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Determination of 67 herbicides in vegetable oil and fat by liquid chromatography tandem mass
spectrometry coupled with dispersive solid phase extraction
LIU Di"*?, HAN Li"*?*, YU Tingting"*?*, ZHANG Li"*?*, LI Min"**, JIANG Feng"*?, WANG Huixia' >’
(1. Hubei Provincial Institute for Food Supervision and Test, Hubei Wuhan 430075, China;
2. Key Laboratory of Detection Technology of Focus Chemical Hazards in Animal-derived Food for State

Market Regulation, Hubei Wuhan 430075, China;3. Hubei Provincial Engineering and Technology
Research Center for Food Quality and Safety Test, Hubei Wuhan 430075, China)

Abstract: Objective A high-throughput method for simultaneous determination of 67 herbicide residues in oilseeds and
oils by liquid chromatography-tandem mass spectrometry combined with dispersive solid phase extraction was established.
Methods Peanut, soybean, rapeseed and their oil were extracted with 1% formic acid-acetonitrile, and then purified by
ethylenediamine-N-propyl and anhydrous MgSO, dispersed solid phase extraction. Methanol and 5 mmol/LL ammonium
acetate (containing 0. 1% formic acid) were used as mobile phases for gradient elution. C,; column was used for separation,
positive and negative ion mode of ESI ion source was used for simultaneous multi-reaction monitoring (MRM ). And matrix
standard curve external standard method was used for quantification. Results  Under different substrates, the linear range
of 67 herbicides was from 0. 000 5 to 0. 08 mg/L, the correlation coefficients (R*) were all above 0. 992, and the limits of
detection (LODs) were 0. 005~0. 02 mg/kg. The recoveries of three spiked levels (LOD, 2LLOD and 10LOD) were between
62. 3% and 118. 1% with RSD (n=6) less than 15%. Conclusion This method is stable, specific, sensitive and accurate,
and can be used for qualitative and quantitative detection of herbicides in oilseeds and oils.

Key words: Liquid chromatography tandem mass spectrometry; herbicide; oilseed; oil; dispersive solid phase

extraction
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Table 1 Retention time, monitoring ion pairs, deflocculation voltage and collision energy of 67 herbicides and their residual
compounds, quantitative limit of method and recovery rate of spiked standard

T, - fREnE BEET FET LR fiERERE EER duE R s

" s fmin (m/2) (m/2) N JeV J(mglkg) (R /%
2,6- AR BN  2,6-Dichlorobenzamide 6.16 190 173%/109 130 27/47 0.005 0.995 72.6~110.5
2.4-T 2,4-D 11.55 219/221  160.9%/163 -70  -20/-19  0.01 0.993 75.5~95.3
2 H 44 MCPA 11.89 199/201 141%/143 -120  -23/-23  0.005 0.997 77.2~92.5
GG E 1R picloram 5.44 242.9 224.8%/196.8 80 20/30 0.01 0.993 63.6~110.5
G W ] Amicarbazone 10.17 259.2 143.2%/242.2 40 25/17 0.01 0.998 79.2~98.3
e R i e Ethametsulfuron 9.24 397.1 196.2%/170.2 90 21/23 0.01 0.999 81.3~105.6
R it Saflufenacil 12.31 499 348%/328 -110  -34/-44  0.005 0.995 70.8~98.7
R Topramezone 7.50 362 318%/334 -80  -33/-31  0.005 0.993 65.3~99.4
ik PotasstumTellurate 12.86 384.9 325%/327 -100  -24/-24  0.02 0.994 66.8~89.3
M SRR A R Fluazifop-butyl 15.19 384.2 282.1%/328.1 160 30/24 0.01 0.998 79.6~95.6
M 3R R Fluazifop 12.74 327.2 255%/227 -70  -23/-37  0.005 0.992 72.8~97.7
I I B Metazachlor 11.65 278.2 210.1%/134.1 40 13/31 0.02 0.994  75.3~94.3
T B G Flumioxazin 12.22 355.2 299.1%/327.1 180 40/28 0.02 0.995 79.6~99.6
FRR R Benazolin-ethyl 12.43 2722 170%/198 120 36/21 0.02 0.996 79.9~110.7
R B Napropamide 13.51 272.1 171.1%/129.1 160 28/23 0.005 0.999 82.3~96.4
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- —— fREARE BET TET LREWE mEfEREE AR P REL Tk
/min (m/z) (m/z) /V /eV /(mg/kg) (R?) [AT i/ %
B Diuron 11.90 233.1 72%/160 180 26/35 0.02 0.993 68.9~93.9
TR Butachlor 15.45 312.1 238.1%/162.1 50 16/32 0.005 0.997 79.9~96.4
T ik 3 Rimsulfuron 11.02 432.1 182%/325 110 29/20 0.01 0.997 77.1~92.8
R ik Fomesafen 12.92 437 286%/222 -70  -28/-35  0.005 0.998 85.1~99.3
FH Alachlor 13.55 270.1 238.1%/162.1 100 14/27 0.005 0.994 81.2~103.9
FF DR s A T Imazameth 8.72 276.2 163.1%/216.1 120 36/31 0.01 0.996 86.3~110.8
R 4L BR A Imazamox 8.59 306.3 261.1%/246 150 29/32 0.01 0.995 76.9~96.9
i W s IR 1 52 Fenoxaprop-p-ethyl 15.21 362.2 288%/244 180 28/31 0.005 0.998 72.3~91.8
i Ry dimethenamid-P 12.68 276.1 244.1%/168.1 80 21/32 0.02 0.995 82.6~105.9
R R Quizalofop-ethyl 15.13 373.1 299%/271 190 26/35 0.005 0.995 77.2~98.1
s R R iR Quizalofop free acid 13.81 343 271%/243 -100  -23/-36  0.005 0.996 70.3~116.2
s 7R e i quizalofop-P-tefuryl 14.99 429 299.1%/85.1 150 30/22 0.01 0.997 75.9~103.5
LA W Chlortoluron 11.35 213.1 72%/140 120 24/36 0.005 0.999 83.6~99.3
SR P Chlorimuron-ethyl 12.91 415.1 186%/213 100 23/20 0.005 0.999 80.5~105.6
S L T i e Halosulfuron methyl 13.22 435 254%/154 -70  -26/-41  0.005 0.998 63.8~82.9
SR AR 2R Fluroxypyr 9.76 253 194.9%/232.9 -40  -20/-10  0.01 0.996 73.4~88.9
AT A 2 R
8 fluroxypyr-meptyl 15.85 367.1 255.1%/209.1 80 15/30 0.005 0.995 76.9~112.7
DR e s AR Imazaquin acid 10.46 312.1 267.1%/252 150 28/34 0.005 0.998 75.8~98.2
DR I8 IR i Imazapyr 7.44 262.2 217%/220 120 27/24 0.02 0.996 70.6~95.7
K I 2, 4 iR Imazethapyr 9.81 290.1 177%/245 130 35/27 0.005 0.997 73.3~104.7
RN Bentazone 10.00 239 197%/175 -120  -36/-33  0.02 0.997 77.9~96.3
6-F2 FL K FLH) 6-Hydroxy Bentazon 9.15 255 148%/191 .55 -35/-28  0.005 0.996 62.3~94.3
8-F5 3 K H 8-Hydroxybentazone 9.47 255.1 191.1%/148.1 70 -24/-34 001 0.998 72.5~111.3
Fh R Prometryn 12.90 242.1 158.1%/200.1 100 33/25 0.005 0.999 79.3~98.8
1% ] Metribuzin 10.22 215.1 187.1%/84.1 100 23/28 0.005 0.996 78.3~98.6
S cyanazine 10.00 241.1 214.2%/104.1 160 24/40 0.01 0.999 76.2~92.7
FAWMATR Lactofen 15.34 479.1 344%/223 80 19/47 0.005 0.997 70.6~94.8
=R B Tk Acifluorfen 13.15 359.9 316%/195 -60  -18/-42  0.005 0.997 65.9~105.3
“HEM A LR Triclopyr 12.28 255.8 197.7%/219.8 -40  -16/-9 0.005 0.996 70.3~93.3
I5E R ] cycloxydim 14.89 326.2 280.2%/180.1 120 19/31 0.01 0.999 73.2~98.5
WE W3 Bk Thifensulfuron-methyl ~ 10.23 388.2 167.1%/205.1 100 22/35 0.02 0.998 79.3~97.7
5 i fiff [ thiencarbazone-methyl 9.61 391.1 359.1%/219 120 13/30 0.02 0.996 77.2~103.8
T Terbutylazine 12.74 230.1 174.1%/104.1 46 23/41 0.005 0.999 78.9~99.1
TG L Simetryn 10.68 214.1 124.1%/144 100 28/28 0.005 0.995 82.3~103.9
s ] Clethodim 14.97 360.1 164.1%/268.1 100 26/16 0.01 0.992 74.5~107.3
s L A R ClethodiMSulfone 12.09 392.2 300%/164 105 19/38 0.01 0.995 73.6~111.5
s T SR ClethodiMSulfoxide 12.16 376.2 206.1%/164.1 105 22/31 0.005 0.995 82.6~115.7
I R E Sethoxydim 15.23 328.1 178.1%/282.1 90 27/16 0.005 0.997 83.1~96.3
i T 5 Mesotrione 8.86 337.9 291%/46 -80  -14/-55  0.02 0.998 68.1~118.1
TR NE 2-Bromobenzonitrile 11.22 277.9 81%/168.9 -90  -52/-52 0.0l 0.994 69.3~111.2
iR e i Nicosulfuron 10.32 411.1 182.1%/213.1 140 27/21 0.005 0.996 70.6~93.2
VRN i Acetochlor 13.52 270.1 148.1%/133.1 50 27/43 0.005 0.992 77.3~89.6
O F2 T H Tk Fluoroglycofen-ethyl 14.97 465 344%/300 80 19/37 0.01 0.995 75.3~97.5
5 TR propisochlor 14.11 284.3 224.1%/148.1 50 13/28 0.01 0.994  72.2~94.8
LTSI R N3 Metolachlor 13.60 284.1 251.9%/175.9 70 20/34 0.005 0.996 78.8~98.3
S I ] Clomazone 12.26 240.1 125%/89.1 160 30/65 0.005 0.997 75.1~106.9
S T e ) Isoxautole 11.84 360.1 251.1%/144 160 27/30 0.01 0.994 78.1~93.3
;Z* ngﬁim i Diketonitrile 9.94 358.1 78.9%/64 -70  -20/-65  0.005 0.992 76.8~97.3
S I e 5 A 1 Benzoic acid metabolite 8.13 267 223%/159 -40 -13/-24 0.01 0.996 78.2~93.5
#12(BA)
5 K Atrazine 11.54 216.1 174%/104 150 25/38 0.005 0.997 79.2~114.3
TR Butralin 15.99 296.1 240.1%/222.1 60 19/30 0.005 0.999 82.6~98.2
A I i R Flumetsulam 7.86 326.1 129.1%/109.1 190 30/73 0.005 0.995 87.6~108.3
T R S T, R el R NG B o R RO OR T AR K
1.2.2  HyfE 3 e ] T ) e A 1 000 mg/ L b o i 25 75 W, B P
1.2.2. 1 1B bR W e i s 25 B A, TC ) BV B Ol 2~50 mg/ L O TR & A

O3 0 E B AR HOPR A 10 mg  ARIEARMER IR AY BRA IR B AT BRI Y 0. 2~5 mg/L 1R
VA A e R TP B TN IR B S TR T E A 2 10 mL, SR U RN
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Figure 1 ~ Comparison of peak areas of some compounds under mobile phase conditions with different concentrations of ammonium acetate
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Figure 2 TIC of 67 herbicide compounds
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Figure 3 Comparison of overall matrix effect of rapeseed

spiked sample extract purified by different purification methods
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Figure 4  Effect of different PSA addition amount on purifica-

tion effect
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