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Table 1. LC-MS/MS conditions

HPLC system
HPLC column

ACQUITY UPLC I-Class PLUS (Waters Corporation)
ACQUITY UPLC HSS T3 Column
(Waters Corporation, 1004, 2.1 i.d. mm x 100 mm, 1.8 pum)

Column temperature 40°C
Flow rate 0.4 mL/min
Mobile phase (A) 0.1% Formic acid in water

(B) 0.1% Formic acid in acetonitrile

(A% : B%) = Initial (99 : 1) — 1.0min (99 : 1) — 9.0 min (5 : 95) — 12.0 min (5 : 95)

MS/MS : Xevo TQ-S micro (Waters Corporation)

Gradient

—12.1min (99 : 1) —> 15.0 min (99 : 1)
Injection volume 1 uL
MS system
Ionization ESI (+)
Capillary voltage 1.00 kV
Cone voltage 30.00 V
Source temperature 150°C
Desolvation temperature 500°C
Cone gas flow 50 L/hr
Desolvation gas flow 1200 L/hr

Analysis mode

Multiple reaction monitoring (MRM)
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. a .. b Cone Cone Collision Collision
Transition 1 Transition 2
Analyte (m/2) (m/2) Energy 1 Energy 2 Energy 1 Energy 2
(%) (%) V) (eV)

1 Acephate 184 >49 184> 125 5 5 20 18

2 Acetamiprid 223>126 223> 56 30 30 20 15

3 Aldicarb 116 >89 116 > 61 10 10 8 8

4 Aldoxycarb 223> 148 223> 86 35 35 10 14

5 Ametryn 228> 186 228 > 68 38 38 18 36

6  Aminocarb 209 > 152 209 > 137 25 25 15 25

7  Anilofos 368 > 199 368> 125 30 30 15 34

8  Azoxystrobin 404 > 344 404 > 372 25 25 25 25

9 Benalaxyl 326> 148 326>91 26 26 20 34
10 Bendiocarb 224> 167 224 >109 15 15 10 15
11 Benfuracarb 411>195 411>190 5 5 23 13
12 Bensulide 398>314 398 > 158 18 18 10 24
13 Benthiavalicarb isopropyl ~ 382> 180 382>116 30 30 39 29
14 Bitertanol 338 >99 338>170 21 21 8 16
15  Boscalid 343> 140 343 >307 40 40 20 20
16  Buprofezin 306 > 201 306> 57 31 31 12 20
17  Carbaryl 202 > 145 202> 127 30 30 10 25
18  Carbendazim 192 > 160 192>132 30 30 15 30
19 Carbetamide 237>192 237> 118 5 5 10 15
20  Carbofuran 222>123 222>165 5 5 20 10
21 Chlorantraniliprole 482 > 284 482 > 451 15 15 23 25
22 Chlorfenvinphos 359> 155 359>99 28 28 12 30
23 Chlorfluazuron 540 > 383 540 > 158 42 42 20 20
24 Chlorpyrifos 350> 198 350>97 36 36 20 32
25  Clethodim 360 > 268 360> 164 25 25 10 20
26  Clothianidin 250> 169 250> 132 10 10 17 21
27 CPFE 199> 128 199> 126 36 36 14 20
28  Cyproconazole 292 >125 292 >170 36 36 24 18
29  Diazinon 305> 169 305>97 31 31 22 35
30 Diethofencarb 268 >226 268 > 124 28 28 10 40
31 Difenoconazole 406 > 251 406> 111 46 46 25 60
32 Diflubenzuron 311> 158 311> 141 34 34 12 15
33 Dimethametryn 256> 186 256>171 42 42 20 32
34  Dimethenamid 276 > 244 276 > 168 26 26 14 26
35 Dimethoate 230> 199 230> 125 24 24 10 20
36  Dimethomorph 388 >301 388> 165 30 30 20 40
37 Dinotefuran 203 > 129 203> 113 10 10 17 17
38  Edifenphos 311> 111 311 >109 32 32 26 32
39 EPN 324 >296 324> 157 40 31 15 25
40  Ethion 385>199 385>143 10 10 15 35
41  Ethiprole 397 > 351 397 > 255 34 34 20 36
42 Ethoprophos 243> 131 243>97 32 32 31 20
43 Famoxadone 331>238 331>195 5 5 14 24
44 Fenamidone 312>236 312>92 10 10 20 35
45  Fenbuconazole 337>125 337>170 38 38 20 36
46  Fenobucarb 208 >95 208 > 152 25 25 15 10
47  Fenoxycarb 302 > 88 302> 116 10 10 20 11
48  Fenpropimorph 304 > 147 304 > 57 50 50 28 30
49  Fenpyroximate 422 > 366 422 > 138 5 5 20 30
50  Flamprop methyl 336> 105 336>1717 24 24 16 48
51  Flonicamid 230> 203 230> 174 35 35 15 25
52 Fluazifop P butyl 384 >328 384 >282 38 38 16 22
53  Flubendazole 314> 282 314>123 68 68 25 35
54 Flufenoxuron 489> 158 489 > 141 10 10 22 46
55  Fluometuron 233>172 233 >46 40 25 15 20
56  Fluopicolide 383>173 383>109 40 40 20 66
57  Flusilazole 316 > 247 316> 165 36 36 18 28
58  Flutolanil 324 >262 324> 65 34 34 18 40
59  Flutriafol 302>70 302>123 32 32 29 18
60 Hexaconazole 314>170 314> 159 40 40 22 28
61  Imazalil 297> 159 297 > 69 20 20 30 30
62  Imidacloprid 256 >209 256> 175 25 25 15 20
63  Indoxacarb 528 > 150 528 >203 5 5 25 30
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Table 2. LC-MS/MS parameters (Continued)

. a .. b Cone Cone Collision Collision
Transition 1 Transition 2
Analyte (m/2) (m/2) Energy 1 Energy 2 Energy 1 Energy 2
(%) (%) V) (eV)
64 Isocarbophos 291> 231 291 > 121 21 21 13 30
65  Isoprocarb 194 >95 194 > 137 24 24 14 8
66  Isoprothiolane 291 > 231 291> 189 26 26 12 22
67  Isoxathion 314>105 314>97 31 31 14 35
68  Kresoxim methyl 314> 267 314> 116 15 24 5 12
69  Malathion 331> 127 331>99 20 20 12 24
70  Mandipropamid 412 >328 412> 125 35 35 15 35
71  Mepronil 270> 119 270>91 36 36 28 44
72 Metalaxyl 280 > 220 280> 192 26 26 13 17
73 Metconazole 320> 125 320>70 5 5 30 25
74  Methamidophos 142 >94 142> 125 28 28 13 13
75  Methidathion 303 > 145 303 >85 18 18 10 20
76  Methiocarb 226 > 169 226> 121 25 25 10 20
77  Methomyl 163 > 88 163> 106 10 10 10 10
78  Methoxyfenozide 369 > 149 369 >91 15 5 15 25
79  Metominostrobin (E) 285>238 285>196 2 2 10 12
80 MPMC 180> 123 180 > 108 20 20 19 18
81 MTMC 166> 109 166 > 94 25 25 10 30
82  Myclobutanil 289> 125 289>170 34 34 32 18
83  Nitenpyram 271> 126 271>173 15 30 30 45
84  Omethoate 214> 183 214> 125 26 26 11 22
85  Oxadixyl 279>219 279> 132 40 40 10 34
86 Oxamyl 237>172 237>90 5 5 10 10
87  Paclobutrazole 294> 125 294 >170 36 36 38 20
88  Penthiopyrad 360> 177 360 > 276 30 30 47 21
89 PHC 210> 111 210>93 15 15 15 25
90  Phenthoate 321>179 321>135 15 15 40 20
91  Phosphamidon 300> 174 300> 127 28 28 14 25
92  Piperonyl butoxide 356>177 356> 119 26 26 11 37
93 Piperophos 354> 171 354> 143 31 31 22 32
94 Pirimicarb 239> 182 239>72 25 25 15 20
95 Pirimiphos methyl 306> 164 306> 108 36 36 22 32
96  Profenofos 373 >303 373>128 36 36 20 40
97  Prometryn 242 >200 242 > 158 26 26 17 25
98  Propachlor 212>170 212>94 31 31 14 25
99  Propiconazole 342> 159 342> 69 46 46 34 22
100  Pymetrozine 218>105 218>179 15 15 20 30
101  Pyraclostrobin 388> 163 388 >194 5 5 25 12
102 Pyrazophos 374 >222 374> 194 44 44 22 32
103 Pyributicarb 331> 181 331>108 30 30 21 40
104  Pyridaben 365> 309 365> 147 28 28 12 24
105  Pyrimethanil 200> 107 200 > 82 51 51 24 24
106  Pyriminobac methyl (E) 362 > 330 362 > 284 30 30 19 33
107  Pyriproxyfen 322>96 322>227 32 32 14 14
108  Quinalphos 299> 163 299 >97 24 24 24 30
109  Simazine 202> 124 202> 96 40 40 16 22
110 Tebuconazole 308 >70 308 > 125 40 40 22 40
111 Tebufenozide 353> 133 353>297 10 10 10 5
112 Tebufenpyrad 334> 145 334> 117 52 52 28 34
113 Tepraloxydim 342> 250 342> 166 26 40 12 20
114  Tetraconazole 372> 159 372>170 41 41 30 20
115  Thiabendazole 202> 175 202 > 131 15 15 25 30
116  Thiacloprid 253> 126 253>90 40 40 20 35
117  Thiacloprid amide 271> 126 271 > 254 20 20 37 17
118  Thiamethoxam 292 >211 292 >132 25 25 10 20
119  Thiodicarb 355>88 355>108 26 26 16 16
120  Tiadinil 268 > 101 268 > 45 42 42 18 28
121  Triadimefon 294 >197 294 > 69 31 31 15 20
122 Triadimenol 296 > 70 296 > 99 18 18 12 15
123 Triazophos 314> 162 314> 119 31 31 18 35
124 Tricyclazole 190 > 163 190 > 136 41 41 22 27
125  Trifloxystrobin 409 > 186 409 > 145 34 34 16 40
126 XMC 180> 123 180> 108 20 20 15 35

a: Quantitative Transition b: Qualitative Transition under line: analyzed pesticides in both this method and the developed method
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Table 3. Validation data for 126 pesticides

0.01 pg/g 0.1 ng/g 0.01 pg/g 0.1 ng/g 0.01 pg/g 0.1 ng/g
Analyte Trueness Repeatability Within-laboratory reproducibility
(%) (RSD%) (RSD%)
1 Acephate 96.8 99.3 3.0 3.8 43 3.8
2 Acetamiprid 98.3 100.6 3.1 34 3.9 34
3 Aldicarb 107.0 104.1 7.5 6.9 7.5 6.9
4 Aldoxycarb 110.4 107.3 42 2.9 4.7 2.9
5 Ametryn 99.3 100.6 3.7 3.0 4.0 3.0
6  Aminocarb 95.7 99.4 4.1 34 4.8 34
7  Anilofos 102.1 102.2 4.6 42 4.7 42
8  Azoxystrobin 100.5 102.9 5.5 34 9.1 4.3
9  Benalaxyl 103.3 103.2 4.6 4.1 5.5 4.5
10 Bendiocarb 104.5 103.8 5.1 2.8 5.1 32
11 Benfuracarb 0.5 1.2 316.2 50.9 316.2 219.4
12 Bensulide 100.2 102.6 42 42 43 42
13 Benthiavalicarb isopropyl 100.8 102.4 4.5 4.8 4.7 4.8
14 Bitertanol 98.8 101.7 6.4 4.0 6.4 4.0
15 Boscalid 91.9 94.0 6.0 3.9 9.6 6.4
16  Buprofezin 100.1 100.6 49 4.0 5.0 4.5
17  Carbaryl 101.9 102.0 2.7 3.0 43 3.0
18  Carbendazim 78.3 85.2 9.2 6.8 9.2 6.8
19  Carbetamide 102.6 103.5 3.7 2.9 3.7 2.9
20  Carbofuran 103.4 104.3 42 3.0 42 34
21 Chlorantraniliprole 97.1 101.3 3.7 4.0 3.7 4.0
22 Chlorfenvinphos 85.4 88.7 53 4.1 8.2 6.8
23 Chlorfluazuron 86.9 88.8 3.5 4.0 4.6 4.9
24 Chlorpyrifos 89.1 84.1 13.8 34 13.8 55
25  Clethodim 95.3 97.6 6.3 5.9 6.4 6.9
26 Clothianidin 97.6 100.5 42 44 4.8 44
27 CPFE 98.8 100.9 34 2.5 53 2.5
28  Cyproconazole 98.6 102.6 5.1 3.8 6.1 4.0
29  Diazinon 98.0 100.4 4.5 4.3 4.5 43
30 Diethofencarb 101.1 104.4 5.7 3.9 6.8 4.0
31 Difenoconazole 98.1 100.1 4.4 4.2 6.0 5.0
32 Diflubenzuron 93.3 97.3 5.8 34 7.5 34
33 Dimethametryn 98.3 102.1 32 4.1 4.0 43
34 Dimethenamid 102.6 102.7 5.8 3.8 7.8 4.8
35 Dimethoate 95.9 97.6 2.9 2.3 6.0 4.0
36 Dimethomorph 98.5 99.6 3.9 44 3.9 4.4
37 Dinotefuran 102.7 102.6 34 44 44 44
38 Edifenphos 92.1 95.5 3.9 4.7 9.3 7.8
39 EPN 94.3 98.5 14.1 5.6 14.1 9.0
40  Ethion 85.8 88.3 32 3.0 3.9 3.0
41  Ethiprole 98.7 102.0 5.7 4.7 6.6 4.7
42 Ethoprophos 96.3 99.0 53 4.1 6.2 4.1
43 Famoxadone 97.4 98.5 7.8 4.6 10.5 4.6
44 Fenamidone 101.6 102.8 5.6 4.1 5.6 4.1
45 Fenbuconazole 98.3 100.7 3.9 3.9 44 3.9
46  Fenobucarb 99.9 102.9 3.8 4.3 6.1 4.8
47  Fenoxycarb 102.3 103.8 5.5 3.0 5.5 33
48  Fenpropimorph 99.6 103.3 5.6 4.5 5.6 4.5
49  Fenpyroximate 94.0 96.3 34 32 3.7 32
50  Flamprop methyl 101.7 102.4 44 33 6.2 43
51  Flonicamid 98.5 100.5 3.8 3.7 5.0 3.7
52 Fluazifop P butyl 104.5 103.4 3.5 34 5.2 3.6
53 Flubendazole 85.7 89.2 5.1 3.6 5.1 44
54  Flufenoxuron 95.0 102.0 6.2 4.3 6.2 6.4
55  Fluometuron 101.7 101.4 3.9 34 3.9 34
56  Fluopicolide 100.4 100.9 52 3.5 6.6 5.0
57  Flusilazole 97.4 99.0 4.7 4.1 5.0 4.1
58  Flutolanil 105.3 105.6 52 2.1 6.7 3.0
59  Flutriafol 101.4 104.3 5.5 2.5 7.1 44
60 Hexaconazole 100.0 101.1 3.1 52 4.0 5.2
61  Imazalil 93.8 98.5 3.8 43 6.7 43
62  Imidacloprid 103.2 104.9 2.0 3.0 4.8 33
63  Indoxacarb 100.6 103.6 3.7 4.7 5.0 4.7
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Table 3. Validation data for 126 pesticides (Continued)

0.01 pg/g 0.1 ug/g 0.01 pg/g 0.1 ng/g 0.01 pg/g 0.1 ng/g
Analyte Trueness Repeatability Within-laboratory reproducibility
(%) (RSD%) (RSD%)
64  Isocarbophos 102.6 104.0 4.1 2.8 4.5 2.8
65  Isoprocarb 97.2 99.8 4.8 3.7 4.8 3.9
66  Isoprothiolane 106.4 105.7 33 33 33 3.6
67 Isoxathion 101.8 104.3 3.9 4.0 5.7 4.7
68  Kresoxim methyl 93.0 95.5 4.1 3.8 5.6 4.0
69 Malathion 91.2 98.6 5.7 2.1 7.6 3.0
70  Mandipropamid 107.7 107.3 43 3.5 4.5 3.5
71 Mepronil 101.6 103.7 4.5 4.4 4.8 44
72 Metalaxyl 104.1 104.8 3.0 34 3.0 34
73 Metconazole 96.9 98.2 4.7 2.9 6.6 2.9
74  Methamidophos 86.2 90.2 4.1 32 5.5 3.7
75  Methidathion 101.2 102.2 10.9 6.1 10.9 6.1
76  Methiocarb 100.9 103.1 43 3.6 5.1 3.7
77  Methomyl (Total) 91.4 88.4 3.9 3.7 4.7 3.7
78  Methoxyfenozide 101.8 102.9 4.0 4.7 4.0 4.7
79  Metominostrobin (E) 101.4 104.5 3.1 3.9 4.1 3.9
80 MPMC 99.9 100.6 2.8 3.1 5.8 3.1
81 MTMC 92.8 96.3 5.5 44 6.6 44
82 Myclobutanil 98.5 102.3 4.8 4.0 52 4.0
83  Nitenpyram 98.4 101.6 4.6 2.9 4.6 2.9
84  Omethoate 100.7 102.1 52 33 5.2 33
85  Oxadixyl 106.9 109.1 7.0 4.1 7.0 4.1
86 Oxamyl 104.2 106.9 42 3.8 4.7 3.8
87  Paclobutrazole 98.5 101.3 4.1 3.8 4.1 3.8
88  Penthiopyrad 101.1 101.4 3.6 42 5.6 5.6
89 PHC 103.9 103.1 44 3.1 44 3.1
90  Phenthoate 93.1 94.9 6.0 5.7 6.0 5.7
91  Phosphamidon 102.2 103.4 34 3.7 42 4.0
92  Piperonyl butoxide 105.2 106.9 39 4.0 53 4.2
93  Piperophos 108.0 108.0 3.5 3.7 3.5 3.8
94 Pirimicarb 100.5 103.0 4.6 4.5 5.8 4.5
95  Pirimiphos methyl 100.0 101.1 4.6 32 5.2 4.6
96  Profenofos 96.9 100.3 11.6 3.5 11.6 44
97  Prometryn 97.8 101.1 5.0 2.5 5.0 2.5
98  Propachlor 90.5 92.5 5.0 3.6 6.2 6.2
99  Propiconazole 97.4 99.9 4.1 3.8 43 38
100  Pymetrozine 61.7 67.2 4.8 2.5 5.7 2.5
101  Pyraclostrobin 105.2 104.7 4.7 3.0 4.7 3.0
102 Pyrazophos 99.8 101.5 3.8 43 3.8 4.3
103 Pyributicarb 90.3 91.6 34 2.8 52 2.8
104  Pyridaben 95.1 95.9 3.9 3.1 6.8 43
105  Pyrimethanil 97.6 101.2 43 3.0 43 3.0
106  Pyriminobac methyl (£) 102.6 102.7 5.0 3.1 6.7 3.7
107  Pyriproxyfen 98.7 99.7 4.0 2.9 4.0 3.5
108  Quinalphos 98.6 98.9 3.9 52 3.9 52
109  Simazine 101.1 103.2 43 42 5.0 42
110  Tebuconazole 97.9 100.0 4.5 3.1 6.7 42
111 Tebufenozide 101.2 100.9 3.0 3.8 53 3.8
112 Tebufenpyrad 97.0 99.9 5.9 4.5 7.8 4.5
113 Tepraloxydim 88.9 86.9 32 5.4 10.0 8.2
114  Tetraconazole 95.7 98.7 5.6 3.8 6.5 3.8
115  Thiabendazole 82.4 88.9 33 2.8 33 2.8
116  Thiacloprid 101.2 102.8 34 4.3 3.7 4.3
117  Thiacloprid amide 97.2 101.6 3.0 4.0 3.1 4.0
118 Thiamethoxam 100.6 102.5 4.6 44 4.6 44
119 Thiodicarb - - - - - -
120  Tiadinil 99.1 101.4 4.7 4.5 6.1 4.5
121  Triadimefon 100.7 101.1 6.0 3.9 7.0 54
122 Triadimenol 98.9 101.4 4.1 3.8 4.1 3.8
123 Triazophos 101.9 102.7 42 3.8 5.1 3.8
124 Tricyclazole 97.3 100.1 43 3.7 5.0 3.7
125  Trifloxystrobin 106.6 104.7 42 3.8 5.2 5.0
126 XMC 98.3 100.7 6.1 2.7 6.1 2.7

a: include converting Thiodicarb to Methomyl

under line: analyzed pesticides in both this method and the developed method
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Table 4. Method for converting Thiodicarb to Methomyl in validation data

c? (Total as Methomyl)

= C (Methomyl) T (2 X MW (Methomyt) / MW (Thiodicarb)) X C (Thiodicarb)

= C (Methomyl) T (2 X 162.2/354.5) % C (Thiodicarb)

= C (Methomyl) + 0.915 X C (Thiodicarb)

a: concentration b: molecular weight
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Validation Study for the Simultaneous Determination of Pesticide Residues in Brown Rice Using LC-MS/MS

Yoshie KOKAIJI?, Kazuoki YAMAMOTO?, Sanac TOMIZAWA?, Takushi FUIIWARA?, Kyoko KAMIJO?,
Yuri SAITO?, Tomomi TAKADA?, Yoshihiro OHSAWA?, Maiko NOGUCHI?, and Shoichi TAHARA?

Last year, the simultaneous determination of 283 pesticide residues in brown rice was developed using LC-MS/MS. In this study, a
validation study for this determination method of new pesticide residues in brown rice was conducted using another LC-MS/MS. Two
concentrations (0.01 and 0.1 pg/g) of 126 pesticides were validated using the determination method based on the validation guideline of
the Ministry of Health, Labor, and Welfare in Japan. Of the 126 pesticides, 124 were detected satisfactorily. This method satisfactorily
detected 306 pesticide residues in total. Therefore, this method is useful for the simultaneous determination of pesticide residues in

brown rice. This method will be expectedly utilized for the administrative inspection.

Keywords: pesticide residue, brown rice, LC-MS/MS, validation study
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