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Synchronous Screening and Quantitation of 51 Pesticides Residue
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Abstract; To screen and quantify 51 pesticides residue in grain feed synchronously, an ultra performance liquid
chromatography—orbitrap mass spectrometry method and the target compounds data base were established. Grain
feed was extracted by 0.1 mol/ml HCI : menthanol =1:3. The extraction was high speed centrifuged and purified
by acid then diluted to inject. Thermo Syncronis C18 column (150 mmX2.1 mm, 3 wm) was chosen to be the
solid phase and 0.1% formic acid combined with 0.1% formic acid acetonitrile were chosen to be the liquid phase

to achieve the grad elution. The mass spectrometer was operated using positive and negative switching scan mode.
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One pair of parent ion and daughter ion were chosen to achieve the qualitation and the response of the parent ion

was used to achieve the quantitation. Under the optimal conditions, 51 pesticides were separated well, Good

linearity was obtained in their respective quantitative range ( correlation coefficients r = 0.99). The average

recoveries were in the range of 50.61% ~ 109.49% and the relative standard deviations ( RSD) were lower than

9.1%. The method was proved to be convenient, economical, sensitive and accurate. The research was proved to

be effective for the screening and quantitation of 51 pesticides residue in grain feed.

Key words: orbitrap mass spectrometry; positive and negative switching mode; pesticides residue; synchronous

screening and quantitation
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Tab 1 Procedure of gradient elution

Time

/min

Flow rate

A/ %
/(mL + min™") v

B/ %

0.00 95 5

1.00 95 5

8.00 5 95
0.3

13.00 5 95

13.10 95 5

17.00 95 5
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Fig 1 Typical XIC of sample with LOQ concentration

14 JEE4% i Thermo Fisher AT Q Exactive
DU AT L 20 T B B 334 HEST R, 2 8 55 R [T A
MEEXF 1 pne/mL 19 51 BhA R UE B T 2 AR
b, Hemis Binfb S WO s 0 B 554y - 8%
IEF BT OIS, 1R HLUE 3200 V, 67 HLE 2600 V,
#4/5.( Sheath gas) /7 344 kPa, i BI< ( Aux gas) it
5 L/min, K493 ( Sweep gas) Vi 0.3 L/min, filf
A S 0.2 Pa, B AN (Capillary tube ) ¥ B
325 °C B SNH ( Aux gas heater temperature ) i
J& 350 °C, B35 5E 5 M L (S—lens RF voltage )
50.0 V; Ay 28I B AR R F i
IR, — BB T Y 100 ~ 800 M/Z,
BEBS T3 20 9y 70000 , R BT B S R 3
# [ TRRAE (AGC Target) fy 3x10°, e KiFE A3k 4%

i8] ( Maximum inject time ) >4 100 ms, —- 2% A 25
FHI PN 17500, 0 H B Tk e TR
B (dd-MS2 AGC Target) } 1x10°  F K AR S
i 1A] (dd~MS2 Maximum inject time ) 4 50 ms, [ i}
B KM R B F (Top N) ZEHL 5 A4, 3745 HEBR i [H]
( Dynamic exclusion time )5 s, FiCH b 38 R4 4 B
TR S ppm KA E/NVEUEE S (£ 2)

1.5 HTALFEAE HESRRRICA iR B A 4.00 g,
JIA 5.00 mL 0.1 mol/ L FHFRAFRIRZAIRIE 2 min, F
B 15 mL B, 383% 2 min J5 %36 TR 15 min,
SR J5 8000 r/min F% 3 T B.0 5 min, U E 2 VE W
0.5 mL, JILA 0.1% HfZ 0.5 mL }2%4]J5 14000 r/min
B0 3 min, FIHIRZ0.22 wm RIS S EALINE
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x2 SIMARLAYEEFMFET
Tab 2 Parent ion and Daughter ion of 51 Pesticides

Compound Formular Adduct RT Parent ion Daughter ion S/N of LOQ
2,3 ,5-Trimethacarb C11HI5SNO2 +H 7.63 194.11756 137.09610 1609
2,4,5-T C8H5CI303 -H 7.86 252.92315 194.91657 >10000
2,4-D (2,4-PA) C9HS8CI203 -H 7.77 232.97777 160.95576 >10000
2—Naphthyloxyacetic acid C12H1003 -H 7.07 201.05572 143.04924 2042
3,4 ,5-Trimethacarb C9H120 +H 7.63 137.09609 122.07268 3406
4~Chlorophenoxyacetic acid C8H7ClO3 -H 6.75 185.00110 126.99450 3976
Acifluorfen C14H7CIF3NOS5 -H 8.56 359.98921 194.98246 >10000
Aclonifen CI12H9CIN203 +H 9.01 265.03745 248.03430 285
Aldicarb C7H14N202S +Na 6.48 213.06682 89.04242 >10000
Aldicarb sulfone C7HI14N204S +H 6.47 223.07470 86.06004 >10000
Aldicarb—sulfoxide C7H14N203S +H 4.78 207.07979 89.04243 >10000
Aminocarb C11H16N202 +H 4.09 209.12845 137.08352 5571
Bendiocarb C11H13NO4 +H 7.06 224.09173 123.04406 755
Bromoxynil C7H3Br2NO -H 7.38 273.85086 78.91750 4446
Butocarboxim C7HI14N2028 +Na 6.29 213.06682 75.02630 >10000
Butocarboxim sulfoxide C7HI14N2038S +H 4.08 207.07979 75.02630 429
Butoxycarboxim CTHI14N2045 +H 4.67 223.07470 86.06055 >10000
Carbaryl CI2H11NO2 +H 7.26 202.08626 145.06479 399
Carbofuran C12H15NO3 +H 7.09 222.11247 123.04406 9809
Carbofuran—3-hydroxy C12H15NO4 +H 5.57 238.10738 163.07536 1311
Clopyralid C9H9CIO3 -H 7.34 199.01675 141.01030 1100
Cyclanilide C6H3CI2NO2 -H 5.09 189.94681 143.86420 >10000
Dichlorprop racemate CI1H9CI2NO3 -H 8.2 271.98867 143.86420 1149
Diethofencarb C9H8CI203 -H 7.77 232.97777 160.95575 >10000
Ethiofencarb C14H21NO4 +H 8.14 268.15433 124.03930 >10000
Fenobucarb CI11HI5SNO2S +H 7.42 226.08963 107.04914 >10000
Fenothiocarb C12H17NO2 +H 8.06 208.13321 95.04914 >10000
Fenothiocarb CI3HI9NO2S +H 8.9 254.12093 72.04508 >10000
Fluroxypyr C7H5CI2FN203 -H 6.54 252.95885 194.95279 >10000
Fomesafen CI15H10CIF3N206S -H 8.41 436.98274 194.98240 >10000
Furathiocarb CI18H26N205S +H 9.93 383.16352 149.05971 >10000
Gibberellic acid CI9H2206 -H 5.19 345.13436 143.08560 >10000
Toxynil C7H312NO -H 7.83 369.82312 126.90390 5437
Isoprocarb C11HI5NO2 +H 7.63 194.11756 95.04914 1609
MCPA C9HICIO3 -H 7.17 199.01675 126.99450 50
MCPB CI11HI13ClO3 -H 7.98 227.04805 141.01030 >10000
Mecoprop CI0H11C103 -H 7.76 213.03240 141.01030 1811
Methiocarb CIIHISNO2S +H 8.07 226.08963 121.06479 >10000
Methomyl C5HI0N202S +H 5.03 163.05357 88.02155 >10000
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Compound Formular Adduct RT Parent ion Daughter ion S/N of LOQ
Metolcarb ( MTMC) COHIINO2 +H 9.49 166.08626 109.06479 2296
MPMC ( Xylylcarb) C10H13NO2 +H 7.23 180.10191 123.08044 17
Oxamyl C7H13N303S +H 4.75 242.05698 72.04439 >10000
Pirimicarb C11H18N402 +H 5.11 239.15025 72.04439 >10000
Promecarb C12H17NO2 +H 8.2 208.13321 109.06479 >10000
Propoxur C11H15NO3 +H 7.05 210.11247 111.04406 1011
Rotenone C23H2206 +H 8.7 395.14891 213.09080 >10000
Terbucarb C17H27NO2 +H 9.5 278.21146 109.06501 >10000
Thiodicarb C10H18N404S3 +H 6.78 355.05629 88.02206 >10000
Thiofanox C9H18N202S +H 7.31 241.09812 57.06988 >10000
Triclopyr C7H4CI3NO3 -H 7.58 253.91840 195.91240 >10000
XMC C10H13NO2 +H 7.34 180.10191 95.04955 12
2 RSN 23 ERMBMAE  HRIE I,

21 LMxEERENH#E 51 MR ERE L
B LK SO g/ mL AOTR B AR VI 49, PR 25
FIA YRRl 1.5 TTURE i Ak 348 07 V6 AR AR 25 R
sl TV, JH P R AR ME I 38 53 I R R 1
2.5.10.,20.50,100.500 ng/mL FrifE i<k TAF IR,
1.3 W5 1.4 T 7 1 AR I b A ) 45
RBEATLNERNA  3RA5% Ak & W rbrifEh £
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Tab 3 Standard curve of 51 Pesticides

Compound Y -Intercept Slope R? Compound Y -Intercept Slope R?
2,3,5-Trimethacarb 4.32x107 3.26x10° 0.9954 Fenothiocarb 1.87x107 1.70x10° 0.9945
2,4,5-T 8.18x10* 1.64x10° 0.9995 Fenothiocarb 7.31x10° 1.03x10° 0.9941
2,4-D (2,4-PA) -9.85%x10° 2.92x10° 0.9992 Fluroxypyr -3.42x10° 1.59x10° 0.9990
2—Naphthyloxyacetic acid ~ —1.24x10° 4.27x10° 0.9994 Fomesafen 2.40x10° 3.72x10° 0.9997
3,4 ,5-Trimethacarb 1.33x10% 8.03x10° 0.9928 Furathiocarb 1.48x10% 6.03x10° 0.9889
4—Chlorophenoxyacetic acid -4.73x103 3.78x10° 0.9996 Gibberellic acid -3.39x10° 3.32x10° 0.9998
Acifluorfen 9.74x10* 9.63x10* 0.9986 Toxynil 2.36x107 1.41x10° 0.9854
Aclonifen 1.05x10° 4.05x10* 0.9989 Isoprocarb 4.32x107 3.26x10° 0.9954
Aldicarb 1.95x107 8.59x10° 0.9923 MCPA -1.20x10° 3.68x10° 0.9991
Aldicarb sulfone 9.39x10° 2.71x103 0.9863 MCPB 1.10x10* 1.13x10* 0.9965
Aldicarb—sulfoxide 3.21x10° 9.54x10% 0.9865 Mecoprop 1.48x10° 4.81x10° 0.9989
Aminocarb 4.85x10’ 4.48x10° 0.9966 Methiocarb 2.21x10° 3.26x10° 0.9833
Bendiocarb 4.74x10° 3.91x10° 0.9968 Methomyl 6.69x10° 2.11x10° 0.9869
Bromoxynil 4.76x10° 4.08x10° 0.9932 Metolcarb( MTMC) 5.39x107 2.68x10° 0.9862
Butocarboxim 1.94x107 1.01x10° 0.9836 MPMC ( Xylylcarb ) 9.87x10° 1.01x10° 0.9967
Butocarboxim sulfoxide 1.50x107 3.76x10° 0.9972 Oxamyl 3.36x10° 2.75%10° 0.9922
Butoxycarboxim 1.05x107 3.06x10° 0.985 Pirimicarb 5.19x107 8.67x10° 0.9984
Carbaryl 5.04x10° 1.79x10° 0.9924 Promecarb 2.93x107 3.86x10° 0.9839
Carbofuran 1.95x108 8.43x10° 0.9886 Propoxur 1.19x107 6.91x10° 0.9925
Carbofuran—3—hydroxy 1.26x10’ 6.69x10° 0.9881 Rotenone 7.18x10° 5.43%x10° 0.9994
Clopyralid -1.28x10° 7.00x10° 0.9996 Terbucarb 3.17x107 1.65%x10° 0.9872
Cyclanilide 2.01x10° 6.42x10° 0.9989 Thiodicarb 5.79x10° 1.19x10° 0.9989
Dichlorprop racemate -9.85%x10° 2.92x10° 0.9992 Thiofanox 1.38x107 7.10x10° 0.9869
Diethofencarb 8.31x10* 5.91x10° 0.9998 Triclopyr -2.24x10° 4.50x10* 0.9979
Ethiofencarb 1.16x107 5.24x10° 0.9853 XMC 2.53x10° 4.03x10° 0.9960

Fenobucarb 5.11x10° 9.57x10° 0.9977

R4 SIFHRERUEMERENRZE

Tab 4 Accuracy and precision of 51 Pesticides in Grain feed

— R RO RDwE e RO
(n=6) (n=6) (n=6) (n=6) (n=6) (n=6)

Butocarboxim sulfoxide 50.61 7.2 68.21 5.3 58.80 6.2
2,3 ,5-Trimethacarb 97.81 6.3 96.69 4.5 90.55 5.1
3,4,5-Trimethacarb 109.49 7.1 105.33 6.3 92.82 5.8
Aldicarb 56.68 6.8 59.48 4.1 60.74 3.9
Aldicarb sulfone 52.70 7.0 61.27 4.9 50.87 6.2
Aldicarb-sulfoxide 50.61 5.8 58.21 6.6 58.80 4.1
Aminocarb 58.08 8.2 66.26 4.8 69.32 5.0
Bendiocarb 71.79 4.3 73.45 3.9 83.78 5.1

Butocarboxim 55.78 5.8 69.73 4.2 59.44 4.8
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Compounds Ri(c)ol:fr/yl;%ﬂy RSD sv/% Ri(io}:gyl;%r% RSD s/ % f:ggjvtif} ‘ip RSD sv/%
(n=6) (n=6) (n=6) (n=6) (n=6) (n=6)

Butoxycarboxim 57.53 4.9 51.27 3.2 55.79 5.1
Carbaryl 57.29 6.6 65.17 7.3 55.41 5.4
Carbofuran 78.11 6.0 78.44 5.3 81.41 4.8
Carbofuran—3—-hydroxy 82.38 4.5 80.47 3.9 72.85 6.0
Diethofencarb 97.85 4.9 96.74 5.2 77.52 6.9
Ethiofencarb 90.51 5.3 89.26 4.6 80.50 6.1
Fenobucarb 61.70 7.2 63.63 6.3 67.48 5.8
Fenothiocarb 104.09 6.9 103.33 7.1 59.01 7.6
Furathiocarb 97.58 4.9 84.14 5.7 57.74 6.2
Isoprocarb 97.81 7.2 96.69 6.3 90.55 4.2
Methiocarb 92.61 5.8 93.78 7.1 64.08 5.2
Methomyl 58.65 6.9 66.52 5.8 63.61 4.3
Metolcarb( MTMC) 100.72 5.8 109.48 7.1 54.25 6.3
Xylylcarb (MPMC) 65.89 6.4 79.79 3.9 79.14 5.8
Oxamyl 70.64 7.2 60.52 8.9 53.55 6.4
Pirimicarb 95.71 4.9 81.85 6.7 71.45 5.8
Promecarb 61.70 5.3 64.41 6.9 57.48 5.1
Propoxur 89.43 4.1 87.34 3.7 91.65 4.9
Terbucarb 106.19 6.8 96.88 4.9 57.97 5.6
Thiodicarb 77.53 5.9 67.11 6.3 63.40 4.2
Thiofanox 72.58 3.9 76.97 5.2 79.81 6.1
XMC 65.11 6.9 63.31 4.3 61.47 3.7
2,4,5-T 68.2 6.3 72.5 7.6 62.5 5.0
2,4-D (2,4-PA) 64.8 4.2 63.8 6.4 70.7 6.4
2-Naphthyloxyacetic acid 66.1 6.1 64.5 8.9 69.8 5.5
4-Chlorophenoxyacetic acid 76.9 8.8 80.7 8.4 74.1 5.0
Acifluorfen 74.6 7.0 79.7 9.1 88.2 7.0
Aclonifen 72.1 9.1 87.3 7.6 70.9 6.9
Bromoxynil 67.5 8.5 73.7 8.8 88.8 4.5
Clopyralid 66.1 9.2 80.4 5.0 89.8 7.9
Cyclanilide 75.6 9.4 69.6 6.4 71.9 5.6
Dichlorprop racemate 76.4 9.5 61.1 5.5 70.7 3.6
Fenothiocarb 60.9 9.2 63.0 5.0 64.0 7.5
Fluroxypyr 72.0 7.6 71.2 7.0 74.4 8.5
Fomesafen 78.5 6.4 74.1 6.9 67.9 9.6
Gibberellic acid 67.0 8.9 73.8 4.5 75.4 6.7
Toxynil 61.0 8.4 68.1 7.9 69.3 10.3
MCPA 79.5 9.1 77.6 5.6 78.9 6.3
MCPB 70.8 7.6 63.2 3.6 73.3 4.2
Mecoprop 742 8.8 74.8 7.6 69.2 6.1
Rotenone 64.6 5.0 70.7 9.4 71.1 8.0
Triclopyr 74.8 6.4 71.2 8.9 65.5 73
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Tab 5 Research on Extraction Efficiency of 30 Carbarmates in grain feed

0.1 mol/L HCI : Methanol

0.1 mol/L HCI : Acetonitrile

1:3 1:1

3:1 1:3 1:1 3:1

Average Recovery/% 74.44 75.62
RSD/ % 20.9 41.97
Number of Deviation 7 9

59.39 78.59 64.00 50.38
41.52 24.35 34.88 53.84
15 11 9 16

3.2 EMEEEFANFR  RAEECEAMHEH
EUSL RIS (identification points, IPs) Sy S A i
A E AT, 6 AN RIE RLE SR (19 5% B2 9
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