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Determination of eight high polar pesticide residues in vegetables and fruits by hydrophilic
interaction liquid chromatography combined with ultra-performance liquid chromatography-
tandem mass spectrometry JIN Yu’e, XU Qian, XUE Liming, LE Sunyang, XIONG Libei, TANG Yan,
WAN Jingyi, WANG Guoquan (Division of Chemical Toxicity and Safety Assessment, Shanghai
Municipal Center for Disease Control and Prevention, Shanghai 200336, China)

Abstract:

[Background] The production and consumption of high polar pesticides in China are the largest
in the world. Therefore, it is urgent to develop a method with fast analysis, large flux, and high
accuracy to determine the residues of these pesticides in food.

[Objective] To establish a method for the determination of eight highly polar pesticides
[chlormequat, paraquat, difenzoquat, cyromazine, propamocarb, glyphosate, (aminomethyl)-
phosphonic acid, and glufosinate] in vegetables and fruits by ultra-performance liquid chro-
matography-tandem mass spectrometry.
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After comparing various types of hydrophilic interaction liquid chromatography (HILIC) columns, and optimizing pH value and
buffer concentration of mobile phase, effective chromatographic retention and separation of selected eight pesticides were achieved.
Based on the optimization of mass spectrometry under chromatographic conditions, a multiple reaction monitoring (MRM) channel of
target compounds was established. In the sample pretreatment, through optimization of water content, extraction solvent, and
purification method, a final MRM mode of ultra-performance liquid chromatography-tandem mass spectrometry was used for detection,
and the isotope internal standard method was used for quantification. The accuracy and the precision of the method were evaluated
using recovery and relative standard deviation. The established method was applied to detect 57 samples of retail vegetables and fruits
to investigate the adaptability of the proposed method and the residual levels of selected high polar pesticides.

For positive ion electrospray ionization (ESI*) detection, we chose Sielc Obelisc R as chromatographic column, and 20 mmol-L™
ammonium formate solution (pH=3+0.05) and acetonitrile as mobile phase; for negative ion electrospray ionization (ESI') detection, we
chose Shodex Asahipak NH2P-50 2D as chromatographic column, and 5 mmol-L™ ammonium acetate solution (pH=11+0.05) and
acetonitrile as mobile phase to obtain good chromatographic separation and peak shape. Under the optimal conditions of sample water
content standardization, using 2% acidified methanol as extraction solvent, and C18 dispersed solid phase extraction purification, the
linearity ranges of five analytes (chlormequat, paraquat, difenzoquat, cyromazine, and propamocarb) and three analytes [glyphosate,
(aminomethyl)phosphonic acid, and glufosinate] were 1.00-100 pg-L™ and 5.00-500 pg-L™” (both correlation coefficients>0.999)
respectively, the detection limits were 0.002-0.010 mg-kg™, and the limits of quantification (LOQ) were 0.005-0.025 mg-kg™". At three
spiked levels (LOQ, 2LOQ, and 5L0Q), the recoveries were in the range of 85.3%—-113.2%, and the relative standard deviations were 1.5%—
9.5% (n=6). Three target pesticides (chlormequat, cyromazine, and propamocarb) were detected in 57 samples of retail vegetables and
fruits, and the residue of chlormequat in cowpea exceeded the maximum residue limit.

The established method of HILIC combined with ultra-performance liquid chromatography-tandem mass spectrometry and
isotopic internal standard quantification has the characteristics of simplicity, stability, and easy operation, which is suitable for rapid
screening and quantitative detection of selected eight high polar pesticide residues in large quantities of vegetables and fruits, and
provides technical support for monitoring and risk assessment of high polar pesticide residues.

vegetables; fruits; hydrophilic interaction liquid chromatography; ultra-performance liquid chromatography-tandem mass
spectrometry; highly polar pesticides; pesticide residues
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Table 1 Addition mode, retention time, and MRM conditions of 8 pesticides and internal standards

Fs WEMETR BFUER fREZBYIB)/min man= BEFm/z FEFm/z ERBE/N hittERES /ev
1 FFieAh ESI® 2.2 M* 249.0 193.1°,130.0 80 38, 50
2 FFikbh-13 c6 ESI" 2.2 M’ 255.3 198.9 80 34
3 RiRRR ESI® 3.2 [M+H]" 167.1 107.9°,125.2 50 30,25
4 KUERZ-DA ESI" 3.2 [M+H]" 171.0 85.9 50 21
5 EB ESI® 43 [M+H]* 188.9 102.1°,144.1 40 22,38
6 FEEBRE-D7 ESI® 43 [M+H]* 196.1 103.0 40 24
7 BHR ESI" 4.7 M’ 122.0 58.1",63.0 60 42,27
8 EHERD4 ESI" 4.7 M 126.1 58.0 60 35
9 BER ESI® 55 M",[M*~CH,"T" 186.0,170.9 170.9°,155.1 100 30,37
10 HBE-D8 ESI" 5.5 M" 193.8 178.9 100 36
11 SFRERR ESI” 3.7 [M-HI” 110.0 62.9',78.8 -40 -29,-34
12 SFRERE-13C15N ESI” 3.7 [M-H]" 1121 62.9 -40 -38
13 EREB ESI” 3.8 [M™-H,0I" 180.0 63.1,94.9 -40 -42,-23
14  E5B5-03 ESI” 3.8 [M™-H,0I" 183.1 63.0 -40 -49
15 EHB ESI” 3.9 [M-HT 168.0 63.1°,149.9 -20 -31,-13
16 EHBE-13C2,15N ESI” 3.9 [M-H]" 171.1 62.8 -20 -37
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Figure 1 Extraction efficiencies of 8 pesticides with different
water content in lilium
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Figure 2 Extraction efficiencies of 8 pesticides with different
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8 MR LA D HIAK S TE. X R KHR. E2R
DiER 2, R AEIIKTF 0.999,
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Table 2 Correlation coefficients, limits of detections, and limits
of quantitation of 8 pesticides

REET éf'l*ﬁﬁ/ e iR @Hﬂ.f%/ E%BE{
(ng:mL™) (mg-kg™)  (mg-kg™)
= 1.00~100 Y=0.050 4X+0.0050 0.999 1 0.002 0.005
BEM 1.00~100 Y=0.062 6X+0.0226 0.999 8 0.002 0.005
FFkih 1.00~100 Y=0.1154X+0.0145 0.999 9 0.002 0.005
KEBAZ 1.00~100 Y=0.0313X+0.0045 0.999 9 0.002 0.005
BB 1.00~100 Y=0.189 0X+0.0508 0.999 6 0.002 0.005
BEHE 5.00~500 Y=0.024 6X+0.0062 0.999 7 0.010 0.025
SERERBEER 5.00~500 Y=0.016 2X+0.0254 0.999 7 0.010 0.025
B 5.00~500 Y=0.024 9X+0.0107  0.999 7 0.010 0.025

74 Mm=gEBER(EFMN. 2.
¥R, BF) P#HT 3 MIKEKFERNINR: €2, 2
EEEMRM s FEEMR, BIFERELR. BEM. Bk
. KIBAR M FE S E AR & 2/ 0.005. 0.010.
0.025 mg-kg ™, EH B RREBBRNERBENITSE
79 0.025. 0.050. 0.125 mg-kg™ BIMNATEE G, B NKRE
K FEENE 6 %, LU EAR G EEREMED
M, ERNAFTMEE 52, 8 MRHAE 4 HEFRHM
9 [E U ERTE 85.3%~113.2%2 (8], TR ERETE
1.5%~9.5%Z [8l(n=6) , ER B RAFEBINES, 15
RERY, JUBATFERRKRT s MERERATEE
HEREE.

KRAFFEZIMNTGANTER 38 53 19 fF
KR FmFTEN, 2 HHRAGBERE R K@z
FRER,IMUHESRAAR, 15 HRHBMRE
AR, 1 ISR ABRAEEEY T RAKE
RE, 8 MERMERARLNERNRK 30

&3 57 A HERIKRERICNER
Table 3 Detection results of 57 retail vegetable and
fruit samples

o R WHRE/(mgkeg™) BA

L= 1] o

DL = N BIRE/

BB/ BB/ iR (A RE% BIME  BAE (ngig)
By 38 14 BRE 13 342  4.3x10° 0.6 1

KigkE 7 18.4 2.9x107 1.2 0.1~20

EEH 8 21.1 3.6x10°° 26 0.2~100
KR 19 16 BHE 3 15.8 3.7x10°° 1.2 =
BEE 2 10.5 6.6x10° 5.6x10°  2~5

BERUEYNBEENIEES, TH SIRER
HEEFR A 3 FHEENOE) D FEFIE, 5B
[13-16] #RE—2, HF m/z 185 M EBHEFHE F,
HRHE song FHENER m/z 93 BINEBRPASE F5H
iR EERM R FEHF4%, ™ m/z 186 &
M EBREMRBEFMNE m/z 93 I EBREEEFIER
o, REFIAERAE F. & P&RA MRS 57 3K B
EFREREENBET, ZMHARENBEENIEAETEH
BREX—EY MRM HNBEIERN S,

EEEFRER L, HILC BT REE, (K]
EEEMREBEN EERITEMBIER TR, B
fe. S &, 2B, XARP ESMERIMEY 5 Mb
&Y, REBMET oMMt ey, BERRMEEBERK,
HlRRREMKEY, EERITERSHEBEH
(Shiseido PC HILIC) FI K17 & Z+ L Bk & 1 43 ( Waters
BEH HILIC) b, ML AR EBENEBESE, 2T H
BRESBRIERNR, REFEERIFE P KE
(>100 mmol-L™) A BEB FR X, 1B 4G 18 10 4&
WENAENGEHNEIRRES. TEREBAEFE
AR KRk 5% R SR FHY 154 ( Sielc Obelisc R) E,
HENEFEEFEKER. BEFREMREZHD BN
B, s MEaEYYRIEEREHESENER, BE
IR IR ITFR, RepBEPEKEET, EERS T
RANER M. M ESIEILNEN 3 NMEEY, kit
BER/N, HE— Huc &g ERI RSS9 B, 8
EHEAIREN®IEM(Waters BEH Amide) £, EH
BhEREBREIEIEIERE™SE, #HNEFEEEH
BEENESRFZAMMEAEAMSIEETRECESYN
RE, TREVREIAEERBPIEE(Shodex
Asahipak NH2P-50 2D) L, & pH B (pH=11) R sh 8 1E
BT, RETEFPENBEE, 18R T EFRE, MR
T BIGIEHYERR, 6F B ARG XS IR 8, BN 2SN
JIVAEREN

AORLITE 57 M ERIKRPHELE 24 5
RIGFKE, HHE 42.1%; HA 38 et 19 HF
RATRE, 1 HZ 50.0%; 19 KRG H 5 B R
%G, M 26.3%, i PRANKHEREES T K
R, ERRMBY 8 MIRMERAT, I /KREMPREH
ERENRAHYAHIBER, EFN. TRPKHR
FE 532k [17-18] BEIE. BB, X NERS 6B
2763—2021 (B MR LERINE BRPRARKIXE
FRE) 18LL, RE—HIL S MmN K8 RRA B IR E
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R 12mgkg™, Bid TELEH 0.5 mg-kg™” BIERATKE
B2, X—4R 5 [19] PR MinELKIMNEILEE
iR 2.4 mgkg I E R EARM, B ILEL S MIE R
KIBEENERAERANES, NRIRGIEEXEREE
HEERIREM,

R EILT HILIC AEBEMRIEERIE- =2
KM RE, BAURRITEES, MEBRKRA 8
SR RAZEBND TG % ZHERHTERE SR
RGN 75 EREBUAT, $5E 7T EBERNZ
75, AT EERIRENESY DT HILC BI15H,
BEERE. BT Z2RENES, REERFBEERT
FIREFPRAERBRENENR, ZFHEAENERRKR
KRB~ mP SR L8958 5N AD XS T (k12
HIZARRFE,

SE Xk
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