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F_AREHIH W AR

BER (XK|) BER (H#) HERE X—H—
1 |2-Acetylamino-5-nitrothiazole 2-7EFINTE/B5-ZNAFTI—I 99.9 BR{bLE
2 |Albendazole TR T—)L 99 Dr.E
3 |Altrenogest FILNL /TR 99.9 Sigma
4 |Azaperone THROY 98.3 AR
5 |Benzocaine RIVHAD 98 A ft 5
6 |Bromacil A 98.5 Sigma
7  |Brotizolam JOFVZ A 98 Gilbut e
8 |Cefoperazone dihydrate 7 ARDYVZKAY 99.8 Sigma
9 |Chlormadinone SONIT /> 99.4 BR{LFE
10 |Clostebol PAAT R 98 MRS
11 |Danofloxacin mesylate X NBA ) 7OF%9T > 99.9 BIR{L %
12 |Dexamethasone FRHYXRI 99.5 Sigma
13 |Diaveridine STRYD 99.6 Sigma
14 |Dicyclanil 2203 Z0 99.9 Sigma
15 |Difloxacin hydrochloride 270%42 2 ERE 98 Dr.E
16 |Diflubenzuron DINARDAOY 98.1 Sigma
17 |Emamectin benzoate IXXIFUREBERE B1a:B1b (90.7% : 5.2%) | A3
18 |Enrofloxacin I>Oa7a%4>> 99.9 BRI
19 |Ethopabate IRAR—N 99.7 Sigma
20 |Famphur 77 L7—)L 98.9 Sigma
21 |Fenobucarb JI/THINT 97 Sigma
22 |Fiubendazole IR =)L 99.9 MR
23 |Flumequine T XF 99.3 Sigma
24  |Flunixin meglumine TILNZFDIATINE 99 DrE
25 |Halofuginone hydrobromide NA72 /2 RIGKERIER 99 Sigma
26 [Hydrocortisone ERODLFY> 98 FF R
27 |5-Hydroxythiabendazole 5-E ROFFTFARUAY—)L 99.9 MAESE
28 |[Ketoprofen Fhkrazzr 99.1 Dr.E
29 |Levamisole hydrochloride LNZV—)LIERE 99 FAAEHE
30 |Lincomycin hydrochloride monohydrate |2 X A 22 G 8E — K4 100.3 Sigma
31 |Mafoprazine mesilate XNBI T4 TS5 99.9 A
32 |Marbofloxacin ILNR7OFH422 98.7 Sigma
33 |Mebendazole ARHEY =) 98 R4
34 |Meloxicam AOQFThhA 98 IR
35 |Menbutone X7 N 98 DrE
36 [Methylprednisolone AFIIFLRZVOY 98.6 Sigma
37 |Miloxacin IOFYY 975 ARAER
38 [Morantel Citrate Monohydrate OIOBES>TIL—KAY 99 CESIES
39 |Nalidixic acid FTUDH AR 99 AT
40 |Ofloxacin F70%%2> 99.8 Sigma
41 |Olaquindox ASFRYDR 99 MR
42 |Orbifloxacin FLEZ7OFH2 99.9 AL
43 |Ormetoprim FIWXRNT A 99 Dr.E
44 |Oxibendazole FHRINIET =) 98 FAAEH
45 |Oxolinic acid AXYUZY OB 99.2 MR
46 |Phenoxymethyl penicillin potassium salt |7 T /I XFIAR=ZD U AV TLE 99.2 BR{LF
47 |Praziquantel TS5O0T T 99.9 Sigma
48 |Prednisolone JLRzZvyoYy 99 Sigma
49 |Prifinium bromide BUTU T4 A —2) Toronto
50 |Pyrantel pamoate ESFIINERE 99 Dr.E
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#® (o7%)

BER (®E) BER (FNH) W X—H—
51 |Pyrimethamine EUXRZ> 99.8 Sigma
52 |Robenidine hydrochloride ORZD VIRRRIE 98 S 35
53 [Sarafloxacin hydrochloride hydrate HZ7O0F YDV IEBIEKAY 97.2 Sigma
54 |Sulfabenzamide ANTPRIATER 99.8 Sigma
55 |Sulfabromomethazine A7 F7TOFEARD Y 98.9 M
56 |Sulfacetamide ANT7HEEIR 99.5 Dr.E
57 |Sulfachlorpyridazine AN77o0LEURDY 98.9 LA
58 |Sulfadiazine ANTTOTI 99.3 Sigma
59 |Sulfadimethoxine ANTT7FIOANF Y 99.9 Sigma
60 |Sulfadimidine ANTFPEEDY 99 43
61 |Sulfadoxine AINTT7 REDD 99.8 Sigma
62 [Sulfaethoxypyridazine ANTZ7IRFIEDADY 99.8 MBEEE
63 [Sulfamerazine ANTTAZDY 98.8 Sigma
64 |Sulfamethoxazole ANTPAREHY—)L 99.9 Sigma
65 |Sulfamethoxypyridazine AT FARNFIEVRDY 99.7 R4S
66 [Sulfamonomethoxine ANTFEIARNED Y 99.9 MHESE
67 |Sulfapyridine ANT77EUDY 99.5 Sigma
68 |Sulfaquinoxaline ANTTFE)FHUD 98 DrE
69 |Sultathiazole ANT7FTI-= 100 BRLE
70 |Sulfatroxazole ANT77 R OFHY—)L 98.8 AR
71 |Temephos T XEA 97 Dr.E
72 |Thiabendazole FTREI—)L 99.9 Sigma
73 |Tiamulin FTLY 98.8 Sigma
74 |Tolfenamic acid NL7ZH LR 99.9 Sigma
75 |B-Trenbolone B-bL RO 99.3 PR
76 |Trichlorfon NUoONKR> 99.6 MR
77 | Trimethoprim RUXKNTUA 99.7 Sigma
78 |Tripelennamine hydrochloride ERNUARLFIY 99.9 MR
79 |Tylosin tartrate A0 BREE 96 Dr.E
80 |Valnemulin NILRLDY 96.2 Sigma
81 |Warfarin oNT7TF)Y 98 DrE
82 |Xylazine Fo5D 99.9 Sigma

9 FRERL
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# 1 GC-TOF-MS JEDRRF BRI DO IREFIFH] EBA A M OFERAA
Compound Retention time Quatification | Confirmation
(min) (m/z) (m/z)
1 |Acetochlor 13.65 146.0970 223.0764
2 |Acrinathrin 20.05 181.0653 208.0762
3 |Alachlor 13.83 160.1126 188.1075
4  |Aldrin 14.76 262.8564 293.9346
5 |Ametryn 13.98 227.1205 212.0970
6 |Anilofos 19.28 226.0457 124.9826
7 |Aramite 16.76, 16.95 185.0039 334.1006
8 |Atrazine 12.31 200.0703 215.0938
9 |Azaconazole 16.80 216.9823 172.9561
10 |Azinphos methyl 19.72 160.0511 132.0449
11 |Azoxystrobin 23.79 344.1035 388.0934
12 |Benfluralin 11.40 292.0545 264.0232
13 |Benfuresate 13.54 163.0759 256.0769
14 |Benoxacor 13.35 120.0449 259.0167
15 |a-BHC 11.87 182.9349 218.9116
16 |B-BHC 12.36 182.9349 218.9116
17 |y-BHC 13.10 182.9349 218.9116
18 [6-BHC 12.55 182.9349 218.9116
19 |Bifenox 19.29 340.9858 342.9831
20 |Bifenthrin 18.94 181.1017 166.0783
21 |Bitertanol 20.69 170.0732 171.0766
22 |Bromobutide 13.70 232.1701 119.0861
23 |Bromofos 15.07 330.8781 328.8804
24 |Bromophos ethyl 15.86 358.9094 302.8468
25 |Bromopropylate 19.03 340.9000 182.9446
26 |Bupirimate 16.67 273.1021 208.1450
27 |Buprofezin 16.72 172.1034 105.0579
28 |Butachlor 16.03 176.1075 160.1126
29 |Butafenacil 21.00 331.0097 179.9852
30 |Butamifos 16.19 286.1031 200.0113
31 |Cadusafos 11.64 158.9703 157.9625
32 |Cafenstrole 21.19 100.0762 188.1188
33 |Cafentrazone ethy 17.77 312.0596 340.0909
34 |[Chlorbenside 15.94 125.0158 127.0129
35 |Chlordane (cis) 16.22 372.8254 374.8225
36 |Chlordane (trans) 15.96 372.8254 374.8225
37 |Chlorfenapyr 16.85 247.0483 59.0497
38 |Chlorfenson 16.39 301.9571 176.9777
39 |Chlorfenvinphos (E) 15.25 266.9381 323.0007
40 |Chlorfenvinphos (Z) 15.46 266.9381 323.0007
41 |Chlorobenzilate 17.21 251.0031 138.9951
42 |Chlorpropham 11.31 127.0189 213.0557
43 |Chlorpyrifos 14.62 313.9574 196.9202
44  |Chlorpyrifos methyl 13.69 285.9261 287.9232
45 |Chiorthal dimethyl 14.72 300.8629 298.8836
46 |Chlozolinate 15.39 258.9803 331.0014
47 |Clomazone 12.41 204.1025 125.0158
48 |Clomeprop 19.39 288.0791 120.0813
49 |Coumaphos 20.87 362.0145 210.0084
50 |Cyanazine 14.67 212.0703 225.0656
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#z1 (o3%)
Compound Retention time Quatification | Confirmation
{min) (m/z) (m/z)
51 |Cyanophos 12.60 243.0119 109.0081
52 |Cyflufenamid 16.87 412.1210 294.0780
53 |Cyfluthrin 21.25,21.35,21.44,21.46 | 163.0081 206.0606
54 |Cyhalothrin 19.73,19.91 181.0653 197.0345
55 |Cypermethrin 21.59, 21.69, 21.76, 21.79 | 181.0653 163.0081
56 |Cyproconazole 17.02 222.0434 138.9951
57 |Cyprodinil 15.29 224.1188 225.1266
58 |pp'-DDD 17.40 235.0081 237.0048
59 |pp'-DDE 16.59 246.0003 247.9970
60 |op'-DDT 17.45 235.0081 237.0048
61 |pp'-DDT 18.11 235.0081 237.0048
62 |Deltamethrin 23.56 252.9051 250.9071
63 |Di-allate 11.73, 11.92 234.0719 86.0606
64 |Diazinon 12.70 304.1011 179.1184
65 |Dichloran 12.11 205.9650 123.9954
66 |Dieldrin 16.75 262.8564 264.8535
67 |Diethofencarb 14.62 267.1471 225.1001
68 |Diflufenican 18.34 266.0429 394.0741
69 |Dimethametryn 15.38 212.0970 255.1518
70 |Dimethenamid 13.59 230.0406 154.0690
71 |Dimethoate 12.09 124.9826 87.0143
72 |Dimethylvinphos (E) 14.38 294.9694 296.9666
73 |Dimethylvinphos (Z) 14.65 294.9694 296.9666
74 |Disulfoton 12.96 88.0347 274.0285
75 |Dithiopyr 14.06 354.0587 286.0473
76 |Edifenphos 17.96 310.0251 172.9826
77 |Endosulfan sulfate 18.06 271.8102 386.8400
78 |o-Endosulfan 16.23 240.9030 194.9480
79 |B-Endosulfan 17.35 240.9070 194.9480
80 |Endrin 17.16 262.8564 264.8535
81 |EPN 19.00 156.9877 185.0190
82 |Epoxiconazole 18.60 192.0329 165.0220
83 |Esprocarb 14.49 222.0953 162.1283
84 |Ethion 17.37 230.9737 153.0139
85 |Ethoprophos 11.09 157.9625 200.0095
86 |Etofenprox 21.94 163.1123 183.0810
87 |Etoxazole 19.10 141.0152 300.1200
88 [Fenarimol 20.18 138.9951 219.0325
89 |Fenchlorphos 14.04 284.9309 286.9280
90 |Fenitrothion 14.31 277.0174 260.0146
91 |Fenoxanil 17.02 188.9874 293.1057
92 |Fenpropathrin 19.13 181.0653 265.0739
93 |Fenpropimoph 14.76 128.1075 129.1107
94 |Fenvalerate 22.6, 22.85 125.0158 167.0628
95 |Fipronil 15.31 366.9435 368.9406
96 |Flamprop methyl 16.60 105.0340 77.0391
97 |Flucythrinate 21.76, 21.96 199.0935 157.0465
98 |Fludioxonil 16.37 248.0397 154.0531
99 |Fluquinconazole 20.89 340.0401 342.0377
100 |Flutolanil 16.31 173.0214 145.0265
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#1 (07%)
Gompound Retention time Quatification | Confirmation
(min) (m/z) (m/z)

101 {Fluvalinate 22.71, 22.79 250.0610 209.0841
102 |Fosthiazate 15.09 195.0119 283.0466
103 |Fthalide 15.01 242.8752 240.8782
104 jIndoxacarb 23.32 203.0219 150.0111
105 |lprobenfos 13.27 204.0010 91.0548

106 |lsazophos 12.96 161.0356 256.9791
107 {Isofenphos 15.43 213.0317 255.0786
108 |lsofenphos oxon 14.79 229.0266 200.9953
109 |Isoprocarb 9.97 121.0653 136.0888
110 |Isoprothiolane 16.44 290.0647 117.9911
111 [Isoxadifen ethyl 17.78 294.1130 222.0919
112 |Isoxathion 16.94 105.0340 313.0538
113 [Kresoxim methyl 16.69 116.0500 131.0735
114 |Lenacil 18.01 153.0664 136.0399
115 [Malathion 14.46 173.0814 127.0395
116 |Mecarbam 15.50 131.0041 159.0354
117 |Mefenacet 19.87 192.0119 120.0813
118 [Mefenpyr diethyl 18.60 252.9935 254.9907
119 |Mepronil 17.61 119.0497 269.1416
120 [Metalaxyl 13.97 206.1181 249.1365
121 |Methidathion 15.88 145.0072 85.0402

122 |Methoxychlor 19.11 227.1072 228.1106
123 [Metolachlor 14.59 238.0999 162.1283
124 {Myclobutanil 16.65 179.0310 150.0111
125 |Oxadiazon 16.55 174.9592 258.0327
126 |Oxadixyl 17.34 163.0997 233.0926
127 [Paclobutrazol 16.04 236.0591 125.0158
128 |Parathion 14.77 291.0330 109.0055
129 |Parathion methyl 13.81 263.0017 247.0068
130 |Penconazole 15.39 248.0955 158.9768
131 [Pendimethalin 15.27 252.0984 281.1376
132 |Permethrin 20.74, 20.87 183.0810 163.0081
133 |Phenothrin 19.4, 19.51 183.0810 123.1174
134 (Phenthoate 15.57 273.9887 245.9938
135 |Phosalone 19.63 182.0009 366.9869
136 [Phosmet 18.96 160.0399 161.0477
137 |Phosphamidon 13.50 264.1001 127.0160
138 [Piperonyl butoxide 18.46 176.0837 177.0916
139 |Pirimiphos methyl 14.24 290.0728 276.0572
140 |(Pretilachlor 16.43 238.0999 176.1075
141 [Procymidone 15.66 283.0167 96.0575

142 |Profenofos 16.51 338.9643 336.9663
143 (Prometryn 14.02 241.1361 184.0657
144 |Propaphos 15.90 219.9959 304.0898
145 |Propiconazole 17.94, 18.05 259.0293 172.9561
146 |Propoxur 10.77 110.0368 152.0837
147 |Propyzamide 12.67 172.9561 174.9532
148 |Prothiofos 16.43 308.9940 266.9470
149 |Pyraflufen ethyl 17.99 412.0205 414.0178
150 |Pyrazophos 20.11 221.0800 232.1086
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#z1 (020%)
Compound Retention time Quatification | Confirmation
(min) (m/z) (m/z)
151 |Pyributicarb 18.68 108.0449 165.0664
152 |Pyridaben 20.93 147.1174 309.0828
153 |Pyridafenthion 18.78 340.0647 199.0871
154 |Pyrifenox (E) 15.96 262.0065 264.0037
155 |Pyrifenox (Z) 15.46 262.0065 264.0037
156 |Pyrimethanil 12.82 198.1031 199.1110
157 |Pyriminobac methyl (E) 17.95 302.1141 256.0722
158 |Pyriminobac methyl (Z) 17.15 302.1141 256.0722
159 |Pyriproxyfen 19.77 136.0762 226.0994
160 [Quinalphos 15.60 146.0480 157.0766
161 |Quinoxyfen 17.99 237.0590 272.0278
162 [Quintozene 12.44 236.8413 248.8413
163 |Silafluofen 22.09 179.0892 286.1189
164 |Simeconazole 13.83 121.0454 195.0641
165 |Tebuconazole 18.35 250.0747 125.0158
166 |Tebufenpyrad 19.24 318.1373 333.1608
167 |Tecnazene 10.64 202.8803 214.8803
168 |Tefluthrin 12.97 177.0327 197.0345
169 |Terbufos 12.61 230.9737 153.0139
170 |Tetrachlorvinphos 15.98 328.9304 330.9276
171 |Tetraconazole 14.81 336.0527 338.0501
172 |Tetradifon 19.52 355.8814 158.9671
173 [Thenylchlor 18.27 288.1058 127.0218
174 |Thiobencarb 14.66 100.0762 125.0158
175 |Tolclofos methyl 13.85 264.9855 266.9827
176 |Tolfenpyrad 24.21 383.1401 171.0325
177 |Triadimefon 14.83 208.0278 57.0704
178 |Triallate 13.12 268.0330 270.0300
179 |Triazophos 17.64 257.0024 161.0589
180 |Tribuphos 16.55 258.0336 314.0962
181 |Trifloxystrobin 17.84 116.0500 145.0265
182 |Trifluralin 11.34 306.0702 264.0232
183 |Uniconazole P 16.61 234.0434 236.0407
184 |Vinclozolin 13.75 284.9960 212.0034
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F2 <N/ AMEREFROY — 7 EFEO B EME GURHD 0.005 ppm FHE) | BRHIRA R OEERST

RSD% Lob° | Loq®
Compound

10mDa | 20mDa | 50mDa | 100mDa | (ppb) (ppb)

1 |Acetochlor 52 6.3 4.0 3.7 1 2
2 |Acrinathrin 6.9 6.9 6.9 9.7 1 3
3 |Alachlor 6.4 55 6.5 5.8 1 3
4 |Aldrin 0.6 0.6 0.6 0.6 <1 <1
5 |Ametryn 3.8 1.2 12 1.2 <1 1
6 [Anilofos 6.3 6.3 64 8.0 1 3
7 |Aramite 32 3.2 3.2 3.2 <1 2
8 |Atrazine 0.6 04 04 0.4 <1 <1
9 |Azaconazole 2.7 4.3 2.9 1.7 <1 1
10 |Azinphos methyl 2.8 2.8 2.8 6.8 <1 1
11 |Azoxystrobin 142.4 8.3 84 8.3 1 4
12 |Benfluralin 29 2.9 2.9 2.9 <1 1
13 |Benfuresate 24 2.7 2.8 2.3 <1 1
14 |Benoxacor 3.6 1.6 2.3 9.7 <1 1
15 Ja-BHC 1.0 1.0 1.0 1.0 <1 1
16 |B-BHC 1.5 1.5 1.5 1.5 <1 1
17 |y-BHC 2.4 24 24 24 <1 1
18 |56-BHC 0.7 0.7 0.7 0.7 <1 <1
19 |Bifenox® 224 4.1 125 5.0 19 63
20 |Bifenthrin 1.8 19 25 2.5 <1 1
21 |Bitertanol 6.5 6.5 6.6 8.3 1 3
22 |Bromobutide 28 238 23 3.6 <1 1
23 |Bromofos 1.4 14 1.4 1.4 <1 1
24 |Bromophos ethyl 1.9 1.9 1.9 1.9 <1 1
25 |Bromopropylate 4.3 43 4.3 4.3 1 2
26 |Bupirimate 1.4 14 14 14 <1 1
27 |Buprofezin 2.6 34 2.5 2.3 <1 1
28 |Butachlor 1.1 1.1 1.1 2.3 <1 1
29 |Butafenacil 9.4 94 94 9.4 1 5
30 |Butamifos 1.0 1.0 1.0 1.0 Co<1 <1
31 |Cadusafos 32 32 3.2 32 <1 2
32 [Cafenstrole 6.8 6.8 45 7.6 1 2
33 |Cafentrazone ethy 49.9 2.8 2.8 2.8 <1 1
34 |Chlorbenside 2.9 25 25 5.6 <1 1
35 |Chlordane (cis) 0.9 0.9 0.9 0.9 <1 <1
36 |Chlordane (trans) 0.3 0.3 0.3 0.3 <1 <1
37 |Chlorfenapyr 3.1 3.1 28 2.8 <1 1
38 |Chlorfenson 14 1.8 1.8 1.5 <1 1
39 |Chlorfenvinphos (E) 2.8 28 28 2.8 <1 1
40 |Chlorfenvinphos (Z) 4.5 45 45 4.5 1 2
41 |Chlorobenzilate 0.9 0.9 2.2 1.3 <1 1
42 |Chlorpropham 28 2.9 29 3.2 <1 1
43 |Chlorpyrifos 4.0 4.0 4.0 4.0 1 2
44 |Chlorpyrifos methyl 0.9 0.9 0.9 0.9 <1 <1
45 |Chlorthal dimethy! b —b 04 0.4 <1 <1
46 |Chlozolinate 2.5 25 25 1.4 <1 1
47 |Clomazone 1.7 1.5 1.6 2.6 <1 1
48 |Clomeprop 5.6 5.9 6.2 6.2 1 3
49 |Coumaphos 7.7 7.7 7.7 7.7 1 4
50 |Cyanazine 4.7 46 4.6 4.6 1 2
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#£2 (Ho%)

RSD% Lop® | Loa®
Compound

10mDa | 20mDa | 50mDa | 100mDa| (ppb) (ppb)

51 |Cyanophos 1.0 0.6 0.6 0.6 <1 <1
52 |Cyflufenamid 8.0 49 49 4.9 1 2
53 |Cyfluthrin® 58 53 11.3 8.4 17 56
54 |Cyhalothrin 6.2 6.2 6.2 8.8 1 3
55 |Cypermethrin 2.0 52 5.8 8.7 1 3
56 |Cyproconazole 3.7 3.7 37 3.6 1 2
57 |Cyprodinil 0.7 1.3 1.9 1.1 <1 1
58 |pp-DDD 16 16 16 16 <1 1
59 |pp'-DDE 0.4 04 0.4 04 <1 <1
60 jop'-DDT 2.0 2.0 2.0 2.0 <1 1
61 |pp'-DDT 3.1 3.1 3.1 3.1 <1 2
62 |Deltamethrin 71 9.6 9.6 9.6 1 5
63 [Di-allate 24 24 24 24 <1 1
64 |Diazinon 1.2 1.2 1.2 1.2 <1 1
65 |Dichloran 2.8 28 28 28 <1 1
66 |Dieldrin 27 27 27 27 <1 1
67 |Diethofencarb 3.6 3.6 3.6 36 1 2
68 |Diflufenican 1.5 1.7 2.0 2.1 <1 1
69 |Dimethametryn 1.1 1.1 1.1 1.1 <1 1
70 |Dimethenamid 3.3 22 1.5 1.6 <1 1
71 |Dimethoate 2.8 34 2.3 23 <1 1
72 |Dimethylvinphos (E) 0.5 0.5 0.5 0.5 <1 <1
73 |Dimethylvinphos (Z) 1.6 1.6 1.8 1.9 <1 1
74 |Disulfoton 4.3 4.3 3.6 4.7 1 2
75 |Dithiopyr 1.5 1.5 1.5 15 <1 1
76 |Edifenphos 7.6 52 5.1 3.1 1 3
77 |Endosulfan sulfate 6.0 6.0 6.0 6.0 1 3
78 |a-Endosulfan 0.7 1.1 1.1 1.1 <1 1
79 |B-Endosulfan 6.7 44 44 44 1 2
80 [Endrin 1.6 1.6 1.6 16 <1 1
81 [EPN 5.2 5.2 5.2 3.0 1 3
82 |Epoxiconazole 4.2 4.2 4.2 4.7 1 2
83 |Esprocarb 2.8 8.5 2.6 26 <1 1
84 |Ethion 2.0 2.0 2.0 2.0 <1 1
85 |Ethopraphos 2.7 27 2.7 2.7 <1 1
86 |Etofenprox 5.9 5.9 5.9 6.7 1 3
87 |Etoxazale 22 22 22 2.2 <1 1
88 |Fenarimol 6.8 6.8 6.8 7.0 1 3
89 |Fenchlorphos 0.4 0.4 04 04 <1 <1
90 |Fenitrothion 0.7 0.7 0.7 0.7 <1 <1
91 |Fenoxanil 1.8 1.8 1.8 1.8 <1 1
92 |Fenpropathrin 4.8 4.8 438 8.0 1 2
93 |Fenpropimoph 34 3.5 35 3.2 1 2
94 |Fenvalerate 9.6 6.8 7.7 8.5 1 4
95 |Fipronil 29 29 29 29 <1 1
96 |Flamprop methyl 2.7 27 2.7 54 <1 1
97 |Flucythrinate 8.8 8.3 8.5 8.5 1 4
98 |Fludioxonil 55 55 5.9 58 1 3
99 |Fluquinconazole 7.8 9.0 9.0 9.0 1 5
100 |Flutolanil 2.1 20 2.3 23 <1 1
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#£2 (00O%)

RSD%

LOD® LoQ°
Compound
10mDa | 20mDa | 50mDa | 100mDa | (ppb) (ppb)
101 |Fluvalinate 54 4.5 45 4.5 1 2
102 [Fosthiazate 6.0 3.0 3.0 9.3 <1 2
103 [Fthalide 14 1.7 1.4 14 <1 1
104 |indoxacarb 486.5 4.2 9.3 6.8 1 5
105 |lprobenfos 1.9 1.9 1.9 1.9 <1 1
106 |lsazophos 6.9 0.9 1.0 1.0 <1 <1
107 |lsofenphos 2.7 1.2 1.4 1.0 <1 1
108 |Isofenphos oxon 0.2 0.2 0.2 0.2 <1 <1
109 [Isoprocarb 4.3 4.3 4.0 74 1 2
110 |Isoprothiolane 2.0 2.0 2.0 2.0 <1 1
111 |Isoxadifen ethyl 29 2.9 2.9 25 <1 1
112 |lsoxathion 26 26 26 18.7 <1 1
113 |Kresoxim methyl 23 35 2.7 27 <1 1
114 |Lenacil 1.6 4.3 4.3 4.3 1 2
115 [Malathion 34 2.2 2.6 2.6 <1 1
116 [Mecarbam 34 34 34 —b 1 2
117 |Mefenacet 42 7.0 5.7 57 1 3
118 |Mefenpyr diethyl 42 22 3.6 54 1 2
119 |Mepronil 22 22 22 —b <1 1
120 [Metalaxy! 05 1.2 6.2 —b 1 3
121 |[Methidathion 24 2.4 24 24 <1 1
122 |Methoxychlor 3.7 33 3.6 36 1 2
123 |Metolachlor 3.7 2.5 25 2.5 <1 1
124 [Myclobutanil 97.9 3.8 5.3 3.8 1 3
125 |Oxadiazon 22.2 1.1 3.8 34 1 2
126 |Oxadixyl 28 7.5 2.6 10.1 <1 1
127 |Paclobutrazol 1.9 1.6 1.6 1.6 <1 1
128 |Parathion 0.9 0.9 0.9 09 <1 <1
129 |Parathion methyl 32 3.2 32 3.2 <1 2
130 |Penconazole 1.8 1.8 1.8 1.8 <1 1
131 |Pendimethalin 0.3 0.4 0.3 0.3 <1 <1
132 |Permethrin 6.7 74 7.0 9.3 1 4
133 |Phenothrin 5.6 55 5.6 6.4 1 3
134 |Phenthoate 55 5.5 5.5 55 1 3
135 |Phosalone 4.6 4.6 4.6 4.6 1 2
136 |Phosmet 4.2 4.2 4.2 55 1 2
137 |Phosphamidon 0.8 0.8 0.8 0.8 <1 <1
138 |Piperony! butoxide 0.8 1.1 0.6 0.3 <1 <1
139 [Pirimiphos methyl 27 2.7 2.7 27 <1 1
140 |Pretilachlor 24 24 24 24 <1 1
141 |Procymidone 71 5.8 1.6 1.7 <1 1
142 |Profenofos 4.3 4.6 4.6 4.6 1 2
143 |Prometryn 0.5 0.3 0.3 0.3 <1 <1
144 |Propaphos 25 25 25 3.6 <1 1
145 |Propiconazole 3.9 3.9 3.9 3.9 1 2
146 |Propoxur 3.0 3.0 3.0 29 <1 2
147 |Propyzamide 1.6 2.7 2.7 27 <1 1
148 |Prothiofos 0.9 0.9 2.0 32 <1 1
149 |Pyraflufen ethyl 83.6 4.8 48 4.8 1 2
150 |Pyrazophos 36 36 36 3.6 1 2

—115—




*2 (02%)
RSD% Lop® | Lo
Compound
10mDa | 20mDa | 50mDa | 100mDa | (ppb) (ppb)
151 [Pyributicarb 4.7 3.8 3.0 26 <1 2
152 |Pyridaben 6.6 6.6 6.6 6.6 1 3
153 | Pyridafenthion 24 24 4.5 4.5 1 2
154 |Pyrifenox (E) 2.0 20 2.0 2.0 <1 1
155 |Pyrifenox (2) 0.7 0.7 0.7 0.7 <1 <1
156 | Pyrimethanil 1.6 1.6 1.6 14 <1 1
157 |Pyriminobac methyl (E) 32 32 3.2 32 <1 2
158 |Pyriminobac methyl (2) 1.5 1.5 1.5 1.5 <1 1
159 |Pyriproxyfen 5.0 7.9 4.1 5.3 1 2
160 |Quinalphos 2.8 28 2.8 —b <1 1
161 [Quinoxyfen 25 38 4.0 34 1 2
162 |Quintozene 1.1 1.1 1.1 1.1 <1 1
163 |Silafluofen 54 8.9 9.1 9.1 1 5
164 |Simeconazole 4.5 45 6.3 6.3 1 3
165 | Tebuconazole 4.6 4.7 4.7 4.7 1 2
166 | Tebufenpyrad 3.3 4.0 4.0 4.0 1 2
167 |Tecnazene 1.7 1.7 1.7 1.7 <1 1
168 | Tefluthrin 1.7 1.7 1.7 1.4 <1 1
169 | Terbufos 2.1 2.1 2.1 2.1 <1 1
170 | Tetrachlorvinphos 2.8 2.2 3.1 2.3 <1 2
171 | Tetraconazole 0.3 0.1 0.1 0.1 <1 <1
172 | Tetradifon 5.9 6.7 6.7 6.7 1 3
173 | Thenylchlor 1.6 1.6 1.6 1.6 <1 1
174 | Thiobencarb 3.6 35 34 32 1 2
175 |Tolclofos methyl 22 22 1.9 1.8 <1 1
176 | Tolfenpyrad 107.2 9.2 9.4 9.4 1 5
177 | Triadimefon 20.9 29 1.6 3.5 <1 1
178 | Triallate 2.1 21 2.1 1.5 <1 1
179 |Triazophos 4.3 3.7 3.7 3.7 1 2
180 | Tribuphos 1.5 1.5 1.5 1.5 <1 1
181 | Trifloxystrobin 5.1 35 55 7.6 1 3
182 | Trifluralin 2.1 21 2.1 2.1 <1 1
183 |Uniconazole P 2.6 2.6 2.6 2.6 <1 1
184 |Vinclozoalin 1.3 0.8 0.8 1.8 <1 <1
A EHF 0.05 ppm FH 2
R g

HHHE B10F 50 mDa TOFERAE W TEH
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Mass Chrom:119.04470.119.05470; / EI+ / FL ~> MSTD_001ppm 001-Centroided
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Mass Chrom;119.03970.119.05970; / El+ / AL _MSTD_0.01ppm_001-Centroided
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Mass Chrom;118.99970.119.09970; / El+ / AL >~ _MSTD_0.01ppm_001-Centroided

Sample : A>3, MSTD, 0.01ppm
x10°  Intensity(%)
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(d ) 300+
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1004

1 AL PO~y 7 ZAEHREYEHE D mepronil (m/z 119.0497) DA 7 a< 7T L
(a) 10 mDa, (b) 20 mDa, (c) 50 mDa, (d) 100 mDa

—117—



10 mDa

20 mDa

50 mDa

100 mDa

I

BEERR

BRSD <10% #RSD210% =

2 AL VO Ny AAERETR (BB 0.005 ppm #HY) DY —V EFED L E)
(RN O EEEE R LT, )

—118—



. AFFERROTIITICRE 25— 5%

=119=—



0. FEREOFITICET—EFR

FRE KL L FA A FEFRF4 B N | AR
Simultaneous
. determination of acidic | Journal of
Shida, 5., esticides in vegetabl Envi tal
Nemoto, S.,and | P : ceetables | Lrmvironmenta 50 151-162 | 2015
Matsuda. R. and fruits by liquid Science and
> chromatography—tandem | Health, Part B
mass spectrometry.
Multiresidue Journal of
Saito-Shida, S., determination of Environmental
Nemoto, S., and pesticides in tea by gas 50 760-776 2015

Teshima, R.

chromatography-tandem
mass spectrometry.

Science and
Health, Part B

—121—







Journal of Envirownental Science and Health, Part B2O15) 50, 151162
Copyright € Taylor & Francis Group, LLC

ISSN: 0360-1234 (Print); 1532-3109 (Online)

DOL: 10. 1080/03601234.2015 982381

Taylor & Francis

Taytle KiTisncis Cronps

Simultaneous determination of acidic pesticides in vegetables
and fruits by liquid chromatography—tandem mass
spectrometry

SHIZUKA S. SHIDA, SATORU NEMOTO and RIEKO MATSUDA

Division of Foods, National Institute of Health Sciences, Tokyo, Japan

A sensitive and efficient method has been developed for the simultancous determination of 73 multi-class acidic pesticides. such as
phenoxy acid and sulfonylurca herbicides. in vegetables and fruits. The sample preparation procedure was carclully optimized for
the cfficient removal of co-extracted matrix components. The method involves extraction of acidic pesticides with acetonitrile
containing hydrochloric acid, removal of water from crude extract by salting out, and sequential cleanup by octadecylsilyl silica gel
and silica gel columns. For samples containing high amounts of pigments, such as spinach, additional cleanup using a graphitized
carbon column was performed prior to liquid chromatography-mass spectrometry (LC-MS/MS) analysis, Recovery tests were
performed for five times for cach sample of cabbage, spinach, potato, eggplant, orange, and apple fortified at 0.01 mg kg—1. Out of
the 73 tested pesticides, 70 for cabbage. 67 for spinach, 69 for potato. 67 for cggplant, 64 for orange. and 70 for apple were within the
range of 70-120%. with relative standard deviations below 25%. Nitenpyram and pyrasulfotole showed Tow recoveries for all the
samples tested, probably duc to low recoveries from silica gel column. The developed method effectively removed co-extracted
matrix components and was highly selective, with no interfering peaks found in the chromatograms of blank samples. The overall
results indicate that the developed method is suitable for the quantitative analysis of acidic pesticide residucs in vegetables and fruits.

Keywords: Acidic pesticides, LC-MS/MS, Multi-residue method. vegetables and fruits.

Introduction

Pesticides are used extensively throughout the world to
protect agricultural products from pests such as insccts,
bacteria, fungi, and viruses. However, since pesticides are
harmful to humans as well as animals and the environ-
ment,"? pesticide residues must be controlled. Therefore,
regulatory agencies of many countrics have established

maximum residue limits (MRLSs) in foods, with the aim of

minimizing the health risks associated with their consump-
tion. For this reason, it is important to develop sensitive
and reliable Multi-residue methods for monitoring pesti-
cides in various foods. To date, numerous Multi-residue
methods have been developed for monitoring pesticides in
foods. Anastassiades et al. reported the quick, casy. cheap,
effective, rugged. and sale (QUEChERS) method for the
analyses of a wide range of pesticides™ many modified

Address correspondence to Shizuka S. Shida, Division ol Foods,
National Institute of Health Sciences, 1-18-1. Kamivoga, Sctagaya-
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versions of this method ap%vlied o various foods have been
subsequently reported ™7 Fillion et al. demonstrated a
Multi-residue method in vegetables and [ruits by employ-
ing gas chromatography-mass spectrometry (GC-MS)
and liquid chromatography (LC) with fluorescence detec-
tion.™ In Japan, an official “Multi-residue method 1 for
agricultural chemicals by LC-MS™ has been established
(Fig. 1a),"! which is a modification of the method devel-
oped by Fillion et al.™™ These methods use anion exchange
sorbents - i.e., primary secondary amine (PSA) or amino-
propyl-silanized silica gel (NH>) sorbents ~ for cleanup
and can cffectively remove acidic co-extracted matrix coms-
ponents such as organic and fatty acids. However, PSA
and NH; sorbents also retain acidic pesticides, leading to
poor recoveries.

Several methods have been published for the analysis of
phenoxy acid herbicides in vegetables and fruits, '
ioe 121 ey tiecues U3 T addit . s have
rice,* and kidney tissues.™ In addition, methods have
been m;porlcd for analyzing sulfonylurea herbicides in
crops,"1% grapes,' and milk '™ However, the simulta-
neous determination of multi-class acidic pesticides in
complicaled food matrices is a challenging task because ol
the wide range of pK, values and polaritics ol pesticides;
conscquently, there arc very lew reported methods for
such analyses. Pargja etal. have cvaluated various
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{a)y

Sample

200g

Extraction

homogenize with 50 mi of acetonitrike and filter with sucrion
homogenize with 20 mbL of aceioniuile and filter with suction
combine filtrates and make up the volume to 100 mL with acetonirile
withdraw 20 ml aliguot of extract (equiv, 4 g sample)

Salting-out

add 10 g of sodium chiloride and 20 ml. of phosphate buffer (0.5 mol/L, pH 7.0)
shake for 10 min

dry acetonitrile layer (upper layer) over anhydrous sodium sulfiate

tilter to remove sedium sulfate

evaponate fitrrate to dryness

dissolve residue in 2 ml, of acetonitrile/toluene (3:1} (1)

Tandem graphitized
carbon/NH; column
{500 mg/300 mg} eleanup

precondition column with |0 mL of acetonitrile/toluene (3:1)
foad (I} on column

dditional 20 mL of ace
evaporate to dryness

dissolve in 4 mL of methanol

elute wit

teftoluene (3:1)

LC-MS/MS analysis

®

Sample

I

00¢

Extraction

homogenize with 50 mL of acetonitrile and filter with suction
homogenize with 20 mL of acetonitrile and filter with suction
combine filtrates and make up the volume to 100 mL with acetonitrile
withdraw 20 mL aliquot of extract {equiv. 4 g sample)

Salting-out

add 10 g of sodium chioride and 20 mL of hiydrochloric acid (0.01 mol/L}
shake for 10 min

dry acetonitrile layer (upper layer) over anhydrous sodium sulfate

filter to remove sodium sulfate

evaporate filtrate to dryness

dissolve residuc in 2 mL of hexane/acetone/tricthylamine (160:40:1) (ID)

Sitica gel column
(500 mg) cleanup

precondition column with 5 ml. of methanol, 5 ml of acetone, and then 10 mL of hexane
toad (I1) on column

wash with additional 10 mL of hexane/acetone/tricthylaming (160:40:1)

clute with 20 ml of acetone/methanol (1:1)

evaporate to dryness

dissolve in 4 mL of methanol

LC-MS/MS analysis

Shida et al.

Fig. 1. Flow chart showing the sequence of steps in (a) the Japancse official Multi-residue method 1, and (b) the Japanese official
Multi-residue method II in vegetables and fruits,

modifiecd QUECHERS methods and described a method
with no cleanup step for analyzing acidic herbicides,
including phenoxy acid and sulfonylurea herbicides, in
polished rice."” Akiyama et al. demonstrated the simulta-
neous determination of multi-class acidic pesticides in veg-
ctables and fruits without a cleanup step and determined
by liquid chromatography time-of-flight mass spectrome-
try (LC-TOFMS).P In Japan, an official “Multi-residuc

method IT for agricultural chemicals by LC-MS™ has been
established (Fig. 16y for acidic pesticides that cannot be
determined by the Japanesce official Multi-residue method
I (Fig. 1a). However, the removal of co-extracted matrix
components without using PSA or NI, sorbent is insulfi-
cient. often causing significant matrix ¢ffects.

The aim of this study was to develop a sensitive and
reliable Multi-residue method for acidic pesticides in
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