AR AR

—278—

CHINESE JOURNAL OF FOOD HYGIENE

2024 4E%f 36 455 3 W

A O AR O - = DU AT/ B R S 1 B R v ) i A i S rh
P SR 6 A i S R

FRT L, EI AR R A =R

I 1 77 % 7 B 32 ) b o, A7 T I8 M

325000)

i E.HH #aiR5%ameiE-= FwaA/E S %M ST PR (UPLC-Qrap MS) Fl B 44 o) 35 R F A8k 3
fed RE M Tk, Fik e P REBEAZH AR LN K- KRR, Z GCB+PSA #1L, v T F= 20 mmol/L ¥ &
4 4 %48, £ Waters Anionic Polar Pesticide (100 mmx2. 1 mm,5 um) &4 £ 4 & , %2 UPLC-Qtrap MS 40 , A 47
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Simultaneous determination of chlorate and perchlorate in vegetables and fruits using ultra-
performance liquid chromatography-triple quadrupole/linear ion trap mass spectrometry
FANG Xiaoli, LI Ruifen, YANG Shuran, CHEN Bingben, ZHENG Sanyan
(Wenzhou Center for Disease Control and Prevention, Zhejiang Wenzhou 325000, China)

Abstract: Objective A method was developed to simultaneously determine chlorate and perchlorate in vegetables and
fruits using ultra-performance liquid chromatography-triple quadrupole/linear ion trap mass spectrometry (UPLC-Qtrap
MS). Methods The chlorate and perchlorate residues in samples were extracted using acetonitrile and water, and the
supernatant was purified using GCB and PSA. The analytes were separated on a Waters Anionic Polar Pesticide (100 mmX
2.1 mm, 5 pm) column using a mobile phase comprising acetonitrile and 20 mmol/l. ammonium formate solution and
detected using UPLC-Qtrap MS. The internal standard method was used for quantification. Results The linear
relationship of chlorate and perchlorate ranged from 2. 0-200 and 0. 5-100 pg/L, with correlation coefficients >0. 999. The
limits of detection were 0. 006 and 0. 001 mg/kg. The recoveries in spiked samples ranged from 83. 3%-105. 5%, and the
relative standard deviations ranged from 0.97%-3. 80%. Conclusion A rapid, simple, accurate, and precise method

was developed for the simultaneous analysis of chlorate and perchlorate in vegetables and fruits.

Key words: Ultra-performance liquid chromatography-triple quadrupole/linear ion trap mass spectrometry (UPLC-

Qtrap MS) ; chlorate; perchlorate; vegetables; fruits; food contamination
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PR B B AR FHAR ™ bl 22 A7 5008 S0 AT, B
R R R BRI Tk E A T A0k
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P (3 0k o i A BE R L BT R RE T 22, R
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ASCHS W 3K 2 A4 AR i, HR AR S R B R
B 5 980 AR 5 3 - Jo % 3 A A S G W A v R )
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TG I s SRR TR B SRR £ L R AR . R
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1 #RE5FE
1.1 EZUER 55

ACQUITY UPLC-6500 Qtrap ## i 24 ¥ A € 3 -
R T % AY (22 [ WATERS 126 [E AB SCIEX) ,
Gradient A10 Milli-Q #8 4l /K { (£ [H Millipore 2 H] ),
A P TR A% (35 BRANSON) , Z % iR e iR & &%
(18 idolph) , f& 2K ¥ VR 250 HL (12 F Sigma, & K
B3 30 000 r/min) , 0. 22 pm K A8 425 0k # (R
FERN ) 00,22 wm A HLAHE K ESS (JE ) .0.22 um
7K PTFE #2045 OBUZ ) . PRIME HLB [ 4 %2
A (3ee, 150 mm) A1 8546 5k B2 (GCB) .C,g . PSA #
KW T b 3 SR R R A AR .

S QRO 35 20 YRR S (BTl 9 ) SR £
(1 000 mg/L. CDAA-S-200074-SD-2 mL) . i 4 R £h
(1 000 mg/L CDAA-S-200075-SD-2 mL) ¥ i T | ¥
LG Y B R A A BR A F 5 5 SR -0, [ AL &R
W AR (100 pg/mL,10LM-7310-1. 3) , & % £k -0, [F]
£ & W #5 (100 pg/mL, OLM-10485-1.2) , % [

Cambridge Isotope Laboratories $#£{it .

1.2 Tk
1201 Rl i e i
1.2.1.1 SR (2.0 mg/L) fH&EBEEE(1. 0 mg/L)

1B A b M A F W 53 ) W B 2.0 mL 520 PR 6 A 14 v []
W (10 mg/L) 1. 0 mL = S R ER AR M1 (10 mg/L)
BT 10mL FEMp, HAiKEREZE IR,
4 “CUKFE PIRAE
1.2.1.2 AMREL-70,(1.0 mg/L) . & A & £ -0,
(0.5 mg/L)IR A Al 67 & N AR 18 FH

A3 EL 1. 0 mL SR R -0, T I (10 mg/L) |
0.5 mL &AM E-"0, A1 (10 mg/L) & T 10 mL
ZEI T, Tk B R 2 20 B IR AT, 4 Cuk AR

Ao
1.2.1.3  GmER & AR G e TAE R

WA [l R B G R £ i SR Fh R & A v
JHW A 50 WL IR A N AR I, & T 10 mL 25 &l
o, A K B E 45 o IR ER 1 AR HE R 91k R
2.0.6.0.20.50.100.200 wg/L, = 584 BR £k 09 45 E &R
HlHe >} 0.5.1.0.3.0,10,25.50.100 pg/L.
1.2.2 FEdhHl

FREL 1. 00 g B4, A 50 L R4 AR,
FIA 3.5 mL 47K, #5E 5 min 5, A 6.5 mL 2%,
A HEEL 30 min, 10 000 r/min 5.0 5 min, WH )2
WA 1.0 mL, & T #5340 mg GCB+100 mg
PSA 1) Eppendorf & H', i i€ 1 min, 10 000 r/min
L 5min, PR/ 0.22 wm K PTFE JEM%, I
ML .

1.2.3 URR&AMF

3% 25 4 . Waters Anionic Polar Pesticide %
## (100 mmx2. 1 mm, 5 pwm) ; Acclaim TRINITY P1
(2.1x50 mm,3 pm) ;i : 0. 5 mL/min; A& : 35 °C;
PR 10 pL; s A A B 205, B 24 20 mmol /L H
i i % L, o P R B R ¥ £ 0~0. 5 min, 35%A ;0. 5~
4 min, 35%~65%A ; 4~5 min, 65%~90%A , 5~7 min,
90%A ;7 min~12 min,90%A~35%A .

JoT i S LT 25 B 1R (ESD) , 1 2 4= 4
A 22 B M I A X B Ak -4 500 V5 B
TR FE 600 C 5 KA R T 40 psis W% SR )
50 psi; ffi B #E8 FE F1 70 psic Hofh R G 2 B
W31,

1 AREL E AR LIL AR BT S5
Tablel Mass spectrum parameters of chlorate, perchlorate and

internal standards

e BT FETF  EEHRE/ mifEfER/
(m/z) (m/z) A\ A%

83 67" -70 —24
AR

85 69 =70 -30
N 99 83" -100 -35
A R AR

101 85 —100 —35
AR N bR 89 71 =70 —24
1= R AR P bR 107 89 -100 =35
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i PR AL | SR R B R R O R AT I
7K L L -7K BT — 0 R o 2 TR DL AR
MUK FIEB L RV R A A
ik IO EAE RN (A= 7/ RS SRR a) 8 d Ik
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) 2 Bk R TR e ) 20 /K A B B R, HL R
TR R B 2 PR R T 3k B A A HE UK

A SC LGB T A A U R QuEChERSs (Quick
Easy . Cheap . Effective . Rugged | Safe) 72 X} #£ /i 2 B
W) AR o T8 AR A€ LA R ) PRIME HLB 60 mg
ANKE AL LIRS SERE SR ), Y SRR R v SRR R 1 in
FRYEE R 1.0 1 0. 5 mg/kg B, Jips BT R L3 1,
6 WX S 56 1) AH X AR R 220 1. 0% F1 0. 90%. 5%
CHR[6]QuEChERSs #5435 1] 200 mg C 5,40 mg GCB,
100 mg PSA Fll 40 mg GCB+200 mg C,, WAk Af & 42 5

T, HHE s (3R 2) LA b Dk [T S 30 2 ] 9 Je A Y0 1)
TR H N E AL R E  PRIME HLB 60 mg [ AHAEHL
FECs R PSA BIANRESE A LBR R (K 1) % (A5 A
5T T A I 45 AT AN RS20, 53 A, A RORE B I S AR
L, % GCB Wb R Sl 2 B W bR R
U, 2% P B B RAE A P R R Ah I A R S
A LIRS 2% T, BT LA 2 B, PSA e B R i b 3
TR ) T A A R A i i A B TR
J& ] 40 mg GCB+100 mg PSA £ 45 B 2% i, 45 5 /R
FH 1P 72 A B RS 3R R e A R AR, HLROAAIR .

2 ORI ST BRG]

Table 2 Recoveries of two analytes by six different purification methods

ST/ % 200 mg C,, 40 mg GCB 100 mg PSA 40 mg GCB+200 mg C,; 40 mg GCB+100 mg PSA PRIME HLB 60 mg [ 4 % B+
SRR IR 103.7 102.4 101.7 101.7 100.5 101.6
[ EN DS 103.2 101.7 104.4 102.3 100.1 102.7

T b T Ml e BRI JEE 1k 200 mg €, . 100 mg
PSA (HLB [ 4 2% BUFE .40 mg GCB .40 mg GCB+200 mg C ;.40 mg
GCB+100 mg PSA
SN CiRE X f R W 7l T R R A Y
Purification effects using different purification meth-

Figure 1

ods for extraction of vegetables and fruits

2.2 JEHER R

S 2 52T AN [R) i I SR B L v SR B g
R T o B — s MR B2 A A R (U R ER 2 2. 0 g/ L, &
SATREL 1.0 pg/L), 2l 5B 7K PTFE £ X U8 2% (AL
J2TEE) SRk O g B L) e U T 1A T AR H AR ) 0
T AR 5 A Ao i B ) A g e T AR AR X A L, e
e 8 B v SRR R R SR £ 1Y 45 0 B R 45. 7%
1 84. 1% , 3¢ W] J& i il 65 XoF v G201 6 A 11 I g g R
PR o A FH 5 ik 0 38 T 2% 7K PTFE 41 X 8 28 (XL
J2 JRE) X G el 2 A 400 7D 3 0 R (B0 100% ) , R W]
X b U8 R T G R kR e G R R VAT W BREAE A
%7K PTFE £ X888 (RUZ ) A PP HIIE 2, vl i
I DR 3 1) UKL, A it 45 4 BEL T DN o R R
P, BB iz R 3 1k R AR S R
7K PTFE £ 2 ug % OBUZ ) .
2.3 fiEs i
2.3.1 ke

SR ER e W R R MR KL TE Gy C SRR SR
R ) €8 B AR A R R R, T RO SRR A

WA . ACHH T Acclaim TRINITY P1(2. 1 mmx
50 mm, 3 pm) & & & F 28 # £ A1 Waters Anionic
Polar Pesticide (100 mmx2. 1 mm, 5 pm) B & 7 # 1
A2 AT 1 4y B AOCR A5 R R WITE 1.2.3 BREEVE
JBE S5 AP R € 5 A 24 R A A Y 43 B8 AN A A
(F 2) , FEARTE Y 038 A 1 SR 46 o SRR 5k Hh 08 It
FE A , A Acclaim TRINITY P1 [# 52 #H % 44 5K
ZAL R AW HE AR AL YA T A0k T iR
i 4l Z2 FLERIE 3 m Bl B 0K 40 1%, 1) B 38
4 J5 B S B 43 A T 1 4 L SRR R B /0N L IR 4R 2R 1
T 22 e E P, SE i, Waters Anionic Polar
Pesticide {0 4% 2 DL — 2 i 0 18 52 A0, AR 3 235 K AR
B B bR oy 8, m f R e il . SR 1
Acclaim TRINITY P1 {435 A% 08 B8 i M) 2, 75 ) &%
FE T4, H Acclaim TRINITY P1 83 £ 75 K 1 8]
i FH 5 A7 76 P B8 I D) 8 1Y ) 0, DR O AR SR
Waters Anionic Polar Pesticide [ B 1 #¢ 14 4k 25 &
TERE
2.3.2 UmEMHMBERE

J R BB R 2R S K R R s A L 7R
1203 B BE VRS AT, WA 23 A7 0 76 3¢ e ViR 2 (&
FREL 100 /L, R EL - 50. 0 we/L) ISR W H AR
W o AH OG5 3 WA T Bl R o A — i e B Y R
Bl < TR B T W 0 4R v H RS 00 B AR R S R
TSR AR, DR PP IR e M Xt 25 ) 4 e X SRS B AT
K 82 56 24238 LA 2 5 =20 mmol/L R & N sh A,
S5 R MR E UL TR S A A E T B AR IR AE S B R R
TR L IR TE RS RR , R i FH 2B -20 mmol /L B R
B Ry s A PR Sh AR AR 1E T I s 1R LI 3.
2.4 gAML
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1.0x10° >4l min 3.77 min
8.0x10° 6.0x10° -
T 6.0x10° - o — SR (83>67)
2 — JEh (83>67) Bl 4.0x10°r FEEEL (99>83)
= —— FERE (99>83) E
4.0x10° -
2.0x10°
2.0x10°
6.34 min 2.38 min
JAN
' \ ; " 00 s . . |
00— s 6 7 8 3 3 4 5 6
B[] /min i []/min
7 : Ay Waters Anionic Polar Pesticide {4 i #F ; B &7 Acclaim TRINITY P1 {3544
2 R s AR ER A IF] A o oL
Figure 2 Separation of chlorate and perchlorate on different chromatographic columns
A 1.0x10°- B g
8.0x10° [
6.0x10°
sk
i 6.0x10 o l\.uﬁ
= £ 4.0x10°
= 4.0x10°F E
3
-] 2.0x10 M
J L e bl
0.0 L L 1 0.0 - |
4 5 6 7 8 4 k) 6 7 8
i [)/min i} [ /min

— SRR (83>67)

— S (85>69)
— EEEE: (99>83) — mEmL

— HEh-c1®o, (89>71)
(101>85) — F&EEREE-CI®0, (107>89)

AN 2 -20 mmol/L R %% ;B N LI -/K

& 3

R [0 8 0 6 e S e 2 1 €30

Figure 3  Chromatograms of chlorate and perchlorate under different mobile phase conditions

PSR =B il = N 4 R = Wl N D= T 7 R B
BT MFET I g & . Moo EAEA
SR AEAE PCLCL AR 2, 3 M EE AN
3:1, L QU BT A MR+ 4= m/z 83 Fil m/z 85
FOE M 1 8 1, AR EY ™A m/2 99 Fll m/z 101

FREM T8 0, UL iR ?‘j‘j:ﬂ@&m\ﬁzﬂﬁ&
R T T TR TR ST ERE A
AR A A m/z2 67 Fl m/z 69 .m/z 83 Fl m/z 85

TET 0 EEFEEREN m/z 83>67 .m/z 99>
83 WAL HEAMLEEEE X, m/z 85569,

m/z 101>85 A5 Pk &+ %F .
2.5 BLERLN

SR VA 35 S5 807 % A T 235 R ) R 1 AR S
53 K o TR TS YRR PN s T TR I B S R R A 1Y
25 FIRE S L A5 3 2 SR8 bR M R 1 ARV AR
HERN 2, 85 R BoR 3 Al AR RIF(K 4),
FH G FREL>0. 999, 115515 B 77 358 Rl L4 h G R AR
B 5 BT RN 43 A 1,07 1. 05, i R h 1 5L
R ARk 1.03 F 1,05, ¥ ok WOBE Ry BE R

2.6 JTIEFIFM
2.6.1 é;%'riﬁfr% o PR L PR

W R L | SRR £ 3 T O 30) R A it R 41
TAEW AT UPLC-MS/MS Z30#7 , LA H A5 4 16 1 FH
PR AR U 1T AR EE SR AR B, A3 AT VR BE (g /L) Ay 8 A
b, 2 A 1 il 26, SR Eh 7F 2. 0~200 ug/L B [ 15
77 A y=0.098x+0. 16, r=0.999 5, g+ 7E
0.5~100 pe/L 1 [ )3 J5 & H y=0. 56x+0. 58, r=
0.999 9, M FREE R K 1.00 g I, LA 3 4% 15 e L i
D5 A B, 10 %505 M He o G O 9k 19 e B, SR
i e SRR ER A R 23 514 0.006.0. 001 mg/kg,

SE PR 510 0.020.,0. 003 mg/kg.

2.6.2 IR RS E

TE B T 38 R B AR 25 URE S A I AR b
= AN IKOF A AT e B B A 0 AR K CFSF A7 I 3t
60\,1+%r@4&c$$n$ﬁxwwﬁwﬁ£(%% 3), 45 EW]
7V 00 T B FIORS % B R4, RE WG L B A T Y
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AL B 60
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15F
40t
210} 230}
X X
= L 20+
° = = < EAH 20,091 9¢+0.306 89 - — - VIR H1y=0.546 19x+0.834 39
—— FERIEIR 1 4=0.098 49x+0.165 35 10 —— JEIRIE bR B1y=0.564 23x+0.581 25
ok - - - BRI £8)=0.096 52x+0.042 57 o oo BEZERLBRR HT)=0.570 88x+0.137 22
0 50 100 150 200 0 20 40 60 80 100
W /ug/L W lug/L
B 4 EIRER(A) R SR R (B) 3 7B 1 il 2 AN 3 5 b 1 il £
Figure 4 Solvent and matrix calibration curves of chlorate (left) and perchlorate (right)
3 2R AT B AR IS FT RSD (n=6)
Table 3 Recoveries and precision of two analytes in spiked samples (n=6)
_ i3 R
&Y R e k
feah IHRPE /(me/ke) /% RSD/% I /% RSD/%
0.06 84.9~94.5 3.80 83.3~86.5 1.70
AR 1.00 100.5~105.5 1.67 97.0~101.5 1.82
1.60 91.9~98.5 2.79 98.2~104.2 2.22
0.03 94.6~102.4 2.63 84.3~88.6 2.42
e SR R 0.50 97.1~101.1 1.25 96.9~99.6 0.97
0.80 97.1~102.2 1.50 98.0~101.0 1.15

2.7 SEBRAE AR

SR AR SCO7 VR A I T 11 g SR i A
i b AN AR AR (£ 4) . B P AR ER R AR Y
K 2R3 9k 55. 0% .80. 0% , [ i 25 25 3755 2 46 I 14
(B 5 R A, HoAth 2885 58 vh i) SRR R (A R o o

B, i SRR ER B 2 {H 4 0. 003 2 ~ 0. 034 5mg/kg, A
[F b 2 % 35 v 1 ol 43 A 400 1) 35 G oK OF R ] 5 K R
G L i SRR R 41, 29% , ERRER B AT I
PEAEE R RLUR & SR R S (B, $ 7 AR
SR e SR R 1 75 P KPR

E S A S N e N U RIS

Table 4 Test Results of chlorate and perchlorate in samples

4% *3 B0 8 A 5 A
’ ? e Kb /% Kb/ (mg/kg) M/ (mg/kg)  Keili®/% KB/ (mg/kg) ¥1E/(mg/kg)
3k 13 53.8(7/13) nd-0.073 9 0.028 0 92.3(12/13) nd-0.158 2 0.034 5
ZEEAK 12 25.0(3/12) nd-0.057 2 0.0212 100.0(12/12)  0.004 2-0.103 1 0.0217
— fif 252 11 63.6(7/11) nd-0.318 5 0.069 1 81.8(9/11) nd-0.4559 0.070 8
e TR 13 61.5(8/13) 1nd-0.077 9 0.0329 61.5(8/13) 1nd-0.029 6 0.009 2
ik 11 63.6(7/11) nd-0.054 0 0.028 4 63.6(7/11) nd-0.363 9 0.003 2
it 60 55.0(33/60) nd-0.318 5 0.035 3 80.0(48/60) nd-0.4559 0.027 4
AR 8 50.0(4/8) nd-0.030 0 0.018 9 25.0(2/8) nd-0.004 0 0.001 5
5k 12 50.0(6/12) nd-0.095 3 0.022 5 33.3(4/12) nd-0.050 9 0.007 1
K M2 10 30.0(3/10) nd-0.205 0 0.017 1 70.0(7/10) nd-0.064 6 0.0158
R 10 40.0(4/10) nd-0.078 8 0.0155 60.0(6/10) nd-0.043 2 0.009 1
PGHE T G K R 11 36.4(4/11) nd-0.090 8 0.018 2 18.2(2/11) nd-0.110 5 0.0132
Bt 51 41.2(21/51) nd-0.205 0 0.018 6 41.2(21/51) nd-0.110 5 0.009 6
1 o nd R KI5 AR T Oy e R BR
3 it H mARE NI RAE S
A SCHEST. T M R RO A - — DA AT /R A
LR B T B I R AP R R T BB R
Yoy .. .. 'y 1b 3 n % 2 B 2o ,
Y7, W Waters Anionic Polar Pesticide {81 [ 1] Z4EH, KRBT, Z2FE. ARHBESTFIERSRELI E
e, 2005, 24(11): 1323-1328.

FE v AR T EBR EE AR AL G ) A A A
R84 B9 R, QuEChER s 15 UE 47 8E 5 B Ab B, 5 i 15
PR R ORIORG 2 R i, T LA OA At 25 B A b R
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ecotoxicological effects of chlorates [J]. Chinese Journal of

Ecology, 2005, 24(11): 1323-1328.
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