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Application of Multi-residue Analytical Method
to 6 Agricultural Products

Shigeki AKAMATSU™, Sachiko HAYASHI, Naoko KOBAYASHI, Ryoko HATTORI, Makiko TAKENAKA

and Takao MITSUHASHI

Life Science Division, Public Health Science Research Center, Hyogo Prefectural Institute of
Public Health and Consumer Sciences,2-1-29, Arata-cho, Hyogo-ku, Kobe 652-0032, Japan

The applicability of multi-residue analytical method for 293 pesticides (including metabolites) in 6 agricultural
products was verified by GC/MS and LC/MS analysis. The samples spiked with pesticides at 0.01 pg/g or 0.1 ng/g were
analyzed in two replicate on five separate days according to the guideline notified by the Japanese Ministry of Health,
Labor and Welfare. The differences in selectivity, accuracy (recovery), and precision among agricultural products were

discussed. The average percentage of acceptable pesticides in 6 products was 72 %.
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Sample 25 g

€— Standard solution (10 pg/mL or 1pg/mL) 0.25 mL
&— Water 5 mL or AcONa 3 g

<€— 1S 0.25 mL
€— CH3CN 60 mL
Homogenize for 3 min

Filter with filter paper (No. 5A)
A4

ODS (1 g) column clean-up

v

Salting-out

Shake with 2 M phosphate buffer-satutated brine solution (pH 7) 10
mL and NaCl 6 g

Dehydrate

Evaporate

<— Acetone/n-hexane (1:1) 3 mL

Centrifuge for 5 min
\4

PSA (200 mg) column clean-up

Evaporate

&— Acetone/n-hexane (1:4) 2 mL
\4

Sample solution

0.4 mL

Evaporate

€— CH3CN 0.2 mL
\4 \4
GC/MS analysis (5 g sample/mL) LC/MS analysis (10 g sample/mL)

Fig.1 Sample preparation for multi-residue analysis



Table 1 Number of unacceptable pesticides for the

selectivity
Food GOMS (/0 (negativd
Corn 31 7 0
Broccoli 33 10 1
Radish 60 6 0
Potato 27 0 0
Green soybeans 13 5 0
Grapefruit 70 7 1

The number of pesticides analyzed by GC/MS, LC/MS
(positive ion mode), and LC/MS (positive ion mode) were 245,
105, and 23, respectively.

Table 2 The criteria of accuracy and precision

I 1
Spiked level Accuracy ntrgday nte]fd.a Y
(gle) %) precision precision
H (RSD%) (RSD%)
0.01 70-120 <25 <30
0.1 70-120 <15 <20
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Table 3 The comparison of accuracy and precision among 6 agricultural products

Number of acceptable pesticides 2

0.01 pgl/g 0.1 pngl/g
Food GOMS LC{MS LC/MS GOMS LC{I\./IS LC/MS

(positive) (negative) (positive) (negative)

Solvent® Matrix ®© Solvent Matrix Solvent Matrix Solvent Matrix Solvent Matrix Solvent Matrix

Corn 130(53) 125(51) 70(67)  71(68)  20(87)  21(91) 201(82) 203(83) 64(61)  77(73)  20(87)  18(78)
Broceoli 113(46) 181(74) 55(52)  56(53)  13(57)  15(65) 194(79) 196(80) 73(70)  72(69)  21(91)  22(96)
Radish 105(43) 144(59)  43(41) 4947  18(78)  17(74) 145(59) 181(74) 42(40) 67(64)  17(74)  22(96)
Potato 162(66) 168(69)  74(70)  72(69)  17(74)  18(78) 204(83) 209(85) 62(59)  78(74)  21(91)  23(100)
Green soybeans 174(71)  126(51) 50(48)  54(51)  10(43) 7(30)  188(77) 179(73) 56(53)  53(50) 1(4) 1(4)
Grapefruit 128(52) 128(52) 21(20)  36(34)  14(61)  15(65) 175(71) 175(71) 37(85)  51(49)  15(65)  15(65)

The figure in parentheses indicated the rate of acceptable pesticides in percentage terms.

¥ The pesticides met the criteria of both accuracy and precision
Y Solvent standard

© Matrix standard
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Supplemental Table 1 Parameters for the analyte by GC/MS and LC/MS analysis

GC/MS LC/MS(positive) LC/MS(negative)
Pesticide ¥ R.T.Y T:.irget RT. Y Ta.lrget R.T.Y Ta}rget
(min) — y  min) gy min)
2,4-D butoxyethyl 23.93 220
2,4-D ethyl 12.11 175
_24Disopropyl  __ ____________________1288__ 1®» __ __ __ o ___
Acephate 8.27 136 1.00 184.1
Acetamiprid 29.04 152 4.81 223.1
Acetochlor 16.51 146.1
Acrinathrin 31.28 181
Alachlor 16.99 160.1
Aldicarb 2.65 115.1 6.04 116.1
Aldoxycarb 1.61 240.1
Aldrin 18.60 262.8
Ametryn 17.08 227.1
Amisulbrom 32.81 228 14.02 467.8 13.95 359.0
Anilofos 29.81 226 12.73 368.0
Atrazine 13.18 200.1
Avermectin 16.24 895.0
Azamethiphos 26.99 215 7.06 325.0
Azinphos-ethyl 31.31 132 11.89 346.0
Azinphos-methyl 30.24 160 10.19 132.2
_Azoxystrobin __ __ _ _ _ _ _ __ L ___ 86.06__ 841 1070 4041 _ _ _ __ ______
Benthiavalicarb-isopropyl 30.60 181
BHC 13.30 180.9
Bifenazate 29.39 300.2 11.33 198.2 9
Bifenthrin 29.39 181.1
Bitertanol 31.83 170 11.52 338.2
Bixafen 33.95 159 12.01 414.0
Boscalid 33.31 140 10.92 343.0
Bromacil 18.28 204.9 6.40 259.0
Bromobutide 16.25 119.1
Bromophos 20.19 330.9
Bromophos-ethyl 22.84 358.9
Bromopropylate 29.19 340.9
Bupirimate 25.21 273.1
Buprofezin 24.95 172.1
Butachlor 23.54 176.1
_ Butamifes ____ _ . 2892 2861 .
Cadusafos 11.93 158.9
Captan 21.47 79
Carbaryl 16.81 144 8.08 202.1
Carbendazim 4.14 192.1
Carbofuran 13.04 164.1 7.64 222.1
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GC/MS LC/MS(positive) LC/MS(negative)
Pesticide ¥ RT. P Tsju"get RT.” Tallrget RT.” Ta.lrget
(min) (:1);;) (min) (Il:l);lz) (min) (111(1);;)
Chlorantraniliprole 9.69 481.9
Chlordene 22.37 372.8
Chlorfenapyr 25.70 59.1 14.58 346.9
Chlorfenvinphos 21.81 266.9
Chlorfluazuron 15.45 538.0
Chlorpropham 11.21 127
Chlorpyrifos 19.29 196.9
Chlorpyrifos-methyl 16.57 285.9
Chlorthal-dimethyl 19.52 300.9
Chromafenozide 11.68 395.2
Clethodim 26.73 164 9.84 360.1
Clofentezine 13.20 303.0
Clothianidin 3.77 250.0
Coumaphos 32.31 362 13.13 363.0
Cyanofenphos 27.31 157
Cyanophos 13.77 243
Cyazofamid 12.34 216.0
Cyenopyrafen 29.94 309.2 15.97 394.2
Cyflufenamid 25.67 91.1
Cyflumetofen 30.47 173 14.95 465.2
Cyfluthrin 32.97 206
Cyhalothrin 30.96 181.1
Cypermethrin 33.41 181
Cyproconazole 25.34 222
_Cyprodinil ____ __ _ 2070 __ 2241 _ 1208 _ 2261 _ _ _ _ _______
DDT 26.24 235
Deltamethrin 35.59 181 16.64 523.0
Demeton-S-methyl 10.74 88 7.02 89.2
Diazinon 14.38 179.1
Dichlofenthion 16.11 279
Dichlorvos 6.60 109
Diclocymet 22.85 277.1
Dicloran 12.67 205.9
Dicofol 29.37 139
Dicrotophos 11.63 127 2.39 238.0
Dieldrin 24.26 79.1
Diethofencarb 19.13 267.1
Difenoconazole 35.20 323
Diflubenzuron 11.32 309.0
Dimethoate 12.76 87 4.53 230.0
Dimethomorph 36.10 301
Dimethylvinphos 19.22 295
Dinotefuran 1.27 203.2
Dioxathion 32.45 271




GC/MS LC/MS(positive) LC/MS(negative)

Pesticide ¥ RT. P T:ju"get RT.” T:flrget RT.” Ta.lrget
(min) (111(1);;) (min) (111(1);;) (min) (111(1);;)
Disulfoton 14.51 88
_Dhwron 854 2330 _____
Edifenphos 27.26 173
Emamectin 15.58 886.5
Endosulfan 22.96 240.8
Endrin 25.19 262.8
EPN 29.20 157
Ethion 26.46 231
Ethiprole 10.07 395.0
Ethofenprox 33.67 163.1
Ethoprophos 10.96 157.9
Ethoxazole 29.62 141
- EBtrimfos ____ W07 2021 .
Famoxadone 36.08 330.1 12.98 373.0
Fenamiphos 23.97 303.1
Fenarimol 31.01 139
Fenbuconazole 32.79 129 11.34 337.0
Fenchlorphos 17.31 284.9
Fenitrothion 18.07 277
Fenobucarb 10.54 121.1 10.03 208.2
Fenpropathrin 29.56 97.1
Fenpyroximate 15.40 422.2
Fensulfothion 26.03 293 8.89 309.0
Fenthion 19.15 278
Fenvalerate 34.53 125
Ferimzone 22.62 239.1 8.96 255.2
Fipronil 22.08 366.9
Flonicamid 10.51 174 2.92 228.0
Fluacrypyrim 27.18 145 13.70 427.1
Fluazifop-butyl 25.79 282.1
Flubendiamide 12.39 680.8
Fludioxonil 24.48 248 10.23 247.2
Flufenoxuron 14.98 487.0
Fluometuron 8.12 231.1
Fluopicolid 27.94 209
Fluquinconazole 32.26 340
Flusilazole 25.02 233
Flutolanil 24.17 173 11.65 324.1
Flutriafol 23.53 123 8.25 302.0
Fluvalinate 34.89 250
Formothion 15.52 125
Fosthiazate 20.24 195 8.24 284.1
_Fthalide | 1990 2429 . ______
Heptachlor 16.80 271.8
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GC/MS LC/MS(positive) LC/MS(negative)
Pesticide ¥ RT. P Tsilrget R.T. Tailrget R.T. " T:flrget
(min) (;)2) (min) (Ilgjlz) (min) (rlr(l);lz)
Hexachlorobenzene 12.52 283.8
_ Hexaconazole ___ _____ _______________ 388 24
Imibenconazole 36.99 125 13.78 409.0
Imicyafos 30.49 138.1 6.32 305.2
Imidacloprid 4.22 256.0
Indoxacarb 35.55 150 13.82 528.0
Iprobenfos 15.33 204
Isazophos 14.97 161
Isocarbophos 19.68 136
Isofenphos 21.83 213
Isofenphos-methyl 20.97 199
Isoprocarb 9.50 121.1 8.88 194.1
Isoprothiolane 24.26 162
Isotianil 27.64 179.9 10.87 295.9
Isoxathion 25.39 105
_ Kresoximmethyl _________ ____________ 230 116
Lenacil 27.39 153
Lepimectin 17.25 523.3
Linuron 10.19 249.0
_Lufenwren _ _ __ __ __ 144 5090
Malathion 18.80 173.1
Mandipropamid 10.96 412.0
MCPA ethyl 10.84 228.1
Mecarbam 21.95 131 12.16 330.0
Mepanipyrim 23.42 222.1 11.22 224.1
Mepronil 26.75 119
Metaflumizone 14.41 505.0
Metalaxyl 17.32 206.1 8.54 280.1
Metaldehyde 4.88 89.1
Methacrifos 9.01 125
Methamidophos 6.45 94 0.99 142.1
Methidathion 22.59 145
Methomyl 2.10 163.1
Methoxyfenozide 11.38 313.1
Metolachlor 18.95 162.1
Mevinphos 8.17 127
Molinate 9.51 126.1
Monocrotophos 11.87 127 1.81 224.1
_ Myelobutanil ________________________ 2485 1719 __1059__ 2890 ___________
Naled 11.39 109
Naphthalophos 9.73 350.0
Nitenpyram 1.72 271.1
Nonachlor 26.19 408.8
Novaluron 13.75 491.1




GC/MS LC/MS(positive) LC/MS(negative)

Pesticide ¥ RT. P Tsju"get RT.” Tallrget RT.” Ta.lrget
(min) (:1);;) (min) (Il:l);lz) (min) (111(1);;)
Omethoate 10.35 156 1.06 214.0
Orysastrobin 30.16 116.1
Oryzalin 11.55 345.1
Oxadiazon 24.81 174.9
Oxadixyl 26.37 163.1 6.72 279.1
Oxamyl 3.44 98.1 1.77 237.1
Oxaziclomefone 14.63 376.1
Oxpoconazole fumarate 32.30 294.2 11.77 294.0
_ Oxydemeton-methyl __ ____________ ____ _____________ 1612470
Paclobutrazol 22.87 236 9.82 294.2
Parathion 19.33 291
Parathion-methyl 16.56 263
Pencycuron 11.80 125 13.36 329.1
Pendimethalin 21.17 252.1
Penthiopyrad 26.52 177 12.59 358.1
Permethrin 32.16 183.1
Phenothrin 30.15 123.1
Phenthoate 21.95 273.9
Phorate 12.05 75
Phosalone 30.27 182
Phosmet 29.07 160
Phosphamidon 14.44 127
Phoxim 13.44 299.1
Piperonyl butoxide 28.42 176.1
Piperophos 29.41 320.1
Pirimicarb 15.61 166.1 8.06 239.2
Pirimiphos-methyl 18.28 290
Pretilachlor 24.51 238.1
Prochloraz 32.36 180.1 11.95 376.0
Procymidone 22.23 283
Profenofos 24.29 207.9
Prometryn 17.30 241.1
Propamocarb 7.79 58.1 1.98 189.2
Propaphos 22.91 220
Propargite 28.22 135.1 15.71 368.2
Propiconazol 27.65 172.9 11.85 342.0
Prosulfocarb 17.55 128.1
Prothiofos 24.12 266.9
Pymetrozin 24.15 98 1.38 218.1
Pyraclofos 31.43 360
Pyraclonil 31.60 279.1
Pyraclostrobin 13.11 388.1
Pyrazophos 31.26 221.1
Pyrethrine 27.16 123.1 15.84 329.2
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GC/MS LC/MS(positive) LC/MS(negative)
Pesticide ¥ RT. P T:ju"get RT.” T:flrget RT.” Ta.lrget
(min) (111(1);;) (min) (111(1);;) (min) (111(1);;)
Pyridaben 32.14 147.1
Pyridalyl 33.76 204 18.30 492.0
Pyridaphenthion 29.06 340
Pyrifluquinazone 10.68 465.0
Pyrimethanil 14.11 198.1
Pyriproxyfen 30.44 136.1
_Pyoquilon _ __ _ __ __ o _____ 138 _1731 ___e&l7 1741 ____ _______
Quinalphos 21.88 146
_ Quinoxyfen _ __ __ ___ __ _ _ 2726 _ 27
Salithion 11.66 216
Silafluofen 33.88 179.1
Simazine 12.95 201.1 6.64 202.1
Simetryn 16.79 213.1 8.02 214.1
Spiromesifen 28.92 272.1 16.27 273.2
Spirotetramat 32.87 373.2 10.35 374.2
_Sulprophos _ _ _ _ _ _ _ _ . 2683 822 .
TCMTB 23.50 180
Tebuconazole 27.98 250
Tebufenozide 31.21 133 12.21 297.2
Tebufenpyrad 29.63 318.1
Teflubenzuron 13.45 379.0
Tefluthrin 14.94 177
Terbufos 13.78 231
Terbuthylazine 13.78 214.1
Tetrachlorvinphos 23.29 328.9
Tetraconazole 19.94 336.1
Thiacloprid 34.21 101 5.86 253.0
Thiamethoxam 20.24 182 2.77 292.0
Thifluzamide 25.27 194
Thiobencarb 18.62 100.1
Thiocyclam 9.01 71.1
Thiometon 12.45 88
Tolclofos- methyl 16.79 265
Tolfenpyrad 36.18 383.1
Tralomethrin 16.80 682.7
Triadimefon 19.47 208 10.84 294.2
Triadimenol 22.34 112 9.75 296.2
Triazophos 26.94 161
Tribuphos 24.52 169
Trichlorfon 8.57 109 3.46 257.0
Tricyclazole 24.00 189 4.99 190.1
Trifloxystrobin 27.81 116
Triflumizole 22.60 278 12.93 346.1
Trifluralin 11.68 306.1
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GC/MS LC/MS(positive) LC/MS(negative)

Pesticide ¥ R.T.Y T".‘rget R.T. Y Ta}rget R.T.Y Ta.irget
(min) (Ilr(l);lz) (min) (Ilr?;lz) (min) (111(1);;)

—Namidothion __ _ _ _ _ __ _ L ___ 2800 __871 __ 366 _>2881 _ _ _ _ __ _ ____

(Metabolite]

3-Hydroxycarbofuran 4.05 255.1

Aldicarb-sulfoxide 1.11 207.1

Bromobutide-debromo 11.98 119.2

Captafol,Captan met. 8.77 151.1

Chlorpyrifos-oxon 19.08 269.9

DDD 26.14 235

DDE 24.40 246

Disulfoton sulfone 23.27 213

Emamectin amino 14.50 872.2

Emamectin formyl-amino 14.87 922.3

Emamectin N-methylformyl-amino 16.15 896.3

Endosulfan-sulfate 217.26 228.9

Fenitrothion-oxon 16.15 244

Fenthion-oxon 17.42 262.1

Flonicamid met.(TFNA-AM) 7.14 190

Heptachlor-Epoxide 20.92 352.8

Imibenconazole met.(2,4-Dichloroaniline) 7.30 161

Imibenconazole-desbenzyl 24.81 83.1 6.59 269.0

Iprodione met. 30.02 329

Isofenphos-oxon 19.84 229

Mepanipirym met. 8.19 244.2

Methomyl oxime 5.07 105

Oxpoconazole met.(4,4-Dimethyl-2-oxazolidinone) 5.95 100 1.29 116.1

Oxpoconazole-formyl 11.86 339.1

Pyrifluquinazon(met.B) 9.91 423.1

Sulprophos-oxon 25.07 306.1

Tecloftalam met. (imide) 36.41 393.9

Thiacloprid-amide 4.02 271.1

Thiophanate met.(EBC) 5.52 206.0

Triflumizole met. 13.38 167 11.21 294.9

Vamidothion sulfone 2.05 320.0

(Internal standard)

Triphenylphosphate 28.25 326.1 12.65 327.1

Ethylphenylurea 4.51 165.1 4.50 223.2

The number of pesticides analyzed by GC/MS, LC/MS (negative ion mode), and LC/MS (positive ion mode) were 245, 105,
and 23, respectively.

2 Met. means metabolite.

Y R.T. means retention time.

© 9200 V (flagmentor voltage); the others were 100 V for LC/MS analysis.
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