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Abstract
by performance liquid chromatography-quadrupole time-of-flight mass spectrometry ( HPLC-QTOF/MS). [ Method ] The analytes in feed sam-

[ Objective ] A comprehensive analytical method was established for the simultaneous determination of 32 organophosphates in feed

ples were extracted with acetonitrile containing 0.2% formic acid. The extracts were cleaned up through QuEChERS method and a database for
35 target anatytes was established. The target compounds were separated on an Waters ACQUITY UPLC HSS T3 column and detected by MS in
Dual AJS ESI+ mode. The 35 pesticides could be separated in 7 min. [ Result ] The recoveries of 35 pesticides were 85.98%—114.21% and
RSD was 0.58% — 11.65% at the concentrations of 10, 50 and 100 wg/kg. The quantitative limit of the experimental method was 0.2 -
0.5 pg/kg and all the pesticides to be tested were in the calibration curves range of 5—100 wg/L with showed a good linearity (R*=0.998 4).
The precision mass, retention time and isotopic matched-degree were employed for the screening and confirmation. [ Conclusion ] The method is
fast, simple, accurate, and highly sensitive, and is suitable for high-throughput screening and qualitative identification of organophosphorus

drug residues in feed.
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Table 1 Linear equation,linear range,determination coefficient and LOQ of target analytes
P HFR LREE R LM RE REL E PR
No. Name Linear range // wg/L Linear equation Determination coefficient( R*) LOQ// pg/kg
1 FEe 5~100 Y=2.651 2X+0.215 8 0.999 2 0.3
2 T e 5~100 Y=4.258 7X+1.684 2 0.999 6 0.2
3 IR 5~100 Y=4.852 3X+0.952 3 0.999 0 0.5
4 FURS 5~100 Y=6.257 4X+2.146 2 0.998 6 0.2
5 AT 5~100 Y=5.182 5X+1.025 4 0.999 1 0.4
6 LA i 5~100 Y=2.986 2X+0.754 2 0.999 6 0.3
7 B L I35 5~100 Y=3.685 4X+1.068 4 0.999 4 0.5
8 (257 5~100 Y=2.935 4X+0.856 2 0.998 9 0.3
9 SRR 5~100 Y=2.381 2X+0.634 1 0.999 7 0.2
10 =T 5~100 Y=3.957 4X+1.685 3 0.998 4 0.2
11 =R 5~100 Y=3.682 3X+1.254 9 0.998 5 0.4
12 i B 5~100 Y=4.584 2X+0.935 2 0.999 5 0.5
13 TR 5~100 Y=3.965 2X+0.853 2 0.999 6 0.2
14 TR 5~100 Y=2.158 6X+0.586 2 0.999 1 0.3
15 2w 5~100 Y=6.288 9X+2.015 5 0.999 2 0.4
16 LiEsR 5~100 Y=5.364 5X+1.543 1 0.998 9 0.3
17 R el 5~100 Y=4.258 7X+1.125 4 0.999 7 0.2
18 ELX T 5~100 Y=4.985 3X+0.368 4 0.999 8 0.5
19 B 5~100 Y=1.368 5X+0.254 3 0.999 9 0.2
20 XA 5~100 Y=2.684 5X+0.698 4 0.999 5 0.3
21 PN 5~100 Y=4.259 3X+1.063 2 0.999 0 0.3
22 il 5~100 Y=6.351 2X+1.953 1 0.998 7 0.2
23 TR 5~100 Y=5.398 7X+1.268 4 0.999 3 0.5
24 skt 5~100 Y=3.684 1X+1.684 7 0.998 6 0.4
25 R 5~100 Y=2.651 4X+0.983 0 0.999 3 0.2
26 IR B 5~100 Y=3.681 4X+1.025 4 0.999 1 0.4
27 M B B 5~100 Y=4.025 1X+1.368 4 0.999 2 0.2
28 BRI 5~100 Y=5.021 3X+2.015 8 0.998 9 0.3
29 Fo gLy 5~100 Y=1.682 3X+0.219 3 0.999 5 0.3
30 FH O Sl 5~100 Y=3.258 4X+1.068 5 0.999 8 0.3
31 [EES 5~100 Y=4.025 4X+1.158 6 0.999 9 0.4
32 RIAig iR 5~100 Y=3.983 0X+0.654 3 0.998 4 0.5
33 KW 5~100 Y=2.453 2X+1.486 1 0.998 7 0.4
34 FR 3L B 5~100 Y=6.210 8X+1.259 8 0.999 0 0.2
35 R T B 5~100 Y=4.491 3X+1.357 1 0.999 1 0.5
F2 35 MBEYIBEEZGYAIIMEREIKZEFI RSD(n=6)
Table 2 Recovery rates and RSDs of 35 organophosphates in feed(n=6) %
i Sfr 10 pg/kg 50 pg/kg 100 pg/kg
No. Name iR RSD [ET e % RSD iR RSD
Recovery rate Recovery rate Recovery rate
1 o s 86.35 8.91 90.25 7.54 95.25 4.05
2 T R s 87.12 9.65 88.96 6.34 93.68 3.98
3 R 88.35 10.25 89.65 8.25 94.12 5.24
4 AR 85.98 8.35 88.36 8.68 92.02 6.58
5 AT 89.69 11.65 91.25 7.02 90.68 7.12
6 L st 86.59 10.57 92.36 6.98 93.10 4.84
7 PP ol 87.39 10.69 86.24 8.41 90.68 5.17
8 [A5R 0 86.12 9.98 89.34 8.45 91.14 6.01
9 SRR 86.03 8.66 92.36 7.51 93.87 4.98
10 377 88.69 9.12 94.01 5.86 95.21 5.36
11 IR 90.21 8.75 93.54 6.32 96.54 6.25
12 Hb HOB 89.99 8.69 89.65 4.69 100.54 5.36
13 AT 86.36 10.69 88.48 7.25 99.01 4.98
14 TRTR 87.69 9.87 92.01 5.14 92.54 5.01
15 Yt 88.21 8.69 93.45 6.87 98.42 6.41
16 IR 87.19 10.21 90.50 4.69 108.21 3.69
17 R el 89.62 11.19 89.31 8.25 96.50 4.02
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o 10 pg/'kg 50 pe/kg 100 pg/'kg
g an CIres RSD Cres RSD Eres RSD
Recovery rate Recovery rate Recovery rate
18 TR IR 88.25 10.25 88.65 4.15 111.08 5.98
19 IR 86.49 9.20 90.21 6.72 108.41 7.25
20 XA 87.58 8.63 89.57 8.82 93.58 6.21
21 FEIN 88.67 8.10 90.19 6.08 98.18 4.52
22 bR 82.98 10.24 93.24 7.18 114.21 6.36
23 TR AT 86.24 10.48 92.04 7.42 105.02 5.36
24 Tz 87.13 11.25 87.54 8.01 95.01 4.03
25 TR 89.39 9.54 88.02 7.12 93.05 5.90
26 ViRt 87.43 8.66 86.98 5.09 110.05 6.12
27 IS 88.20 10.63 89.05 6.53 104.21 4.02
28 RN 89.06 8.93 90.40 7.25 97.05 7.09
29 WMol 81.19 9.65 90.99 8.09 95.04 5.48
30 PP S il 88.21 10.24 91.06 5.39 90.24 421
31 (EES 88.06 11.45 89.65 6.66 98.68 3.98
32 R 2R 89.70 9.36 87.08 7.08 102.16 6.69
33 K 80.87 8.99 90.24 8.10 110.74 7.70
34 FH X il 89.99 10.02 91.04 8.71 96.24 6.80
35 TR 86.31 11.13 87.02 6.99 93.04 5.98
#3 LRAMERNEEREER
Table 3 Qualitative screening results of feed sample

. i % i o e i B4 (i) Retention time /min  [f]{v Z 14 iy
5 ) or st '[‘}i[ij::l{faigr%ss Aﬁﬁiﬁigs g;% %FF'{%;[; 1:32;: ] ]J)Te;fe t?%f:fsg
No. Name Formula [M+H]" [M+H]" mDa Solvent Sample pattern match // %
1 e C,H,CL0,P 220.952 9 220.952 7 -2.0 431 432 99.0
2 LT Rl C,H,,NO,PS 184.018 7 184.019 5 1.8 1.96 1.96 100.0
3 R C,H,,NO,PS, 230.007 2 230.006 8 -0.4 3.25 3.24 100.0
4 EURE C,H,,NO,PS 214.030 8 214.029 4 -14 2.12 2.13 92.7
5 L CoH,,CI,NO,PS 349.931 4 349.934 7 3.3 7.41 7.42 91.8
6 RS A C,H,Cl,NO,PS 321.901 0 321.902 9 1.9 6.84 6.84 97.1
7 P S 5 e C, H,,N,0,PS 306.104 7 306.103 0 -1.7 6.77 6.78 99.0
8 [Geak B C,,H0,PS, 279.027 6 279.027 1 -0.5 6.49 6.50 97.4
9 SR C,H;N,0,PS 299.061 4 299.061 3 -0.1 6.42 6.43 98.8
10 =R C,H,N,0,PS 314.073 8 314.071 6 -22 5.99 5.99 99.3
11 =R C,H, N,0,PS 305.110 7 305.107 3 -34 6.63 6.64 98.6
12 Hi B C,H,;0PS, 247.037 2 247.037 5 0.3 6.57 6.58 100.0
13 FMEAN C,H,NO,PS 278.023 5 278.025 1 1.6 5.92 5.93 90.6
14 TR C,,H,;BrClO,PS 372.942 6 372.942 3 -0.3 7.11 7.12 96.6
15 LI C,H,,0,P,S, 384.995 4 384.994 6 -0.8 7.32 7.33 96.8
16 W C,,H,ClOsPS 363.022 4 363.021 3 -1.1 6.59 6.60 99.6
17 FH e C,HgNO,PS 142.009 2 142.008 5 -0.7 1.38 1.38 98.0
18 TR C,H,,0,P,S, 323.030 4 323.029 8 -0.6 6.49 6.48 97.2
19 & C,H,,NO,P 224.068 9 224.068 0 -0.9 2.68 2.69 99.8
20 pOR T C,H,,NO,PS 292.038 5 292.041 0 2.5 6.37 6.38 100.0
21 I C¢H,,N,0,PS, 302.968 8 302.969 3 0.5 5.32 5.33 100.0
22 Hi T C4H 4NO,PS, 270.035 5 270.039 2 3.7 436 4.37 99.4
23 AR C,,H,;CINO,PS, 367.993 4 367.994 6 1.2 6.72 6.73 98.6
24 Witk C,,H,,CINO,P 300.077 7 300.075 6 -2.1 4.10 4.11 94.2
25 ORI C,H,,0,PS, 331.043 2 331.043 4 0.2 5.87 5.89 98.8
26 TR R C¢H,0,PS 230.985 4 230.987 1 -1.7 6.50 6.51 99.3
27 WS C,H;N,0,PS 299.061 4 299.061 3 -0.1 6.42 6.43 98.8
28 Hi C,H,,NO,PS, 256.024 5 256.021 9 -2.6 3.80 3.81 99.7
29 HE R C,H,Cl1,0,P 256.929 3 256.930 1 0.8 3.26 3.27 98.2
30 PR L A0 CsH,0,PS 230.988 8 230.987 1 -1.7 6.54 6.55 99.3
31 IEE C,H,0,PS, 321.037 2 321.038 2 1.0 6.41 6.42 99.3
32 RIAi8 R C,,H,,NO,PS, 318.001 2 318.002 1 0.9 5.43 5.44 100.0
33 Rk C.H,0,PS, 243.065 3 243.063 2 -2.1 6.19 6.20 96.5
34 FP R C4H,,NO,PS 264.006 9 264.009 8 2.9 5.55 5.56 91.2
35 TR C,H,,0,PS, 289.049 0 289.052 3 3.3 7.23 7.24 93.3
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Table 2 The thermogravimetric analysis of briquette

BER FARFAINE WA AT RBES [i] K5y i PRI BRI

S unl Addition amount  Initial mass Residual Burning Ash content Burning Ignition

ampres of corn stalk // % mg mass // mg time // min % rate // % point //C

I Lignite 0 15 4.356 5 43 25.090 94.72 433

FIPE Briquette 30 12 2.880 0 35 21.062 96.27 312

FUHE Briquette 40 12 2.509 6 33 21.062 99.23 316

T Briquette 50 12 1.836 0 30 15.020 99.88 282
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