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Multiresidue analysis of 133 pesticides in corn using automatic QuUEChERS with LC-MS/MS

WANG Ji-shi, HE Ze—ying, XU Ya—ping, WANG Lu, PENG Yi, LIU Xiao—wei"

(Key Laboratory of Environmental Factor Control for Agro—product Safety, Ministry of Agriculture/Agro—Environmental Protection Institute,
Ministry of Agriculture, Tianjin 300191, China)

Abstract: In this work, a novel automatic QuEChERS methodology was developed to simplify QuEChERS procedures, while improving the
sample preparation efficiency. This combination integrated QuEChERS procedures into a single run through the use of a vortex vibration—
centrifuge device and a centrifuge filtration tube. To validate the efficiency of our automatic QUEChERS device, 133 pesticides in corn were
analyzed using this automatic platform, combined with liquid chromatography tandem quadruple linear ion trap mass spectrometry. The re—
sults were subsequently compared with those obtained using the manual QUEChERS method. Various parameters were validated and com—
pared, including recovery, linearity, repeatability and limits of quantification(LOQ ). Satisfactory results, comparable to the results obtained
using the manual QuEChERS method, were obtained. The average recoveries ranged between 70% and 120% for most pesticides, with asso—
ciated relative standard deviations( RSDs) <20%(n=5), indicating satisfactory accuracy and repeatability. An LOQ of 2 pg-kg™" was ob—
tained for most pesticides present in the corn matrices, while the correlation coefficients were >0.990 within a linearity range of 2~500
pg-kg™'. Compared to the manual QuEChERS, this novel automatic QuEChERS device combination could significantly improve the sample
preparation efficiency for the multiresidue analysis of pesticides. Actual corn samples were analyzed for method application, confirming the
feasibility of the method.
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Figure 2 Diagram of double centrifuge tubes prevent the osmosis
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Table 1 The gradient elution procedure of mobile phase

i T Wi A LB B
mLmin™ (HEE)/% (0.2%BERR %L )1 %

0 0.3 15 85
0.5 0.3 15 85
2.5 0.3 50 50
10 0.3 95 5
12 0.3 95 5

12.1 0.3 15 85
15 0.3 15 85

QuEChERS Hi b BRI 25 FF AR Ab 38 o AL FRES o5 NN
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Table 2 Optimized chromatographic parameters for the selected antibiotics

RAFRE RS2

EIEEIH

lasg?] LRFA I 8] /min RSN EHEHLE 1 AR AE 1 BTN 2 FEHEHLE 2 Tl RE 2
3—Hydroxycarbofuran 3.7 238>181 65 14 238>163 65 20
Acephate 2.1 184>143 50 10 184>125 50 26
Acetamiprid 3.7 223>126 70 27 223>99 70 47
Acetochlor 79 270.2>133.1 36 45 270.2>148.2 36 15
Alachlor 79 270.1>238.1 46 15 270.1>162 46 25
Aldicarb 44 208>116 20 11 208>89 20 22
Aldicarb sulfone 2.6 240.1>148 25 17 240.1>86 25 24
Aldicarb sulfoxide 2.5 207>89 51 20 207>132 51 10
Ametryn 7.0 228.1>186.2 100 25 228.1>96 100 35
Atrazine 6.0 216.1>174 71 23 216.1>104 71 39
Atrazine— desethyl 4.0 188>145.9 75 25 188>103.9 85 33
Atrazine—desisopropyl 34 174>104 75 30 174>68 70 40
Azinphos—methyl 6.5 318>160.2 29 13 318>132.2 29 21
Azoxystrobin 6.7 404.1>372 70 20 404.1>344.1 70 34
Benalaxyl 8.6 326>148.1 80 28 326>91 80 55
Bitertanol 79 338.2>70 30 25 338.2>269 30 15
Bromacil 5.1 261>205 65 21 261>188 65 41
Buprofezin 9.5 306.2>201.1 66 17 306.2>116.2 66 21
Butachlor 9.9 312.1>238 54 15 312.1>162 54 32
Carbaryl 53 202.1>145 54 15 202.1>127 54 40
Carbendazim 4.1 192>160 80 25 192>132 80 41
Carbofuran 5.0 222.1>165 70 17 222.1>123.1 70 29
Carboxin 5.4 236.1>142.9 70 21 236.1>87 70 33
Chlorantraniliprole 6.5 483.9>452.9 80 28 483.9>285.9 80 28
Chlorbenzuron 83 309>156 75 20 309>139 75 44
Chlorbromuron 7.0 293>204 76 29 293>182 76 25
Chlorfenvinphos 8.6 358.9>155.1 71 17 358.9>99 71 39
Chlorfluazuron 10.4 540>383 110 30 540>158 110 27
Chlorpyrifos 10.0 350>97 82 49 350>198 82 29
Chlorpyrifos—methyl 9.0 324>125.1 65 28 321.9>125.1 65 25
Clomazone 6.6 240.1>125 80 27 240.1>89.1 80 65
Clothianidin 35 250>132 71 21 250>169.1 71 17
Coumaphos 8.6 363>227 100 36 363>307 100 25
Deltamethrin 10.5 523.2>281 55 23 523.2>506.1 55 16
Diazinon 8.6 305>169 80 27 305>153 80 28
Dichlorvos 49 221>109 70 23 221>127 70 25
Dicrotophos 33 238.1>112 62 17 238.1>127.1 62 25
Diethofencarb 6.9 268.1>226.1 66 14 268.1>180 66 25
Difenoconazole 8.9 406.1>251 120 37 406.1>337 120 23
Diflubenzuron 8.0 311>158 72 21 311>141.2 72 47
Dimethoate 3.7 230>199 56 13 230>125 56 29
Dimethomorph 7.1 388.1>301 115 29 388.1>165 115 43
Diniconazole 8.9 326>70 105 57 326>159 105 38
Epoxiconazole 7.8 330>121 76 27 330>101 76 63
Ethion 9.9 385>199.1 31 17 385>171 31 23
Ethoprophos 7.9 243>131 51 29 243>97 51 41
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Continued table 2 Optimized chromatographic parameters for the selected antibiotics

&) LR FA I 8] /min EERSE FEHEHLE 1 AR AE 1 BTN 2 FHEHLE 2 TR RE 2
Etoxazole 10.3 360.1>141 96 45 360.1>57.2 96 45
Etrimfos 8.5 293.1>125 72 24 293.1>265.1 72 35
Famoxadone 8.5 392>331 45 15 392>238 45 23
Fenamidone 7.0 312.1>92 77 38 312.1>65 77 71
Fenamiphos 8.1 304.2>217.1 77 31 304.2>202 77 45
Fenarimol 7.7 331>268 86 31 331>81 86 47
Fenbuconazole 7.9 337.1>124.9 115 42 337.1>70 115 43
Fenobucarb 6.8 208.1>95 65 21 208.1>152 65 13
Fenothiocarb 8.2 254.1>72.1 61 35 254.1>160.2 61 14
Fenpropimorph 114 304.3>147.1 49 39 304.3>117 49 71
Fenthion 8.4 279.1>169 78 23 279.1>247 78 18
Fipronil 8.1 454>368.1 50 33 454>290.1 50 42
Fluazifop-butyl 9.6 384.1>282.1 74 27 384.1>328 74 23
Fluquinconazole 7.6 376>307 91 33 376>349 91 25
Flutolanil 7.2 324.1>262.1 84 25 324.1>282.1 84 17
Fonofos 8.6 247>109.1 50 25 247>201 50 20
Fosthiazate 5.7 284>228 63 15 284>104 63 28
Hexaconazole 8.6 314.1>70.1 94 45 314.1>159 94 40
Hexaflumuron 9.1 460.9>158 100 25 460.9>141 100 65
Hexazinone 5.1 253.1>171.1 70 23 253.1>71.1 70 43
Imazalil 8.5 297.1>159 60 31 297.1>201 60 23
Imidacloprid 34 256.1>175 60 26 256.1>209 60 23
Indoxacarb 9.0 528.1>203 71 51 528.1>56 71 55
Iprodione 8.0 330.1>245 85 21 330.1>288 85 16
Isazofos 7.5 314>162 70 22 314>120 70 40
Isoprothiolane 73 291.1>189 35 30 291.1>231.1 35 16
Isoxathion 8.7 314.1>105 59 21 314.1>170 59 19
Malathion 73 331>127 64 17 331>99 64 31
Mefenacet 7.5 299.1>148.1 35 19 299.1>120.1 35 35
Metalaxyl 6.2 280.2>220 65 18 280.2>192.3 65 24
Methamidophos 1.7 142>94 54 19 142>125 54 18
Methomyl 29 163>88 38 13 163>106 38 13
Metolachlor 8.1 284.1>251.9 54 19 284.1>176 54 33
Molinate 7.5 188.1>126.2 61 17 188.1>55.1 61 35
Monocrotophos 3.1 224.1>127 71 21 224.1>98 71 17
Myclobutanil 74 289.1>70 80 35 289.1>125 80 46
Napropamide 79 272>171 80 26 272>129.3 80 21
Omethoate 23 214>182.9 56 16 214>109 56 36
Oxadixyl 45 279.1>219.2 68 17 279.1>132.1 68 41
Paclobutrazol 72 294>70 90 50 294>125 90 55
Paraoxon 5.8 276.1>220 69 19 276.1>248.1 69 13
Parathion 8.2 292>236 80 20 292>264 80 15
Penconazole 8.3 284>70 81 29 284>159 81 39
Pendimethalin 10.1 282.1>212 45 15 282.1>194 45 25
Permethrin 11.0 408.2>183.1 50 22 408.2>355.2 50 11

Phorate 8.8 261>75 51 21 261>199 51 10
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Continued table 2 Optimized chromatographic parameters for the selected antibiotics

&) PR B A 1) /min RO EFEHE 1 TR RE 1 BX 2 EFEHE 2 i RE 2
Phorate sulfone 59 293>96.9 65 50 293>114.7 65 35
Phorate sulfoxide 5.7 276.9>96.9 60 45 276.9>114.7 55 28
Phosalone 8.8 368>182 71 20 368>322 71 13
Phosmet 6.6 318>160 61 17 318>133 61 49
Phoxim 8.7 299.1>129 67 16 299.1>77 67 46
Pirimicarb 59 239.2>72 20 36 239.2>182 20 21
Pirimiphos—ethyl 9.9 334.2>198.1 39 27 334.2>182.1 39 27
Pirimiphos—methyl 8.9 306.1>164.1 75 29 306.1>108 75 40
Prochloraz 8.8 376.2>308 65 17 376.2>70.1 65 43
Profenofos 9.5 373>302.9 80 25 373>345.2 80 18
Prometryne 7.8 242.1>158 80 31 242.1>200.1 80 24
Propanil 6.9 218.1>162.1 76 21 218.1>127.1 76 37
Propargite 10.2 368>231 46 17 368>175 46 21
Propazine 7.0 230.1>188.1 74 19 230.1>146 74 29
Propiconazole 8.5 342.1>159 86 43 342.1>69.1 86 33
Propoxur 5.0 210.1>111 33 19 210.1>168.1 33 11
Propyzamide 7.3 256>190 54 19 256>173.1 54 31
Prothiofos 10.8 3455241 60 26 347>243 60 26
Pyraclofos 8.8 361.1>257 86 28 361.1>138.1 86 49
Pyrazophos 8.9 374.1>222.1 56 29 374.1>194 56 43
Pyridaphenthion 7.4 341>189 71 29 341>205 71 35
Pyrimethanil 7.0 200>107 91 34 200>82 91 37
Pyriproxyfen 9.9 322.1>96 60 23 322.1>185 60 31
Quinalphos 8.3 299>163 66 31 299>147 66 29
Quinoxyfen 10.0 308>197 61 43 308>162 61 57
Spirodiclofen 10.6 411.2>313.1 46 17 411.2>71.1 46 25
Sulfotep 8.4 323>171.1 70 21 323>115 70 43
Sulprofos 10.1 323>219 81 21 323>247 81 17
Tebuconazole 84 308.1>70 90 49 308.1>125 90 47
Tebufenpyrad 9.7 334.2>117 71 47 334.2>145 71 37
Terbutryn 8.0 242.2>186.1 49 25 242.2>68.1 49 57
Tetrachlorvinphos 8.2 367>127 66 19 365>127 66 19
Tetraconazole 7.7 372>159 66 39 372>70 66 47
Thiamethoxam 3.0 292>211 60 18 292>181 60 32
Thiobencarb 8.9 258.1>125 66 25 258.1>89 66 67
Tolclofos—methyl 8.8 301>175 59 35 301>268.9 59 23
Triadimefon 7.4 294>197 81 21 294>225 81 17
Triazophos 7.5 314>162 70 25 314>119.1 70 47
Tricyclazole 42 190>163.1 70 32 190>136 70 38
Uniconazole 8.0 292.1>70 90 55 292.1>124.9 90 40
Vamidothion 3.7 288>146 56 17 288>118 56 31

0.22 wm GALIEME, F500. &S 45 TPIREAE 3 AR, JLPFITA Z AR 2 ICRLE 70%~120% 2 7],
AU EE T B IR e R AT IE Y, A3 @l PRI L e e, it — 23 1 A 2l QUEChERS
QuEChERS J5: 54648 QuEChERS Jrik MG HRAH2E  Jr e FORREG 258 oM b i nl A P An s I
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Figure 4 The chromatogram of corn extracts using EN and

AOAC method
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