#5124 46 JEg I R Vol. 12 No. 6
2021 43 H Journal of Food Safety and Quality Mar. , 2021

WEME, 2O, K 4, XM, T4, RER, AR, SR, Rk
(BB ARG, EITT 361013)

W OE: BRSO - TR I A P SR AR A SRR AR R Uk, R B
W ZRAK IR, CNEPRIL EAHZE Bk, HEBR A 24 3R T, 8 = A0 AH % - BB {30 o o SR FH 2 I
IR, MBS B R, bRk . SR AMRERTE 0.5~200 ng/mL . EAMRERTE 0.1~
100 ng/mL JEE AL R RIF, HXRBE)HAT 099, K RSIN=3)hAmREE 6.0 ngkg m AR
1.0 pg/kg, EHFR(SIN=10)RAMER 18.0 pg/kg Flm SARRE: 3.0 pg/kg. LI SRR ER Al SR ER AL SO
2% A RE S BEAT IS N EDSC S 86, SARRER 1 EDIR N 83.7%~108.7%, AXTFRUEE A 1.7%~6.2%, 7B Al
MR Ky 87.8%~112.8%, HIXHRHEMMZE R 1.9%~7.5%. & % EAEA] LUA SHERR E 93 AR B4, i HL
fAl . REL. R, T 2R B e R e v SRR R R e SRR R Ak B A I

XEia): ﬁﬁaﬁuﬁzm@ﬁ% R ERER, mAmER; &

A

Simultaneous determination of chlorate and perchlorate in foods by ultra
performance liquid chromatography-tandem mass spectrometry
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(Xiamen Customs Technical Center, Xiamen 361013, China)

ABSTRACT: Objective To establish a method for simultaneous determination of chlorate and perchlorate residues
in foods by ultra performance liquid chromatography-tandem mass spectrometry. Methods The food samples were
dissolved in pure water, extracted with acetonitrile, purified by solid phase extraction column to eliminate the
interference of complex matrix, then determined by ultra performance liquid chromatography-tandem mass
spectrometer with multi-reaction monitoring mode and negative ion mode of electrospray ionization source, and
quantified by internal standard method. Results The calibration curves showed a good linearity in the range of
0.5-200 ng/mL for chlorate and 0.1-100 ng/mL for perchlorate with r*=0.99. The limits of detection of chlorate and
perchlorate (S/N=3) were 6.0 pg/kg and 1.0 pg/kg, and the limits of quantitation of chlorate and perchlorate (S/N=
10) were 18.0 ng/kg and 3.0 pg/kg. The samples without chlorate and perchlorate were used as blank samples for

addition and recovery test, the recoveries of chlorate were 83.7%—108.7%, and the relative standard deviations were
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1.7%—6.2%, the recoveries of perchlorate were 87.8%—112.8%, and the relative standard deviations were 1.9%—7.5%.

Conclusion This method not only can effectively eliminate the interference of complex matrix, but also is simple,

sensitive and stable, which is suitable for the determination of chlorate and perchlorate residues in a variety of food

complex matrices.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; chlorate; perchlorate; foods
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UTAE, B ah v R R R R A Sy — R RS
ey, sIRER Z e, MR R R R
A= dh, W AR R NSRS Y, K. W2k B
3. KRR AZEEA T REZ BN RIS Y. AR A A
FRERJE— KM G FA A Y, REmEIRLr Bk, 5z
AR IEE, WA RN e R R 2 LA FRBR iR
XFWLA IR, 5 R AR RE, B EHIBRICS T RE
B 2020 45 5 A 25 H, BRMZ G142 &4 (EU) 2020/685
SAN D, BT R R A A A R I R B B PR
ARRFBRGRH R, HEE, M3 E TN R K
5B R 0.05 mg/kg, # 0% RHATH A oK Ak BR A
0.1 mg/kg, MM R R AHKEIRE 0.50 mg/ke,
ZEM B RER B BR A 0.75 me/kg, BULE IR . RL K
Wik . B LE YT &S AL LS5 05 e K % BR PR
0.01 mg/kg, 2ILE MR AIE A E 0.02 mg/kg, IMTAK
i R B R 0.01 mg/kg, JKoiHH TSR SZ R, R
AT P . RoE . R R AR ik

AT SC AR 2 o G R b A SR R A, G
Tk FEABETAEY . B aib iRt By
AT 20 5 KRR Fp SRR R A vy SR AR 1 B vk, (%
B R BT T B AR vk HReSE R BT E], A5z
fhIEAF B T3, B Ok I m SR ER, RIE R FH K
EF200 pL)FEREE, KRt AR E] 50 ne/L, Joik
SRFNHCR PR E R 0.01 mg/kg, T H 2L L E
(A )ik, LR R 2 v i R AR B SRR A 4R T
FE TR S L S A I R A S, R RE Y AR B
PEUARBAPE R 25 S, RIS 7 rb A O 7 B s - dn A i
Rkl . B EbER LA R A 4t A v SRR R S [ — X Ik
Jit H ke, xR SRR ARSI 3 T . LA SOk R P VROM 5
T IR i G ) R v SR Rk B UM, (G
MR AR —, (U 250 BSRaF SAk, Xy,
IS KRS 2% HF PR R B8 5 Ay A v ke /L FRAEL 174
Tidio AR T CREHREL, BAHZE B Ak, B Ak
VROAH €00 % - H R O3 7 DN 2 28 it v SR R R v SR R
SREA I ik, R EGSE . @i . B AR T
b, FIF Z R0 il & 2 St b SRR b A s SRR R 5k 7 1t 1Y
W E -

1 MR5ERZE

1.1 E5RF

Qtrap5500 8 =5 R0 AH (6 1% - J0T 135 (Pt Pl ot 25 1 8 U
ESI, 35[® AB Sciex /A #l); 2-16PK &% 2.0 41(3E [E Sigma
43Al); CLXXXUVM2 K E AL E ELGA A F]);
JY5002 HLFRV(TIFEFALLR A F)); MS3 basic ERT
(5 IKA 2vn]); Retsch WHEEHL(FEE Retsch 22H]); Braun
EMEFEAL(EEE Braun 2 F).

HE, ZH5(Giga, £E Merck A Hl); B ER (1%
4li, 3£E Acros Organics 2vH]); HERE (fikal, £
CNW 28 dl); S k45 & . & &30 &
(1000 pg/mL, FIGZIEA B A, EFRER AR M5
SIRER-"°05 (100 pg/mL, LLAERREE-"0; BFib). mA
MR I bR R R ER-"°04 (100 pg/mL, L SR
#5180, 8 F11)(# [§ CAMBRIDGE ISOTOP 23 /)); Fi4:
oF 4 % uE I (RC-20/25 0.20 pum, ## E MACHEREY
-NAGEL /A +l); ProElut™ PLS-A [ MZEHFE(150 mg/
3 mL, dtntili B R A B A ED): AT S mL HHEEA
5 mL B4EKIEAL .

KK, S, KE W EELRERAH
TS it
1.2 #EAERE

WK ERERRE SRS, JOK . SRR T RETE
BLEETE, AT, AR NZESEBRIRS .

HERRAREL 2 g il 45 FE B T 50 mL 2.0, A
200 pL [ 07 & P9 b W (R AR £ o, R
200 ng/mL. ZfREL 180, WkEFH 1000 ng/mL), MEFMIA
7.0 mL 4K, RIENE S min, BHEMA 13.0 mL 21,
B2, PR AL 30 min, 10000 r/min, I E5.0> 10 min,
B IE AR . W G BAR A BRUINVRE, I 37 2T
3 mL Wb, B WERE®, I 1 mL R
0.20 pm FRAELF L08R, FUFRERRICSE IR, (8 S 80)
AH LT R I T 3 S0 2
1.3 (&%

(e 5

4,35 4. AcclaimTMTrinityTMP1 4 & 85 F 32 4 k1
(50 mmx2.1 mm, 3 pm); FE: 35 °C; #EFEE: 1 ul; Ji:



2206

B dn 2 4 R R I A 4R

12

0.3 mL/min; REIA: ZH5(A)FI 20 mmol/L H FREZA K (B),
VERAR R LR 1,

®1 REBERRER

Table 1 Liquid gradient elution procedure

B[] /min TR A/% TR B/%
0.00 35 65
0.50 35 65
4.00 65 35
5.00 90 10
7.00 90 10
8.00 35 65
12.00 35 65
Q)i & IF
FHL % 2% 11 B T-IF (electrospray ionization source, ESI);

Z ] 0 Wil (multi-reaction monitoring mode, MRM)#Z;
W25 HLIE—4500 VAT 30 psiy B AL B AN IR E
500 °C; W52, 50 psi; HBIINAT(GS2) 55 psi; 2 [i
WXt ikt 2 800E% 2.

2 HR55%

2.1 REUAFIEMRIL

A s H R B S M AR, ek
e, DR IR KA SRy SRR 1 v SRR 0 1) e 1
o BEhER NIRRT 2%, FH R, QoK SRR L 0 2 R 2
m W W . AL KR S SR R
SH LAV (AT, BRI . BEEE), Gk R
R K - FR B TRORT 0.1% FF PR - FF B VR A S SRk A g
SRR PRI, F S a i EIsETe R4 AbFoE R

FAR—EeB(1:2, VaV)XT EEZK-FR BRI . 0.1% FF BRZK I I -
F LT . K- B VR RN 0.1% P B /K VA W -2 RS VTR VE
PRBCA TGRS B S A THREL, R BUR FHK A 0.1% FH iR /K
VS TRCVE SR 390 A VS N S92 56 3 JC BH 8 DX 331, 2R 7 T4 2
KR BRINE T 20005 % T 0 AR 1 RO A, 2
T HRE/N, BRI E B A, 5 [ AR AR IO A1 fb Ak
1R ARTTERAK-ZEQ:2, VIV, I R)EBRIE R
A
22 BUFENMK

SEH R CLOs™. CLOs#1K 50 ng/mL IR-AFRUER
W, G L EAT bR OME W O A R R SR, FRT
PRIMEHLBUSHI ProElut™ PLS-A [flAHZE BNV XS H AR
Py R AR A e SRR W BT . 3R 2R ET 3 mL R R, e
JEW ' 50 ng/mL IR A AR MEE B — R B ALE &=,
PRIMEHLB & A #E B/ M SR 56 A 88 AR R /Y [l i 2 4
B 94% . 97%, ProElut™ PLS-A B AHALEUNME, 4R EL
A R R Y [ R AR 3R 93% . 96%, 2 Fif i AR A BN
X} SRR R e S R AR AT WA

AN, TSR KM G SR B ARY), T ERER
Wi Z, TR TR BR A T LAY T, g
T PRIMEHLB!">YHI ProElut™ PLS-A [&IAHA£ B/ IMT: B 4L
BOR, ST R T 2k s A KRR,
PIBE X H AL IR G . W2 RSB 2o sk
AR AT

#/E . PRIMEHLB [EAZBUNMEANT ELEIL, #iE
R, HRHRFX 2 FhE A ARG A0 A%, ProElut™
PLS-A B AHZEBUNE M A% A E] PRIMEHLB (1 —2f, BIAE,
PR AR 5 9 3R LA R B Y ProElut™ PLS-A [ AHAEHU/IN
RV Rkt BAMESE A FE AL 2802 ProElut™ PLS-A 44
FEBUMEGERTAELE R B TR ELE 1 MmE 2, 4
VAT R LB, SRV 22

*2 SEKE. SEREREAGEE. EEBTIMRESTSH

Table 2 Monitoring ion pair, conllision energy and declustering potential for chlorate, perchlorate and internal standards

Hirfb &9 HFEF(mlz) FEF(m/z) LRV i e/ V A 58 A L R/ V T4 35 Y 1 H /v

83.0 67.0% —81 —26 -10.7 -23
AR
85.1 69.0 -81 —27 -9.80 -26
99.0 83.0% 71 31 -10.0 —14
T SRR

101.0 85.0 71 -35 -10.0 14
AR N AR 89.0 70.8% —155 -28 -10.0 —-14
T SRR N AR 107.0 89.0% —148 -36 -10.0 —14

TEERE T
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FEBORE 0 B AR B b, S0 R A [ R, R
-0.1%M B/K i s, T ZORBAX Eclipse RRHD
Cis H . Synergi 4u MAX-RP 80A Cy, #: 1 Acclaim
TMTrinity TMP1 &5 25 F 3245 Ax 3 Fh b R i vioRe €2
TEFE, SRREL A AR — A S A I B s, 1
ZORBAX Eclipse RRHD Cg#t FIGfRE, —#t Cpg (i AE

Xof G IRER T SRR A 43 B UR . Synergi 4u MAX-RP
80A Cyp M —FI R RS AHTERB I C oo U REFE, FEARFRE
L HR P A B 22 I R, G A AR M R — e A A
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A HUREERAA AT 8, 43 BRORGT, WIBIREIXIHR, J)i
T/ TIEEE AcclaimTMTrinityTMP1 & &5 135k

FEAE R A3 AL

[ Fac i i F Y i sl 4 NaOH 1 KOH i
W, ANREELHE AR, 5 R A i 5 8 L5 Ak B
H,O A RESEA MS K, 375 22 8 1 i (U i AT 5
TGRS, R AR FH 44 Kk 1R IS IR B A
TS LB AR T R - . TR -HRE 2 Fhifish
TR o 25 SR 2R B R k- I 1 e st AR i i 6 A vy SR
Wi 17 e, AT ORBENT R, SEZRME IR, 40 BT . R ER A
o R R PR v VA TR A S I N 3 TR o
24 FUEFHHMRMK

B R 0.1 pg/mL SERRERFNEBRER N bR (1 bR 75
WL e R R R v SRR R A PR AR VA W LA S Bl 5 A 7
Ao AT, 7 s AR 2T — ZO RS 4 (Q1
), 198 ERRE R UES 12 F I (m/z 83.0, m/z 85.1), &
Al (o7 ZEARIC SRR ER 1 HE S T B8 F I (m/z 89.0) Fil s &R 4k
B A>T B T8 (m/z 99.0, miz 101.0) ARl ZARIC AR
ERHHESY T8 T (m/z 107.0). WFESY T8 TR T — 2%
JETRE A3 AT (F B ), AR R B R, SRR N A
T SR M IR B AR R s, R T d
(AR Ry 5 X SR MRM BERCREERE, ik
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SRZ

C . | .
1.0e5 ¢ iR R g&_;%;@@ﬁ-‘“q,

LS

F X %) 22 7% 8 & (declustering potential, DP) . Hlf & g =
(collision energy, CE). A I Hi [t (entrance potential, EP), H
T L (cell exit potential, CXP), FAFREL . =& B N
Fr4 A LU F I (MRM) UL 4,

2.5 FERNSZMTEE KRG LR

PERRES . S AR AR A SRR A =
b S RBRER RIS R MR 20 mol/L R Bie+ i
(100:200, V:V)FiFER— RFNARHERT R, SRRk ik K
WA 05, 2,5, 10, 20, 50, 100, 150, 200 ng/mL, 5
BRI R R 0.1, 0.5, 1, 2.5, 5. 10, 25, 50, 75,
100 ng/mL, REFMBRAER R PS4 10 ng/mL Al "0,
I 2 ng/mL FEMRE 04, FEMALMEAELI ST, &
UPLC-MS/MS HERERHI, LAPIATRAS IE S5 A WA (Y )5 HAR
Jf BRI VR T R B OO MEZR A [ IF 4347, A S0 2Rk
FIFEEEEL Y=0.109X+0.0104, #H5:ZR % r’=0.9998, FEER
£ Y=0.549X-0.0531, HHFZR% r’=0.9999.,

K FAFRE PR IL AT R E, Al ok, S
X MR TP IERE: . S EREIE AR
WAEARREEFNE MR . mAREFM RN, ERS
FAEMEL(SINYK T 3 MM B AR PR, SRR Eh Ao th B
6.0 pg/kg, EEMEMRLIRN 1.0 pgke, IEEEFE
Me L (SINYRTF 10 W E e | R, AmREeERA
18.0 pg/kg, = AMRE: R E RN 3.0 pg/ke.
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Fig.3 Total ion flow diagram of chlorate, perchlorate and internal standards
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Fig.4 Extraction ion (MRM) diagram of chlorate, perchlorate and internal standards

2.6 [EIER, BEEMEWMME

SR RK, S8S . A E MRS N SRR B AR
Yy, asim eSO, AWK At 6 IRAEAT S8
. MR 3T, FEARPREFMNT, EREhA AR

) [ e 243 531 Ky 83.7%~108. 7% 87.8%~112.8%, #H X}
i U D 22 3 0 0 1.7%~6.2%F01 1.9%~7.5%, 3¢ W1 Jr i
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2.7 SERRMERBNE 150 344 BHGHR I | 140 43 PRS2 PR L 100 £ IR S AT 50
2019 4 11 A LISk, BEFRADISE AR %, X E W 200 By B RIS Al B b A5 T L RIS i P SRR AR T SRR R
DK SRR L 190 B K2 . 60 322401 )LL)y B | Frm TR, BORRAF. B AINAS RS TR 4 ik 5.

®3  FHERENEEME AR AERZE(n=6)

Table 3 Recoveries and relative standard deviations (n=6)

BTN k&Y IRINKF-/(ug/kg) B3R /% AR v A 22 /%
g/kg
18 89.4 ~ 102.8 53
e 36 89.6 ~ 104.0 5.4
180 98.4~106.9 3.4
N
3 87.8 ~ 106.9 75
AR 6 96.3 ~107.1 3.5
30 98.1 ~ 106.0 29
18 83.7~98.3 6.2
e 36 91.0~98.6 2.9
180 88.7~99.8 4.2
e
3 97.8~112.8 5.5
AR 6 94.6 ~ 107.6 4.3
30 92.7 ~109.4 5.9
18 90.4 ~ 101.6 43
MR 36 93.5~106.0 3.6
180 98.4 ~105.3 2.0
X
3 88.9 ~ 108.9 6.5
AR 6 95.2 ~ 104.6 3.8
30 98.6 ~ 103.8 1.9
18 99.4 ~ 105.0 2.1
ARk 36 103.6 ~ 108.7 1.7
180 97.4~101.0 1.8
5 P
3 93.7~102.8 4.6
AR 6 97.8 ~ 107.6 3.4
30 103.6 ~ 108.3 1.9

®4 LEHERPIREBENSTER

Table 4 Analytical results of chlorate in real samples

FE A Ao 45> ¥ FHEERE £ 55 FHPEARETE B/ (mg/kg) K /%
KR 200 85 0.0120~0.141 57.5
e s 190 132 0.0101~0.0613 30.5
4“0 150 81 0.00604~0.0990 46.0
SES 140 86 0.0100~0.202 38.6
Zya A 50 43 0.0167~68.8 86.0
PR G- R 100 72 0.00757~0.395 28.0

B4y LTS 7 £ 60 0 0.0173~1.31 100
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Table 5 Analytical results of perchlorate in real samples

FERR AT e 153 %5 BHPERE 5L FHPERETE B/ (mg/kg) it /% e K5 A B i /(mg/kg)
IS 200 125 0.00120~0.0720 375 0.05
Mk 190 9 0.00102~0.120 95.3 /
w0 150 46 0.00100~0.0924 69.3 0.01
RES 140 123 0.00101~0.00990 12.0 /
Epeaib 50 1 0.00233~0.677 98.0 /
PR (E=E R 100 1 0.00286~1.36e+4 99.0 /
B L B 60 0 0.00131~0.238 100 0.01
3 & FREL IS SRS D], 2822 B A2, 2019, 10(11): 3474-3480.

AT R AR 80, Mg AR o,/ F M &

PARYY, TR o 28 5 3 - 5 5 i 0 T T G 00 £
SRR R AR AL . AR RE BOE, BRI
FRZERE Ak, EHURI, NARIEE & o %07 Wk AT AL B RT
BT, AR T B Gk RO R, X R R
R iRl A A 8% i L, R A BE A, A VR 3
H IR TR 592 1 SCHR S EE U, BB AT ACHERR SR IR T, &
T2 R it v SR R A i SRR ER O A
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