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Simultaneous Determination of Four Pesticides Residues in Vegetables by Ultra

Performance Liquid Chromatography — Tandem Mass Spectrometry

ZHAN Xiu-ping' CHEN Jian-bo'" MA Lin' HUANG Lan—qi' ZHAO Li' YU Shu-hong’
(1. Shanghai Agriculture Technical Extension Service Center Shanghai 201103 China; 2. Shangrao Agricultural
Product Quality and Safety Testing Center in Jiangxi Province Shangrao 333400 China)

Abstract: A method was developed for the determination of four pesticides residues in a variety of
vegetables using solid-phase extraction( SPE) and ultra performance liquid chromatography — triple
quadrupole — mass spectrometry( UPLC — MS/MS) . The purification methods( solid phase extraction
column QuEChERS method elution solvent elution volume)  chromatographic conditions( mobile
phase type flow rate and column temperature) and mass spectrometric parameters( fragment delta
EMYV) were optimized. The pesticides samples were extracted with acetonitrile and then cleaned up
on a Carbon/NH,( or NH,) SPE column. The eluting solution was evaporated and made up to a defi—
nite volumn with methanol finally analyzed by reversed—-phase ultra performance liquid chromatogra—
phy under multiple reaction monitoring( MRM) of positive ion mode with the external standard meth—
od. The calibration curves of four pesticides showed good linearities in the range of 5 =500 wg/L with
correlation coefficients not less than 0.999 2. The limits of detection( LOD) were in the range of
0.033 - 0. 167 pg/kg and the limits of quantitation( LOQ) were in the range of 0. 10 —= 0. 50 wg/kg
for 4 pesticides spiked in vegetable. The recoveries of 4 pesticides in vegetable sample spiked with
three concentration levels of 10 50 250 pg/kg ranged from 70.9% to 123.4% with RSDs less
than 15% . The established method was accurate sensitive and simple and was suitable for the
simultaneous analysis of various pesticides residues.

Key words: ultra performance liquid chromatography — tandem mass spectrometry ( UPLC — MS/
MS) ; solid-phase extraction( SPE) ; pesticide residue; vegetable
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N N N 4
4
0.01 mg/kg;
0.02 ~10. 0 mg/kg; 0.05 ~10. 0 mg/kg; 0.02 ~
3.0 mg/kg. BN SN -
6-7 . _ 811
4 o
4 SPE ( ) 3  QuEChERS 2
UPLC - MS/MS N N . . N
N N 8 4 SPE
1
1.1
N N N ( >99.0%) Dr. Ehrenstorfer
: ( ) N N ( ) Milli-Q (Ck)
(43~60 wm) N- ( PSA) (25~100 wm) ( Carbon SPE bulk
sorbent) - ( PC/NH,) (500 mg/500 mg/6 mL)
( NH,) (500 mg/6 mL) (Ck) (500 mg/6 mL)
( Florisil) (1000 mg/6 mL) .
1.2
Agilent1290 UPLC - Agilent 6460 MS - : ESI  (
); T25DS25 ( IKA ); GB11240 -89 (
); AC -40 ( ); SHAC (
); TDL-5-A ( )5 Milli-Q
1.3
1000 g ( N N N N N N N )
500 g 4 C o
1.3.1 : 10g ( 0.01 ¢) 100 mL 20
mL 1 min 5 000 r/min 5 min 3~5¢ 50 mL
1 min 1 ho
1.3.2 N N N ( ) : 5mlL 50 mL
50 C 1 mL. 5 mL - (3:1 ) PC/NH,
; 5 mL -
(3:1) 4 25 mL
100 mL 50 C o 2.5 mL 0.22 pm

. . ( ) :  NH, PC/NH,
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1.4 -
1.4.1 Poroshell 120 EC - C 4 (3.0 mm x100 mm 2.7 pm) ; A
5 mmol/L B : 0. 40 mL/min; 40 °C; 2 ul . D0~
0.5min 95% A; 0.5~4.0 min 95%~20% A; 4.0~7.0 min 20%~5% A-. 7.0 min o
1.4.2 : (ESI+); © 3.5 kV;
: 300 C; : 350 C; : 12 L/min; : (MRM); 5.5
min (EMV) 300 V. 4 1.
1 4
Table 1 ~ Mass acquisition parameters in MRM for 4 pesticides
C . Parent ion Product ion Fragmentor Collision energy Retention time
ermpoune (m/z) (m/z2) (V) (eV) ( min)
Thiamethoxam( ) 292 2117 181 80 10 20 3.406
Spinosad A( A) 732.5 142.17 98 140 35 55 4.734
Spinosad D( D) 746.5 142.1° 98 140 35 55 4. 880
Flusilazole( ) 316. 1 247" 165 120 15 20 5.324
Indoxacarb( ) 528 249" 218 120 15 20 6. 009
* quantitative ion
2
2.1
2.1.1 N
12
B ( SPE) o
SPE NH, Florisii C,, PC/NH,4
. NH, - SPE: +  (95+5) 4 mL 10 mL ; Florisil - SPE: +
(10 +90) 4 mL 10mL  ; C, - SPE: +  (3+1) 5mL 10mL  ; PC/
NH, - SPE; +  (3+1) 5mlL 10 mL 1
15 mL 2 ), °
( QuEChERS) 3 © QuEl
(0.1 g PSA-0.3 g MgSO,); QuE2(0.1 g PSA -0.3 g MgSO, -0.05 g Carb) ; QuE3(0.3 g MgSO, -0. 1
g C,—0.1gPSA) . ",
N 100 pg/kg 3
2 o
2
Table 2 Comparison of spiked recoveries of water spinach samples with different purification conditions
. PE%
No. Purificant - _— N -
Thiamethoxam Spinosad A Spinosad D Flusilazole Indoxacarb
1 NH, - SPE 77.8 66. 4 61.9 71.9 84.0
2 Florisil — SPE ND 67.7 67.6 167.2 88. 1
3 Cis —SPE 109. 3 81.6 62.2 85.7 99.8
4 PC/NH, - SPE( 10 mL eluent) 91. 1 61.8 57.2 90.5 94.8
PC/NH, - SPE( 15 mL eluent) 17.0 19.6 19.2 ND 3.7
5 QuEl 127.9 102. 1 93.8 82.3 128.5
6 QuE2 122.6 49.2 44.1 82.4 114.7
7 QuE3 122. 4 71.4 74. 6 88. 8 83.6

ND: no detected

7 A( 10 +15 mL)

N ~ [
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- 5
100 pg/kg 3 PC/
NH, NH, C,; QuE34 SPE - (3:1 )25 mL  QuE3
(0.3 g MgSO, —=0.1 g C,;, —0.1 g PSA) 3.
3
Table 3 Comparison of spiked recoveries of tomato samples with different purification conditions
No. Purificant PE%
Thiamethoxam Spinosad A Spinosad D Flusilazole Indoxacarb
1 NH, - SPE 86.5 89.7 85.0 83.9 84.0
3 C,s —SPE 122.6 89.3 89.5 85.1 88.7
4 PC/NH, - SPE 78.7 88.9 92.4 81.2 75.5
7 QuE3 106. 8 120.5 116.0 122.0 135.7
3 QuE3 ; C, — SPE
NH, PC/NH, PC/NH,
NH, PC/NH, pPC . NH,
NH, o
2.1.2 SPE PC/NH, - SPE - (3:1)
(10 15 20 25 30 ml) N Al D. N
( 100 pg/kg) . - .
A D N o 25 mL
; 30 mL
o 25 mL,
NH, - (3:1) (10 15 20 25 30 mlL)
. A, D. N (100 pg/ke) o
N 10 mL ; N Al D
25 mL ;
30 mL
o 25mL.
2.2
2.2.1 - N - . -0.1% N -0.1%
4 4
0 D
; -0.1% o
2.2.2 3 . poroshell 120 EC = C5(3.0 mm x 100 mm 2.7
wm)  poroshell 120 EC —C4(3.0 mm x50 mm 2.7 pm) ZORBAX Eclipse Plus Cig( 2. 1 mm x50 mm
1.8 wm) o 100 mm 50 mm 4 poroshell 120 EC -
Ci(3.0 mm x100 mm 2.7 pm) o
2.2.83 (20 30 40 C) 4
o 40 C
2.3
4 500 pg/L ;
( MS, SIM) ( Fragment) ;
( Product ion scan) ( MRM)

o (5.5 min) ( Delta EMV) 300 V
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o 5 -
2.4 N )
4 .
=34
5 10 50 100 250 500 pg/L = )
2l MRM (7) 7
(X e/l - co ]
3 (S/N) (1OD) 0-
T T T T T T
10 (S/N) ( LOQ) 0 ! 2 3t/min4 ° °
4.4 5~500 pg/L 1 4 (5 ug/l)  MRM
LOD  0.033~0.167 pg/kg LOQ UPLC - MS/MS .
Fig. 1 UPLC — MS/MS chromatogram of 4 pesticides(5 wg/L)
0.10~0.50 }Lg/kgo 1 5 “‘g/L 1. thiamethoxam 2. spinosad A 3. spinosad D
MRM R 4. flusilazole 5. indoxacarb
4 4 N (r) . (LOD) (LOQ)
Table 4 Linear equations correlation coefficients( r)  LODs and LOQs of 4 pesticides
Compound Regression equation r LOD( wg/kg) LOQ( pg/kg)
Thiamethoxam Y =27.332X +14.752 0.999 9 0. 150 0. 44
Spinosad A Y =453.29X +3 871.3 0.999 2 0.033 0.10
Spinosad D Y =95.573X +73. 240 1.000 0 0. 167 0. 50
Flusilazole Y=167.37X +172.52 0.999 9 0. 036 0.12
Indoxacarb Y =26.522X -72. 875 0.999 6 0.167 0. 50
2.5
N N N N N N N 8
10 50 250 pg/ke 3 5 5.
53 (n=5)
Table 5 Recoveries and precisions of the pesticides spiked at three levels( n =5)
Recovery RSD
Sample Added | . . Thiame- Indox— Spino— Spino— Flusil- Thiame—  Indox—
Spinosad A Spinosad D Flusilazole
thoxam acarb sad A sad D azole thoxam acarb
Chinese 10 93.6 98.0 103.4 103.1 109.0 4.8 5.9 3.5 9.8 2.7
cabbage 50 86.7 92.5 108.9 108. 4 98.6 3.7 2.1 2.9 7.6 2.5
250 92.0 92.7 106. 1 72.8 97.7 2.7 1.1 2.0 9.0 3.7
Tomato 10 109. 6 83.2 100.0 103.3 113.0 2.5 5.3 4.5 5.8 5.4
50 105.1 108. 5 116.7 103.7 123.4 10.5 2.9 1.6 9.6 2.6
250 104.3 110. 1 116.0 112.3 118.2 8.7 4.8 1.2 3.1 1.1
Cucumbe 10 73.5 78.5 116.0 93.9 105. 8 4.4 4.6 0.4 11.9 5.5
50 74.7 81.1 109.0 89.1 109.9 7.0 4.7 2.9 6.8 4.0
250 77.3 77.7 100. 6 101. 4 101.7 3.4 5.8 2.1 5.0 7.4
Cowpea 10 79.6 75.9 82.4 76.3 82.1 5.9 5.3 9.1 10.9 4.9
50 75.9 76.5 96. 6 85.0 94.5 5.2 2.4 3.1 9.4 8.3
250 77.3 77.7 100. 6 101. 4 101.7 3.4 5.8 2.1 5.0 7.4
Cabbage 10 92.3 78.0 90.5 73.4 85.4 0.9 2.6 3.7 1.8 7.9
50 82.7 84.7 99.0 70.9 93.7 3.7 2.3 0.8 1.2 0.7
250 87.3 87.8 105. 8 72.9 103. 6 7.4 7.7 6.2 8.6 6.5
Water 10 74.8 79.3 81.4 92.6 95.6 2.9 1.2 2.2 4.1 10.5
spinach 50 77.5 75.3 89.4 82.4 103.2 1.5 2.0 4.8 3.4 2.2
250 76.8 71.5 100. 9 91.3 113.8 5.4 2.9 1.7 4.3 6.2
Celery 10 77.9 83.1 110. 4 100. 7 102.3 9.6 14.2 1.4 4.2 4.3
50 73.6 76.4 98.5 83.9 93.6 3.0 3.7 4.6 1.0 2.1
250 72.4 74.5 98.5 71.5 97.3 2.6 5.5 3.5 3.1 1.3
Luffa 10 74.7 75.7 105. 8 96.9 103.5 2.6 6.7 4.3 1.9 8.4
50 73.4 77.4 109.0 88.1 108.7 5.6 8.5 1.4 8.1 8.8
250 74.4 76.3 104. 4 78.5 104.9 3.6 3.7 3.4 2.5 6.4
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4 (5 ) 70.9% ~123. 4% (RSD) 0.7%~14.2 %
o 2 10 wg/kg
UPLC - MS/MS o
1.2 o 1.2+ B

0.4
1
0_ T T T & T T T
0 1 2 3 4 5 6
t/min t/min
2 (A) (B) 4 UPLC/MS - MS
Fig. 2 UPLC/MS — MS chromatograms of spiked water spinach( A) and spiked tomato( B) samples
spiked concentration of 4 pesticides: 10 pg/kg; 1. thiamethoxam 2. spinosad A 3. spinosad D 4. flusilazole 5. indoxacarb
2.6
100 o Y Y AY Al A
12 ( 0.01 ~0. 25 mg/kg) N N 3
( 0.01 ~0. 16 mg/kg) 2 ( 0.03 ~0.04 mg/ke)
. CODEX/FAO. N 4 ( MRL)
: MRL  0.01 mg/kg( MRL
0.01 mg/kg . 0.1 mg/kg 1 mg/kg) o 100
2 ( ) o
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