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PSA PSA 13 9
2
2.1
6890N/5975B ( Agilent Technologies ) 7683 N /
EPC( ) ; Agilent Enhanced ChemStation G1701DA Revision D. 03.00 ;
HPSMS 5% (30 m x0.25 mm x0.25 um J&W Scientific
) ; Vortex-Genie2 ( Scientific Industries ) ; Sigma 3K13 ( Sigma ) o
( Fisher Scientific ) ; NaCl MgSO, ( ) PSA(
Agilent Technologies ) ( 1020nm 5 nm; ); 6- N
. . N “a— \B- . N 0P - PP - . N
N N -1, -1 ( =98.5% )
( TPP 99.9% Sigma-Aldrich ) o
0.01 g( 0.0001 gy 10 mL
1000 mg/L =20 C o
4 C o
0.1¢g 100 mL 1000 mg/L
-20 C o 5 mg/L 4 C o
2.2
2.2.1 N . 10 g
50 mL 10 mL 15 min 2 min; 1 g NaCl.\4 ¢ MgSO, 2 min
3800 r/min S min; 1 mL 150 mg MgSO, 20 mg 2 mL
2 min 14000 r/min 3 min; 0.22 pm : 500 pL
5 mg/L 10 pL o
2.2.2 40 ( 0.425 mm) .
4¢ 50 mL, 8 mL 2 min 10 min; 8 mL 15 min
2min; 1 gNaCl 2¢g MgSO, 2 min 3800 r/min 5 min -20 C
30 min; 1 mL 150 mg MgS0O,.25 mg PSA 15 mg 2 mL
2.2.1 &
2.3 -
2.3.1 (99.999%) 250 C; 1 mL/min;
; 1 pl; 60 °C 2min 13 °C/min 200 C
5min 25 °C/min 260 °C 15 min.
2.3.2 (EI) 230 C 160 °C 70 eV
280 C 5 min, ( SIM) 1.13
- ( GCMS) 1.
1 - 13

Table 1
13 pesticides

Gas chromatography-tandem mass spectrometric ( GC-MS) conditions for identification and quantitation ions of

1 2

Quantitative ion Qualitative ion 1 Qualitative ion 2

Pesticide Retention time ( min) (m/z) (m/z) (m/2)
5— S5-Benzene hexachloride 11.876 181 183 219
Atrazine 12.380 200 213 173
Acetochlor 13.720 146 162 223
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1( Continued to Table 1)

1 2
Pesticide Retention time ( min) Qua?tifla/ti‘)]e fon Quali(t?;i}] f) on ! Quah(terlrtli; ;)) on2
Triadimefon 13.288 208 128 181
a— a-Endosulfan 16.125 195 239 170
Procymidone 16.979 283 96 212
B- B-Endosulfan 17.522 239 195 170
Butachlor 17.518 176 160
Pretilachlor 17.961 162 238 176
oP - OP’-Dichlorodiphenyltrichloroethane 18.122 235 165 199
PP - PP’ Dichlorodiphenyltrichloroethane 18.748 235 165 199
Biphenthrin 20.291 181 166 165
Fenpropathrin 20.403 181 265 349
Lambda-eyhalothrin 21.460 181 197 208
-1 Permethrin—] 22.476 183 163 165
-II Permethrin—[I 22.687 183 163 165
3.6 &
3.2 1
2871 9
S 24+
X
§ 2.0 1" 14
,.‘g: 1.6 1 13 6
:% 1.2 1 3 "
0.8 1
0.4 [,
0.0 L ; ; - A - : k x ; . : - - :
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time/min
1 13 -

Fig.1 Gas chromatography-andem mass spectrometric chromatograms of 13 pesticides
( Atrazine) ; 3.
( Procymidone) ; 7. B-

1. 6- ( 8Benzene hexachloride) ; 2.
fon) ; 5. a=  ( a¥ndosulfan) ; 6.

chlor) ; 9. ( Pretilachlor) ; 10. OP"-
( PP’ Dichlorodiphenyltrichloroethane) ; 12.

( Lambda-eyhalothrin) ; 15.

( Bifenthrin) ; 13.

( Acetoc

-1 ( Permethrin—] ) ; 16.

3
3.1 QuEChERS
QuEChERS
PSA PSA
PSA.
4 ¢ N 8 mL
PSA

1 mL 25 mg PSA 25 mg

-20C 12h
15 mg

. PSA

hlor) ; 4. ( Triadime—
( B£Endosulfan) ; 8.
( OP*Dichlorodiphenyltrichloroethane) ; 11. PP’—

( Buta—

( Fenpropathrin) ; 14.

~II ( Permethrin-II) .

25 mg PSA
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Fig.2 Comparison chromatogram for Plantago asiatica extract cleanup by Primary secondary amine
(PSA) (a) and multi=wvalled carbon nanotubes ( MWCNTs) ( b)

Abundance (x107)

Time/min

3 N- +
Fig.3 Comparison chromatogram for Momordica grosvenori extract cleanup by PSA° MWCNTs and
PSA + MWCNTs
a: MWCNTs b: PSA ¢ PSA+ MWCNTs.

3.2
3.2.1 . .
LOQ LOD 2, 0.01 ~0.5 mg/kg R’
0.9936 ~1. 000 o S/N =10 9 LOQ : -1
0.001 ~0.03 mg/kg 0. 003 ~ 0. 03 mg/kg 0. 003 ~0.02 mg/kg PP-
0.004 ~0.03 mg/kg 0.004 ~0.008 mg/kg 0.005 ~0.03 mg/kg
0.007 ~0.03 mg/kg B- oP - 0.009 ~0.03 mg/kg 6- N N
-I 0.01 ~0.03 mg/kg . a- 0.02 ~0.03 mg/kg. S/N =3 9
LOD : 0.006 ~0.01 mg/kg o- 0.005 ~0.01 mg/kg
o-— -I  0.004 ~0.01 mg/kg B- 0P - 0.003 ~0.01 mg/kg
N -1 0. 002 ~ 0. 01 mg/kg N PP -
0.001 ~0.01 mg/kg 0.0009 ~0.006 mg/kg 0.001 ~0.002 mg/kg.
3.2.2 QuEChERS 9 13
2, 3 67.9% ~100.3% ;
(RSD n=5) 0.6% ~11.0% o— 0.1 mg/kg

( 67.9% 69.1%) .
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3.3
9 12 .1 0.041 mg/kg
1 0. 54 mg/kg 1 0. 052 mg/kg
0.43 mg/kg o
2 13 9
Table 2 Methodology validation of 13 pesticides in 9 Chinese herbal medicine plants
.- RSD
. LOD LOQ Spiked Recovery _
Matrix (me/kg) (me/kg) (mg/kg) (%) (% n=3
Mentha haplocalyx 0.001 ~0.01 0.004 ~0.03 0.02 0.05 0.2 72.8 ~97.9 0.9~12.1
Mentha haplocalyx 0.001 ~0.01 0.004 ~0.03 0.02 0.05 0.2 72.8 ~99.7 1.3~11.6
Plantago astatica 0.001 ~0.01 0.005 ~0.03 0.02 0.05 0.2 73.3 ~100.7 1.5~13.8
Radix glycyrrhizae 0.001 ~0.01 0.003 ~0.03 0.04 0.1 0.4 67.9~99.9 0.6 ~10.2
Zanthoxylum nitidum 0.001 ~0.01 0.004 ~0.03 0.04 0.1 0.4 69.1~99.5 1.0~11.3
Prunella vulgaris 0. 0009 ~0. 01 0.03 ~0.03 0.04 0.1 0.4 69.6 ~97.6 1.1~11.6
Lycium chinense 0.002 ~0.01 0.007 ~0.03 0.04 0.1 0.4 74.7 ~98.7 1.4~11.0
Momordica grosvenori 0.001 ~0.01 0. 005 ~0.03 0.04 0.1 0.4 67.2~99.7 1.3~14.0
Lonicera Japonica 0.001 ~0.02 0.005 ~0.06 0.04 0.1 0.4 67.9 ~98.5 0.6~9.7
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Determination of 13 Representative Pesticides in Chinese Herbal
Medicine Plants by Dispersive Solid-phase Cleanup and
Gas Chromatography-Tandem Mass Spectrometry

LIU XiaoLiang' > LI Xue-Sheng' LIU Shao-Wen' ZHAO Peng-Yue' ZHOU Li' PAN Can-Ping”'
'( Department of Applied Chemistry ~College of Science China Agricultural University ~Beijing 100193  China)
*( Institute of Pesticide & Environmental Toxicology Guangxi University Nanning 530005 China)

Abstract A simple method for the determination of 13 representative pesticides in 9 Chinese herds employing
modified QUEChERS( Quick Easy Cheap Effective Rugged and Safe) followed by gas chromatography-tan—
dem mass spectrometric ( GC-MS) analysis was developed. For the fresh or dry samples the pesticides were
extracted by acetonitrile or acetonitrile-H,0 respectively and then liquiddiquid partitioning formed by adding
anhydrous MgSO, and NaCl; followed by a simple cleanup step using multi-walled carbon nanotubes ( MWC-
NTs) for fresh samples extraction and using MWCNTs and PSA ( primary secondary amine) for dry samples
extraction as dispersive solid phase extraction ( d-SPE) . The aliquot was confirmed and determined by gas
chromatography with selected ion monitoring mode ( SIM) —mass spectrometry. The recoveries for all the pesti—
cides studied were from 67.9% to 100.3% with relative standard deviation( RSD) from 0.6% to 11.0% in
the concentration range of 0. 02 — 0.4 mg/kg. The limit of quantitation ( LOQ) was from 0. 004 mg/kg to
0.03 mg/kg and the limit of detection ( LOD) was from 0. 009 mg/kg to 0.01 mg/kg. Three positive market
samples polluted by target pesticides were screened by the developed method.

Keywords Chinese herbs; Multiple pesticides residue; Dispersive solid-phase purification; Gas chromatog—

raphy-tandem mass spectrometry
( Received 2 June 2012; accepted 30 August 2012)

B S e e e O I T s e S e e e e e S S e e O e S S Y (i S S U N A s 4

( »

1 9787122146717 : 58.0
o 16 12013 1



