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Determination of six typical pesticide residues in soybean by dispersive
solid-phase extraction-ultra performance liquid chromatography-
tandem mass spectrometry
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Abstract An analytical method for the simultaneous detecting bentazone, acifluorfen, chlorantraniliprole,
emamectin benzoate, pyraclostrobin, quizalofop-P-ethyl and its metabolite quizalofop-acid in soybean by ultra-
performance liquid chromatography-tandem mass spectrometry was established, which provided an effective tool
for monitoring the residue risk of pesticides in soybean. The method was simple, fast, accurate and sensitive. The
sample was extracted by 1% formic acid-acetonitrile and purified by dispersive solid phase extraction. The mobile
phase was ammonium formate-water solution (containing 0. 01% formic acid) and ammonium formate-methanol
solution (containing 0. 01% formic acid). Phenyl chromatographic column was used for separation, and matrix
matching standard curve external standard method was used for quantitative analysis. The results showed that the
average recoveries of the target compounds and their metabolites at the spiked levels of 0. 001—1 mg/kg ranged
from 78. 1% to 116. 0% , with the relative standard deviations (RSD) ranged from 1. 6% to 20.5%. The linear
relationships were good in the range of 0. 001—1 mg/kg (R?Z>0. 991 1), and the limits of quantification (LOQs)
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were 0.001 mg/kg. Furthermore, soybean samples collected from Inner Mongolia were determined by this

method. It was found that bentazone, chlorantraniliprole, and pyraclostrobin were detected in soybean, ranging

from <C0. 001 mg/kg to 0. 024 mg/kg. The residues of quizalofop-acid, acifluorfen and emamectin benzoate were

all lower than 0. 002 mg/kg. The six target pesticide residues in soybean samples all meet the safety requirements

of the maximum residue limit of pesticides in China.

Key words soybean; herbicide;
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Table 1 Mass spectrometry parameters for the detection of target compounds
oy PR B B[] /min REBT m/= TET m/= ERERIE/V i RE I/ eV
Compound Retention time Precursor ion Product ion Declustering potential ~ Collision energy
FiMER R quizalofop-P-ethyl 6. 20 373.0 91.1 100 37
299.0* 100 27
MR R R quizalofop-acid 5. 10 343.1 270.9* —80 —19
242.9 —80 —37
KELHS  bentazone 4. 37 239.0 132.1* —100 —35
117.1 —100 —41
SRR EE  acifluorfen 4.70 360. 1 316.0* —72 —13
286. 1 —72 —21
SRR B chlorantraniliprole 5. 05 484.0 452.9* 45 25
285. 9 45 19
2Ly emamectin benzoate 5. 89 886. 5 82.1 50 110
158.1* 50 41
L me % A lE  pyraclostrobin 5.98 388. 1 194. 1~ 50 18
163. 1 50 36

D x W T,
* represents quantitative ion.
1.3 HR/ES TR BL ) R bR i 2k
M PEA AR E S O AEE T 70 2 — RAF-ERf
FRECK MR R 10. 67 mg MR R IR 10. 23 mg, KHHR
10. 26 mg, — AR Bk 11. 01 mg., 54 HL % HY Bt i
10. 53 mg. 4 £k 10. 25 mg. MLk F g 10. 01 mg,
JCEARESE T 100 mL R AN, A %2
CNEREFEZR 100 mL, B BARUE S 76 2 §il15 6
Pl 2y 100 mg/ L ARfEIR- AV BT 4 CROGIRLE

K B i R 1) 5 5, 3K 4% 0.000 5, 0. 001,
0.005.0.01,0.05.0.1,0. 5.1 mg/L ZGIFRHER .
FE I VG e 7 R ol FH 2 R S AR ORI B I
WIATHE TR R A5 . I8 1.2 R 21, A5 3 L)L H A
AP 100 I R 3 A A b 0 T R Ry A A1 A 1)
HERHZE .
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Pesticides and metabolites
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Fig. 1 Recoveries of six pesticides and metabolites in soybean using different extraction solvent
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Fig. 2 Recoveries of six pesticides and metabolites in soybean using different sorbents
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0.001~1 mg/kg 70 [ P2 P B 47 (R2=>0. 991 1),
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x2 BHUESYEXREDHFHEKERMENIRERZE (n=5)

Table 2 Mean recovery rate and relative standard deviation of target compounds in soybeans (n=5)

fetm WA/ (me/ke) TR % .
Compound Spiked level Mean recovery rate
KimMER R quizalofop-P-ethyl 0. 001 84.8 6.8
0.01 92.7 2.4
0.1 94.8 2.1
1 93.4 2.2
EARRER quizalofop-acid 0.001 116.0 6.0
0. 01 88.1 3.1
0.1 79.4 B 2
1 80. 3 2.4
KEHS  bentazone 0. 001 83.9 4.6
0.01 88. 6 1.6
0.1 86. 6 2.1
1 90.7 3.3
=FERERE  acifluorfen 0. 001 96.9 12.0
0. 01 80.9 10. 8
0.1 89.8 2.1
1 87.4 & 0
SAHER B chlorantraniliprole 0. 001 80. 0 14. 8
0. 01 78.1 20.5
0.1 87.8 6.9
1 87.1 3.6
i 4EEh  emamectin benzoate 0. 001 86. 3 5.3
0. 01 81.7 11.4
0.1 88. 1 2.9
1 91.4 6.2
Nk ik fiE  pyraclostrobin 0. 001 82.2 8. 1
0. 01 90. 4 6.1
0.1 93.1 2.5
1 90. 3 4.1
*3 BRUEUHEEFERERBFERYA
Table 3 Linear equations, coefficients of determination, and matrix effects for target compounds
EY HEJ5t LMo R B AL
Compound Matrix Linear equation Matrix effect
KRR quizalofop-P-ethyl sl y= 161 692 824x+2 589 632 0. 996 6 0.9
K= y= 151 450 773x+1 773 625 0.998 3
MR R  quizalofop-acid sl y= 80 736 293x-+1 259 406 0.991 1 0.2
K. y= 15 241 524x+112 542 0.999 4
KFEEFS  bentazone S| y= 8 908 429x+208 664 0.991 9 1.6
NS y= 14 219 181x+199 714 0.992 6
=HIREEBE  acifluorfen Sl y= 4 252 900x+38 526 0.996 8 1.0
NS y= 4 334 7752137 036 0.997 8
SR EE:  chlorantraniliprole sl y= 40 491 8162288 587 0.998 7 0.4
K. y= 17 307 0052135 386 0.999 8
H4EEh emamectin benzoate b7l y= 61 507 752x+532 233 0.995 8 1.0
NS y= 61 576 691x+127 517 0.999 6
MEMEREk S pyraclostrobin sl y= 151 797 442x+2 173 412 0.997 2 0.7
K& y= 110 516 650x+724 557 0.998 2
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TR P 30 4y R EAE b B R 25175k B
Feril AR R R B Kk B PR AR e R R S e
RRERZHN I LAMER RIRF R, 45 R E . K

ELRS G R R Y P b e ik B T G 1 L R BE o
H#3<20. 001~0. 024 mg/kg, MR R R, = FR HL
FI A LRk B 1 159 <C0. 002 mg/kg (K 4) ., FF A+ i
H gk BRI A TR R B R AR 2 B K ik B R
AR

R4 AEHRPRAZBER

Table 4 Results of pesticide residues in soybean samples

ez 5 B/ (mg/kg) A6t 493 K/ 47y FOR B B Rt/ (mg/ kg)
Compound Residue level Number of detected samples Maximum residue limit
MR EBR  quizalofop-acid <<0. 002 0 0.1
K¥EF)  bentazone <20. 001~0. 004 1 0. 05
ZHEURERF  acifluorfen <0. 001 0 0.1
S K BERZ  chlorantraniliprole <C0. 001~0. 024 4 0. 05
4Ll emamectin benzoate <0. 001 0 0. 05
Nk ek e pyraclostrobin <0. 001~0. 004 2 0.2

3 #ig

AWFFEEST T 3T UPLC-MS/MS 454 QUECh-
ERS Rij b B4 AR 1) 4% 25 22 5% B 4 W 7 ik i 5 T
FH [0 o A6 I R 32 A it v R s R 2 R AR L K
TR R Tk G R H T f L ER 4 b e ik
WG, FEAZE 10H R-Z G4 EL, I 50 mg C18 ¥t
1t HFR AP I 78. 1% ~116. 06 ; RSD
H1.626~20. 5% HARMEAWALE 0. 001~1 mg/kg
TP N R A (R*==0. 991 1), J7 % PR Al ik
0. 001 mg/kg. iifi & 4K 25 5% B8 43 Mt Iy ik 2ok . %7
A TE PREE R AR S A AT IR R R
FHF2R H P52 1 S BR R SRR i BRI Ay WK
AR S 6 R [ S A it R A 24 1) 5% BR 48 4K P
BT EE LT H,
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