE 2 min, 4000 r/min T &L 5 min, BILEE LR E
15 mL B0, H S mL ZBEEREERR 1K, 8o, &
It B, RAiKERZR 15 mL, WiE, W—ERFER
i 0.45 pm &Sk UERR EHEAR/INE R, FE_EALR .
223 RAEE-EFAE LT

(DBAR TS S5

Thermo Hypercarb {5,341 (100 mmx2.1 mm, 5 um); ¥
Pk A 1%(IEFEH) 2R -KIF W, B A 1% (AT H) 2 12-
P VA M VEMLARE: 0 ~ 5.0 min, 100%A; 5.0 ~
6.0 min, 100%A ~ 10%A; 6.0 ~ 9.5 min, 10%A; 9.5 ~
10.0 min, 10%A ~ 100%A; 10.0 ~ 15.0 min, 100%A. 7 i:
0.4 mL/min, #EiR: 40 °C, ¥R 2 ul,

Q)G

Ha M85 55 171 8 TR (BSI-); AR 22 S iy A =X
(multiple response monitoring, MRM); HiI{%5 HL [%: -4500 V;
BT IR EE : 450 °C; HAh BTG SEOLE 1.

3 HREHR

30 BERESHMNES
FIRIR K A B F, LI veFR7E i PR T A7 8
BT, BRI AR ST A B0 R E B iz 82.9(°C10y)
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M Mz 84.9C7C10y ). SRJE FE LK AN B8 T M B 8 T b7 3%
i, SRR, 20k AR T R A R 15 5
TEF, BB KT BT miz 66.9C°ClON)E R & it
BT, Hih 5T miz68.9C7Cl0,) . m/z 50.9(*°C1O")Fl miz
52.9C7CIOWE Ry e PE B F o X 257 Fi AL JiE g F b A 740G
fk, AL ERBTESHOLE 1.

x1 SEBRRNARIESH

Table 1 Mass spectrometric parameters of chlorate

e fh2zst B R RifEsEE
(m'2) Y% eV
APRER ®Clos  82.9/66.9° -100 -35
82.9/50.9 -100 —40
C10; 84.9/68.9 -105 -35
84.9/52.9 -105 —40

T R B .

AR D LS FIRS A, S ERE Ce
AL EOREERES) 22, SCHERTP AR A E 2R 21L&
ARRBALL R0 B i A AU B A el
B R R N B . AF RS HECE QuPPe
R Hypercarb (154, % (0 REA: LAAR B £ FL G 22
ATy [ R R, BRIET L sp® 24 Ak B A B ik i
B7S T AR S5 R, ELAA ARG B R DAL A e ok,
AT SAE TP AR AR, AT pH 0~ 14 F{F Tl
Fo SEB A SIS T 1% RN 1% L IRAE N i shAH R B A
TR BAn ) i TR, RGeS R T 2R, B
BHEMS, LMMERIL . BAMN &, 245558,
SLIGERER 1% BRE A i sl A I R B IR R, ARk
ik 1,
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Bl 1 SEREEAR MR I 9 MRM (3[4
Fig. MRM spectrogram of chlorate standard

3.2 BRI RHREFEMAEL
FEIRRE BB T P SR ER AR BOA) 8 - kS
ZME-KUT 1o L 1% - LR A

0.1%Z - /KW . ARSI GBI . Kas. A6
PG AR E DL VRS SR R SR, R T L
FE . 1% AR- 2 T 1% P R-FH I 4 oA BILIA R X G iR
PRI, #EKFH 0.2 mg/kg, SEHETE N FRELS ¢
FEMAE 50 mL RIELOE, IIAGRHERIER, =R FiE
30 min, 435)H 5 mL A HLEFIHRI 2 ¥k, FEH5H 4000 r/m
TELSminfa, BIEHF LR E 15 mLE.OE, K
FEARZE 15 mL, X T HEA 1% BR-HF EER, CEmM
1%H R-C NGRS WOR 4 Fh L T 2 B0 H B I TTIERCR -
38 L LB IFRAE S B B W BRI DL L AR B AR o b v E R
Pyt R AR B ISR, 25 UL 2(A), XFARRR . AL A
PG, 4 BRI R A AR B RDICREREAS 1) 80% LA I, SR,
YFFE B, 4 FHRBOA R R BGHCR 22 TR, IR IEIR
R EEMRAKRK N : N > FEE > 1%H - IEE R > 1%
FH - FH W, TR LA 2k % O I R AR B 771

FE JFR N (matrix  effect, ME) R 3 i B %88 3 Jii DT Bt A%
TEARE S 5 R IEARHE & b B AR A Ry 2EA T PEANY, ME
£ 0.9 F 1.1 Zfa], A& SR ; ME/MF 0.9, 1
BAEAESE AN ME KT 1.1, U8B AA7E 3 T 0 3 4L
N FEFRSON PN 45 SR LR 2(B), iR NG, HEE
I 1% HR- G | 1% R -H A SR IO ), SmEhin
LN G ME AT 0.9 3] 1.1 Z 8], X AT BES @i
B 2K, 100%7KAH 3 sl A DN Z LA S5 A0k [l o A0 vk
JI5E 4 oFe ) R AR Lt e, RO T A

) R, A S 06 % 3R DU 96 2 0 A LA I B B AR 1
W B LA T T 5%, K- (1:2, V:V), K-HTEE
(1:2, V2V W LR B R 1 mg/L ARR IR ST, IO
1 mL AR RRVE L UE IR, 5 AR U A b v s T
T, 25 RRM, ZR MG CIGIE I P 1) B s
TR MBS
33 ZMSEESEER

TE bR % TR 4 0F R (3.1) M0 52 TE 1 - 64 28 99 s v
VW 0.0025.0.005.,0.010.,0.025.0.05.0.1.0.2 mg/L(2.2.1),
DA e T R X J et R R A e /N — e vk ST A v il 4%,
WEEE Ux. BRERW: AREEMWLMIER 0.0025 ~
0.2 mg/L, &VEEIHT RN Y=17562X-1638, #3% R ()
K 0.9995 ., LA 7 VA TR I il Ay ) 17 {5 T4 B AR AT Acb R
B, FIE SIN=10 8% 4 FPSL h SR ER 1 5 = IR 4
BEREHN 0.01 mg/kg.
34 [EWEFIEEE

s SANTE/11813/2017 355 30, R 255% B /bt
7 ¥ WU R 70%~120%, R X ¥ HE 4 22 5 /N T
20%. EILTREE, ERIBIT . KaR . AEIEE . 0 4 Rk
2SR EIEAT 1A%, 10 1581 20 [ 8 bR 3 vk
R R 258, R K 6 AT, IR AR
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ERESLIGA R IR 2, R EYRICE SR 72.9% ~ TR $h 7 B /KF B W 4844 T AR FEL .
100.2% PO AN N 1.8% ~ 6.2% AR A .
N fjﬁ T$’T{E€ﬁ§‘j‘7 e ‘;Lf‘/zcﬁﬁlilq&(}:%nﬂf #2 SEREAEEFEX R RE(=6)
PRI AL R, TR RIE A A f R BEE Y 0.01 mg/kg 7F Table 2 Recoveries and RSDs of chlorate(n=6)
Ag;r{o — v
a w o BT WG PREgcR AR
3.5 EPRMEmINE Angke)  Nugke) 1% T2 /%
FIRASCHNT B M E T 83 nkhfh, G B2k BT 10 7.5 75.0 42
R E ., BE ., BHBIE)20 1y EERER A6 . 100 129 129 s
Tk o, )18 . Kix 20 . 15 25 fy. Al
SRR 3, RRPHPERS Ay 49%, x5 Scik A Y 200 1452 736 29
PR % PR 23 P K 10 10.0 100.2 6.2
. NN 100 97.5 97.5 3.5
4 ZFH5iTie
200 196.9 98.4 3.7
AT g I T ARG i 2 LA 884k BAT 9 HPLC-MS/MS
e N ) T N A B 75 10 8.6 85.9 5.4
FEAREEST T Bl =% vh SR ER A DL A )y % . 1B g
JUFIHE FHHBGH 0 SRR R AT, e Z A 100 57 57 28
PBUAR, 76 0.01, 0.1, 0.2 mg/kg BMKF- FIS2015 =0 200 169.0 84.5 3.1
ISR S, kG T SCHR P R DS A8 5 A1 sk 2 58 i o i g 10 3.8 382 39
W R R TR 2 A RRIET Y, T AR T 4G Bl A [l 100 570 70 24
EF A A 7 VA i A B TR 5, R IR &, AR RIS AR ' ' '
TR SRR Y B s i, ok B T e S A 200 169.2 84.6 1.8
140 180 -
1201 160 |
- 140 |
] 100. § ol
;’i 80 § 100 |
X ol 2 8ol 7
z 60 _ ég
40 oy 60
L 40 |
20 [ 20 L
0 0 %
1%F -2 WEE 1% FR-FEE I 1%PR-28E  HEE 1% -
B2 R[] B I ) o G 6 A 4 BB A %6 (A) R B SURE (B)(n=3)
Fig.2 Extraction recoveries (A) and matrix effects (B) of chlorate under different extraction solvents(n=3)
£33 BHRHEIMATHNEHRLNESE
Table 3 Content of chlorate in 83 vegetable samples
RSN FESEL MR FHAEAS: H 2R /% SERYER /(mg/kg) V- fE/(mg/kg)
BRI EE, BE., #MyiD) 20 7 35 0~12 0.182
WE LK B A N
BE B SR (A L . W aE . B 18 1 7 0~ 0.35 0,049
F4k)
K 20 6 30 0~0.45 0.039
P 25 15 60 0~0.29 0.045
At 83 41 49 0~12 0.077

V0 /NFE R R 0.01 me/kg.
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