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Determination of diamide insecticide residues in melons and vegetables
using multiwalled carbon nanotubes purification coupled with ultra
performance liquid chromatography tandem mass spectrometry
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ABSTRACT: Objective To establish a multi-residue method for the simultaneous determination of 3 diamide
insecticide residues in melons and vegetables by multiwalled carbon nanotubes purification coupled with ultra
performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS). Methods The melon and
vegetable samples were extracted with acetonitrile and cleaned up with multiwalled carbon nanotubes, then
determined by UPLC-MS/MS. Results Three kinds of diamide insecticide had good linear relationships in the range
of 0.005-0.1 mg/L, and the correlation coefficients were larger than 0.99. The limits of quantitation for 3 diamide
insecticide were all 5 pg/kg. Calibration curves exhibited good linearity over the concentration range from 0.005 to
0.1 mg/L. Average recoveries for 3 diamide insecticide were 71.7%-99.1%, with relative standard deviations ranged

of 0.6%-3.5%. Compared with primary secondary amine and graphited carbon black sorbent, the multiwalled carbon
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nanotube had better purification performance. Conclusion The developed method is simple, sensitive, and accurate,

which can be used for determination of 3 diamide insecticide residues in melons and vegetables.

KEY WORDS: melons and vegetables; diamide insecticide; multiwalled carbon nanotube; ultra performance liquid

chromatography tandem mass spectrometry
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JEF TSR B A A A o T ARSI R I JINSE AR T
BURETE 20 AU, 77k 500 T, Hirr 300 27
MEETEAE 170 2K, SRR A A& S g 1
0 Ml T 2 STk P B R I
ARG PRI AR . ZTFRGR B . R
TETRCR A P B s AN el /b, (B AR 7 i e vh &2 2 i it 2
e, HEEAMEAGBAMA, WTRES T AR R
AR GRS TR 2
J& T XU e 2 Ak HRl, LR Hut e T 2 A BEAR, i
PR B TR A K R R, % ol R ISR A 7 o]
ABIREEH H | R E E R FRIE SR
R P 5 L P A A A TR IS M E 3t Si_b iEA Bk T i
I, I e A AR P 2 T AR L BR AR ).

QuEChERS(quick. easy. cheap. effective. rugged and
safe) /71T 2003 44k Anastassiades ZFJT & ok, EATFEM
A FRCR R ATHLIR AP {H QUECKERS Jy
ILLBRAE MR T RE I A R, 2 S B R A I E R
AR | AL BR IO ZRERRYUKAT
R W AR, B FESRTRARC  W R R RE A AR IR
LB AR i P AR 2 5% B s ) AR ST R 22
BERRIAKAAE AW AR, B T ISR BOR ) b 1 7,
G5 YRUR (3 £ DR T ) 8 P e R R AORE T A,
SEIGE 5 RUISRGHML, BLE., WA, w2 )b
XU e 24 2% SRR A8 4317 J5 125, LA Sy JICERE e R gt e 286 4%
Pl EBERTIERS P

2 MREREE

2.1 LESI

TripleQuad 4500 8 /&5 AR AH (0 1% = 51 PUAR AT A2 0T
&AL HC A HL 5% 35 S 7Y (electron spray ionization, ESI)AI
Analyst 1.6.3 T{E3(GEE AB SCIEX 4yil); ACQUITY
UPLC™ BEH C,g (2.1 mmx50 mm, 1.7 pm, 3
Waters A rl); AL204 HLF43H7 KT G AR FEF 24
)y LXI-IB B 0L S B,

SR BEME . 75050 HU e I A0 3R H Bk e s o i (4
F£>99.0%, f%[E Dr.Ehrenstorfer 2 w]); HEE, ZE. Flg.

L BR(aigal, EE Fisher AH]); PSA WRFIFIN-NEZ —
Mgy, ek GCB W[5 (graphitized carbon black,
GCB)(3£ [ Agilent A F]); ZREMRYIKE MWCNTs, Sz
10~20 nm, N4 5 nm, KJ¥ 5~15 pm, KEHEHEAIRE
BARA D), ToKBRmREE . EABOITal, T M)
Iy, SER KN ZE Milli-Q ¥k R4 0.22 pum i I8R5 8
Hy 2tk .

HA . UL, AN, TN, LRSI HIBES
BT B SR A R T .

2.2 FRERRAECH

43 SRR TBUSE R R Tl B | Y L P P AR SR e G e 5
FRufES 10 mg(RE i 2 0.1 mg) T 10 mL b, e
7%, BRI 1000 mg/L MIBRIERE R, 7E-18 °CiliE
HARAF . BEHL 3 FIARAERG 2545 0.1 mL T 10 mL Z 5
v, ACIEES, Bkl 10 meg/L FIR-AIRENE &
W, #—18 °CREOGIRTE .

FH T 7 REVR A b MEAE 25 VA0, 50 ) 5 VA 3 1) TR
AhRME AR, 25 B, 5L, BN, 1R, XuR
FEMEE 2.3 kAt S, B0.5 mL RiER AR ZiE T,
0.5 mL IE-AFRIE LAEE %, BCHl s TR
2.3 HmETLE

BB, ST5, BRI, 3, X RFE 2 500 g,
FoMJE A LA, TRA), R 2 1, %
NG, BEIFRET-18 °C.

FREX 10.00 g K5 = 0.01 g)kEdh T 50 mL BN K20
& A 10.0mL ZJi . 4.0 g o7k MgSO, 1 1.0 g NaCl,
FFIMA 1 R &, MZREE | min, LA 5000 r/min £
A5 min, 1.0 mL FJZERTFHSEMA 5 mg MWCNTs
1 150 mg Jo/k MgSO, MR NIEE.LE P, TWiE | min, 7
LA 10000 r/min .0 5 min, FJZ2EWZ 022 pum FLIERK
g, it UPLC-MS/MS i .

24 (NEBITIEFEMH

UPLC A& HIR: 35 °C; HREIRFH: 3 pL; Jiik:
0.25 mL/min; JighAH: A-ZHE, B-&% 0.1%HRRI/KIFW; i2
AFAFA]: 6.0 min, VEFERTFHT | min, BEEEVEILARE L 1.

ESI-MS/MS IfE&MF: & 75 Mm%, &bk
5000 V; IJE 550 °C; AR 30 psi; WiZER 55 psi; HHY
TN 55 psi; BETES 8 psio 22500 Wi iR =X (multiple
reaction monitoring, MRM) T { i itk S 5 I3 2.
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®1 BERBRRER
Table 1 Gradient elution program
B %

Fisf 1] ¥4 /(mL/min)
A B
0 0.25 10 90
0.50 0.25 10 90
4.00 0.25 90 10
5.50 0.25 90 10
5.60 0.25 10 90
6.00 0.25 10 90

3 HBRE5SMH

3.1 UPLC-MS/MS T1E&HErtit

Xt 3 IR e S A% BRI ) B — A T R A T R B T
S, FRT IR I T e AR R BRI 2 X
O f5 AR B 1 XA O A R M s X A T R R
R RE LSS MRM S84k, PRAL)E MBS S 5003 2.

1 ERFEANT, MR T ) aE-K; 2) b
—Smmol/L ZBRE /KSR (3) W FE-Smmol/L 2 BRE /KK
(4) ZHE-01%H BRIKIER; (5) B EE-0.1%H R K S S5
P ShARR R o 45 6 2 { T R A A HLAR R, 19
H e 5 G R R 0 1% 03 B R 25 (3R 3) . 5 LR
IKHAREL, 0.1% F B ZK A A KRS, 15 950 Hh 7 i 0 T AR 1

30%, FRHEBEREE PR 2 5. BEARLRRAZ
HE—0.1%F KB WAE i shAH. B 1 7 MRM BT
0.01 mg/L ARiER R A PR Pt ik &,
3.2 EEREHRIERE

FL# T 3 Fh QUEChERS J7 g Y4R BRSO (h 2,
P, TOAK AR R S AR ANERAT; (2)1% TR LG HRIR
TCKBRBREE S AL AT, (3) L4, JoKmimREE .
TRl K IR S A R R A B A o S e e Skt o
AT 2.3 AT, WIUKFH 50 pgkg. 25 EIR, 3
FREAETT 3 BIOBUE B A A HR IR TC R B 22 5 th
FUSINGZ vhERAG I N SE I A8, PR AR 52 56 e R 40 2 I 1R
S RBGA T o
33 BUEHFRNEE

TE S FIURZER, B ZIEHRBURE 6 RIR . L%
227 MWCNTs, PSA Fl GCB X BiHLHE BURK 195 AL50R .
SRR 1 mL BRI, T 3 R TR (D)
5 mg MWCNTs+150 mg Jo/KBREREE; (2) 10 mg GCB+150 mg
ToK BB EERI(3) 50 mg PSA+150 mg To/KBRIREE . S0
BRU2IR 0 3 b RO HEF T 5, 25N TE] 2 TR . PSA X
M E R ILF IR, b T4 88%AI M 4% b; 10 mg
GCB #1b T 32%MM 2 E A 98% M4 &K b, 5 mg
MWCNTs b T 4 FB 1 3 Z Fnt 4 % b, 55 PSA #1 GCB
A E, MWCNTSs b SCR By, 5t ] R H: e i FL s
K, BEAGHZE5, HILERERE 5 mg MWCNTs+
150 mg FoKBREREENE g ik 551 o

2 MRM SHHIRIESH
Table 2 MS conditions under MRM mode

& {4 B4 15} ] /min B 7 miz FEF miz LRV Tl 1 e /e V
SR K H BE R (chlorantraniliprole) 3.62 484.0 453.0%,285.9 70 30, 20
TR B (cyantraniliprole) 3.39 475.1 286.0%, 177.1 50 23,57
SR % (flubendiamide) 4.20 683.1 408.0%,274.0 85 15, 41
EERE T,
3 TRERSHET 3 FREL AR 2 R RFRIEER
Table 3 Peak areas of three diamide insecticides in different mobile phases
U T R eps
A SIERUR
S HUE T T Ui A N
LK H 4.53¢° 5.36¢* 4.20¢°
-5 mmol/L ZRE KW I 6.10¢° 7.45¢° 3.82¢°
-5 mmol/L 2R 5K I T 2% 5.98¢° 6.20¢° 4.08¢°
G -0.1%H FR /K I It 8.10e° 9.69¢° 1.28¢°
FHBE-0.1% H R K S TR # 7.86¢° 8.75¢° 1.17¢°
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Fig.l Extraction ion chromatogram (XIC) of the standard solution W 10 mg GCB
under MRM mode
5 mg MWCNTs
L | | | |
3.4  FIERIZRMESE B NG H R 0 5 10 15 20

. N o . . A} []/min
(7 O SIEEE N ) W N T o
ST H‘ﬂ{ﬁ?’%/ﬁ@, K 2.4 FROF R TINGE, LAYk B2 3 R g e AL e B 1 2 AR A i -t i — AR B B
A g FNHG A5 2,1 P
bR AL E S XTI T A N Y IS LY RES T 1 2k
BRA RIE SRS TRIVERTBUS A PRI ALY . 45 Fig.2 UPLC-PDA chromatograms showing removal of pigments
R, 3 PSSR A BRI A BT SV BEAE 0.005~0.1 mg/L v from chili extracts using the three cleanup protocols

R4 3 MHUWEBRERAFNEMEEITHFE, BXRBMEMEER

Table 4 The linear equations, correlation coefficient and linear range for three diamide insecticides

a4 R Ay B3 (@) LR PEYEE/(mg/L)
IR B e B Y=2.43¢"X+2.99¢* 0.9998 0.005~0.1
FING Y=2.13e’X+2.15¢* 0.9941 0.005~0.1
LRI Y=2.31¢"X+3.39¢° 0.9984 0.005~0.1
LI Y=2.01e’X+3.72¢* 0.9945 0.005~0.1
AR Y=2.44¢"X-4.33¢’ 0.9995 0.005~0.1
TR I HAL Y=5.58¢"X+1.49¢* 0.9999 0.005~0.1
LE Y=5.35¢"X+1.92¢" 0.9977 0.005~0.1
% K Y=6.66¢"X+9.67¢’ 0.9997 0.005~0.1
I Y=3.97¢’X-4.06¢’ 0.9979 0.005~0.1
Xk Y=5.73¢"X-3.38¢° 0.9993 0.005~0.1
TR Pt e BAL Y=1.01¢'X+4.78¢° 0.9985 0.005 ~ 0.1
FING) Y=1.15¢"X+6.83¢> 0.9950 0.005 ~ 0.1
LRI Y=1.12¢"X+3.59¢" 0.9949 0.005 ~ 0.1
Y=1.07¢"X+1.05 ¢* 0.9995 0.005 ~ 0.1

KA Y=1.13¢’X-4.05 ¢’ 0.9970 0.005 ~0.1
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DL A 7 3 2 R (1 B AR S [ e A S o 5 i PR
(LOQ), 3 Fh XU B B i E BBR I A 5 ng/kgt'
3.5 FARBEBEEMEILE

BUZS (o B0 R, 1R S R, B
ATRE 98 BE AN B s2 86 . ARSI INKSE A 5. 10 Al

50 ug/kg, WKV E 6 MEE, # 2.3 kit ab
Jii 4 UPLC-MS/MS M E . #5583 5)Bn, 3 OB L%
25 BRI A BB AE 71.7%~99.1%2Z ], AH Xt R
HEMR 2ZAE 0.6%~3.5%Z [], i & 4% 25 5% 54 43 M O i
BRI

RS FEFHEEERFBIIRERZE@N=6)

Table 5 Average recovery and relative standard deviation (n=6)

5 ng/kg 10 pg/kg 50 ng/kg
latt’] E-9n
B/ % AHARAE 22/% CR% AR 22/ % BISCR/ %  AEXTER R 22 /%
SR UK H PR 78.5 0.8 83.6 1.4 81.5 2.0
EINS] 733 2.1 89.3 1.8 98.9 0.8
% K 78.6 1.5 90.7 2.6 94.2 0.7
K 783 1.3 99.1 0.6 90.2 1.5
XA 71.7 3.5 83.6 0.6 85.4 2.4
TR I Bt PR 76.0 1.1 84.5 13 80.0 12
CANG] 74.5 2.6 92.1 13 89.6 0.9
LRI 79.5 3.4 92.4 1.7 90.1 0.6
LN 78.0 23 87.1 2.1 85.1 1.7
XU 75.3 1.5 87.2 1.6 85.0 2.1
TR I fi B 87.6 2.9 82.1 0.8 91.1 0.8
CANG] 74.4 3.0 93.7 0.8 87.0 1.3
5 I 89.8 3.0 86.9 2.6 92.5 2.1
IR 85.8 3.5 89.2 1.9 97.4 2.3
XA R 72.8 2.8 89.1 2.5 89.7 1.5
3.6 EENMN ZERFW 3 FOSMERL ISR HGATE 5 B h 3R I

A SCHE T E 3 FPOSUE S A BRI 7R S T bR o LA
TR TE 2R A A3 (A) B HLAE 2 I b o AR W R it
LR BRI (B), 153 HFRY (matrix effect, ME)=(A-B)/Bx
100%. #7 ME>0, /R FETIGGRA N ; # ME<0, Fn5t
AT . 6 R IR 3 FloOUE e 2 A% HUFR) A4 3 5
BN

Fo6 ERVE
Table 6 matrix effect of the method

LSRR /%
wEY —
£ 01 N N U5 27 N | N -5 7
SR H i -05 -12.8 =57 -179 -0.3
TR A -10.7 -143 -67 -36.4 -8.3
SR e ok e 164  -44 -71  -19.1 -5.7

PRI AR A 4 FRIET, 5 I L B s A .
FEA 2 5% BRI R, & SR A R A R R L FRdiEn
AN TR AR . FF A R R I 5% DG B o 15 T S5 T
AR i SR SR B S L4181 ey s A TR 25 5 3R,
ARSI >R R I AR TAEIRGEAT 8 B AT e 2 1 25 SR i
.
3.7 EFRMESRENE

SRABTEEST T iEst 27 O ICERE Sl il e, 7E 1
e S e S HOR F BERE, &8 0.052 mg/ke, KT
FARE P G B AR PR, LR AR R 3 AL
P FHe 24 5% HU A

4 &

ABETEHE ST T — Bl T 2 BE i 94 K A 9L T Tk,
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