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Determination of polar pesticide residues in vegetable and fruit by supercritical fluid
chromatography-Q-Orbitrap
XU Qian, LU Dasheng, QIU Xinlei, FENG Chao, LIN Yuanjie, LE Sunyang, CHEN Yuhang, JIN Yu' e
(Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China)

Abstract: Objective To establish a method for determination of 12 polar pesticide residues in vegetables and fruits by
supercritical fluid chromatography-Q-Orbitrap (SFC-Q-Orbitrap). Methods The samples were extracted with 1%
acidified methanol, and the extract was purified by dispersed solid phase extraction, separated by ultra silica column
(150 mmx 2.1 mm, 3 pm) and obelisc r column (150 mmx 2. 1 mm, 5 pwm), determined by SFC-Q-Orbitrap, scanned
by segmented mixed product ions, and quantified by isotope internal standard calibration curve. Results The calibration
curves for 12 pesticides exhibited good linearity in the range of 20. 0-500 pg/L, with the correlation coefficients (R*) above
0.997. The average recoveries at 0. 05 and 0. 20 mg/kg spiked levels were in the range of 80.2%-120% and the relative
standard deviations (RSD, n=6) were in the range of 2.14%-14. 6%. The limits of detection and the limits of
quantification were 0.010 1-0. 016 2 mg/kg and 0. 050 mg/kg. Conclusion The method has the advantages of simple

operation, accurate quantification and high efficiency. It can meet the requirements determination of high polar pesticide

residues in vegetables and fruits.
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1.2 ik
1.2.1  WiAb# 7 3 fyd sy

FREC 10 g ¥ FAE S T 50 mL 2.0 8 d i A&
YR E KRR S K BT E 2 10 mL,
FIA 100 WL %N 10 pg/mlL B9 N B8  8, H5- 5 A
10 mL 1% H R - B & 1 00 38 7, 58 0 i 42
2 min, 5 000 v/min &[> 3 min, U [ 2 mL
W, M A 100 mg C18 T 10 mL B .0 45 1 I8 JiE 47
% ,5 000 v/min & L 3 min., B LW W, i 0.22
wm R IR 2 M (PVDF ) 90 L 8 5 5 47 1
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10 mL 25 & Jff (A BERG B B K R A7 3] N R
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F 10 mL 2 T, H 50% HEE K 2 2, B K
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e 50% 1) BB K U TR R B MR JE 20,0,
50.0.,100.,200.500 wg/L bR T AE & W, Hh
W AR BE D 100 wg/Lo
1.2.3 @ik

{1 3% #+ . Restek: Ultra Silica 3 pm 150 mmX
2.1 mm F1 Obelisc R 5 pm 150 mmx2. 1 mm ( F Tl
T AR RN DL ) s AR 140 CHERE R 10 pLs R
B A:CO;H A B1:1.0% H R +8% /K +91%
s i sh A B2:3. 0% H R 4+ 10% 7K 420 mmol H!
2 8% 4 87% N CFHF D3t 1 R Ay Ak B i) 5 b
£5) C:0. 1% H R + 10 mmol H R % +0. 9% /K +
999% I 5 UL 3 M U 3 ¢ 0. 8 mL/min 5 #b 22 7] I 2K
0.2 mL/min; B FEVEMBE UL T 4 1.
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Table 1 ~ Gradient elution system for liquid chromatography

i 1] /min T A/ % B B/ %

0 80 20

4 20 80

8 20 80

9 80 20

15 80 20
1.2.4  JuUk s

B 5 55 B T fk J& (Electron spray ionization,
ESD) ; 37485 20« 1E 2 B 2 A I 77 32 Full Scan+
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ddMS; 5 25 L JE i 3.8 kV, B T M IR E N
320 °C, #5H K K 40 arb, F BN SRH A 10 arb, B
BV SREE R 350 “Co B AR 2 BeIR A
W) B F 49 5 (Sequential window acquisition of all
theoretical mass spectra, SWATH) , J& T &1 -IE 505
8 41 PE >R 4 (Full scan-data independent acquisition,
FS-DIA) , F4# VLl 60 ~ 900 m/z, 4324 70 000 FWHM,
A 3l 1 25 22 1 (Automatic gain control, AGC)1e6, it K

H A BT A (Maximum injection time, MAX IT) 100 ms,
SWATH Z % (Data independent acquisition, DIA) : /3
BE A 217 500, AGC: 1e6, it 5 % H 35 [ (Tsolation
window)25 m/z, # 5 R AEAE I EL(Loop count) 5, filf f#
fig 1z (Collision energy) : 20360, 12 Fhife 25 K H Rl %
12 FR o 2 B B TR 0 5 BORTRE R 5 RS
BB 2, B LI 1~ 2,

#2

12 Fife e 245 J [ 28 B0 48 Bk A8 B ) I D 5 8 88 0 D0 SR 4R R 8 10 A o i

Table 2 The names, retention time, addition mode, exact mass number of parent ions and fragment ions of

12 pesticides and their isotopes

e 4 PREAIT A BB TR B I A 5K Jin Ay = WER B FARE WAL W B TS T A2
1 AR 4.49 85.050 9 [M+H] 57.045 0 58.040 2
2 ZRAEWE-13C2,15N2 4.48 89.050 9 [M+H] 59.044 9 60.040 2
3 Kot 5.88 122.073 1 M* 58.065 4 60.080 8
4 A% D4 5.87 126.098 3 M* 59.0717 61.087 1
5 K i 4.81 167.104 0 [M+H] 85.050 9 125.082 2
6 K i e -D4 4.80 171.129 2 [M+H] 86.057 2 129.107 4
7 T 4.27 161.092 1 [M+H] 143.081 7 115.086 7
8 THEEHE-D6 4.26 167.129 9 [M+H] 147.106 9 119.111 9
9 I e A 5.01 250.1417 M* 118.065 3 234.110 9
10 $F A -13C6 5.00 256.1417 M* 121.065 3 240.110 9
11 FRER 5.94 380.166 3 [M+H] 112.075 8 200.103 3
12 W HREER 5.51 150.040 5 [M+H]* 104.982 7 61.010 8
13 A7 -D6 5.50 156.078 3 [M+H] 106.995 3 63.023 4
14 T B AR 5.51 189.159 8 [M+H] 144.102 0 102.055 0
15 T B W -D7 5.50 196.203 9 [M+H]* 151.146 1 105.073 9
16 PR 4.17 103.032 5 [M+H] 86.005 9 69.044 8
17 CEERNR-D4 4.16 107.057 7 [M+H] 90.031 1 73.070 0
18 Th ok ik 4.25 113.034 5 [M+H] 85.039 6 67.029 2
19 I3 1 Wk -D2 4.24 115.047 1 [M+H]* 87.052 2 68.035 5
20 TR 6.33 183.091 6 [M2*-H] 168.068 2 157.076 1
21 A H-D4 6.32 187.116 8 [M>*-H]* 172.093 4 161.101 3
22 R 6.03 186.115 1 [M]* 171.092 7 144.081 1
23 HHAE-D8 6.02 194.164 3 M 179.143 1 152.1315
RT:0.00-14.00 SM: 7B RT: 0.00-14.00 SM: 9B
1004 RE349 1005 RT:5.94
804 803 EEBR
603 REGR 603
403 403
203 203
108: RT: 5.88 108: RT: 551 A=
807 803
603 603 ¥
40 R 107 W EER
203 203
3 108: RT 481 8108: e
g 801 g ¢0d
< E b3 A S 807
£ 603 g 603 EER
2 0] S 403
g 203 g 203
= 108_ RT 427 %108_ RT 4.7
x 1007 AE
b€ o€ ZABIR
E THU &oe
403 403
203 203
108: R 507 100: RT 225
803 ﬁ\ 803 f\
603 603
40 B j 403 R
207 i 204
1 2 3 4 5 6 Time 1 2 3 4 6 Time
BT 10F @itk AR 25 1 TIC [

Figure 1

The TIC of 10 high polar pesticides
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Figure 2 The TIC of Diquat and Paraquat
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UC-Diol 150 mmx2. 1 mm. 3 pm, Shim-pack UC-RP
150 mmx2. 1 mm.3 pm, BA =K A B AEH 06
J% #£ Torus DEA 100 mm%3.0 mm. 1.7 pm, Shodex
NH2P-50 2D 150 mmx2.0 mm. 5 pm, Ultra Silica
150 mmx2. 1 mm 3 pm; DL M ] DL 2 Fh 6835 5 5
12 8, 5% AE Obelise R 150 mm%2. 1 mm. 5 wm 3k
AT HHL o

45 BB R, UC &) RP A Al Diol 4, HILIC
DEA #E Fl NH2P #F 76l & — 22 fb & ¥ i & X
U R B CIEL 3) , #E 3 B AH 1Y pH {H 52 k& W
FEAETE A, NI 5 R [6] S R Z [a] & A= 2 B bl B2
B LR B, S 6 0 06 9 R AR B Ultra Silica
FEREAE M 3.2~ 6.3 min WSZHE 10 R 2k &
Y A R0k B OOF 43 B, (B RE R R R PR X P
MMeAEwEAE LR RATEMNIEHEREANS
W0 A A R 2 T A PH B S R B K R
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{1 I = T~ AT o 1 R S PN el [ IR A
HILIC €8 3% | A 52 5% 38 o o & A ML 7 b 19 pH
(B 55 7K i K 1 T B R AR Ak s A M Ak B W i 0
JE R N . X F SFC, FE A A BCrE F s i ) 4R
SEMAE A PR By a3 Al B R B Tk
DL R v oM v . TR 4 R K B G (0 1 0 TR
Wi TP ) P K S R IR R A LI
H & K il 8% BT & AE IR Y pH A ALER 1Y
W BE AT DL R R g e T R EAE 1% R Y
ST T W T ARG, VD A B R NN R B Y
IRV = S S R SR o [ D AP P I A s R/ S o v
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TR A B AR OX SRR AR BT, AT
FE AH A EAE A 5 38 R G 1k R B R Bk
580 B W B AR 22 o Uk n) 8 A S 1) O B A B
T i A P S 0 R A5 B i e, A SE G 58 Gk o R R
R B B R X A S W A Rk LR g
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Figure 3 The chromatographic peaks bifurcated on different columns
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Figure 4 The peak shape of cyromazine with different water content

T Mg -N-TR 3 BE B AL A JBE (Primary-secondary amine,
PSA) Fl 1 55 1k B 2 (Graphitized carbon black,
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EER N a1 AN G N S SRR S o L
SN 0. 2 mg/kg TR G AR HER WK, B 2 H] PSA .C18
F GCB i 43 1 [ AR 2 B A X B bR 4 25 (4 52 )

ARG K (E 5)GCB X H B B WD R
VT JHE Ay A5 B S W, L LIBCR AR 60% A4, 1T
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Figure 5 Purification effect of 12 pesticideswith

3 dispersive sorbents

AL .
2.4 HIEEFIGUE
2.4.1  ZRMEVE R E R

K F AR 8 1, DL AR 2 5 H Y TR A7 2T
BB L AE S N A B, 1 35 0 o G 3 L {6 A
12 Fh A 2578 20.0 ~ 500 pg/L ¥ 7 [l N & R4
HIRPELR e R R 1 >0.997, 1E L3 3.

2.4.2  Fath FRAVE & R

WO SR Py 1 25 FVRE b L 3 R Dy ik b PR S
BINA 258 S AR AW, R A E B T AR
3 5B 1 R (Limits of detection, LOD) , % {= I
FLAY 10 A% 31500 52 %2 & BR (Limits of quantification ,
LOQ) . MEFEH N 10.0 g B, 12 Ff 2519 LOD
4 0.010 1~0.016 4 mg/kg, LOQ & 0. 050 mg/kg.
WL 3.
2.4.3  MERE R 5 2

FESER MG LSRR i s in 0. 05 A1 0. 20 mg/kg
P AN 7K B8 TR 5 AR 2 AR HE IR U, 4 1 b T JEE Al
6 WFATIR S o A5 AR R (38 4) 1 12 Pk 2558 2 o]
Ll&%(Average recovery, ARR) TE 80.2% ~ 120% Z.
[, AH %7 #E fi 22 (RSD) 7E 2. 14% ~ 14. 61% ZIA] .
207 V6 BT BUE 1 TR B FIORS 5 R LW 2 H R R R
PEA TR I3 B 1 25K

3O I2RPRAGLAE N LT R DR R RS PR R

Table 3 Linear range, linear equation, correlation coefficient, LOD and LOQ of 12 pesticides

SRR LR LRk RIE R EL KB/ (mg/kg) AP/ (mg/kg)

AR 20~500 y=0.058x-0.026 0.999 9 0.0159 0.050

IR 20~500 y=0.077x-0.024 0.999 9 0.0116 0.050

PR 20~500 y=0.075x-0.022 0.999 9 0.014 2 0.050

T 20~500 y=0.068x-0.08 0.999 9 0.0149 0.050

Lig A 20~500 y=0.054x-0.032 0.999 5 0.010 1 0.050
R 20~500 y=0.078x-0.079 0.999 8 0.010 2 0.050

WERGHR 50~1 000 y=0.065x-0.094 0.997 2 0.014 6 0.050

e 20~500 ¥=0.095x-0.051 0.999 6 0.015 1 0.050

SR 20~500 y=0.082%-0.045 0.999 7 0.016 4 0.050

LR I 20~500 y=0.024x-0.07 0.999 6 0.010 4 0.050

(&N 20~500 y=0.01x-0.065 0.999 5 0.016 2 0.050

A 20~500 y=0.094x-0.048 0.999 6 0.0126 0.050

2.5 N 20N, C18 B 1 JE 5T rp AR A PR A 20 43, R IR o

R T B E 5 9 RS2 R R R T ST R O 9k
T8 20 VKBRS K FERE AT = WM AR 2 5% B 4y
Bro S50 R (3 5) : PHYERES LR 4 Atk 46
o3 A Bk B . b R AR D R R, K
WG e 5% BR e L, YR AT GB 2763—2021 Y PR 2

3 i

G A € % ] AR A B A S KA A BLE
FIAE A PR o A6 B 5 38 A9 SOk TR B 38 R
FEOCHE R Ve SR BE (P ) B (LG L L BER TN
B PIAE > M 6.6.6.2.5.2 Fil 4.3, Hoh I BE B
P/ F oK HL B 22 R 8 o AR A B
T G VS R B K A A R RS O A8 AR
WETE o A S5k FH Y B MLAR I, 75 o R 3R 10 04
TETEH R R T B B AL ALK R

A 245 76 WA €035 0 % 6 I g2 A B T

RONE , ATAT S 1 A5 W A o R b A e Rz 4R T
FABHE o BE b, RE BRI R T — — X R A ] 3 3R
PR, 3 0 P9 R 0 A TE A A 2, s — A0 R v A
SE TR

TE X 52 BRAE di i 2 R L ELAE A PR H K
i JTCAE ity o RS I R o 3R 4 R R SRR
RS H R R B, 2R TR SRR R A 2, ]
AE 2 S AR R i ] A 24 1 *22 4 () i 3 ok et i e L i
M S EU S R A 2 B D RS Y

A5 38 i Ve R Al A A DL A P
W, SL TR I S - R 7 BT BF R I E R
SRR P12 e B R AR 25 AR R AR I O ik .
7R B AT PR AR ME R E R LR RO E S A
TR B SR KR v e R AR 24 B R AR, oA
mARTER G ER T ENERRMLE T SFE
A
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Table 4 The average recovery and relative standard deviation of 12 pesticides in apple and cabbage substrates
e a4 B _— Aﬁ%fﬁ&‘ﬂ?fﬁﬁﬂ%(n:@ — %%%ﬂ?fﬁﬂﬂ%(n:ﬁ) :
[ Wi 4 35 1l / % ARR/% RSD/% Il e A /% ARR/% RSD/%
1 A% HLR 91.7~109 98.6 6.43 92.3~103 96.3 4.76
2 3 93.3~107 99.1 4.74 90.8~106 95.4 6.11
3 K 81.1~95.1 85.4 5.93 82.2~92.5 88.6 3.99
4 T e 91.9~99.7 95.1 3.28 91.8~99.8 96.2 3.45
5 W A 93.4~98.7 95.2 2.46 91.1~95.9 93.8 2.14
6 BEER 84.7~112 92.9 10.90 84.2~112 92.1 11.50
7 WEER 91.4~98.4 94.7 3.58 90.7~98.3 94.5 3.51
8 R 90.8~97.3 94.8 2.91 90.9~98.7 94.9 3.19
9 AR 91.1~104 96.5 4.82 92.6~101 96.0 3.13
10 Thof it ik 90.3~103 94.8 5.16 90.1~100 93.6 4.75
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