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Abstract

An LC-MS/MS method for the simultancous determination of pesticide residues in tea was developed by modifying the Japanese
official multiresidue method. In the optimal sample preparation procedure, the following sequence of steps was adopted: (1)
swelling of the sample in water; (2) extraction with acetonitrile; (3) removal of water by salting-out; (4) cleanup on an ODS column
and then on a tandem graphitized carbon/PSA column. The resulting test solution was subjected to LC-MS/MS and determined by
external solvent standard calibration. The recoveries for 135 pesticides from fortified green tea, black tea, oolong tea, and matcha
{powdered green tea) after spiking at the Japanese maximum residue limits were mostly within the range 70-120%, with relative
standard deviations of <20%. The test solutions obtained by the modified method were cleaner than those obtained by the original
multiresidue method and contained relatively smaller amounts of pigments and other matrix components. No interfering peak was
observed in the blank chromatograms, indicating the high selectivity of the modified method. Therefore, the developed method is
considered to be highly efficient and suitable for the quantitative analysis of pesticide residues in tea.
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Table 1. LC-MS/MS parameters for the tested pesticides
Retention o Quantitation _ Confirmation _
time lonization Prcf:ursor Pr?duct Cone Collision Pref:ursor Prf)duct Cone Collision
(min) mode ion ion voltage energy ion ion voltage energy

(m/z) (m/z) (V) (eV) {m/z) (m/z) V) gY)

Acetamiprid 10.8 ESI(+) 223 126 30 24 223 90 30 36
Acibenzolar-S-methyl 204 ESI(+) 211 136 30 30 211 9 30 18
Acrinathrin 244 ESI(+) 359 208 20 12 559 181 20 30
Aldicarb 13.5 ESI(H) 208 116 10 5 208 88 10 13
Aldoxycarb 7.2 ESI(H) 240 148 18 13 240 85 18 21
Anilofos 216 ESI(®) 368 199 20 12 368 125 20 30
Aramite 234 ESI(+) 352 91 20 12 352 57 20 30
Atrazine 17.6 ESI(#) 216 174 30 18 216 96 30 24
Avermectin Bla 25.0 ESI(+) 891 305 20 28 891 567 20 14
Azamethiphos 14.4 BSI(#) 325 183 20 18 325 112 20 36
Azinphos methyl 19.1 ESI{+) 318 132 10 12 318 160 10 6
Azoxystrobin 194 ESI (%) 404 372 26 13 404 329 26 29
Bendiocarb 15.6 ESI(+) 224 167 26 13 224 109 26 21
Benzofenap 23.2 ESI (%) 431 105 34 37 431 119 34 21
Boscalid 195 ESI(+) 343 307 34 21 343 271 34 29
Buprofezin 232 ESIL(+) 306 201 20 12 306 16 20 18
Butafenacil 204 ESI(H) 492 331 26 21 492 349 26 13
Carbaryl 16.5 ESI(+) 202 145 26 13 202 127 26 29
Carbofuran 15.6 ESI {(+} 222 165 26 13 222 123 26 21
Carpropamid 21.7 ESI (+) 334 139 26 21 334 103 26 45
Chlorfluazuron 243 ESI(+) 540 383 30 18 540 158 30 18
Chloridazon 1.4 ESI (+) 222 104 40 24 222 92 40 24
Chloroxuron 203 ESI{(H) 291 164 34 21 291 72 34 21
Chlorpyrifos 23.8 ESI(+) 352 97 20 36 352 200 20 18
Chlorpyrifos methyl 22.5 ESI(#) 324 125 30 18 324 292 30 18
Chromafenozide 20.6 ESI(H) 395 175 18 13 395 91 18 61
Clofentezine 229 ESI(H) 303 138 26 13 303 102 26 37
Clomeprop 234 ESI(H) 324 120 26 21 324 203 26 13
Cloguintocet mexyl 23.6 ESI(+) 336 238 26 13 336 192 26 29
Clothianidin 10.0 ESI (+) 250 169 26 13 250 132 26 13
Cumyluron 20.2 ESI () 303 185 26 13 303 125 26 37
Cyazofamid 20.9 ESI(H) 325 108 20 12 325 217 20 18
Cycloprothrin 242 ESI(+) 499 181 18 37 499 229 18 21
Cyflufenamid 22.1 ESI (+) 413 203 30 36 413 295 30 18
Cyprodinil 224 ESI(+) 226 92 42 29 226 107 42 29
Daimuron 20.1 ESI (+) 269 151 26 13 269 91 26 kY
Di-allate 23.0 ESL(+) 270 86 30 18 270 109 30 30
Diazinon 219 ESI(+) 305 169 30 24 305 153 30 18
Difenoconazol 214,222 ESI(H) 406 251 40 24 406 188 40 42
Diffubenzuron 261 ESI (+) 3n 158 26 13 311 141 26 29
Dimethirimol 17.3 ESI(+) 210 71 40 30 210 98 40 24
Dimethomorph 19.4,19.8 ESI(+) 388 301 34 21 388 165 34 29
Diuron 18.1 ESI(+} 233 72 34 21 233 160 34 29
Epoxiconazole 20.8 ESI{(+) 330 121 30 18 330 101 30 48
Ethion 234 ESI (+) 385 199 20 12 385 143 20 24
Ethiprole 187 ESI (-} 395 331 20 12 395 250 20 24
Ethofenprox 26.2 ESI () 394 177 20 18 394 107 20 42
Etoxazole 24.0 ESI (B 360 141 40 30 360 304 40 18
Fenamidone 19.5 ESI(+) 312 236 26 13 312 92 26 29
Fenbuconazole 20.3 ESI(+) 337 70 30 18 337 125 30 30
Fenobucarb 19.0 ESI(+) 208 95 20 8 208 152 20 6
Fenoxaprop ethyl 23.1 ESI (+) 362 288 30 18 362 119 30 24
Fenoxycarb 213 ESI(+) 302 88 20 18 302 {16 20 12
Fenpropathrin 24.0 ESI (+) 350 125 20 8 350 97 20 36
Fenpyroximate {(£) 25.0 ESI (+) 422 366 26 13 422 215 26 29
Fenpyroximate (Z) 239 ESI(H) 422 366 26 13 422 215 26 29
Ferimzone 19.9,20.2 ESI(#) 255 91 40 30 255 132 40 18
Flufenacet 20.6 ESI(#) 364 152 20 18 364 194 20 12
Flufenoxuron 239 ESI(+) 489 158 30 18 489 141 30 48
Fluridone 19.2 ESI(+) 330 310 60 30 330 239 60 48
Furametpyr 17.6 ESI (+) 334 157 30 36 334 290 30 18
Furathiocarb 233 ESL(#) 383 195 26 21 383 252 26 13
Halfenprox 26.7 ESL(+) 496 183 20 18 496 461 20 12
Hexaflumuron 227 ESI{-) 459 439 20 12 459 175 20 42
Hexythiazox 24.0 ESI(+) 353 228 26 13 353 168 26 29
Imazalil 217 ESI{+) 297 159 40 24 297 69 40 18
Imibenconazole 23.0 ESI (+ 413 125 40 36 413 127 40 36
Imidacloprid 9.8 ESI{(+} 256 209 26 13 256 175 26 21
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Table 1. LC-MS/MS parameters for the tested pesticides (continued)

Retention o Quantitation Confirmation
time Tonization Prepursor Prgduet Cone Collision Precursor  Product Cone Collision
(min) mode ion ion voltage energy ion ion voltage energy
{m/z) (m/z) (V) (eV) (1/2) {m/z) (V) (eV)
Indanofan 21.0 ESI{(+) 341 187 18 13 341 175 18 13
Indoxacarb 225 ESI (+) 528 203 34 45 528 150 34 21
Iprovalicarb 20.5 ESI(+) 321 119 20 18 321 203 20 6
Isoxaflutole 18.0 ESI(+) 360 251 34 13 360 220 34 37
Isoxathion 22.1 ESL{H) 314 105 20 12 314 97 20 36
Kresoxim methyl 21.3 ESI{+) 314 206 20 6 314 16 20 12
Lactofen 23.2 ESI(+) 479 344 20 12 479 223 20 36
Linuron 19.5 EST (+) 249 160 26 21 249 182 26 13
Lufenuron 23.6 ESI(-) 509 326 26 21 509 175 26 37
Malathion 19.6 ESI(+) 331 127 20 12 331 99 20 24
Mepanipyrim 213 ESI(+) 224 106 50 24 224 77 50 36
Methabenzthiazuron 18.0 ESI(+) 222 165 30 18 222 150 30 30
Methamidophos 3.8 ESI(+) 142 94 20 12 142 125 20 12
Methidathion 18.3 ESIL(+) 303 145 20 12 303 85 20 18
Methiocarb 19.5 ESI(#) 226 169 20 12 226 121 20 18
Methomyl 8.3 ESL(+) 163 106 10 13 163 88 10 13
Methoxyfenozide 20.1 ESI(#) 369 149 18 21 369 91 18 45
Monocrotophos 83 ESI{+) 224 193 20 6 224 127 20 18
Monolinuron 17.0 EST{(#) 215 126 26 21 215 148 26 3
Myclobutanil 19.4 ESI(+) 289 70 30 18 289 125 30 36
Naproanilide 214 ESI (+) 292 171 20 12 292 120 20 24
Nitenpyram 7.2 ESI(+) 27] 126 20 30 271 130 20 12
Novaluron 22.7 ESI (+) 493 158 34 21 493 141 34 45
Oxamyl 7.6 ESL (+) 237 90 10 6 237 72 10 12
Oxaziclomefone 232 ESL{+) 376 190 18 13 376 161 18 29
Oxycarboxine 11.9 ESI (+) 268 175 20 12 268 147 20 18
Pencycuron 22.4 ESI (+) 329 125 34 29 329 89 34 61
Pentoxazone 233 ESI(+) 354 286 34 13 354 186 34 29
Phenmedipham 18.6 ESI (+) 318 168 20 12 318 136 20 24
Phosalone 217 ESI (+) 368 182 20 18 368 111 20 36
Piriniicarb 176 ESL(+} 239 72 30 18 239 182 30 18
Prochloraz 217 ESI (+} 376 308 20 12 376 70 20 24
Profenofos 228 ESL{+) 375 308 30 18 375 347 30 12
Propaquizafop 235 ESI (+) 444 100 30 18 444 70 30 36
Propargite 237 ESI{#) 368 231 20 12 368 175 20 18
Propiconazole 21.3 ESI(+) 342 159 30 24 342 69 30 24
Propoxur 14.9 ESI(#) 210 111 20 2 210 168 20 [
Pyraclostrobin 223 ESI(+) 388 194 20 12 388 163 20 24
Pyrazolynate 22.5 ESI (+) 439 91 40 16 439 173 40 18
Pyrazophos 222 ESI(+) 374 222 30 24 374 194 30 30
Pyridaben 247 ESI(+) 365 147 20 24 365 309 20 12
Pyriftalid 19.4 ESI(#) 319 139 50 30 319 83 50 42
Pyrimidifen 242 BESI(H) 378 184 40 24 378 150 40 36
Pyriproxyfen 237 ESI () 322 96 20 18 322 185 20 24
Quinalphos 21.5 ESI(+) 299 163 30 18 299 147 30 18
Quizalofop ethyl 23.3 ESI(#) 373 299 30 18 373 91 30 30
Simeconazole 20.4 ESI(+) 264 70 26 21 294 73 26 29
Spinosyn A 26.4 ESI(H) 733 142 42 29 733 98 42 61
Spinosyn D 272 ESI (+) 747 142 50 29 47 98 50 53
Spiromesifen 237 ESI (+) 388 273 10 12 388 255 10 30
Tebuconazole 20.9 ESI(+) 308 70 30 24 308 125 30 36
Tebufenozide 21.2 ESI (+) 353 133 10 18 353 297 10 6
Tebuthiuron 15.9 ESI (+) 229 172 30 18 229 116 30 24
Teflubenzuron 236 ESI(+) 381 158 26 13 381 141 26 37
Tetrachlorvinphos 21.3 ESI(#) 367 127 30 12 367 206 30 36
Tetraconazole 20.0 ESI(+) 372 159 40 30 372 70 40 24
Thiabendazole 15.1 ESI (+) 202 175 50 29 202 131 50 29
Thiacloprid 12.4 ESI(+) 253 126 34 21 253 90 34 37
Thiamethoxam 8.2 ESI(+) 292 211 26 13 292 181 26 21
Triadimefon 19.6 ESI(H) 294 69 30 24 294 197 30 18
Triadimenol 19.6 ESI(+) 296 70 10 12 296 99 10 12
Tridemorph 277,289  ESI(H) 298 130 50 24 298 57 50 30
Trifloxystrobin 22.4 ESI(+) 409 186 20 18 409 145 20 48
Triflumizole 22.4 ESI (4 344 276 20 12 344 301 20 12
Triflumuron 204 BESI (1) 359 156 26 13 359 139 26 37
Triticonazole 20.6 ESI () 318 70 20 12 318 125 20 36
XMC 16.4 ESI (+) 180 123 20 12 180 108 20 24
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shake for 10 min
dry aceronitrile layer (upper layer) over with anhydrous sodium sulfate
filker to remove sodium sulfate
evaporate fitrate to dryness
dissolve residuz in 2 mL of acetonitrileftoluene (3:1) (1)
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Salting-out
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and 20 m-of phosphate buffer (0.5 molt.,, pH 7.0)
shake for 10 min.
centrifiige at 3000 rpm for 5 min
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precondition cohumm with 10 mL of acetonitrile
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evaporate io dryness
dissolva residue in 1 ml of methanol {equiv. 0.25 g sampk/mL)
[ LC-MS/MS amsyss |

Fig. 1. Flow chart showing the sequence of steps in (a) the
Japanese official multiresidue method I for tea, and (b)
the modified multiresidue method
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EDB L, TOROIEHR Y ITBWTIR, EATRIOROS R
BITAHEE e ARBETE, KNSR ZEDLID,
AT B ER ST LE Lz, Tbhh, M
[ED /4 L2288 025 g GO (S mL) 274
P MUV IS mL ZMATHFRL, V) VEBBHE 20 nL B

— 111 —



32 Jpn. I. Food Chem. Safety, Vol. 21(1), 2014

FUMESLF MU A 10 g FINATIRE DB, BODEE (BY
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FHMARALTVWED, 75771 —K /PSATEI =
7 52 (500 mg/500 mg) DN EREORMENTORER)
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TARDELRLIZNIIRE RS S LxfAmF L, 75
T7A MR PSATEB I =N 54 (500 mg/S00 mg) &4
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R g N ERRICEGEES, ST MRy
PSAFEBI= I SLAOATNBHETHLT = )V / ML
Y (3.1 2ml % ODS I=h I LM BOTREMIIINAS
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THY, FTEIFZMILEMIZCORARBIITHELIZK
Wik ELLN D, FOIZOEMRO TIE. FFTEI=
DV 3 mL A CEAE, hEMEENERV L=y 1 mL
EMAIADE AT ENAMTEFEE LI JTHICHL,
RETHESH 025 g MEE B EV 20, BE RS
FEaoEizLn, wihoREb7e b/ bz

(3:1) 2 mL"C ODS 329 S A BHBEOBEW Y 25774
=B /PSA FEB I H FANBH L ENTES, &

B, BERLAMI, HERLEETEILTLATILELE
WS, (R BEEATH L EREALHFI BV TR E Y
Trh=bV by 30D B RLIC WD, BEE
MEBEIT LB DB EHE L LN

FI7 A M= R PSATEEIZ AT AP DDEBED
BHEBERE LA, sl 77 RarBLUEY]
DT ERRE HETLCRIE 22 ~ 32 mL OEGICIEE
Wlapolzl &dph, B —F B L FARIZ 22 mL T
B (952 mL TR §AI8ELin, REHTT IR
V5N S AT, PHATRA, AVEFTA =N, FF
PINRF LY, V)R- BLOEY IV T R RS,
70% L FOREES LN,

2. FhNENNEER

HHORE, BEF. AEBLUHELZREVT 1354k
oW T EEE (FEESRESALTORVERIE
{2 0.01 ppm) T 5 FHATOWRMEINGRET o720 BRET
OFIENERE T, 508 025 g M /mL ORERBE L
LC-MS/MS {2 AT AL EIC BV T4 D faflvh e
e ns b, o, TINBRESAIRICE L5 REORN
LB R FEFIAT O & BRI Lo TS OMBESEELT
BIEDPTFHREINST LD, BEHED | ppm MU FORIEL
| ppm 282X BBHO 2 0O T W15 FRELEN
BUGREETITIZ & Uiz, FIEMED 1 ppm T R A REE
DFEINENFERIZ B TE, REAE GUHE 025 g4/
mL) % 50 E&HF (BGUE 0,005 g M1 /mL) LT LC-MS/MS
HER{T2720

ZTOFR, EEOHERH (70 ~ 120%) BIUBTREE

(RSD) DR (0.001 ppm <RINEEES 0.01 ppm: 25%
Fi. 0.01 ppm <IRHRES 0.0 ppm: 15%EH, #RIDR
FE> 0.1 ppm: 10%3RED 7 2/ Lo m3Eg, WMEFL7z 135
&Rt 125 L&Y, B4 94 LAY, R 12310
. RE 2UbemER b, R MABIUHRETIE
WETREON o MITRITRERI O AL 0D, BRE
BV EENC PRV SN E D o7 (Table 2), HE
MHEFI SR Dot BEDI L, THAFRA, AVFTT
W=, AFVINERLUBIFESI VI F—MIT 5T 7
A PA—F L PSAFEBI=ASLIEE., AFIFFABLIU=
FrETALET TOMRED, BEFEVELEREEZS
Nie TYNRYIIN S AFNBIPE)I 7201k, 7
5774 M=K PSAFEB I = T 20 HOBEILESEh
FI 9% B IV 5% AR 70, B, ALABLUHRE
DTN RESRI B TERITREESG BN, <)y
ARFETCTDITI 774 Mh—H Y PSATRBI=Z AT L
LOBHBE AR LSS, BlEEE 2mL (552
mLTEH) CTIN TS AFME07%. EUIV 7
Vi 90% & BT BEIEEI G s Ldnh, WEHEE Y
Yo 7 ZIFETFIIBGWTT I 774 b a—H Y /PSAFERBI=H
SAPLEHENRTLRELNDEEILNI,

WOV — 7RI 5 b v AEEE RO Y — o O
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Table 2. Recoveries of pesticides from fortified green tea, oolong tea, black tea, and matcha spiked at MRLs

MRL Groug? Green tea Oolong tea Black tea Matcha
{ppm) P Viean (%) RSD (%) Mean (%) RSD (%)  Mean (%) RSD (%) Mean (%) RSD (%)
Acetamiprid 30 B 103 & 93 4 93 2 97 3
Acibenzolar-S-methyl 0.01 A S0 9 70 12 85 16 76 16
Acrinathrin 10 B 97 2 102 5 87 3 94 4
Aldicarb 0.05 A 91 3 70 2 86 6 87 2
Aldoxycarb 0.01 A 84 9 68 11 85 6 87 11
Anilofos 0.01 A 95 10 81 7 96 7 83 5
Aramite 0.1 A 9s 5 62 3 84 2 74 2
Atrazine 0.1 A 88 S 74 4 87 3 93 2
Avermectin Bla 0.02 A 98 12 70 16 86 7 84 10
Azamethiphos 0.01 A 40 41 41 11 18 45 32 116
Azinphos methyl 0.01 A 83 10 79 11 92 18 80 14
Azoxystrobin 10 B 96 8 92 5 96 3 97 3
Bendiocarb 0.01 A 88 6 75 3 90 3 93 6
Benzofenap 0.01 A 13 6 71 1 82 15 86 6
Boscalid 0.01 A 88 9 61 10 77 13 71 12
Buprofezin 20 B 98 4 S0 3 91 4 97 4
Butafenacil 0.01 A 85 7 71 5 82 9 87 8
Carbaryl 1 A 90 4 71 2 86 4 78 5
Carbofuran 0.2 A 96 5 76 1 91 4 87 2
Carpropamid 0.01 A 79 10 69 15 86 11 75 7
Chlorfluazuron 10 B 95 6 74 6 84 4 92 3
Chloridazon 0.01 A 88 7 41 51 81 5 69 14
Chloroxuron 0.1 A 91 11 74 5 86 6 88 2
Chlorpyrifos 10 B 106 7 96 5 92 2 96 3
Chlorpyrifos methyl 0.1 A 89 7 90 5 102 3 92 4
Chromafenozide 20 B 96 7 95 2 96 3 99 2
Clofentezine 20 B 39 10 70 7 90 5 81 9
Clomeprop 0.01 A 79 15 51 10 73 6 71 16
Cloquintocet mexyl 0.01 A 97 7 81 3 86 8 90 3
Clothianidin 50 B 95 7 91 4 94 5 94 2
Cumyluron 0.01 A 38 5 38 8§ 102 8 102 4
Cyazofamid 0.0t A 34 9 66 3 76 9 84 13
Cycloprothrin 0.5 A 67 14 38 10 St 9 52 7
Cyflufenamid 0.01 A 84 16 69 4 79 9 92 11
Cyprodinil 0.01 A 85 15 80 3 103 10 96 20
Daimuron 0.01 A 102 10 97 4 99 9 9 8
Di-allate 0.1 A 82 14 86 17 92 7 119 15
Diazinon 0.1 A 91 5 96 2 97 4 97 1
Difenoconazol 10 B 103 7 88 2 90 3 94 4
Difiubenzuron 20 B 93 6 94 4 93 8 98 2
Dimethirimol 0.01 A 84 11 60 6 47 10 81 14
Dimethomorph 0.01 A 90 2 77 4 91 10 100 6
Diuron 1 A 38 5 59 3 80 5 80 2
Epoxiconazole 0.01 A 95 11 58 10 72 9 74 6
Ethion 0.3 A 85 3 72 2 87 1 88 2
Ethiprole 10 B 106 8 96 4 89 4 93 4
Ethofenprox 10 B 97 7 88 I 89 4 94 3
Etoxazole 10 B 95 6 92 3 9t 1 94 2
Fenamidone 0.01 A 89 15 71 15 78 12 76 6
Fenbuconazole 10 B 92 7 93 3 93 4 97 2
Fenobucarb 0.5 A 96 S 83 2 87 4 83 2
Fenoxaprop ethyl 0.01 A 78 14 60 16 93 4 85 8
Fenoxycarb 0.05 A 95 8§ 74 5 84 4 79 6
Fenpropathrin 25 B 100 4 93 3 93 3 93 2
Fenpyroximate (E) 10 B 95 9 90 2 91 6 96 2
Fenpyroximate (Z) 10 B 91 6 94 2 91 6 97 2
Ferimzone 0.01 A 89 15 72 7 81 1 9N 2
Flufenacet 0.01 A 82 13 67 7 84 3 83 7
Flufenoxuron 15 B 92 8 92 3 92 4 97 1
Fluridone 0.01 A 90 11 94 3 100 9 92 7
Furametpyr 0.1 A 94 I 72 5 87 4 93 2
Furathiocarb 0.1 A 73 3 4 8 96 9 72 7
Halfenprox 10 B 97 7 9 2 89 4 92 2
Hexaflumuron 15 B 92 8 98 4 95 7 100 7
Hexythiazox 35 B 92 9 92 2 91 8 97 2
fmazalil 0.1 A 86 6 81 3 83 7 &7 6
Imibenconazole 15 B 102 9 87 4 92 2 96 3
Imidacloprid 10 B 92 9 93 3 95 2 97 2

)

A1 0.25 g sample/mL., B:0.005 g sample/mlL..
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Table 2. Recoveries of pesticides from fortified green tea, oolong tea, black tea, and matcha spiked at MRLs (continued)

MRL Group? Green tea Oolong tea Black tea Matcha
{ppmi) P Mean (%) RSD (%) Mean (%) RSD (%) Mean (%) RSD (%) Mean (%) RSD (%)
Indanofan 0.01 A 88 4 66 12 82 7 82 20
Tndoxacarb 0.01 A 98 4 57 8 84 13 89 19
Iprovalicarb 0.01 A 93 i3 82 3 90 9 95 12
Isoxaflutole 0.01 A 47 18 36 14 39 15 38 16
Isoxathion 5 B 100 2 95 4 94 2 94 5
Kresoxim methyl 20 B 102 5 97 2 94 2 o8 3
Lactofen 0.01 A 93 6 65 6 72 8 75 10
Linuron 0.02 A 87 0 63 7 84 10 83 8
Lufenuron 10 B 83 s 99 N 83 8 98 7
Malathien 0.5 A 88 4 83 2 88 2 91 2
Mepanipyrim 0.0] A 97 4 110 13 95 20 90 12
Mcthabenzthiazuron 0.01 A 87 10 63 6 78 11 77 8
Methamidophos 5 B 50 10 56 2 47 3 46 5
Methidathion 1 A 91 N 83 | 90 2 93 2
Methiocarb 0.01 A 94 12 a1 15 83 1 87 16
Methomyl 20 B 62 6 61 3 62 4 59 4
Methoxyfenozide 20 B 98 6 95 4 94 6 96 i
Monocrotophos 0.1 A 62 3 37 3 65 3 57 0
Monolinuron 0.08 A 9] 6 86 5 88 8 79 5
Myclobutanil 20 B 102 N 93 2 95 3 98 3
Naproanilide 0.01 A 87 1 69 10 87 6 68 8
Nitenpyram 10 B 75 6 53 7 57 2 66 2
Novaluron 0.01 A 84 14 34 10 74 3 68 7
Oxamyl 0.01 A 77 13 61 i3 86 9 81 16
Oxaziclomefone 0.01 A 95 10 75 11 87 4 88 11
Oxycarboxine 0.01 A 50 7 21 9 38 4 43 21
Pencycuron 0.01 A 84 4 78 5 50 8 86 7
Pentoxazone 0.01 A 94 7 46 12 73 12 62 19
Phenmedipham 0.01 A 83 9 63 6 76 17 83 18
Phosalone 2 B 102 6 97 7 92 4 95 4
Pirimicarb 0.01 A 91 4 88 4 86 7 100 8
Prochloraz 0.1 A 84 8 68 1 86 4 86 3
Profenofos 1 A 83 6 66 2 79 4 79 1
Propaquizafop 0.01 A 92 5 62 9 80 9 82 3
Propargite 3 B 102 6 96 3 92 4 98 4
Propiconazole 0.1 A 80 1o 60 4 {0 4 80 2
Propoxur 0.1 A 91 6 81 2 89 4 94 2
Pyraclostrobin 0.01 A 92 9 86 2 94 5 86 9
Pyrazalynate 0.02 A 30 25 19 20 13 70 21 31
Pyrazophos Q.1 A 93 7 72 2 87 4 91 4
Pyridaben 10 B 101 8 87 2 89 5 94 2
Pyriftalid 0.01 A 84 14 92 6 91 11 96 2
Pyrimidifen 5 B 84 7 63 5 71 7 89 2
Pyriproxyfen 15 B 103 6 95 2 93 3 96 4
Quinalphos 0.1 A 92 4 78 2 90 4 a3 1
Quizalofop cthyl 0.01 A |8 10 57 7 77 8 88 9
Simeconazole 10 B 97 8 94 1 95 3 97 2
Spinosyn A 2 B 90 9 84 2 83 1 88 2
Spinosyn D 2 B 88 8 82 3 84 2 88 4
Spiromesifen 30 B 90 7 82 2 81 4 86 3
Tebuconazole 25 B 104 9 93 3 96 2 98 4
Tebufenozide 25 B 97 9 08 4 94 7 97 4
Tebuthiuron 0.02 A 93 6 72 s 9l 9 86 7
Teflubenzuron 20 B 87 7 87 5 93 9 97 4
Tetrachlorvinphos 0.01 A 86 13 73 8 7 9 81 8
‘Tetraconazole 20 B 104 7 96 3 93 3 96 4
Thiabendazole 0.1 A 9 52 3 34 0 - 3 167
Thiacloprid 30 B 9% 7 94 3 94 4 97 !
Thiamethoxam 13 B 89 9 88 3 89 2 88 1
Triadimefon 1 A 89 6 76 2 87 5 92 2
Triadimenol 20 B 103 7 91 4 94 2 97 3
‘fridemorph 20 B 80 N 72 2 63 7 71 2
Trifloxystrobin S B 101 6 97 4 91 2 95 2
Triftumizole 15 B 89 8 108 6 80 6 71 2
Triflumuron 0.02 A 95 8 54 10 7 10 74 9
Triticonazole 0.01 A 80 15 51 9 82 3 96 5
XMC 10 B 101 4 94 4 93 2 96 2

D A:0.25 g sample/mL, B 0.005 g sample/mL..
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Table 3. Recoveries of pesticides from fortified tea after dilution of the test solutions with methanol
Sample (t\: 5;; Group ¥ Dilution factor Mioan (%)Rccovery RSD 9%

Clofentezine Green tea 20 B 10 71 12
Methomyl Green tea 20 B 10 84 8
Monocrotophos Green tea 0.1 A 10 70 5
Aldoxyearb Oolong tea 0.01 A 2.5 75 8
Aramite Qolong tea 0.1 A 10 100 5
Boscalid Qolong tea 0.01 A 2.5 74 7
Carpropamid Oolong tea 0.01 A 2.5 100 7
Clomeprop Qolong tea 0.01 A 2.5 70 1
Cyazofamid Oolong tea 0.01 A 2.5 90 24
Cyflufenamid Qolong tea 0.01 A 2.5 81 4
Diuron Oolong tea I A 10 93 9
Epoxiconazole Oolong tea 0.01 A 2.5 71 s
Fenoxaprop ethyl Oolong tea 0.01 A 2.5 86 10
Flufenacet Qolong tea 0.01 A 2.5 87 11
Linuron Oolong tea 0.02 A 2.5 92 10
Methabenzthiazuron Oolong tea 0.01 A 2.5 75 8
Methomyl Oolong 1ea 20 B 10 74 9
Monocrotophos Oolong tea 0.1 A 10 96 6
Naproanilide Oolong tea 0.01 A 2.5 86 22
Oxamyl Qolong tea 0,01 A 2.5 89 9
Phenmedipham Oolong tea (.01 A 2.5 80 22
Prochloraz Oolong tea 0.1 A 10 98 19
Profenofos Oolong tea | A 10 100 18
Propaguizalop Qolong tea 0.01 A 2.5 76 12
Propiconazole Oolong tea 0.1 A 10 108 14
Quizalofop ethyl Oolong tea 0.01 A 2.5 7 9
Triticonazole Qolong tea .01 A 2.5 7 12
Methomyl Black tea 20 B 10 73 9
Monocrotophos Black tea 0.1 A 10 92 12
Methomyl Matcha 20 B 10 75 4
Monocrotophos Maicha 0.1 A 10 7 9
a)

A:0.25 g sample/mL, B: 0.005 g sample/mi..
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Multiresidue Analysis of Pesticides in Vegetables and Fruits by
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Chromatography-Tandem Mass Spectrometry
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A multivesidue method for analyzing pesticides in vegetables and fruits by supercritical fluid
extraction (SFE) and LC-MS/MS was developed. The sample preparation and SFE parameters
were optimized for extracting LC-amenable polar and medium-polarity pesticides. High recoveries
were achieved for most of the tested pesticides by extracting a 1:1:1 sample-Celite-anhydrous
magnesium sulfate mixture with supercritical carbon dioxide at 16.4 MPa at 40T for 30 min with
methanol added as a modifier. The vecoveries of 117 pesticides fortified with 0.01 mg/kg of each pes-
ticide were 70-120%, and the relative standard deviations were less than 25% for 112 pesticides in
tomato and 103 pesticides in cucwumber. No significant differences were observed in the residue con-
centrations determined in real samples by the SFE method and the liquid extraction method {the
modified Japanese official method). Higher recoveries of polar pesticides, such as acephate and
methamidophos, were achieved by the developed SFE method than by the liquid extraction method.
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Introduction

Supercritical fluids possess liquid-like solvating prop-
erties but gas-like diffusion properties and viscosities
that enable them to rapidly penetrate substrates. and
solutes can often be extracted faster by a supercritical
fluid than by a liquid”’. A number of supercritical fluid
extraction (S8FE) methods have been developed as alter-
natives to conventional liguid exiraction methods for de-
termining pesticide residues in foods. such as vegetables
and fruits” ', ceveals' ¥, egge’™ ) meat™ oil®™,
baby food™’, and honey™ . The main advaniages of SFE
are that it can lead to less solvent use and that it can he
automated, reducing labor costs. In addition, adjusting
the solvating power of the supercritical fluid by chang-
ing the pressure and temperature can permit selective
extraction of analytes, Supercritical cavbon dioxide
(CO,) iz commonly used in SFE because of its low criti-
cal point {critical temperature 31.27, critical pressure
72.8 atm), its lack of toxicity and flammability, and its
availability at high purity and low cost. Supercritical
CO, can also be easily removed from a sample by de-

shizsaito@nihs.go.jp

creasing the pressure after extraction, However, the low
polarity of CO. limits the range of extractable pesticides;
thus, most of the reported SFE methods have been ap-
plied for relatively low-polarity pesticides that can be
analyzed by gas chromatography (GC). The addition of
polar solvents {e.g., methanol or water) as modifiers to
the sample matrix or fluids increases the polarity of su-
pereritical CO,, improving the extraction efficiency of
relatively polar pesticides” **". However, up to now,
only a few multivesidue methods have been published
for liquid chromatography (LC)-amenable polar and
medium-polarity pesticides by employving a combination
of SFE and LC-photodiode array (PDA) or LC-mass
spectrometry (M8 or MS/MS) ¥

Although the addition of water to superveritical CO,
can improve the extraction efficiency of relatively polar
pesticides, excessive water in the samples must be ve-
moved or controlled before SFE, because water can block
the restrictor during extraction™ . Polar pesticides also
preferentially partition into the aqueous phase (rather
than supercritical CO.), vesulting in poor recoveries if a
significant amount of water is present. The simplest
ways of removing water from a sample are to air-dry,
oven-dry, or freeze-dry the sample before extraction.
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However, these methods are not ideal because they are
iime-constuming and can result in loss of volatile and
semi-volatile pesticides 5

Instead of vemoving water
from the sample. dryving agents, such as diatomaceous
earth {Hydromatrix, Celite No. 543}, polymers, cellu-
lose, magnesivm sulfate, or sodium sulfate have been
used to control the moisture content’ = *. Diatoma-
ceous earth and polymers ave efficient absorbents, but
their use results in poor recoveries of polar pesticides™ ™
Valverde-Garcia et al. achieved high recoveries of polar
methamidophos and other (GC-amenable pesticides by
using anhydrous magnesium sulfate as a dyying
agent™' | as did Eller ¢f al. with a sample—Hydromatrix—
magnesium sulfate (2:1:2) mixture™.

We aimed to examine the applicability of SFE for de-
termining LC-amenable polar and medium-polarity pes-
ticides and to develop a reliable and sensitive multiresi-
due method for the analysis of these pesticides in
vegetables and fruits by means of SFE and LC-MS/MS.
The sample preparation and SFE parameters were opti-
mized for the simultaneous extraction of polar and medi-
um-pelarity pesticides from vegetables and fruits. The
recoveries from fortified samples using the proposed
SFE method were compared with those obtained from a
conventional Hquid extraction method. In addition, con-
centrations of incurred residues in real samples were
also analyzed by the SFE method and compared with
those determined by the liquid extraction method.

Materials and Methods

1. Reagents and materials
1.1 Solvents and cheniicals

Pesticide-analysis-grade acetone, acetonitrile, metha-
nol, and toluene were purchased from Kanto Chemical
{Tokyo. Japan). Pesticide-analysis-grade sodium chloride
and analytical-grade ammonium sulfate, anhydrous mag-
nesium sulfate, dipotassium hydrogen phosphate, and po-
tassium dihydrogen phosphate were obtained from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan). LC-MS-
grade methanol and water (Kanto Chemical) were used
for LC-MS/MS analyses. Diatomaceous earth (Celite, No.
545) was purchased from Wako Pure Chemical Indus-
tries, Ltd.. and glass microfiber filters (GF/F) from What-
man {(Maidstone, UK}, The water used to preparve the
test solutions was purified in an NZJ-2DSYW distillation
apparatus (FPujiwara Seientifie. Tokyo, Japan).

Phosphate buffer (0.3 molVL, pH 7.0) was prepared by
dissolving 52.7 g dipotassium hvdrogen phosphate and
30.2 g potassium dihydrogen phosphate in 500 mL of
water, The pH of the solution was adjusted to 7.0 by
adding 1 mo¥/L sodium hydroxide or 1 mol/L, hydrochloric
acid and adjusting the final volume to 1 L. with watey.
1.2 Analyvtical standards

Pesticide standards were purchased from Di. Ehren-
storfer {Augsburg, Germany!, Hayashi Pure Chemical
{Osaka, Japan), Wako Pure Chemical, and Kanto
Chemical. Individual stock standard solutions
11,000 mg/l.) were prepared in acetonitrile or methanol.
depending on the solubility of the pesticide in each sol-

vent. Working solutions were prepared by mixing the
stock standard solutions and diluting with methanol.
Calibration standard solutions were {reshly preparved by
diluting the working standard solutions with methanol.
1.5 Cartridge columns

Octadecylsilyl gilica gel (ODS) columns (Mega Bond
Elut C18, 1,000 mg! were obtained from Agilent Tech-
nologies {Palo Alto, CA, USA}, and tandem graphitized
carbon/primary  secondary amine (PSA} ecolumns (In-
ertSep GC/PSA, 500 mg/500 mg) were obtained from GL
Sciences {(Tokvo. Japan).

2. Apparatus
2.1 SFE

The supercritical fluid extractor (Jasco, Tokyo, Ja-
pan) consisted of a liquid CO. pump (SCF-Get), a sol-
vent pump (PU-20801, an oven with a six-vessel chang-
er (SCPF-Eve-Sr), a back pressure regulator (SCF-Bpg),
a multi-channel detector (MD-2010). a stainless steel
extraction vessel (10 mL, 127 mm length, 10 mm i.d.},
and an ODS trap column (50 mm length, 4.6 mm i.d.
30 um particle size). The optimal SFE conditions were
as follows: extraction pressure, 16.4 MPa; extraction
temperature, 40C; CO, flow rate, 2.0 mL/min; extraction
time, 30 min: ODS trap temperature, 40T, After extrac-
tion, the extracts were eluted from the ODS trap column
with 2 ml, of acetonitrile at a flow rate of 2 mL/min. The
column was then washed with 10 mL of acetone~hexane
{1:1) and preconditioned with 10 mL of acetonitrile be-
fore the next extraction.
2.2 LC-MS/MS

An Alliance 2695 LC system (Waters, Milford, MA,
USA) coupled to a Quattro Premier mass spectrometer
{Waters) was used, with the following operating condi-
tions: Inertsil ODS-4 column {150 mm length, 2.1 mm
id., 3um particle size; Gl Sciences) with an Inertsil
ODS-4 guard column (10 mm length. 1.5 mm 1.d., 3 um
particle size: GL Sciences!; mobile phases, 5 mmol/L,
ammonium acetate in water (Solvent A} and 5 mmol/L
ammonium acetate in methanol (Solvent BJ: solvent
gradient. 15% Solvent B at 0 min. 40% Solvent B at
1 min, 40% Solvent B at 3.5 min, 50% Solvent B at
6 min. 55% Solvent B at 8min. 95% Solvent B at
17.5 min, 95% Solvent B at 33 min, 100% Solvent B at
33.1 min, 100% Solvent B at 43 min, and 15% Solvent B
at 43.1 min; flow rate, 0.2 mL/min; column temperature,
40C; injection volume, 5uls ionization mode, electro-
spray ionization (ESI) positive mode, capillary voltage.
3kV: source temperature, 120C; desolvation tempera-
tare, 400C; desolvation gas, nitrogen at 800 L/hi; cone
gas, nitrogen at 50 L/hy: collision gas, argon at 3.1107
“mbar. The selective reaction monitoring (SRM! transi-
tions and retention times ave summarized in Supple-
mental Table S1.
2.3 Laboratory apparatus

A homogenizer (Polytron PT 10-35 GT: Kinematica,
Lucerne, Switzerland). food processor (Grindomix
GM200: Retsch. Haan, Germany), votary evapovator (N-
LOOGINY C-2100; Tokvo Rikakikal, Tokyo, Japan), electric
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shaker (SR-2w: Taitec, Saitama, Japan), and vacuum
pump (APN-215MV-1:; Iwaki, Tokyo, Japan) connected
to a Kiriyama funnel containing filter paper No. 5B (Kiri-
vama Glass Works, Tokyo, Japan) were used.

3. Sample preparation
3.1 SFE

Five grams of Celite was added to 5.0 g of sample. and
after mixing, 5.0 g of anhydrous magnesium sulfate was
added. The sample was thoroughly mixed using a mor-
tar and pestle, then transferred to a 10 mL extraction
vessel, and 0.2 mL of methanol was added to the SFE
sample from the bottom of the vessel as a modifier. A
glass microfiber filter was cut into disks, which were
placed at each end of the vessel, to prevent particles
leaving the vessel and affecting the SFE system.

The extract was eluted from the ODS trap column
with 2 mL of acetonitrile, concentrated to approximately
0.5 mL using a rotary evaporator (below 40C). and
evaporated to drvness under a stream of nitrogen, The
residue was redissolved in 3 mL of methanol.

3.2 Ligquid extraction

Test solutions were prepared according to the Japa-
nese official method "Multiresidue Method 1 for Agricul-
tural Chemicals by LC/MS (Agricultural Products)”, ex-
cept for some modifications to the cleanup column used
and the final volume. Twenty grams of the sample was
weighed in a 250 mL glass tube and homogenized with
50 mL of acetonitrile. The homogenate was filtered un-
der vacuum, and the residue was re-homogenized with
20 mL of acetonitrile and then filtered again. The ex-
tracts were combined. and the volume was made up to
100 mL with acetonitrile.

A 20 mL aliquot of the extract was added to a 100 mL
separatory funnel containing 10g of sodium chloride
and 20 mL of phosphate buffer (0.5 mol/L. pH 7.0) and
shaken vigorously for 10 min. The acetonitrile layver was

120
100
80
60

Recovery (%)

40
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Fig. 1.
samples by superceritical fluid extraction (SFE)

T. tomato; C, Celite; M. anhydrous magnesium sulfate,

loaded onto an ODS column that had been precondi-
tioned with 10 mL of acetonitrile and then eluted with
5mL of acetonitrile. The combined eluate was concen-
trated to approximately 1 mL using a rotary evaporator
(below 40T) and evaporated to dryness under a stream
of nitrogen.

The residue was redissolved in 2 mL of acetonitrile-
toluene (3:1), loaded onto a tandem graphitized car-
bon/PSA column, and eluted with 20 mL of acetonitrile-tol-
uene (3:1). The combined eluate was concentrated to
approximately 1 mL using a rotary evaporator (below
40C) and evaporated to dryness under a stream of ni-
trogen. The residue was redissolved in 8 mL of metha-
nol.

Results and Discussion

1. Sample preparation optimization for SFE

Vegetable and fruit samples usually contain large
amounts of water; hence, excess water must be removed
or controlled before SFE to prevent water from affecting
the instrument performance. Thevefore, the sample
preparation for SFE was optimized for the determina-
tion of LC-amenable polar and medium-polarity pesti-
cides in vegetables and fruits. Eight pesticides, repre-
senting a wide range of polarities, were used in the
optimization process. The pesticides were acephate,
methamidophos, monocrotophos, carbaryl, azoxystrobin,
acibenzolar-S-methyl. flufenoxuron, and acrinathrin,
which have log P, values of —0.89, —0.8, —0.22, 1.85,
2.5, 3.1, 4, and 5.6, respectively. Tomatoes were used as
model high-water-content samples, Methanol (0.2 mL)
as a modifier was added to the sample before SFE. All
experiments were performed in duplicate. Anhydrous
magnesium sulfate has been reported to be an efficient
drying agent. giving high recoveries of polar methamido-
phos™ . However, adding anhydrous magnesium sulfate
to a sample that contains a large amount of water will

®T/C/M (1:1:0.5)
aT/CM (1:1:1)
BT/C/M (1:1:2)

Effect of adding Celite and anhydrous magnesium sulfate on the recoveries of eight pesticides fraom fortified tomato

SFE conditions: extraction pressure, 16.4 MPa; extraction temperature, 40T (corresponding to a CO, density of 0.8 g/

mbJ; extraction time, 30 min: modifier, methanol (0.2 mlL)

— 119 —



June 2014

cause generation of heat and lormation of agglomerates.
Thevefore, we mixed the samples with Celite before add-
ing anhydrous magnesium sulfate. The amounts of
Celite and anhydrous magnesium sulfate were opti-
mized by testing various proportions of sample, Celite,
and anhyvdrous magnesium sulfate. As shown in Fig. 1. a
1:1:0.5 sample-Celite-anhvdrous magnesium sulfate
mixture gave poor recoveries of acephate and methami-
dophos. However, a 1:1:1 sample-Celite-anhydrous
magnesium sulfate mixture gave high recoveries for the
polar pesticides and the relatively low-polarity pesti-
cides, such as acrinathrin. Mising the sample with both
Celite and anhyvdrous magnesium sulfate gave a pow-
dery and dispersed sample that was suitable for SFE. A
1:1:2 sample-Celite—anhydrous magnesium sulfate
nixture also gave high recoveries for all of the tested
pesticides, but using morve of the drying agents led to
lower loading of the sample in the extraction vessel.
Replacing anhydrous magnesium sulfate with anhy-
drous sodium sulfate also gave a good recovery for mono-
crotophos  (92%), but it gave poor recoveries for
acephate (34%) and methamidophos (23%). We con-
cluded that a 1:1:1 sample-Celite~anhydrous magne-
sium sulfate mixture was the optimum sample prepava-
tion for SFE.

2. Optimization of SFE conditions

The solvating power of a supereritical fluid is highly
dependent on its density (which can be controlled by
changing the temperature and pressure) and the pres-
ence of modifiers. Therefore, SFE parameters such as
CO, density. extraction temperature, extraction time,
and modifiers were optimized for the simultaneous ex-
traction of polar and medium-polarity pesticides from
vegetables and fruits using the same set of eight pesti-
cides as for the sample preparation optimization. All of
the experiments were performed in duplicate and in-
volved extracting the pesticides from fortified tomato
samples. Methanol (0.2 mL) was added to the SFE sam-

120

100

Recovery (%)
N [s:53
o <

B
o

N
o

0.6
CO, density (g/ml)

0 02 0.4

Fig. 2.
(SPE)
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ple as a modifier, except for the experiments on modifier
optimization. Optimal SFE conditions were obtained by
sequentially varying one parameter while maintaining
all of the other parameters fixed.

First, the CO, density was optimized by testing densi-
ties of 0.3, 0.5, 0.7. and 0.8 g/mL (corresponding to pres-
sures of 8.2, 9.1, 11.4. and 16.4 MPa. respectively) at
40°C. The results of these tests are shown in Fig. 2. At a
CO, density of 0.3 g/mL. the recoveries of all of the test-
ed pesticides, especially the polar pesticides such as
acephate and methamidophos, were low (<70%). In-
creasing the CO, density improved the recoveries, and
the best recoveries for all of the pesticides tested were
observed at a density of 0.7-0.8 g/mL. Thus, we conclud-
ed that a density of 0.8 g/mL is optimal for extraction.

The effect of the extraction temperature on the recov-
eries was evaluated at 32, 40, and 50C, corresponding to
pressures of 12.4, 16.4, and 21.4 MPa, respectively, at a
fixed CO, density of 0.8 g/ml. The pesticide recoveries
were not clearly influenced by temperature over the
range tested with a fixed CO, density. However, most of
the tested pesticides showed slightly higher recoveries
at 40°C. Since it is better to perform extraction at low
temperature, especially for thermally labile analytes.
further experiments were carvied out at 40,

The extraction time also influences the extraction effi-
ciency; thus, the vecoveries at extraction times of 10, 15,
and 30 min were compared with the extraction pressure
and temperature set at 16.4 MPa and 40T, respectively
{giving a CO, density of 0.8 g/mL}. The vecoveries of all
of the tested pesticides were significantly improved by
increasing the extraction time from 10 to 15 min. Al-
though the recoveries of most of the pesticides were af-
fected only minimally, the recoveries of the polar pesti-
cides were slightly improved by prolonging the
extraction time from 15 to 30 min. In particular, the ve-
covery of methamidophos increased from 37% (10 min)
to 78% (30 min}. We concluded that an extraction time
of 30 min was appropriate for extracting pesticides with

—@-Acephate
~-O~Methamidophos
—&—Monocrotophos
——Carbaryl

—a-- Azoxystrobin
—o—Acibenzolar-S-methyl
——Flufenoxuron

— o~ Acrinathrin
0.8 1

Effeet of 0O, density on the vecoveries of eight pestivides from fortified tomato samples by supereritical fluid extraction

SFE conditions: extreaction temperaiure, 100 extraciion tune. 30 ming modifier, methanol (0.2 mL); SFE sample,

tomato—~Uelite—anhvdrous magnesium sulfate (110 1)
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a wide range of polarities.

Supercritical CO, has a limited ability to dissolve po-
lar pesticides, but its solvating power can be enhanced
by adding a polar solvent, which serves as a modifier, to
the fluid or to the sample. Therefore, the effect of adding
modifiers on the pesticide recoveries was evaluated.
Three organic solvents (acetone, acetonitrile, and meth-
anol! were tested as potential modifiers. For each of the
tests, 0.2 mL of one of the solvents was added dirvectly to
an SFE sample before extraction, which is the simplest
method for introducing modifiers’. The results of the
tests ave shown in Fig. 3. High recoveries were achieved
for the velatively low-polarity pesticides without a modi-

120 ~
100
80

60

Recovery (%)

40

20

"‘U()(} “VU‘ Saf’

fier. and adding a modifier had only a marginal influ-
ence on the recoveries. In contrast, the polar pesticides
lacephate, methamidophos, and monocrotophos) gave
poor recoveries without a modifier but high recoveries
when a modifier was added. Methanol was the most ef-
fective modifier, leading to high recoveries for all of the
pesticides tested. The optimal amount of methanol to be
added was investigated by varving the volume added
within the range of 0.1-0.5 mL (Fig. 4) The recoveries
of the polar pesticides were improved when 0.1-0.2 mL
of methanol was added, but they decreased when more
methanol was added, indicating that supercritical CO,
was oversaturated with methanol when more than

B without a modifier
[ Methanol
@ Acetone

B Acetonitrile

Fig. 3. Effect of adding modifiers (0.2 mL) on the recoveries of eight pesticides from fortified tomato samples by supereritical
fluid extraction (SFE)
STE conditions: extraction pressure, 16.4 MPa: extraction temperature, 40C (corresponding to a CO, density of 0.8 g/
ml); extraction time. 30 min; SFE sample, tomato-Celite-anhydrous magnesium sulfate {1:1:1)
120 —e—Acephate
W, - 3
100 —o—Methamidophos

. -4+~-NMonocrotophos

e 80

<

> ——Carbaryl

$ 60 ,

g —a—Azoxystrobin

Y 40 i

24 —o~Acibenzolar-S-methyl

20 f -o—Flufenoxuron
0 E =—Acrinathrin
0 0.2 0.4 0.6
Methanol (mL.)
Fig. 4. Elfect of adding different amounts of methanol on the recoveries of eight pesticides from fortilied tomato samples by

supereritical fluid extraction (SFE)

SFE conditions: extraction pressure, 16.4 MPa; extraction temperature, 40T (corresponding (o a (O, density of 0.8 g/
mlJestraction time, 30 min: SFE sample, tomato Celite-anhydrous magnesium sulfate {(1:1: 1)
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Table 1. Recoverios of pesticides {rom fertifted tomato and cucumber samples by the supereritical fuid extraction (SFE)Y meth-
i i A
od and a lquid extraction methaod

SEE Laquid extraction
Tomalo Cucumber Tomato Cucumber

Mean (%) RSD (%)} Moean (%3 RSD (%) Mean (%) RSD (%) Mean (%) RSD (%)

Acephate 92 1 93 6 0 - 18 [
Acetamiprid 99 3 a0 & 83 3 91 b}
Acibenzolar-S-methyl s 13 86 1H 46 13 93 17
Acrinathrin 92 8 86 19 B et 68 10
Aldoxyearb 105 B 92 4 82 12 72 9
Anilofos 79 9 93 4 93 G 8% 7
Aramite 77 8 88 5 77 7 92 8
Atrazine 80 3 jatel 4 89 7 93 4
Avermectin Bla 89 11 40 54 99 10 76 16
Azinphos methy} 86 A 91 11 83 1 88 6
Azoxystrobin 90 9 90 4 83 G 91 b}
Bendioearh 82 7 87 j 39 2 90 b)
Benzofenap &1 9 78 9 85 B) 90) G
Boscalid 72 10 78 T 97 8 94 10
Buprofezin 83 4 81 [§ 73 9 90 4
Butafenacil 85 3 87 4 70 15 92 8
Carbaryl 90 12 84 G 90 7 75 ¢
Carbofuran 86 7 07 d 94 3 93 4
Carpropamid 83 9 84 ; 88 7 86 12
Chlorfluazuron 77 4 3 4 37 9 24 12
Chloridazon 79 8 69 7 85 4 85 8
Chloroxuron 86 7 88 8 95 4 87 8
Chlorpyritos T 13 92 5 79 8 83 bl
Chlorpyrifos methyl 70 11 48 12 93 13 36 11
Chromalenozide a0 8 90 5 83 3 92 8
Clofentezine GG 8 18 20 15 33 77 it
Clomeprop 7T 10 81 10 91 9 89 s
Cloguintocet mexyl 86 6 90 1 490 B g1 6
Clothianidin 3 20 32 3 G4 4 78 10
Cumyluron 91 8 87 ] 107 5 9 |
Cyazolamid 84 9 87 7 96 3 89 7
Cyflulenamid 8H 17 74 ] sS4 7 85 10
Cyprodinil 92 12 70 20 97 8 85 9
Daimuron 92 9 88 3 97 B 91 8
Diazinon 87 10 90 G 89 b} 95 )
Dilenoconazol 73 7 ™ b} 8¢ B Bl B
Diftubenzuron 84 10 81 A4 79 9 84 8
Dimethomorph 91 1 87 ) 87 1 92 b}
Divron 9] 3 4 1 87 ! 91 G
lipoxiconazole 80 12 77 6 91 3 81 1
Isthion 749 7 85 1 90 3 89 4
Ethofenprox 77 9 72 i} 91 1 93 G
Itoxazole 78 7 69 i 89 4 92 3
Fenamidone 79 8 14 3h 89 7 b 10
Fenbuconazole 71 B 72 A 83 2 89 4
Fenobucarb 4 7 92 12 butel 4 H7 6
Fenoxaprop ethyl 84 1 86 6 83 5 86 9
Fenoxvearh 84 6 N7 4 88 D 93 4
Fenpropathrin 71 3 81 B 90 3 77 2
Fenpyroximate (1) s 6 74 A 81 § 81 G
Fenpyroximate (£ 78 3 74 1 8 1 84 3
Ferimzone 82 7 77 3 885 3 90 8
Flufenacet 77 7 &1 12 93 2 7 7
Flufenosuron T 10 70 1 s H 83 9
Fluridone 91 i 80 6 91 3 87 2
Furametpyr 498 5 65 11 83 G 84 12
Furathiovirh 81 7 69 G 29 [§ 87 11
Halfenprox 76 10 1 B 34 8 ) 4
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0.2 ml of methanol was added. We concluded that
0.2 mL of methano! {added to the SFE sample) was an
optimal moedifier for extracting polar and medium-polar-
ity pesticides.

We also optimized the elution solvent from the QDS
trap column. High recoveries were achieved for all of the
tested pesticides when the trap column was eluted with
methanol, but co-extracted low-polarity matrix compo-
nents, such ag chlorophylls, were also eluted. In con-
trast, acetonitrile eluted relatively small amounts of ma-
trix components from the ODS trap column. but
achieved high vecoveries of the tested pesticides. The
acetonitrile eluate was suitable for subsequent LC-MS/
MS analysis without any additional cleanup. Therefore,
we chose acetonitrile to elute extracts from the QDS
trap column.

3. Recovery tests

The recoveries and relative standard deviations
(RSDs) obtained by the developed SFE method and the
liguid extraction methed from five replicates of tomato
and cucumber fortified with 0.01 mg/kg of 117 pesticides
are presented in Table 1. The liquid extraction method
used was the Japanese official method, with modifica-
tions to the cleanup column and the final volume. The
tandem graphitized carbon/aminopropyvlsilanized silice
gel (NH,) column was replaced with a tandem graphi-
tized carbon/PSA column, which removes acidic co-ex-
tractives more efficiently. For the SFE method. out of
117 pesticides tested, 112 pesticides (96% of the pesti-
cides) in tomato samples and 103 pesticides (88% of the
pesticides) in cucumber samples gave recoveries of 70~
120%, with RSDs of less than 25%. Poor recoveries (<
40%) were observed for neonicotinoid insecticides, niten-
pyram and clothianidin, which possess a nitromethylene
or a nitroimino group, respectively. This may be caused
by interactions between the matrices and the nitro
groups on the pesticides, but further investigations are
required to clarify the mechanism. There were signifi-
cant differences between the recoveries from tomato and
cucumber for several pesticides (avermectin Bla. clofen-

tezine, fenamidone, methomyl, and oxamyl}. The depen-
dency of the extraction efficiency on the matrix tvpe is
presumably caused by interactions between the analvte
and matrix components™, and further studies are need-
ed to solve this problem. Matrix effects were evaluated
by comparing analyte peak arveas in matrix-matched
standards and standards in solvent. The peak arvea ratios
of matrix-matched standards to standards in solvent
were in the range of 0.80-1.20. indicating that theve
were no significant matrix effects.

For the liquid extraction method, out of the 117 pesti-
cides tested, 106 (91%) in the tomato samples and 110
(94%) in the cucumber samples were within the range
of 70-120%. The recoveries of seven pesticides
{acephate, acrinathrin, chlorfluazuron, methamidophos,
nitenpyram, oxvearboxine, and pyrimidifen) were below
70% in both samples. The low recoveries of chlorfluazur-
on, oxyearboxine, and pyrimidifen could be explained by
low recoveries from the tandem graphitized carbon/PSA
column, but the low recoveries of acephate, methamido-
phos, and nitenpyram were presumably caused by their
high polarities, meaning that they preferentially parti-
tioned into the aqueous phase at the salting-out step.
The peak arvea ratios of matrix-matched standards to
standards in solvent were 0.80-1.20, except for acrinath-
rin (0.70) and chlorfluazuron (0.61) in the cucumber
samples, indicating that, for almost all of the pesticides,
there were no significant matrix effects, The poor recov-
eries of acrinathrin from both sample types were pre-
sumably caused by ion suppression. All of the pesticides
were successfully analyzed without serious interfevence
from other peaks.

Although further work is needed to determine wheth-
er the developed SFE method can be applied to foods
containing large amounts of matrix components, such as
tea and beans, the results described above suggested
that the developed SFE method can be used to efficiently
extract pesticides having a wide polarity vange from veg-
etable and fruit samples and is superior to the Japanese
official method for extracting polar pesticides.

Table 2. Pesticide residue concentrations deiermined in unfortified samples by the superveritieal lluid extraction {SFE} method
and a lquid extraction methaod
Concentration (mglkg, n=133)
. B Japanese
Sample Pesticide SPE Liquid extraction Ratio™ MRIL (my
Ave. RSD (%) Ave, RSD (%) ke)
Tomalo | Bosealid (.01 Il 005 10 0.491 5
Buprofezin 0,008 11 0.036 9 1.06 1
Cyazolamid a4.017 b} 0.018 4 .94 2
PTomato 2 Mepanipyrim 0.020 B} 0.019 12 105 5
Lemon Chlarpyrifos (1022 10 0.0241 7 (1L.92 i
Spinach Cyazoelamid .61 4 0.79 1 0.77 25
Apple Bosealid (1,022 9 0,021 8 1.05 3
Propurgite 16 10 013 9 1.23 3
Pyraclostrobin 0,013 12 .01 4 [ s 1
Cuacumber Acetamiprid (L0038 il 0.040 it 0.95 2

SFEAiguid exteaction
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4. Analysis of incurred vesidues in real samples

Concentrations of incurred residues in real samples
obtained by the SFE method were compared with tho%
by the Japanese official {liquid extraction) method. Si
commercial vegetable and fruit samples were analvzed
in triplicate using each method. and the rvesulis ave
shown in Table 2. Ten pe~t1c1de> were detected (with
log P, values of 0.8—'. 7}, and the RSDs of the concen-
trations were less than 12% for both methods. All of the
pesticide concentrations were lower than the Japanese
maximum residue levels (MRLs). The concentraiion ra-
tios of the pesticide residues extracted by the SFE to
those obtained by the liquid extraction method were
0.9-1.1, except for cyazofamid (0.77) in spinach, and
pyraclostrobin (1.22) and propargite (1.18) in apple,
suggesting that there were no significant differences in
the extraction efficiencies between the two methods, re-
gardless of the pesticide polarity. These results show
that the SFE method we developed is suitable for the
analysis of pesticide residues in real samples.

Conclusion

We developed a method for the simultaneous determi-
nation of LC-amenable polar and medium-polarity pesti-
cides in vegetables and fruits using SFE and LC-MS/
MS. The method involves supercritical CO, extraction of
a 1:1:1 sample-Celite-anhydrous magnesium sulfate
mixture using methanol added as a modifier followed by
LC-MS/MS analysis. High recoveries were achieved for
most of the tested pesticides. Qur vesults indicate that
SFE can be successfully applied to the determination of
not only GC-amenable pesticides but also LC-amenable
polar and medium-polarity pesticides.
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