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W OE: B @D 6 KIS WA QuECKhERS 5 i AH A 1% - &8 1K BT 1% 2 (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)FAZ5 & 1958 B KN T3k, WX TEA . wrse . 22, B D,
BN 6 FhIL T MBS A G W i BE TSN, FRERIT IR TURN IS | A 2P 2 A58 [T ve 3 %o B o A0, A9 5 Ml
FE A 15 mL 25, 50 mg GCB. 200 mg C 3 #1 150 mg PSA #id+fk, LC-MS/MS #:il %€ Hi 15 3 i
BV, &R RZTE 0.005~0.2 pg/mL B AL ECR RAF, MOCRE 0.9910~0.9991, ~F- 4 [a] i 4
78.9%~112.7%, AHXSARAEN 25 19/N T 10%. Wk dU | e g | W sh B 6 i =52 rb 32 58 5 UL S 300 ) 200, ik
R BT 1 3 R vk B R ISR T B sk iy, LA FR B L TR AN 0 R BRI I R A o A T 2
PR B FMAIRLN, AL I T E R A B BT R AN . BRI O IR I SR T AR
Yok, AEAEANTRIRERE (L BTRON, HERTRNSSE | AR 24 5345 4 IR STk 3 24 25 s e R ST RN 5t B, T LA S B e
H AR SRR TN, ERVSOR TR B b il 4 4t

KRB BLRTRON; AR G- BT, B MR G, R

Matrix effects of neonicotinoid pesticides in vegetables with liquid
chromatography-tandem mass spectrometry

DING Kui-Ying, XU Wen-Juan, GUO Li-Qiang, SUN Jun

(Weifang Custom, Weifang 261041, China)

ABSTRACT: Objective To establish a method for determination of 6 kinds of neonicotinoid pesticides with
QuEChERS and liquid chromatography-tandem mass spectrometry (LC-MS/MS), discuss the matrix effects in onion,
garlic scape, ginger, carrot, cucumber and cabbage, and discuss the influences of matrix type, matrix concentration
and pesticide concentration for the matrix effects. Methods The samples were extracted by acetonitrile, cleaned up
with GCB (50 mg), C;5 (200 mg) and PSA (150 mg), analyzed by LC-MS/MS, and then the matrix effects were
calculated. Results  Six pesticides had good linear relationships in the range of 0.005-0.2 pg/mL, and the correlation
coefficients were 0.9910-0.9991. The recoveries were 78.9%-112.7% with the relative standard deviations (RSDs)
less than 10%. Dinotefuran, thiamethoxam, clothianidin showed matrix inhibitory effect in 6 vegetables, some

concentrations of imidacloprid showed matrix enhancing effect in cucumber and cabbage, the others showed matrix
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inhibitory effect. Conclusion When the method is used to detect the nicotine compounds in vegetables, there are

different matrix effects, and matrix type, pesticide molecular structure and matrix concentration all affect the matrix

effect intensity. Therefore, the matrix effect must be considered in the actual detection, and it is suggested to use the

matrix calibration curve for quantitative analysis.

KEY WORDS: matrix effects; liquid chromatography-tandem mass spectrometry; vegetables; neonicotine

compound; pesticides
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HABE A 25305 JUAFE R TR e e (o % s sl U2 g
R HATIGE . WA, MO A SR AR 22 L
FAPL, %2 25 1 R IR S fil A £ FBE AR B8 7 /& (n AChRs)
(s, BT R BOh AR R 2 R G IE AL %, i 3L
2 o BRI T AE T SEAE RIS G T, B
SEIZISAR 2 Bk BR O R, R B SR A Bk Ak
TR, 2014 45 H AXT o E =y 20 b e RS A e A, 14
PACLHHE B BRI 10 pg/ke . Bz —Fpak
H 2 RS A i B A AT, EXT TR =
ARG A A0[RI Bsh ) R B R 9% R WLARGE, T AT &8k =%
iR R A 2 5% BE ik [ ERR I 7 vk A A

B A 25 B R AN 32 RN AR, S
SO S FERE S R W4 LA BRI LA A3 B 0 i 4 B
SR T 043 B 4% SR R A S i T SR €33 - R 6
FAR BAR AT R . A DIBRAREEEE, (HEAIEE S
PRFRFAIT LC-MS/MS [RIRE T EEE R 5L i1, 3
SRR AT S AS: B (limit of detection, LOD) . i & FR (limit
of quantitation, LOQ). £kt . WERERNEEE, X5 3 &
FI43 5 M E A {8 P 1) 457 22 P b Aol o ) g D120 R g A7
SRR 25 5% B N ol AR P A S T R AR R L BRSR
AR 2y 5% BRI S o AR TP A L ROV L A B 2 i, R
)4k A W RN [R) 5% 33 35 S5 4 2 i AN T A 6 TR, Rk
FACE Y RATRIAZY, FAEBE S b ik B S e R v Y 3
JRASONEAIE 5 48 A L

AR AR 6 FhEi L 22, A
AL W, W NRESE, PR T 6 ks AN
Bl 2 Ak A 0 5% B 2k ) 000 S 1 9 M € 3 - H IR SR T
TS EST T I S R R RN, DA MR S Ak
AR R PG | MR A R K B

2 MHEREE

2.1 X5

Agilent 6430 JAH 2175 - H B 548 (Fe L 95 55 1 TR
2% [ Agilent); GM 200 T (#%[E RETSCH A rl); AE 163
HLF K-l 1 Mettler 22 H]); T25 BBt (T8 IKA 24 Al);
Eppendof 5810R E.L>HL (14 [E Eppendof 3 7]); N-EVAP 111

AL (32 [E Organomation 23 ]); WD 9000 3 i 47 (4% 22 H:);
MS; basic i iR 2177 (P2 E IKA 2.

i, ZIE(i%4, 3€E Fisher AF]); LM BT
WEal, fEE Merck AF]); FRR(MAIELL, £E Tedia A ),
ToKBRBREE (S ali, REETHOGE M 406 LA ), R
TE 500 CLLIB T AL S hy AERREK . Cig. PSA K. &
N (3218 Agela technologies inc /2y F)); MEHUEE 198 dufii |
M ek, E AR B . ik R 6 BRI (Sl ) =
95%, 3=[E Sigma 24 A]).

22 EWHE
22.1 ARG B

FREL 10 mg(REHH 2 0.1 mg)6 Rl 25 AR b, 43518
F 100 mL HFEEERBE S, HOEER, BEHESRE
100 mL, 7% 100 g/mL FRifEREATIR AR, H Bk 6 ki y
100 g/mL &R IR BEE 1 g/mL MR G FRIER I -

FEFVCHC AR I AR IR 6 025 AR b
JEAIRBUK 0.5, 2.5 F1 10 mL(ZHIMCRIE TR E R 1, 5.
10 g/mL), SR TIE, IARREEFE 1 gmL FRRA R
WV, ERBCES, BLHIAS VR B bR W, 4 3 A
YRR BT - H B SR G T s, HeR A B SR R R
WREY N 1 AN EE, AR 8 WA . T EMERSAE
sl 35 BT ) B
222 STk

AR Y1) 2 om BN, VEAMI R, 2. N,
BN FI SRS ATRE, ARG BUREA A AR, R
FAPU S BEADT 500 g b, BABIHEESN, N
HEFRIARMCE A, EFFRE 30.00 g LiRFEM GREEFITE
AT 720 W I A% 2.0 min)ZE 100 mL B5.045 RN
A 6 g JoKBREREE 15 mL 2, TRl i Lk,
4.0 10 min(10000 r/min), HX3 mL FiER THEEA 50 mg
18R A KT . 200 mg Cig F1 150 mg PSA #3119 10 mL BESIR
B, WNHE 2 min, #k R mL LER TS — T
BT, AT, B 1 mL 2ME-K@:8, V%R, o
0.2 um JEME, AR,

2.3 LC-MS/MS &1

23.1 LC 44
B EkE Agilent ZORBAX SB-Cig#£(3.0 mmx 100 mm,

1.8 um): FEiE 35 °C, PEREMRFL: 20 uL; WEE: RaA:
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0.1%H R 7K (A ) 25 (B #1); B VERRFRF: 0~6.0 min,
20%B~40%B; R J5 7 6.01 min F+ £ 90%B, #+#; £
8.50 min, 8.51 min FEZFE 20%B, DIV, HE
0.3 mL/min, iz47H}E] 10 min.
232 MS/MS &4

B TR HLWE %5 B T (electrospray ionization, ESI);
P EEFEST B, Ay =X 2Rk
I (multiple reaction monitoring, MRM)J7 =X\ F##; BA4NEH
JE: 4000 V; THEE$E: 10 L/min; &I 300 °C. H
MSEIE 1.
24 FHEFEMNE

SR FH 2L T DG FOBR HE IR VR - v o &, 16 2.2.1 Ik
AP 5. 20, 40, 80, 140, 200 ng/mL JfiHE e (5L
JEVCPC IR AR E TR, 2.3 GRS Eut rigE,
DA R 24 5 2 5 00 W T RN o U B A o i 2, 75
BB R LR M R AR SC R B (r); FE%E | FRAL | TRAL
BN, B MRIESE 6 Fhas AT RN 6 R A 2
AT EN IR, W n/KFEA LOQ. 2LOQ. 10 LOQ, 4
AWNIACEEE M RE 6 K. LA B AR S 10 551 HL(S/N=10)
W 6 Fir HAR¥IY 5 28 & T R(LOQ)-.

2.5 EFRMNSH
2.5.1  F A K 3T AR 69 % h
g b 558 3 ol 24 Xof A% e 2 I S AN, AR SO E T
1 g/mL FEFPRAMEPAERE R 0.025, 0.05, 0.08,
0.1 pg/mL B (1438 TR0
2.5.2  REFFE xR HE 69 £ R
ARSI, B[] — i BN R 24 1 L 0,
FEMHIAR R . ASCHLER T TRl S SRR AN R AR 24 ) L JBAk
N, BEEL T [Rl—FhEET 6 P2 ARV EETE 0.05 pg/mL 1)
0L T IO 22 51, LA ME B ABARIEE
2.5.3  HRJRIREX IR BT %00
PLe2. 2.2 BIAb BRI %, AR 1(1 g RS EZS 1 mL),
55 g FEAEZR 1 mL), 10(10 g BERVES | mL)WR4E1E 50U

1.0 mg/L IR AARMERIRMER 25, 15310510 1.
5. 10 g/mL, RZGHREE A 50 ng/mL AYFEERARBUS TSIV,
JH LC-MS/MS #7537 . B LA FE R — MR EETT, AR R
e % ) Ao 32 I R 45 MR 2 A 24 A 3R R A8

3 HER5SH

3.1 BREERIEE

A8 S 11 43 2R MBS B I i &2 2 vk, s d&dbe
ANEREMMNFETEFRZ —, RS0 52K EH
SENIM SRR T AT, TR i S S I 3 A ),
WA E AR B2 A RS, S M2
HZER AR, e P NaRTRES, ZER
B, GHBZMEMN ., 2. ZRERERERETmN
HERMAEY) .

3.2 MEFHEREIL

A EALINE H R 0.1%09 R K -2 4 A TR
LI HIF AR R, IR T 85 5 6 Rk
W, RH 2.3.1 i B BRI AR s S A AR i e A
i, HhEtE 1, RSMAFRESF T, BEiik
BTG, BAHE SIS SEOILE 1, 6 Fiibs
WIS iR L 1.

Ivi] 16 2 R AL ROR S TR R, AR S50 e B4 R T
R QUEChERS HHb vk, M3k AT BARL &9
PRI T, e 200 5 VAR AR s 50 mg A7 885 Y . 200 mg
Cig Ml 150 mg PSA #j o IZIT gL AT, Il S Al
33 FAENEZMXR. 2R, BIWERBEE

6 P HFRLEWITE 0.005~0.2 pg/mL T N LM FR
K47, SEFVLEPRER RN r* BKT 0.990; 6 Figk2h LOQ
K 2.5~6.3 nglkg, FYIENSCRAE 78.9%~112.7%, FHXTARME
i Z (relative standard deviation, RSD)#4/NF 10%(GE 2). i
FELEIRFI: VR R R B B AR T S 1 N A
B S R MR B 2K A 24 3% B A (1 B R

®1 6 MRAWRETITESH
Table 1 MS paramaters for 6 pesticides

4 BFXE(m/z) ¥ B2 B[] /ms HEFL L /V i RE eV i B2 B [ /min
Wk o b 203.1/129.2°, 203.1/113.2 30 95 8,14 2.34
WE H bk 223.1/126", 223.0/56.2 30 100 15,10 6.22
W i 249.1/169°, 249.1/132 30 90 15,10 5.13
i H Bk 256.1/209°, 256.1/175 30 80 5,20 5.61
A WE H i 271.1/225.2,271.1/99.2 30 90 5,20 2.77
WE H g 291.9/210.9°, 291.9/180.9 30 95 14,10 4.14

TE O ERE ST
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Fig.l1 Total ion flow chart of six compounds
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R2 6 MAMYNEMESTE. HXRBCTMERIR
Table 2 Liner equations , correlation coefficients (r*) and LOQ
of the six analytes

& kiR *Ha‘é;%iﬂz JE 1 i

(r) A(ng/kg)
Ik H i Y=1388510.97X+12615.69 0.9928 6.3
i o Dk Y=1484673.23X +7712.51 0.9975 43
W H iz Y=1399974.19X-517.91 0.9991 2.5
AN Y=1464970.45X+421.33 0.9997 3.0
JERE R Y=2346928.53X+10889.63 0.9910 4.7
WE g Y=2132790.19X+3008.70 0.9984 2.5

34 ERHNTH

AR S SO BT 2 2 SCRR U T R B S, R
ME=B/A, Hrfr A fCRAETE I AR 25 53 0 1 5 e g {1,
B ER A A5 1 R ST R4 245 23440 (40 R T e J85 ) 85— i)
AR, TR 25 R 18 35 R A0 Ry 4 %ot SE A o 3 ek
ME {ERPEMILFALN: 24 ME 2 0.9~1.1 B}, JEFRN AR

B8, 4 ME KF 1B, ShREmEsmai; 4 ME/NF 0.9
N ISE 95 € 1 KDV AR
3.4.1 AN RN R 4G % h

TSNS A A 24 %) o STl by L2 SR ANk 3 iR H
F3H1, 7E0.025~0.1 pg/mL 3 I A 30 A8 Ak FE /DN,
BT 4 3 S AN 285 S B B SN AR L R . 6 3L
W L R R T R AT B B L R S AN, AN
14 5 S 15 A 0 T R 22 BIMBAR K, G 2 S 36 vh e
JHi R SRR £ 0.73~0.91, T F 3H35 i R ik Hi iz fr) 35 ik
NETE 0.38~0.53 T AS [F] 4 35 o b /] — b A 25t n] BE AT B %
PUIEFTIO RN . JCHEE AN FIHL RIS . QN2 XT I
WE B B R B MEIALN, ME {H7E 0.70~0.82; iR 2 4] 4
e L e JOIE RN, ME {BAE 0.99~1.06; #EAL, #K. [
FIH S | 2006 1t e ¢ B 1 50 o 1) S T B s kg, 1158
) L B RN B B B, ME {BTE 3.32~3.95, [al—#hqk
YA 9 5 B R B S S [ 0 3 STl , X AT B S 3L P Y
SRR %, mE AR MEE RS E, AP
DIEEZ G £, 8 M AFEENHE MR, £
R e~ NSNS DY &S e Sy T IUEL 2 Y ey
Yy, FIEAA R o) 5 A 2 1 45 F AN ST AR B
3.42  R¥GFPERTEIR R £ R

H T 2 21, TRl G A ] A 24 14 35 o 0 22 T K
SO SR AN [R] 0 e 24 i S s 22 Bl B, W L B
R P LTS RN, L ME {H2h 2.7, X ik B 3=
IR ik (L BT Oy, HAE R 0.38, [A]— L XA ]
A 25 L TN AN TR], 33X AT RE S R 2 1 o T 45 M 06, I
PR 0 e R A 7SO0 = U R, FTLRAIX 2 Fh
Al Wy SZ AL G SR A%0E , T A HR b o R P A N T R
RARIME [R5 A FOCHEESUR I, FSERIEHEE X
b R R B ) R S A AT, At 3 5T T bk e O B B
SR A0
343 ARFREAT AR A G700

6 A2 LEAN IRV o L o v J3E v () B R AR An 3% 3 BT
Re MR ATLEH: Z2HAWTE | g/mL 2RI H LR
PV RSN, B, R SO R ARG A, R O A 00 e
BP ME {EAB/IN; 2200 e d e B 3R B0 BE o sz, (R

F3 1 g BAFURER 6 MUREETE 4 #IRE THERYN

Table 3 Matrix effects of 6 pesticides in different pesticide concentrations and matrix concentrations

FERIS ME e ME : wse ME e e ME it e ME s e ME s
% 0.49~0.57 0.90~1.02 0.58~0.60 0.58~0.61 0.70~0.82 0.52~0.57
AL 0.42~0.51 0.96~0.91 0.63~0.56 0.64~0.69 0.99~1.06 0.42~0.44
WA 0.49~0.60 0.84~1.21 0.92~1.05 0.64~0.78 1.66~1.76 0.72~0.83
b 0.73~0.91 1.83~2.39 0.75~0.96 1.05~1.29 1.56~1.74 0.51~0.56
# K 0.54~0.63 1.09~1.78 0.63~0.83 0.76~0.88 1.06~1.16 0.47~0.50
M3 0.38~0.53 2.7~3.4 0.68~0.95 1.05~1.39 3.32~3.95 0.43~0.50




5510 4 TEENE, A5 VRORE (- R IR T I S AR Ak S P 1) KON Y 2953
3 E———— A M UE R MAERETTN 1 g/mL I SRBH R BT 5 800,
sl BEEH ok RBER W R, 35 2630 Ry SE T i %800, ME MK+

® I i R IR 1 B R /NF 1,
2l
4 &

1.5+

| ARSCEEET T 6 FRIIZSL AP0 QUEChERS 5
LC-MS/MS AHE5 538 BRI 51, ARZG7E 0.005~0.2 pg/mL

05 TWIB N ARG R AT, AHOCRECRT 0.990, -3 IRli3dy

Nl JE IN [ N INERE 1E 78.9%~112.7%, HIXSARHEMRZEII/NT 10%, J7EFT &
A

e EV/N SEI )

B2 6 FhRZ57E 0.05 ng/mL I TE 6 Fft 5L 5 Hh Ay 3 B s vy
Fig.2 Matrix effect of six pesticides in six substrates at 0.05 pg/mL
SR SR ) B ) 800 20 BRAE 5 ¢/mL I, 7E 10 g/mL I
JO AU S5O0 AR 383, T 5 I A S )V 28 A i R, S
JET A SO0 e 58 O A TE 5 g/mL I, P 30A LB ) 2%
7, Ho ME {EH 1.04; FI25HR AR WE R PR AN e HU i K e 24
R IE PR R o 5 AR AR R B S, B R O R R
T R AN, RO s s B TR S v g I L SR A
WE HUITE 5 g/mL I B ST S8R e 11 35 Fh bk BRI

PIAMSEIN L3R o 125 W AE R B 3% P (9 AR B S Ak & P it
FEAEAR R TR L A RE O, JETRRRS | R 257 T2 H Ak
T FE 4 2 W B SOV SR B o PR R I R | U
IR UHRTE 6 il i b 22450 AL ST 00, (ELWE ik
A E HUMAETER . IS BUIVNIE b A S B oo
R, TR AL I P L BHRE JTH ] 50003 R RE RS IR DA I 1R
JRFIGBE Bt &5 A SO0 BARFR . Ti5h, BRI XTAZ 1Y
BEFRONAR R R A ZRACEYIAE 1 g/mL BB T
AR, Bl R RO L A3, SR S S 5t 2
P14 T L PR A s 1 B e B i 780 v ) T R JPR R J 3 1 20 A

F4 6 MRBERFRFERE PHEFRMR

Table 4 Matrix effects of 6 pesticides in different matrix concentrations

B ME ME st ME s ME o ME s i ME s

1 g/mL-F13¢ 0.38 2.7 0.7 1.14 2.08 0.45
5 g/mL-F13¢ 0.12 1.8 0.36 0.71 1.72 0.19
10 g/mL-F13% 0.07 1.3 0.22 0.51 1.15 0.11
1 g/mL-5A% 0.75 1.87 0.75 1.07 1.69 0.51
5 g/mL-#H % b 0.45 2.07 0.6 0.78 2.64 0.25
10 g/mL-54 % | 0.31 1.9 0.54 0.66 2.51 0.18
1 g/mL-#JK 0.54 1.46 0.63 0.78 1.11 0.46
5 g/mL-# R 0.27 1.63 0.42 0.52 1.37 0.22
10 g/mL-#JK 0.2 1.42 0.3 0.4 1.1 0.16
1 g/mL-7EZ 0.8 121 0.97 0.78 1.69 0.75
5 g/mL-FEA 0.54 1.13 0.74 1.04 1.05 0.48
10 g/mL-7: 2 0.47 1.11 0.59 0.36 0.87 0.4
1 g/mL-Fr4E 0.7 0.91 0.6 0.69 1.04 0.42
5 g/mL-FRiE 0.42 0.88 0.32 0.4 0.88 0.17
10 g/mL-pi 4% 0.3 0.72 0.22 0.31 0.7 0.1
1 g/mL-% 0.73 0.92 0.58 0.59 0.64 0.52

5 g/mL-3 0.4 0.78 0.33 0.32 0.53 0.32
10 g/mL-2 0.28 0.61 0.24 0.23 0.7 0.27
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