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Application of chromatography in the detection of pesticide residues in wine
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ABSTRACT: Wine has rich nutritional value and good health effects, it has become more and more popular in recent
years. Abuse of pesticides in cultivation will cause pesticide residues on grapes and eventually transfer to wine,
long-term drinking will damage human health. With the improvement of people's awareness of food safety, the
problem of pesticide residues in wine has gradually attracted attention. Therefore, the establishment of analytical
methods suitable for pesticide residues in wine is of great significance to ensure food safety. At present, there are
many methods for studying the analysis of pesticide residues in wine, among which chromatography is the main
method. This paper summarized the advantages and limiting factors of the chromatographic methods for pesticide
residues in wine, including gas chromatography, gas chromatography-mass spectrometry, gas chromatography-tandem
mass spectrometry, high performance liquid chromatography, high performance liquid chromatography-tandem mass
spectrometry and gas/liquid chromatography-high resolution mass spectrometry. Their development prospects was
prospected.
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TR F AL AGE SR, A AT R Ok AR A A
RN TR 8, TR ARRA . AR
FSEAR 2GR E, 5% B e A 4 h Ak 2 S R T
T FRAT R F A A DR R P gk 2R AR 2
Bl HAG, B EZRIE GB 2763-2019 £ 5424 FE K b
e E AR 2 B Rk B R ) VSO SR 2 A 2 T i
E T RZFR AR, B RE NG 5 E R 2R B
[RIt, WSR2 T oA 25 5% B8 A3 B 7 o FOR B B i 28 4
HAEFEE L,

B, WP A 255 8 i kAR 2, Horp
D) RN 5 N7 J SO CE 7 NI B s = 2 S Y = I A < B
B, ofrs Y. MRS . REUES SRS, 2
FHIEAERIOR . 3. DR SEIRBRE D il o
2y T H VS RE S AR 3R B R RS T iz R, AR
o JEE A Sfe g FH A A G rh e 25 % B B S B ERE L R
At . AR R T . S RORAE Lk
RUFH €833 B DG TR 33 vk RN AR B - 5 A3 B B AT T
e, FHXTH & RS T TR, B NS5 R4
T o 2 5% B I e T S 4R 1 5
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21 SHEeEE

S AR 15 (gas chromatography, GC)J& 20 42 50 4F
R RSk, FEARFE S HT R LR T 60 AECHIT, H
AoprsEth . REER . BRI S, FEEHT
R . PRENL . SERCERRENILE Y. M6
TE AR A RS B L, R B PR A 25 H Rl A
#%(electron capture detector, ECD). &G #I £5 (flame
photometric detector, FPD)E {2 I #5445 17 4% 24 5%
AR 2% et U OV 5 T AR BORE vk A 1 o 4R OB Y
W, AT AT ST S, B TR AT A LR
ARZGTNISTIN 4 FIIE] 53 S AL R A [ AR AL B GC-ECD B FH 43
Brosik, 757875 4 Fla) 23 SR IATE 0.1~0.5 mg/L Yl N A
A RIFIANE R, KB 0.1~0.2 pg/kg. FEmT R
FA I AH#E B (solid phase extraction, SPE)-5 M il K A
J¥ (GC-FPD)H AR T4 b 16 Fhva WL A 2 5% 1 it
ST, BARLN e RIRYISY 0.01 me/kg, BNE
RN 65.3%~92.3% 1% 1 2R FH 7 i -5 g A 3885 A ol
2T T v I T A 2R Bk, ) A 7 25 B (solid phase

il

micro-extraction, SPME)# AR5 S A0 i -3 & LR Il %
BRSO A A 12 FA MLBE AR 25 5% B kAT T,
B AN HUBEAC 25 ORI B A 5 ng/L~0.38 pg /L., 22 fL 4513
FH Florisil Ff A J 5T [ AH 43 80), #7177 801 A 43 AT
GC-ECD ¥, W T4 h HER . JBERSE 5 el
SRR, KR 0.1~0.8 pg/kg, i R U EARAE
TG NE 7 Y M EE T A0NE , A 0 1] oA 23 A o A o i 2 347 44
1F. Pelit 'S T DFG-S19 5 GC-ECD 43 Hr 2 i h
JEEH] | BEACMESE 6 P TT IR, 6 PR 2GS R By
KF 099, HXFRERZERTT 16%, K HRN 0.6~
2.9 ng/mL. Hyotylainen %SV F i £L I & & 2 B 5
GC-FID(flame ionization detector)ill i& % %575 H M G .
FRWmERY, KB RA 0.05~23 pgl, EERN
0.2~7.5 pg/Lo TR 20 = e 4R B2 A 45 T v
FIH PR S 8 P 2 ak R, FIFHA MRS ECD il #512F
Ttk |t W R HAE TR 8 Mk 245k MK
W 5 P e A X AR ARG 2558 2.95%~5.51%, Fi B R
0.0003~0.003 mg/kg, VLT IL R, g tar, vk
RETAEE 8 T 245k B A I O % o

SAHEIENMRE T, 4edr AR, Sk HGaE
WA 2 B AR T AR ik i 7 o d, (R ik
KFRATE R GA D ELIERRNE . T 252805
T B BH M S5 5, PR SR i vk e T T AT
TE SRRk
22 SHEGERIEE

SOM B 3 3% 75 (gas  chromatography-mass
spectrometry, GC-MS)REELA fa ik R sihe, X HA
TR W 45 E AL B A R 0 R s, ORI T T 4
A2 B )R RN A . R I T AT S A
2% BRI A B AR T GB 23200.7-201 6 £ i 26 4 [ %k
HE R R FIRI T 497 R 2y KAk S Ak B
AR S SR - R o TR T 0 A 2 A=A i o i o
Vb SR 72 S A A RE S R S ISR BUS, REURCR A
QuEChERS (quick. easy. cheap. effective. rugged. safe)
AIARFRYE, 28 N-N 32 -0 e b J8-C s i A5k, R
FH T 25 7 8 U5 -3 4 B M ) e 4 R A AL
R A PGS 16 FA 2 ER T, 16 Fhfe 2 YLtk du By
0.05~2.00 mg/L, J7 ¥kt H FRAE 0.006~0.060 mg/kg Z [H]
Chen 25 UVFI] FH 4 BOHROR A6 B SR €% % 43 1
BB 27 R 2, AE 3 AR BEKERESINT, 27 b
A2 1 U RAE 66.7%~126.1% 2 [7], ¥ HBR A 0.025~
0.88 ug/L. Zambonin 221 SPME WAL i RTAL I TF-BY, &
ST SRS BT R . SRR 8 A
BUBE AR 2510 Jrids, 120 B T R 1 250 ST FH P SRR
a8 A 225k B ARG S 25 S Y L 7 i B - O
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WRZE IRy & AT B, SR AR €3 o i v A 00
PR 4 Fh A2 AR B i, BT AR 4 B ek
A TE R R R IR IOCR, 4 FhR 25 9K ) IR AE
0.019~0.039 pg/L Z[u], BIHTE 87.3%~107.5%2 [H . 7k
MR PR IE bR AL, 454 GC-MS, #r T #i%
7RG HUBEAR 25 5R B o3 A i, A5 SRR IR ST 1 O s T
AR, JHAEA DL AL, SCORFERTA | PR, IS TR
PRGN o o8 72 S PRI T A R 17 Bk B XU AR
A RFIRR B FE R F NS, SR Crg BAZEBUE S
RN, FEANHTAL BRIRTAEPREE, SR HH G- i ey
FURBRRE LI, e A R B R K . Pelajic 451
R T AR A BRI A0AH €8 13 o i N7 1 A0 v 25 Fhek
YR BT TR, JPRZ T T 32 AL RE L A
. Anjos 223157 T SDME(single drop micro-extraction)
A OGBS M A 18 Rk B R ik, Ot
L3 1 RS B (0%~40%, VIR 25 SR IUSCR: 1 S0,
RIZITIEIE SR S BAE T 15%VIVREL I 34T

AN BT GC-MS T8k 8 B A 43 A1 7 2 3 v
PRENFR R )7, 8 5y 52k B i i SR U RRA, B
A H bR SR AR 25 5% B B A REAIR, e LA 2 A
S 2R H B AR
2.3 SHEGIERKEEE

HAEGM GC-MS ML, UM (35 3 B 3% 1Y (gas
chromatography-tandem mass spectrometry, GC-MS/MS)[¥
2 [ W AR 2 (multiple reaction monitor, MRM) ] LA 5%
HEBR L FRIL R e 1 AP, A7 s A,
MR R, W T MR BHE XU, T E A AR R AT 2 H
T THE S0 ] PRy o R ) 2 T b A R R R ) R
B B ge A0S A Ak 2 BORAR SRR IR 25 1, 7 5%
AR AT £ B BT T AG N 2 T T 12 AR R 28R B 1 U kA
HIATPGRE AL CH A 30 pL PUSAEHRRFT 0.8 mL P, &S
AU 0.5 min, JEEAERIE, AHAFIHR D, wEMAE
f o Walorezyk 25 9F1] FH 43 HIC [ AR A% S5 0M €20 33 5 16 o
TEIHT T LA U T A BOR LD A T T Y 160 Fh
L2555 8, 16 0.01, 0.05 F1 0.2 mg/kg 3 ANk KF A 780
T ECRTE 80%~110%2 0], FHXTARUENZEII /N T 10%.
B AU ORI SRR R A T A R B, B
AR TS ERIBBTIE AN, FRASRE AL AT AN 1 h, W
SRR BRNT 10 pg/L, AT RASEHUMI AP Hh 94 R 24 (1
BRI, SR BLAED DR A A R S 2 G BB, 2o
Carbon NH, Cartridger & & B AZEBAT G LA RS, R
GC-MS/MS TE VSN, i e 1 iR = AT B 7 1 5
PIBRIEE S, N7 TR PR DL 75 FhASBR A 25k
BRI, 7E 50.0~500.0 pg/L SN, 75 FhAk 25 H)
[ICRTE 60.0%~110.0%, AHXTFREM 223 7E 15%2 4 - X1

TP AR 2 HR-X [ AR ZE UM SR IR 44k,
PR BEVERL, #£ MRM AR ST ARG fe 108 D i . JRUNL PR 1
W P ik AT M R G TR R 4 FROR AR, 4 PR R 2~
100 ng/mL 7GRN RIFRLMER R, HXRBIIKTE
F 0.9988, FiLERIEN 2 peke, 7 iEF Y ECR Y
77.2%~93.9%
24 EMBHEBIEE

20 tHad 70 4EAR, TR (O Rk B SR Al R SRR SR 1
AR W8, P o 43 B S R U AT R R, AR
AR RO {8,355 (high performance liquid chromatography,
HPLO)Y!, A iiE & FARE R . KAF . skt
TR E M 22 AR 2 I s i) . 2R S P sr T 1
QuEChERS fE A HAL B i, SR i OO € i A I 21,7
B Z R AP RO, RN TR BRAER
i AL, PRBUSCR R, 2R AP FERTE 0.2~5.0 mg/L
TR N A R TE R R . 24P Tween-20
SPHGN . BN AE RG], ST A I I 7 4 B - (-
TIP3 VR VR A T - 5 AR VR R 0 e o ) R A 7 VI e P 3
HEL R AR THURFN SR B O L . O AR
VEfRTBA . KBTI . ARG . PRBE ARSI . R R D
BN T ORI A UL AL BERE 5, 45 A R AR e i
DSE P4 I T SR . BURAETRSF 4 Fh iR dL s ek
AR B T, 4 FhAGBR2S AR 245 1 - 1 [l 358 83.20%~
102.71%, FIXTFRIER2E 7 1.47%~3.24% ., P 2,
1% R B BUH 450 h 2 T R AR, R S H BEEf T2 I
Ak, I BRAH R OB i E A T M e AT, RS ET
PR, RES AR BRI T, B T RAIN T £
TR 28 5% B S A o Tk o

1R R 0 T TN AR 8 vk — A, AEAR 2 T
HAATE—E RmRPE . 5AHEREEAHL, S0 H G5
AT B ERE S W R R e, (BRI RIVEFER,
or B, R AR R 2 (B AR (R R,
IS0 28 5 Tl A& Ffli L FLBR A A g 2.0, e A 4 T
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2.5 RHEEIESRBERLE

WAH o 3% 5 B BT 5% 7% (high performance liquid
chromatography-tandem mass spectrometry, HPLC-MS/MS)
JE LA ROBAR 635 73 28 B, DABTIE %8 E TR —Fh
TIE N . HPLC J7 iR AEEE XS S 2 hE il AR 25 5k o3
Frist, 523 LRI IR . TR €3 - A3 I ST v T LA
XA R S R T AT RO S L MR A AT
Zhang P57 T ] DPX(disposable pipette extraction)4t
PERESD, 255 O (5 - R I TS AN E WA I b 28 Ak
2RI, I HiEd 5 QuEChERS il SPE 2 Fiij kb 2
TORXEE, KB DPX AR SR, 154 I [ FIig R, A
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T 4 RO SR R Y B TN, S A AT R 28
AR ZGHRER BRI . T A SR RO (- FR B R R,
454 NH, M BGSAL T8, #7105 #8180 H 69
Fhfe 25 Z 5% B 10 A3 B 7 ids, JriAE 1.0~0.001 g/mL JiTHRV
FEVE NN R RIF, MHXREEIRT 099, kit RNy
0.001~0.01 g/mL, & FH T %5 15 vh 4 2 £ 5% B3 (1 4G ) 43
Mro Wang Z50B%%# 7 7L QuEChERS fE N RTALPETT 2, R
Fil UHPLC/ESI-MS/MS A& 21 % 25385 A1 131 A 24570 7 187 Fh
PRFRER W 2, RAZ BN 98.4%(Z11H) M
96.8%(I ) AR 25 BISCRTE 71%~120%2 8], T 196 A2 F 26
WH 187 FhAR 24 5% B8 ()L i Al 2 s Al . Economou
ZELOE Sy T SPE 5 YRR €33 B I G D A AT T 46 Al
RFRE WM, 46 FhAR 25 K 1 BR 2 0.0003~
0.003 mg/L, M H 0.001~0.01 mg/L. Dias ZE4 745
ALY 3700 r/min B0 4 min, FHZE: WE:1, VIV
B, RS BEW i 0.45 pm PTFE 4F =05 vk 28 05 7 4 ik
UPLC-MS/MS 438, BIIEIXT 185 Fife 254 A% 162 Flifk 2
SER T TSR IE . Christodoulou 2512 ] 2,12 2, s 12 B
B A2y, SRJE O 5% R AT, HESE T 4T
172 R 2519 )71, o 128 B 24 19 [BEDISCRAE 70%~120%
Z ], KB /NT 20%, B @I S Sy 1 A A B H
00 FR I TG R BN AG I AT 80 vp 27 Fhefe 24 5% B (4 43
W, ZOrIER A SR ETE AR 27 Fhefe 245k B Al
ELMERE, KMITFRAE 2.5~10 pg/kg Z A, g ER
1E 60%~88%Z [H], FHXTFRUEMZEAE 5.5%~16.2%Z [H]

FE H R T AR, ORI T T R AR
Aok . MREN 2 | TSRS ARG T
(R4 2 HAT B S AR ARG I R 34
2.6 S/REEE-S/MERIEE

=93 P 1% (high resolution mass spectrometry, HRMS)
HOAR SR BB AR —Fh, EEHE R BE Hs s
R, mREE . TEATER . mak B, AR
BUAR B Sl A 4 AR v e A A0 s M iR, B HLAT B E
KEEAPIRIRE T, RExtRAPI R TFARE . il
A 245 5% BRI N FH e 22 1) i 43 B T B 2 TRAT I I %
(time-of-flight mass spectrometry, TOF-MS)Ii B, 371 iE Bk
1% (orbitrap mass spectrometry, Orbitrap-MS), 8% /F h 4
AR REIAS, 528 Bl EEIUE 2 ML LC M
GCW™, 92 (8 iy = 7 DU AR o 1% 7 2 AR 3R 0 R A7 e
P ZRFE BT RRE A | SRR MR R R T
I st ARG F A e B e ARSI 0k B S T B st B o S ) ),
T 1o 43 3 36 B DU N A P X S [ 5, ] T 2800 o 2 b
AR 2% B A 1 A P R R S AT o I DR I
A1) QuEChERS i Ak 3 5 2% R = SO AH €6 3% - DU AR FF /4 R
YA BF s 0 W ST 111 Tl 5 ) ek 7 o s kA

TR, 11 FARZHTE 1~100 pg/L JE L R R4F, AH
FFBKRT 0.99, BIdIFRIUE, 127 A H B Al ik 5]
5 ug/kg, [ E R 63.3%~123.7%, A XF b5 dE i 22
3.2%~18.8%. He Z57URFH B4R (1) 7 0K A1 4T T RF
it 0.22 pum PTEE )5, EH#EE#H LC-QTOF MS Al
LC-QqLIT MS FEATHEIN, FEsr 1 i A % 2510 o 50 Fhake 2y
BREI ), Fl LC-QTOF MS 5l 75 51 4 25 1 5 B Hy
0.05~0.5 pg/L, 1 LC-QqLIT MS #5753 e 24 & = FE
0.01~0.5 pg/L. Patil WSSy T /0 A AL B S <M €
Tk AT S B] S 0 BT R 2 G R TR A 83 e 2k
BRI B, 16 5,10 il 20 ng/mL 3 A [R)Hk B KAy
WINT, BRGERRER | W50 PR . S pR RSN e 4 B Dl
REIRTF 80%, B T ST B A&V ER A, ek
2y H BRABIE T 1 ng/mL. Dasgupta 55V T 42 4
AR AT - AT IS AL 1 43 BT R 4 P 160 R 24 8% B 1
Dk, BCEN 70%~120%, KEB4> 425 1 & & IR/ T
10 pg/L, FEH53% 05 0T 50 AN AR 0. BRIk
95 25 OV A T A A BRI 40 I AR 4K B 2 bl iy Ak 3 7%,
SKH Q Exactive DU AT-# HL 37 5UIE B =5 43 HE 03 3% [ s ER
TR E LA A Y 18 FhARZGER R, T EE ST Iy %t
T 5 FP 2R UEA T, LA 2 R L itk
WEEE I . TR MR = REE 5 R 2558 B . Dasgupta %0
S FF 4 55 16 A A B4 B AR 2 T AR b, GC/TOF-MS 43 M
B 135 Rk 2y, BRI REIY KT 0.99, B
P, serE A, SN SRR RSN, He R E
HFRA 10 ng/g.

3 4 i

AR, Bl AT A T KOV 1 5 e R R B TR Y 3
SR, AT PRI S R e W s R AT
K o LML AR EE AR Sk B TR AR 3 R
3G S 5 % B TG A R, FLERAEAED R, fE R
PR T AR 24 5 B A P R T AR, (RS ik
FIVBORH 2305 1 25 5 22 B BE T 9 0 BB B R (R 45 8, Ak
2 T AT AR — RE SR PR o T X H 2% R A4 PR R AR
LI E4ESE GC-MS. GC-MS/MS. HPLC-MS/MS #ir#& %
RCRITRE e K, o 5 EC FH R AR A 5 G A 24 % #
FEH R AR RSNz, (HR Z BR T ER A R A
Hi T, AR M I A 2 PSRBT BR, 1T L 24 %) i
AR A R . B RHF AR MR, AR 2B Fh
i, T BRI A AR 25 R S M AEAS RN, B LA —
Fhal JLAN AR 2558 B8 1 Tk B AN BB R SE bR ok, Ak
) ERFAGHI Z2 S TR P2 o 245 5% B8 1) el i 0 2 7k B AR 0
ML, TS o B B AR A AR 2 £
B B v e DU oK R R R A
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