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Determination of 42 Kinds of pesticide residues in Astragalus membranaceus
by gas chromatography-triple quadrupole mass spectrometry

TIAN Li, HU Jia-Wei, YIN Dan-Yang, WANG Min-Juan”

(Shaanxi Province Center for Disease Control and Prevention, the Institute of Physics and Chemistry, Xi’an 710054,
China)

ABSTRACT: Objective To establish a gas chromatography-triple quadrupole mass spectrometry method for the
determination of 42 kinds of pesticides in Astragalus membranaceus. Methods The multi-component pesticides in
Astragalus  membranaceus were extracted by acetonitrile. and the supernatant was purified by N-propyl
ethylenediamine, octadecylsilane bonded silica gel and silica gel. The samples were determined by temperature program
injection nozzle, and quantified by matrix matching curve external standard method. Results The 42 pesticides had a
good linear relationship in the range of 0.01-1.00 pg/mL, and the correlation coefficient was 0.9954-0.9999. Three
mixed standards of low (0.02 mg/kg), medium (0.40 mg/kg) and high (2.00 mg/kg) concentrations were added to the
blank matrix, each with 6 samples, the recovery was 72.5%-109.3%, the relative standard deviation was
1.25%-6.07%, the detection limit was 0.002~0.010 mg/kg and the quantitation limit of the method was 0.005-0.030
mg/kg. In 100 batches of radix astragali, six kinds of pesticides were detected, namely a-endosulfan, parathion,

methyl parathion, cyclophosphamide, cypermethrin, fenvalerate, with a detection rate of 6.0%. The sample exceeded
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the standard rate was 1.0%, and the excessive pesticide was cypermethrin. Conclusion The method has high

sensitivity and accuracy, and is suitable for the simultaneous determination of 42 kinds of pesticides in Astragalus

membranaceus.

KEY WORDS: gas chromatography-triple quadrupole mass spectrometry; pesticide residues; Astragalus membranaceus
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MR FIE, 11 HRARBETAaE R, 11 HRAEGT

LB ZTROTR N (i al, 5 E Merck 23 A]); N-
N3 Z — ¢ (primary secondary amine, PSA), 1 /\ bt FE i bt
HEAHENE Crg. BEIE . A 25 f ik B (graphitized carbon black,
GCB) (RN AR BHE A LA A, ToKBREREE . ToK
BRI Gr B al, [E 25 BRI A BRA A, AURA .
PO . RERME . ARIRBK ., TRIERE . AR, a-7STSON.
SRR BASISAS . AN FET BB . MR, 0
7575 I ELmE . PP ILBIAE . EAE . SCIRH . X
B —IMETR . OKBRBREBE . SRR . FILRIEE . G
W, o-fit]h. RLWE . pp -THIHGT . AKIGH . BRECEE, B-
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p.p -l R . BEORAGER . R HUAG R . SR EAGE . AR
AT AENE . FEAER . FUKER . ISR 42 Py
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FAPS AR AL 20.0 pg/mL FTR S HRERE &, T-20°CIK
FEIRAT
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AL D), CR22N B HL(H A H LA HD); SQP T2
—HFRV(EEFEZRE /A F]); VORTEX 15 HefL (7
IKA A ]); DB-5MS UI 3541 (30 mx0.25 mm, 0.25 pm) .,
VF-1701MS {53545 (30 mx0.32 mm, 0.25 pm)(3E FEZHE4E
UNCIDE
1.3 WHE
1.3.1 oM&#H

(Wt ps &

%4 DB-5MS UI (30 mx0.25 mm, 0.25 um); FEi
T2 40°C (4 min)Ld 25°C/min FHEZE 125°C (0 min), FFLL
10°C/min FHR E 300°C (8 min); PTV HE#E TR E: 65°C
(1 min)Lk 200°C/min FHEZE 300°C (15 min); A4HEAE;
ERERFE]: 1 min; MERERE: 1 pL; WEEHIrR: L,
JE17: 49.7 Kpa; S 26.0 mL/min; #:§i#E: 1 mL/min;
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Lk 36.1 cm/s; I & 5.0 mL/min;

Q)T %1

WHIGEIR: 13 min; $E R 280°C; B FIREEE:
230°C; RAEH X £ Wil (multiple reaction monitoring,
MRM)BE; K% 0.5 k Ve
132 iz

FREURES 20 5 ¢ (RS2 0.0001 @) T 50 mL 2.0,
T 1%IKEERR VAR 10 mL K 1| TR 2t 51, A EliAe &h
SEARIE, HCE 30 min, EIMAZLK 10 mL, WHERS,
INATCKBRBREE 5 K Z R EIR A MR (mm=4:1) 5 g,
ST BIRERL, T Uk H, B 0(5000 r/min) 3 min, B E i
W 5 mL B T O 0UGREA SRR 23 BIUE A AL B4 0
(UK B AR EE 600 mg, PSA 200 mg, +/\bedkht ke fl & RER
200 mg, FEAE 200 mg)Hr, WAHEME 4IRS, IS 5E 4,
Z5.0(5000 r/min) 3 min; BB ALIERE0.22 pm)id
eI, LHLIGE

1.4 BUIEALIE

B4 K FH 5 LabSolutions GCMS Solution RiA 4.45
A4 Hr, K FH Microsoft Excel 2017 4l i &l

2 HEREHR

2.1 GC-MS/MS &Eritit

A T VF-1701MS (30 mx0.32 mm, 0.25 pm).
SH-Rxi-5 MS (30 mx0.25 mm, 0.25 pm), DB-5MS UI (30 mx
0.25 mm, 0.25 pm) 3 FrA S ENE @A, S50 % 3
ISR ZECE I . A HLEAR LA B0 50 B RCR,
o DB-SMS UL €8 3541 %) 45 B 28 4 2547 B 4 (g e B0 0
BIEE, Tk $E DB-SMS UL 1E R i B384 o X B —pr e i
B K TRESEGEA A . EEE S — RE R e
FEAL &9 B, SRR PR T R R
AR S P bR . SRR . THRE/MY
WEREFENTFET, ThBERENTFEFENERS
T, B A 250 B T B L AR S5 9 ik 5 RE 2 (collision
energy, CE)JI 3% 1, MARIE 42 Fhfes, (B, S
FHAGTR  FURAGER IR 46 R 7€ DB-5MS Ul it B4
TP g%, ST A B A SRS IR 23 th BT 4 Aok ig,
FrLAE TSR I 52 A, B L A4S, £E 28 min
VA AT 58 45 0 Jo PR U, 5 T A B - TR TR R AT
T AT B R AT 538

R1 @2MKRAHRERE, CAS 5. REDINEH

Tablel Retention times, CAS numbers and mass spectrometric parameters of 42 kinds of pesticides

5 EA4) £ B2 B i) /min CAS & BN CEl B2 CE2
1 AURR 14.089 1113-02-6 156.0>110.0 8 110.0>79.0 10
2 AR - 1 14.198 8065-48-3 88>60 5 89>60 5
3 R 14.481 13194-48-4 200.0>158.0 6 158.0>97.0 18
4 AWK 14.720 6164-98-3 196>181 10 181>140 15
5 TR I 14.883 3689-24-5 322.0>202.0 10 322.0>174.0 18
6 AR 15.002 6923-22-4 127.1>109.0 12 127.1>95.0 16
7 S AVAVAS 15.207 319-84-6 180.9>144.9 16 218.9>182.9 8
8 P MR T -2 15.439 8065-48-3 88>60 5 89>60 5
9 SRR 15.481 60-51-5 125.0>47.0 14 125.0>79.0 8
10 S AVAVAY 15.734 319-85-7 180.9>144.9 16 218.9>182.9 8
11 ZAVAVAN 15.882 58-89-9 180.9>144.9 16 218.9>182.9 8
12 LSRR 15.977 13071-79-9 231.0>128.9 26 231.0>174.9 14
13 Hb o 16.051 944-22-9 137.1>109.1 8 246.0>137.1 6
14 L AVAYAY 16.464 319-86-8 180.9>144.9 16 218.9>182.9 8
15 FH X B 17.187 298-00-0 263.0>109.0 14 125.0>47.0 12
16 FR B4 B i 17.892 5120-23-0 168.00>109.00 15 168.00>136.00 15
17 BESEIR 17.979 2921-88-2 196.9>168.9 14 313.9>257.9 14
18 JCECH 18.018 309-00-2 262.9>191.0 34 262.9>193.0 28
19 X L i 18.136 56-38-2 139.0>109.0 8 291.1>109.0 14
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1)
75 47 £ B2 B[] /min CAS 5 BT 1 CEl BTXE 2 CE2
20 =B 18.194 43121-43-3 208.1>181.0 10 208.1>111.0 22
21 K B 18.213 24353-61-5 289.1>136.0 14 230.0>212.0 10
22 S 18.279 0-00-0 139.0>111.0 16 139.0>75.0 28
23 FR L M 18.494 99675-03-3 199.0>121.0 14 241.1>121.1 22
24 TR 18.775 947-02-4 255.0>227.0 6 255.0>140.0 22
25 a-fift 19.491 959-98-8 194.9>160.0 8 194.9>125.0 24
26 R 19.626 22224-92-6 303.1>195.1 8 288.1>260.1 6
27 p.p’- ik itk £F 19.905 72-55-9 246.0>176.0 30 317.9>248.0 24
28 2K IR 19.995 60-57-1 276.9>241.0 8 262.9>193.0 34
29 Io3 2 ik 20.376 1836-75-5 202.0>139.0 24 282.9>253.0 12
30 B ft 20.609 33213-65-9 194.9>160.0 8 194.9>125.0 24
31 p.p’ - i V7 20.696 72-54-8 235.0>165.0 24 237.0>165.0 28
32 o,p T I i 20.730 789-02-6 235.0>165.0 24 237.0>165.0 28
33 Y7 20.986 24017-47-8 161.0>134.0 8 161.0>106.0 14
34 T P R i 21.326 1031-07-8 271.8>236.9 18 386.8>252.9 16
35 p.p’ - iR 1 21.392 50-29-3 235.0>165.0 24 237.0>165.0 28
36 1R 35 i 22.280 82657-04-3 181.1>166.1 12 181.1>179.1 12
37 R A R 22.471 39515-41-8 181.1>152.1 22 265.1>210.1 12
38 AR F AR 23.088 68085-85-8 208.0>181.0 8 197.0>141.0 12
39 R T R-2 23.258 68085-85-8 208.0>181.0 8 197.0>141.0 12
40 W FE 24.165 56-72-4 362.0>109.0 16 362.0>226.0 14
41 ARG 24.586 68359-37-5 163.1>127.1 6 163.1>91.0 14
42 A A lg-2 24.686 68359-37-5 163.1>127.1 6 163.1>91.0 14
43 AT NE-3 24.743 68359-37-5 163.1>127.1 6 163.1>91.0 14
44 AT NE-4 24.794 68359-37-5 163.1>127.1 6 163.1>91.0 14
45 AHANE-1 24.917 52315-07-8 163.1>127.1 6 163.1>91.0 14
46 A2 25.025 52315-07-8 163.1>127.1 6 163.1>91.0 14
47 AHAENR-3 25.076 52315-07-8 163.1>127.1 6 163.1>91.0 14
48 A4 25.126 52315-07-8 163.1>127.1 6 163.1>91.0 14
49 A1 25.885 51630-58-1 225.1>119.1 20 225.1>147.1 10
50 -2 26.128 51630-58-1 225.1>119.1 20 225.1>147.1 10
51 TR A -1 26.592 52918-63-5 180.9>151.9 22 252.9>93.0 20
52 TR A2 26.882 52918-63-5 180.9>151.9 22 252.9>93.0 20
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Fig.1 Total ion chromatogram of 42 kinds of pesticides SIS 0.40 mg/kg FINAR BT 28 T 4R IR
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23 FHER%RE

XA FE T, R AL R L AR WA oy P fE
QuEChERS J7ik i FH R b iR, PSA EBRFE S
SRR . A HLER . BERAEE REYIRDY, bRk b
SEARENG(Crg) FELRBRIRAS . Atk THed m 1Y, w3
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JLREY, Bl R REAh & R R, s FI
REI BE e AR, VR BEE 70 Soe  RIRE TC BA)J2 C e K
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1% HBREEY Y, N A R X T, AR EEE T 4
Tofr 0 R 350 AN i) 55 ) 35 P (v AR ORI T3 2.
WIFE KB PSA. Cig. REMARSH 200 mg B, 42 Fife 25k
B EVCRTE 80%~120% 2 (Bl 4370 (A et £, XHeEEdt

T HA BT L RCR . GCB BA 2 A7 2R 1K 1f 7S I
G, X EAT YT 25 F B AR 25 Ak A W 2 i i W B
B4 GCB 1 Al 23 BH 5 5% M HAT Y- IS5 R AR 245 14 [DBCR
SRR, AT GCB MBI A 40 A e b A5 s
e Wb 415y 9 PSA . Crg. BEIE, FHEIYN 200 mg.
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= DU @5 FTE S QuEChERS FiIAbFRY
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YA E R AR S 208 R 2 KA Y 5%
RN E AR S-S ) b2 (28 2020
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Hb RGEBE; 13: 075508 14 HUEXTGmE; 150 HOLGRISE; 16: SAEML 17: 3CICHI; 18: XFERSs; 19: —Mei; 20: /KiEGimE; 21: =&0R%
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Fig.2 Recovery rates of 42 kinds of pesticides with different extraction volumes

R2 4MTEABSUMBNAE

Table 2 Dosage of 4 kinds of purification materials with different contents

£ 2H W% B350 26 49 F o /mg
1 551
1 2 3 4 5 6 7 8 9 10 11 12
PSA 100 200 300 200 200 200 200 200 200 200 200 200
Cig 200 200 200 100 300 200 200 200 200 200 200 200
FESiN 200 200 200 200 200 200 100 300 200 200 200 200
GCB 0 0 0 0 0 0 0 0 20 40 60 80
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BT AN PN & Sl 7 R A/ N BT 7N
5 A B SR 4 B RN R BONE, R N 2 e B
S5 AR SEIRTEEE T 42 FIRZGLE S EERE A P
RN, ME=a,/a<100%, a) A FFINZL 3 7E S EAE VL LR
YEVE IR AW 1S BE, ap SRR ZH 70 A 25 LRI v i

ORISR . 24 ME>100%I, FRAE7ER USSR 24
ME<100%}, FRAFLEFEBIMHRIZN; 2 80%<ME<120%
i, UERASERR AR/, R 3 15, 42 R 2510 3L AL
A 93.0%~121.0% 45 SR BH,  FETUA%0R X 45 SR AN K,
B T i — A/ i JB 50 o) 4 S A S, AS RIS SR P
JRVCFC T fh £k AMr vk it

F3 QLMRAZMESE. HXARHK. REUR. T2R. ERE. BiERERERYN
Table 3 Linear equations, correlation coefficients, limits of detection, limits of quantitation, recovery rates, relative standard deviations
and matrix effects of 42 kinds of pesticides

e TR G 2 5 K H R E R e AEX s 74 O 2 RN
/(mg/kg) /(mg/kg) /% 1% 1%

AURR Y=201432X+7860 0.9954 0.003 0.010 78.6~83.3 3.28~4.02 106.5
AW 9 Y=188615X+2316 0.9995 0.003 0.010 88.2~91.1 3.16~3.25 104.1
KL Y=303077X+3976 0.9995 0.002 0.005 92.5~96.7 3.08~3.72 108.3
AR Y=214073X+5045 0.9986 0.003 0.010 72.5~76.3 1.25~1.93 103.7
TR I Y=131304X+1969 0.9992 0.002 0.005 85.9~88.7 4.24~5.40 110.3
N Y=237990X+7361 0.9971 0.003 0.010 80.1~80.7 3.85~4.92 1153
S AVAVA Y=422068X+6375 0.9994 0.002 0.005 88.2~91.3 3.46~4.25 98.5
PIRES Y=104365X+616 0.9995 0.003 0.010 85.7~86.7 2.85~3.02 102.3
B-7NINAN Y=361532X+2598 0.9993 0.002 0.005 88.2~90.3 2.78~3.14 103.7
T AVAVAN Y=353431X+5665 0.9992 0.002 0.005 87.9~90.7 2.68~3.62 109.3
FET IR Y=372409X+3083 0.9995 0.002 0.005 92.8~97.7 3.85~4.04 117.5
Hb B Y=820152X+121457 0.9988 0.002 0.005 90.5~95.3 2.55~2.96 121.0
B AVAVAY Y=255972X+2924 0.9994 0.002 0.005 82.9~85.5 3.65~3.88 103.2
PR LX) B Y=146296+1400 0.9994 0.003 0.010 90.8~93.3 3.24~3.52 106.8
FH R A Y=313526X+4786 0.9983 0.003 0.010 82.7~87.3 3.56~3.70 96.7
AL Y=197914X+3435 0.9995 0.003 0.010 89.8~92.1 2.88~3.03 98.5
SERH] Y=65155X+1341 0.9984 0.003 0.010 80.9~84.7 2.85~3.15 115.7
X} T Y=76235X+1192 0.9994 0.002 0.005 99.5~102.1 4.00~4.59 112.8
IR ] Y=240069X+2410 0.9993 0.003 0.010 89.2~92.0 2.09~2.93 110.7
K B Y=26736X-775 0.9993 0.002 0.005 76.9~79.5 5.28~6.07 96.2
A Y=599983X+5935 0.9994 0.002 0.005 89.5~92.7 2.08~2.99 106.2
FH O S A0 Y=698328X-4025 0.9997 0.002 0.005 95.2~99.3 3.00~3.25 103.1
AN Y=30216X-310 0.9997 0.003 0.010 90.2~94.7 2.85~3.70 101.8
a-TiFt Y=36077X+51 0.9997 0.003 0.010 85.2~88.3 2.25~2.90 106.7
ALK Y=83707X-2197 0.9999 0.002 0.005 92.8~98.8 3.78~4.20 106.5
p.p’ - Vi £ Y=606835X+7966 0.9988 0.002 0.005 78.9~82.7 1.82~2.12 102.5
Tk B Y=35686X-281 0.9981 0.003 0.010 82.8~87.7 2.55~3.20 99.8
[o3% 2. ik Y=111891X-1637 0.9991 0.003 0.010 90.2~94.3 3.05~3.51 98.8
iR %) Y=36367X-300 0.9993 0.003 0.010 85.9~88.7 5.25~6.04 101.8
p.p’ - i Vi i Y=939167X+6507 0.9998 0.002 0.005 84.9~86.2 2.88~2.98 103.2
o,p - T T 15 Y=757116X+2444 0.9998 0.002 0.005 80.5~83.5 2.02~2.88 107.5
= Y=150820X-1398 0.9988 0.003 0.010 85.9~88.2 3.85~4.31 1122
T P 2 e Y=135178X+414 0.9997 0.003 0.010 82.1~86.7 4.08~4.63 104.7
p.p’ - o Y=647938X+1292 0.9998 0.002 0.005 79.8~84.7 3.02~3.59 113.3
IR 4 i Y=1645209X+1662 0.9996 0.002 0.005 88.2~89.3 2.08~2.90 113.2
FP 453 g Y=174494X+1074 0.9995 0.003 0.010 86.6~90.2 3.21~3.77 100.3
SRS R Y=87173X-402 0.9990 0.010 0.030 99.0~108.1 4.05~5.68 110.5
W BE Y=70246X-1096 0.9998 0.002 0.005 79.9~87.7 3.88~4.42 105.2
T T e Y=29038X+7.75 0.9998 0.010 0.030 73.0~78.3 4.25~4.99 106.1
AR Y=58235X-323 0.9997 0.003 0.010 98.2~109.3 4.15~4.51 106.8
SR B TR Y=85829X+1366 0.9989 0.003 0.010 85.2~89.1 4.22~521 103.1
TR ik Y=8831X+2601 0.9973 0.003 0.010 88.8~90.3 2.88~3.58 93.0
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2.6 FHAERUHIR. EEMR. &MEE. BWERE
EE

IR TS SIN=3 MR E RS AR R, SIN=
10 S a bR, FZs B mACE 0.01.0.05.0.10,0.20,0.50,
1.00 pg/mL [AZIARIEZR I o 4350 A5 AR 25 1 i T FL(Y)
RPNAER, B R (X, pg/mL) A A B 22 il A o 4K
P FaR AR S F, R MRM 5 AT 2, 453 8 1)
FHARFAHR R L, 2 AR R IAL0.02 mg/kg) .
(0.40 mg/kg). F5(2.00 mg/kg) 3 A [FIUE B TR SARE S,
K60y, FHE 1.3.2 BURE i AT AR vk A B i R AR R Y
L Sl N 1 e 3 = W ez < iy = R R e SR
PR ZE ARG, # 3 255K, 42 Rk
ik, . @ 3 AR RICE Jy 72.5%~109.3%, FHXT
FRUEWZE A 1.25%~6.07%.
2.7 SRR SN

RARBEVU 9" B TR, MIEAFERFER . A~
)5 S5 oy BIOR A, T 5 A PR & B IRTT Sl 2L
& H ) QUEChERS J5 % 100 13 3 EaAt b g AT A AL 2, ¥
R NIRES, SHMELRE R GB 2763—2021
(B LA E R EE SR 2R R R R ) |, gy
6 B EEREA R T 6 Fidfezy, S5RILFR 4, FREAH 2
6.0%, HF 5L HEARER 1.0% 46 H R 25 R ERAG I FEAS 1~4)
FILSR HAG RS (B AR 5~6), PR 2N A E AT, R

w5 40.3 1%,

#4100 PEREDRAZERNER
Table 4 Detection results of the pesticides in 100
Astragalus membranaceus

FEh Rt wAGR  Witbig AR
e V& ] /(mg/kg) /(mg/kg) e
FEA 1 ot 0.018 0.05 E Nz
FEA 2 X 0.008 0.01 EN
FEAR 3 LA 0.018 0.02 AR
A 4 RaN 0.020 0.03 AR
FEAS S SR 0.403 0.01 e
FEA 6 AR 0.025 0.05 E Nz
3 &

ARG T EH 42 FiAZi GC-MS/MS Al Jr
o R ZIEVE A RBUAR, 200 mg PSA |, 200 mg Cyg. 200 mg
RERZY QuUEChERS i 43 Hid A 571 Xof 2 16 B Jot 2% Jot it A 7
ARG, R T AL GRS AT AL PR A R BT L )
FHER . FEITRAEA IR o D 1% A i Ak 3 AR e A5 AS I ik
P AEA I B ST 085 i 114 ImAC 3, o e ol 5 56 i B
T3 B VAR B FIORG %% B T A R BB 42 Rl 2y

BB DN E AR RS PR B T —Fh i P
BTk .
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