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pesticide residues in recent years due to its high resolution and quality accuracy. Although HRMS can reduce matrix

interference to a certain extent, sample pretreatment is still necessary. Sample pretreatment can reduce matrix

interference as well as extract and enrich analytes, which has important influence on the accuracy, sensitivity and

reproducibility of pesticide residue detection methods. This paper reviewed the pretreatment methods used in the

detection of pesticide residues by HRMS in recent years, mainly including QuUEChERS, solid phase extraction (SPE),

quick polar pesticides extraction (QuPPe), on-line pretreatment and so on. This article also introduced the principle

and application of each pretreatment method, analyzed the advantages and disadvantages of different pretreatment

methods, and prospected the development trend of sample pretreatment in pesticide residue detection by HRMS.

KEY WORDS: pesticide residues; sample pretreatment; high resolution mass spectrometry; QuEChERS; solid

phase extraction; on-line sample preparation
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2 QuEChERS 5%

2.1 QuEChERS =ML RHE

QuEChERS(quick, easy, cheap, effective, rugged, and
safe) J5 BE7E 2003 4E 9, Anastassiades ZEU T k3R, AR $R
Bkl 2 A4, SRBOGATIR A CNE, bR 2
AHZEHR (dispersed solid phase extraction, d-SPE), i T HA
ST N T SN 28 S0 N 122 I o 7 Ay e BB e
ZH#E) W . QUEChERS JrikIGI AN TR INA 2] 2 5%
VARSI 7 kA SEBR R R B SR B, A6 R PO B e s &
J&, MBI T A Bk, QUEChERS Jr ki #i i Fl4
ALERAE AR A 43 B8 A ER AT R, AR i A rh e 3 —
pH KHE L & YA TE TR 2, TR BT el
pH 4E:E7E 5 eGP ER vk, 433108 QUEChERS FSfR
BHB MR T, & AERS T LFER D
212l Association of Official Analytical Chemists, AOAC)FI
BRI AR 51 2313 (Buropean Commiittee for Standardization,
CENWERT /7. HHil QUEChERS JriZisl V2 i i ¥
AN TR S v A 25 Z2 % BRI A R AR R 4TS 3 vkl
FHYGRE, it AT, A 5 0T 22 5k R A A AR o
R R R R TR T .



552 XUEESR, S5 Z2MRE A R AL B 27 R 0 B B R G A 24 5k B o i) B

2.2 FHREUAFIZE QuEChERS F5iEH BRI H

QuEChERS 14t J5 ¥4 NG VE SR IGH ), {HBEH A
ASCRE B0 AN [ 2SR AN Dy B AL P 5 B9 2 1, QUEChERS
PRIt BORk B AL . BIANRERR £ 7 I 7E S IE A
T 1% C R BRI 2/ £ 7 ik UV AT LB AR

QuEChERS J5 ¥ 2 BUAF (1 22k . IE4E21 QUEChERS J5 s

e NERBER R R 1 iR, RO TEEARS
A T R S AG I A A L), 8 o BT 3 FH VR0 € 3 A 56
Rl AR, Besil P00 2, 2 W6 wi A By gk MR (2 33% -
PO 25 AT 88 B K AT B[R] 1% 5 (liquid chromatography coupled
to hybrid quadrupole-time-
LC-Q-TOF-MS)Hk FH - Hr A Rl A 2 K S e 24 5% B T 4t
PRI 0 BN, 3 BA3 43 TR A i SR B 43 S At

of-flight-mass

spectrometry,

Fo WAL AT, BESCRBIE TN AE R Z AR, 7E

P ZIRIRHEL, S 30ds KRARME S . DR AN A 25 R i
LA A R BUIE TR, RAERETAR S G 2 5 PP 5

JRAK N 4 75—~ 7 T o

QuEChERS J5 A $RHGA 1 i B — 1) L ZHE4L &
F R R R, ARSIy SN R, 2R LR S U
AT SR IB FAGLIN 5  T] o A3 R AR AR 0 400 1 B

IR | T AR 200V

2.3 BV RIZE QUECHERS J535 YR A
RZHR B B S 3L B 281, QuEChERS J7ik
JiE AR A BHE AL B2 0 )\ B LRk 4 (C )P, N-N 3L Z

=1

I3k QUECHERS 75 A #THIR BUATIE S 2 1 Bl A R %R BN 80 R A

e

quadrupole-orbitrap
LC-Q-Orbitrap-MS) £ Il 48 A 7 o e 25 5% B &, R H
EMR-Lipid i 4 1k #1 KL, 3 F 1F 3¢ BE - K 2 B &
(octanol-water partition coefficient, K, )1E-2~7 ZI[BIF] 162
Fhge 2y, KPR ATk 0.5~50 png/kg.

AR R UE A B A Ak, 3R [F B B R I A
BRPEAL R, FA B S TR - DR, XS A AR L | WETR L |
REMIL G EAREVRE T, XTIgViE . #hie. AR
B E O S B R M AOR . AL R (a
zirconia-coated silica, Z-Sep)Flik 1 /\ & #5(a bonded
C,g zirconia-coated silica, Z-Sep")J&: L — & fb &% R hik i35
TR FE AR B AA R Z-Sep XEAE AR . g 17 IR G 2 A 55
B R BRBCR BT, XA 2RISR, Z-Sep 22 BRI F
BT ROR L PSA Fll Cyg &, 11 H A 1 8 B A 17 THT 52
M3, Palenikova 204 M 7-Sep™ FI T JL i 43 & % o i
B TR FIAR A 5 SR e

¥ (primary—secondary amine, PSA)?% 7 2B b ik
(graphitized carbon black, GCB)?MZ5:3Lhk [, #ein T £
FloET A RLRY LR, A3 45 1 58 ) I 5T 25 B A4 Bl (enhanced
mtrix removal-lipid, EMR-Lipid) . & k&5 . 94K
HE,

EMR-Lipid FJLLEBRAGHIER . T =BR&E 2, &6
HRES B9k . Moreno 25ROV YRA (23 - DU S AT
5 I i, 375 B0 3 BRI % 5 (liquid chromatography coupled to

hybrid spectrometry,

Table 1 Application of new extracting solvent of QuEChERS in pesticide residues detection by high resolution mass spectrometry in

recent years

PR £/ VS ETES o 77 v 275 30k
T B 70 GC-Q-TOF-MS’ 19
ZIE-HEE (9:1,1720) R 60 LC-TOF-MS* 21
R T HHERACR 80 LC-Q-TOF-MS 20
LR T R 45 GC-TOF-MS* 22
LHE-ZBR T (2575, , ViV) R 68 LC-Q-TOF-MS 23
K- BE-F #2(69.6:30:0.4, V:727) &b, K S(EEERARZY) LC-Q-Orbitrap-MS* 24
ECBE-TITE9:1, Vi) K. LI 15( MLEAR 24) GC-Q-TOF-MS 25
ZhE (& 0.5%EK) 7 6(F 4 P R 2R ) LC-Q-Orbitrap-MS 26

7E: *: GC- Q-TOF-MS, gas chromatography coupled to hybrid quadrupole-time of flight mass spectrometry, “HH 43 PU 2% AT 52 56 A 7 Hsf [i) Jo

T

#: LC-TOF-MS, liquid chromatography coupled to time of flight mass spectrometry, ¥ AH (3% A7 H [A] BT %2
A : GC-TOF-MS, gas chromatography coupled to time of flight mass spectrometry, “Hl 6% €17 Hs B Uik ik,

% : LC- Q-Orbitrap-MS, liquid chromatography coupled to hybrid quadrupole-orbitrap mass spectrometry, A =5 & AH 2, 33% DU 2% AT 58 B & H, 38

BB
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TRANKAS R IT R W R F IR AR —Fh, 7 38 i
SP* ZRAb SRRl 3 AN 5L S P T T 8 R A R
W20 2 2058 R SR — ORISR T TR
ARGER, L Ha B AN K AE B A 2 )2 8003 S B RE R AN 0K
4% (single-walled carbon nanotubes, SWCNTSs)F1 22 BEfi 4 K
& (multi-walled carbon nanotubes, MWCNTS), 449 K4E Y
W HHLEE R R GAKIER . nn MEH . RIEERER A0 & 8
VEFI LA B 1Al BB B A S B VE D), Chen 45100857
T LC-Q-Orbitrap-MS 4317 25% M- 124 1£ H 96l s g 2 AR
YRk, BIALIEA CNTs e BiA R, wwbR 2 pe/ke.
CNTs g HF2Emr 117 Fhfe 25 5% B8 I B9 A b ol
£, ONTs W] LUK & 4 HARfb 549, Deme 5
CNTs $RIUE EMA TRt haylE. Ao, A 5H
TR . 0Lk A8 TR S 2 Al ik e 2, R - T 6E(40:60,
VVyBEILE BERE AT, A2 BEFR 0.1~0.5 ng/mL. Su ZEIAERF
il T —F A 2R AR E . REEE L PR ITEK
TRIREE MR I, HTIRIAS ALK 2, 12
BT LR BT 61T, —2 8.

7£ QUEChERS #4404k i1 8 Ci5. PSA. GCB A fE
TS AR Al A5 R w2 v AR L X 15 0 A A R BT R )
FEHSCR IR OU T, B 2 B B g e b ek

24 FHEVEBEUEMU SR E QuECHhERS FHEHHY
KA

T RAEARE LA, SEERTAFIACR, QUEChERS 1Y
SRIBCAAL 7 VAT B O, BTS2 YA AR AR IR, —
UM R T A BRI 0 2 e T [ R AR AL L A OB
FROSAE . AR BOS LS

Chen ZEWIRI 28 rp 117 R 2558 B UEA TN E, RH]
TSR AT B A A, 5 A A e B AR
VERIE R | BUARME . BESL BT I R A AL Jia
LN o SRR BT 400 AP 2558F, ¥ QUEChERS
5 RS $E B (disposable pipet extraction, DPX)Z5 4,
HnfE A I Oellig 2| #E QuEChERS 488U J5 >R H
155 A 1 - 1 [5] A 25 B (high-throughput planar solid phase
extraction, HTpSPE) 4k, JUF-5¢ el 5L, oI LA
ARVR BRI e T, KR AN R (33 40 1 30 2o (R A
ELEEE A TG AT, R 2 T A e 0 TRORE €2 3 R K R
B30 TR ARSI ZRAK 2R, Amelin
25190 QUEChERS 42 U 43 HIUH - T3 U A 25 & A T
FERL 45 . SR E AR S BU(SPE) W AT LIAE S QUEChERS
4 7 vk B B B9 B A B Goon 4R M1
UPLC-Q-Orbitrap-MS [RIBHl & FBEAM . T35 6 Flia i)
199 FhAc 255k, 3T HLB A9 SPE &rfb R T 1R BH
K, WA 146 Pk 2555 /4, Saito Z**17 QUEChERS
PEIGE PR FARESE + BIE R v, FIBERRERZE s fa 2 pH,

RVGE T C s FEFT GCB/PSA IR A H:H k.

QuEChERS 4k 11 W Bt B4 L 1T R 25 B AR BE 26 15 I 4
BT RCR A SRy R 2 sit v fb i Rl AT A Bl 2
AR KEFHEE pH BURKR 255 B S TERTAL 3
P AR P REAR, Badoud S IZERTALHMS I 2 ARl — 2
1% R VKOK SR A Z NG, R H bR EW T4
fifi pH FHE5 2 7~9 M5k R PSA. Albert 2055 T4y
TCEALIRIED T, AR 4 MR 2517 k25001 1
iR, TSR B m PR R T LAJC R A R
SIRFETR L S AR 2R R A TR B et A
7] DR 2270 Bk i R A A A Ak 2 T i 2R i oA R D

QuEChERS /#4640 % A d-SPE itk 5 =X, {Hifk
SR RIE LA, AR H AR T, 2k
AT S, 5 d-SPE AHLL, 15 #% P 43 A
I, — MRS AT . 8 T AR ZE U S T
MR AR, R, (HT S SRR B
WAEICEAE A ZE BUA A E AAE T i BCR E a, R
AR 2%, IR . SEPRKG IRk ik TT & rh, ATAR
P A IR I T R R IE PR b T £
2.5 QuEChERS 5EMTE

QuEChERS Jy 9l LUR, LAH M RR A A e i 45
Z|7 vz A, {3 QuEChERS HiEAZTEEM, 15N —Fiul
FHORTAL I 73, B0 1) e 2 i g 245 (AR SR IBORER,
Xof AR LR AR, AR A 3 5 2 AT RE AT AT
BRI e P BT AR R LR, Valverde 4P
#4577 SPE 1 QuEChERS 2 Fiiii4b# /5%, QuEChERS 7%
(T Ak BR)IE G A3 ik (e %, SPE & & TR (i 2
Uil SPE ¥HLBCEAL T QuEChERS #:; F EH 450
LC-Q-TOF-MS Al 3R MZ i 282 i 2758 f B Le 45
T SPE F QuEChERS ¥, 15 —F451e, Ak 2 Fmi ik 3
kS R A PR G S5 A Y RE T A 255 B H WA, SPE
AL R, R O R, B TR, AR 2
QuEChERS %5 5l f&7 B s i, AGHI e AR 4 AN 7] H AY e
A IE (T HT AL R 7 35 . Meghesan 2507 S g%3gH 10 Fge 2548
WA, K Mini-Luke 35 B 1] 5 223855 B 2 25
T QuEChERS ¥, Meghesan 25084 %725 #l -+ T 25 1
BT 5 FIETALE )T QuEChERS FEREh%: . QuEChERS
SNy . Mini-Luke ¥, 282 LR M DIN EN 1567
5k, AR PEMGIER Mini-Luke 3. 85200 BRI E K
TR G SRR EANFE ) 257 AR 2E A E 7 R PRy se s
ZE LR BH ) R 815 (dilute and shoot) b QuEChERS $#2Hi
BORAT

QuECERS ¥ B W FHACT, A SE B i Bisf g AR 4 o
B AR 2 55 BE 4G I 7 SR 78 40 VR 2 BT b B O ok, B8 i
PRI A& TR B 55
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3 [BEMEZEBRUEA
31 ERZERENRNMA

6T AR A& R 7 i 40 s DR, L) S A AR R 5
XA i B SR PRI T ) B AR A A e B R A, T
T LA A FLIEE GRS AR 434 . SPE 20 o
T2 RE AR BORE T k2 —, BOMIERIERED . &Pk
B, CH TR AEBOA MR IR0 R R B 7 2 R A
& VG F, SPE AW 4 WA HE Cigs. CoSPE B, ZFLK
LW IR FERILT Y SPE AL, A1 Bk SPE AL, B T35k
B SPE K114 8 Bt A4 W B 7] SPE A4 o] UK 15
WAL Ay sl T A3 (R B AR ST 28538 1) SPE A1, Btk
SPE FikEJEIERGTF, FBREEITHAE FEOR .

5 3 BT A I A 24 5% B HT AL IR Y SPE A 22
A Cis K EAKENRF-fif (HLB)AE . A7 A5 A fie R -2 Sk
(Carbon-NH,)Ii A 4E Al Florisil #: %5, Ares % C g 1Al
IEHRZES LC-Q-TOF MS X # 28 vy hb G s B adh A T 4G,
FE PR 0.4~0.6 mg/kg . KM IR AT 2%, Wu S5 C e [H]
L Z 0 2 43 WO R A 0 22 1T, FHBRT 2 9% 70 25 URT HLB
FEAFRAE G, R DUREIE R . DOV EE . PIERME . = 3Rmk 4 Fp
Ry, AAEBMMNERR0.2~1 pg/kg), Pang HIWFFE A A
FENT R A AT A ] O P e R P LA R 25k
BA 5 4R FH Carbon-NH, 1R A FEEF AR i ] 45, 1100405
Zhang 5O 7 JeF il 5 5 {1 00 - 95U I R 17 Rl )
SRPRIE T vk, R EEAS L M et AR L
GCB-Florisil IRAHEANER, 257 Cg HEANHE, KSR
HH, & Ji (atmospheric pressure chemical ionization source,
APCIAY GC-Q-TOF MS H; il S EENE Wi L T v 50 Fhe 24
SR BE 2ot TR R AR EL, TG K B R B R
Florisil #1:#t{k, kR 50 pg/kg.

SPE VRN MLpAE i il 45 ik, ¥ bRCRYE, BRT
o v R &, WARYE Bk Pang X JLEH RXFD
KRG ZER G IBTSE 25, SPE {EAZE 22 5% B AG I iy
Jo Ay TS HA VS T o

3.2 FHEREEEZERP N A

A R AT R B SPE iR AR Bl — 2B &
Ji&, W LABRE T IEVERE, FRARAIAS, Y Zimin]. — oM =k
- RE BN e RA W B R KA B
(diethylenetriamine-functional magnetic core-shell polymer
modified graphene oxide, DETA-MPs-GO)J&— Fh#r (1) 1t
W AR, B SRR non SN R, B
F 1 1 [ A A5 B (magnetic solid-phase extraction, MSPE)
Lo ZE AR A BRI e AR 9 IR TR, HAT LR
THN . ECR S RSB R LR, BTl S e IR
0.01~0.30 pg/kg. Zhang ZELR A T —Fh L FRAWIHE
F 24k B (polymer cation exchange material, PCX)AY 4> H{L

13 [ #H £ B (dispersive micro-solid phase extraction, DMSPE)
JrERTIE B HATHTAC IR, Mg 5 B =k 2, Mok

A—AE S TR B AL 2 5 min, JFE AR SPE A/

1/10, 7E85 8 b = BAA0 GG I 75 1A R4 N R

i AE AR SPE iy FEAZ 5T SPE A T #i
BRI, 1B HRURT A LR SPE Big fb bt kL, Sk
Z R A il SPE HHb 8L, BRI IR 77— ]
3.3 EEMERCE

[ AU AE B (solid phase micro-extraction, SPME)J&
B R OB O T S B R ek 4 RPN PNE R 7 SAER G
B SRR PR TERE AL TS, R L A IR
EE IR 2. SPME Sk TIEFIAAE .
fRIAL T RE AL AT AL AP B L /b TR S AR, I B AU A
XPROINT G, E AR AU,

Souza 2Nl T — Rt VR Z LR 4, R R AR
ZETC, I B R B AT SR BG4 h A 25k B, (HU2 U
D7 AIE P B AR 2 R i K M 2 Chen 26072 Ui
RE W) PH B 722 452 B 57 (polymer cation exchange, PCX)
Y& R 4y B B [ AR 2E B (dispersive micro-solid-phase
extraction, DMSPE )W [ A4 6k 45 UM 4 1372 5 A (e ek, A
LN PCX TEFRM: W) BT 1 A 00 v A R4 T i 5% o
Obuseng 5 PIHL U AE 25 IR 2 v MO 255k 80, BT
QuEChERS Fll SPME 2 #iJ5ik, N & ¥ Etaty bk 2y
B FR R A I Y R AP RTAL R 5 . M 7K SR v =R T
#, Souza ZEU L& T QUECHERS MRk 7 i Fl SPME J7
%, SPME [#5& it Pt QUEChERS J5 vk /MK T — N4t
G, MER LA 2 DOy .

I A A L 75 AR A8 Y S IR FE AL, AT SCHR Y
N A, TP iR E i Rk TR S SRR .

4 MERGRFRBUE

A 2 bk 412 B U R A 25 5% B A AR R
WAy, F 2011 FE RN, &R T HoREHF
QUEChERS %55 HURE Sl i 85 07 1% 0 e 1k A 24 22 3% B3 oo b
()8, %07 K MR AL B 2L, IR AWE.O . B
LA AT, 38 5 R R R 28 P AR M A R i 2
FE it ) 28 2 R P B 43 BT A 458 2 AR 2o R v 9 R JBRRN
PREOCAFIBR AL B 40T 2 Fh, Xb T i wAl . Bt b
WMEAR AT 1% R BB, X F ik
ARPGHERE M 1:1(V: V) Ry H WE-3R R /K % 7(0.1 mol/L).

Nortes 2517 19% FF 15 P 5 %ot ASOASS e ARG v ) 7
Mi. 460 = RS 7 Rt 25 AT HE,
KA HAE RO €635 - 35 43 B TS T A B A, K 24K
EWsE BER<5 pg/kg. QuPPe ‘15 5 BB AT i ik 20 9%,
Lara ZU7I%f QuPPe J7 i EATRHE, JH PSA X% SE 4R BUR
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RIS T APCT TR AR 85 403 i3 S Ak e, 0002 34
R, FRRERL. =W 1,2,4-=2M%5 7 Fhm itk
2, KRR 20~60 pg/kg, ZITIEEE A T B PR BE A SL T
BLRERE, BEAL T FAES 4B (0 AR H e, A
WA 25 1) 22 5% BR PR i e o o Bl iRl P AR 2 75 2 T 3
B TR IR AR BOA R, Nardin 2245 QuPPe Jy 12 7 ik,
FHK-F - FR 12 (69.6: 30:0.4, V-V ERBUH 2 | 4515 st
5 FhAezy, KPR <3 pg/L.

QuPPe =% FH 5 KRR fi i 45 vk TGk Fk D 1 1
W E A 25 5% B AT AL BE, L@ PR, SRR A
ARG IE A R R 5 vk, AR SRR A A P 22 5 R AL
BT IR

5 HEZMHERAIAIE

TELRAF ST A B T b RN 23 s A M AE e R, S8
B Sk fi A BN S B A, W LA S0 1% GEAE AL 2R Y
BV IR, [FE8 AT, e T @ik
T HERR B | AR BT R, C 2 Ak 2 B
FEHAET ) Andrade S50 TR IS 2 VTR 4 TR
FUBREARFIRTR AR 5 Rl 25 64T 404, SR T 7EL J3F-ED
0[5 AH 2L UL X B bR b G it B Sl E R w4, ERR
5~10 pg/kg. Cotton ZEB% 57 L.C-Q-Orbitrap-MS ¥ 5E 7K F
300 AxFPAc 25k EA, it HLB HEH T7ELR B #2i5efk, 36 min
RVAT 58 JRE g Ab A e AR 30 i A, REHUEA Wk
TFR 0.1 pg/Lo M KRBk H RIS IE SRR 24, Ivanova
SRR C g AEFERAALRE S T 2R S M- SE i B O A b
FHL B - L S B B S AT, AR 0.011 ng/g.

TE LA S T AL B 43 B o 00 iy Ah 3y vk 1 RS O 1k
A R R EATR, (HEX AR SRR A — &
PR, mTHATERIEAE B, T i R g
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