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U5 mmol/L BREET V€2 - A4/ —WiEH B, ¥
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L. BIBEE TRy CORTALERROTR S PR
EFHAL, SHIITEFIMILS mLEFEALL. £HL
TAIRY, 40TT T4 | mL £ THFEmME SRR
fCrhEEARLL, BRBET LRSIV by (30
D2mL&mi,. ZGREL (BEBL Ty RLHY

—147—



HAfiibs g et (BRLED. Vol 21(1), 2014 26

Table . LC-MS/MS parameters for the tested pesticides

Retention Quantitation Confirmation .
time Tonization Precursor Pr?duct Cone Collision Prefzursor Prpducl Cone Collision
{min) mode ion ion voltage encrgy ion on voltage energy
(m/z) (m/z) (V) (cV) (m/z) (m/z) (V) {eV)
Acetamiprid 10.8 ESI () 223 126 30 24 223 90 30 36
Acibenzolar-S-methyl 204 ESI(+) 211 136 30 30 211 91 30 18
Acrinathrin 24.4 ESI(H) 559 208 20 12 559 181 20 30
Aldicarb 13.5 ESI(+) 208 116 10 5 208 88 10 13
Aldoxycarb 7.2 ESIL(#) 240 148 18 13 240 85 18 21
Anilofos 21.6 ESI(H) 368 199 20 12 368 125 20 30
Aramite 23.4 ESL{+) 352 191 20 12 352 57 20 30
Atrazine 17.6 ESI () 216 174 3 18 216 96 30 24
Avermectin Bla 25.0 ESI (+) 891 305 20 28 891 567 20 14
Azamethiphos 144 ESI(+) 325 183 20 18 325 112 20 36
Azinphos methyl 19.1 ESI(+) 318 132 10 12 318 160 10 6
Azoxystrabin 19.4 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 ESI () 306 201 20 12 306 116 20 18
Butafenacil 20.4 ESI(H) 492 331 26 21 492 349 26 13
Carbaryl 16.5 ESI () 202 145 2 13 202 127 26 29
Carbofuran 15.6 ESI (+) 222 165 26 13 222 123 26 21
Carpropamid 21.7 ESI(t) 334 139 26 21 334 103 26 45
Chlorfluazuron 24.3 ESI(H) 540 383 30 18 540 158 30 18
Chloridazon 114 ESI(®) 222 104 40 24 222 92 40 24
Chloroxuron 203 ESI(+) 29 164 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 () 395 175 18 13 395 91 18 61
Clofentezine 229 ESI(+) 303 138 26 13 303 102 26 37
Clomeprop 234 ESI(#) 324 120 26 21 324 203 26 13
Cloquintocet mexyl 23.6 ESI(+) 336 238 26 13 336 192 26 25
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 209 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 20.4 ESI(+) 269 151 26 13 269 91 26 37
Di-allate 23.0 ESI(+) 270 86 30 18 270 109 30 30
Diazinon 21.9 ESI (+) 305 169 30 24 305 153 30 18
Difenoconazol 214,222 ESI(®) 406 251 40 24 406 188 40 42
Diflubenzuron 211 ESI{+) 31 158 26 13 311 141 26 29
Dimethirimol 17.3 ESI(H) 210 71 40 30 210 98 40 24
Dimethomorph 19.4,19.8  ESI(H 388 301 34 21 388 163 34 29
Diuron 18.1 ESI(+) 233 72 34 21 233 160 34 29
Epoxiconazole 208 ESI(+) 330 121 30 18 330 101 30 48
Ethion 234 ESI(H) 38s 199 20 12 385 143 20 24
Ethiprole 18.7 ESI () 395 331 20 12 395 250 20 24
Ethofenprox 26.2 ESI (+) 394 17 20 18 394 107 20 42
Etoxazole 24.0 ESI () 360 14 40 30 360 304 40 18
Fenamidone 19.5 ESL(H) 312 236 26 13 312 92 26 29
Fenbuconazole 20.3 ESI(+) 337 70 30 18 337 125 30 30
Fenobucarb 1.0 ESI (+) 208 95 20 18 208 152 20 [
Fenoxaprop ethyl 23.1 ESI(® 362 288 30 18 362 119 30 24
Fenoxyearb 21.3 ESI (+) 302 88 20 18 302 116 20 12
Fenprepathrin 24.0 ESI(+) 350 125 20 18 350 97 20 36
Fenpyroximate (£) 25.0 ESL(#) 422 366 26 I3 422 215 26 29
Fenpyroximate (£) 3.9 ESI(+) 422 366 26 13 422 215 2 29
Ferimzone 19.9,20.2  ESI{+H) 255 91 49 30 255 132 40 18
Flufenacet 20.6 ESI{+) 364 152 20 18 364 194 20 12
Flufepoxuron 239 ESI{®) 489 158 30 18 489 14 30 48
Fluridone 19.2 ESI(+) 330 310 60 30 330 259 60 48
Furametpyr 17.6 EST(+) 334 157 30 36 334 290 30 18
Furathiocarb 23.3 ESI () 383 195 26 21 383 252 26 13
Halfenprox 267 ESI (D 496 183 20 18 496 461 20 12
Hexaflumuron 227 ESI (9 439 439 20 12 459 175 20 42
Hexythiazox 24.0 ESI () 353 228 26 13 353 168 26 29
Imazalil 217 BSI() 297 159 40 24 297 69 40 18
Imibenconazole 23.0 ESI(+) 413 125 49 36 413 127 40 36
Imidacloprid 9.8 ESI () 256 209 2 13 236 175 26 2
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Table 1. LC-MS/MS parameters for the tested pesticides (continued)

Retention o Quantitation . Confirmation
rime lonization Px-chrsor Pr@duct Cone Collision Pref:ursor Prpduct Cone Cellision
(min) mode ion ion volinge energy ion ion voltage energy

. (m/2) (m/z) V) eV) (m/z) (im/z) (V) {eV)
Indanofan 21.0 ESI(+) 341 187 18 13 341 175 18 13
[ndoxacarb 225 ESI (+) 528 203 34 45 528 150 34 21
Iprovalicarb 20.5 ESI (+) 321 [19 20 18 321 203 20 6
[soxaflutole 18.0 ESI(+) 360 251 34 13 360 220 34 37
[soxathion 22,1 ESI(+) 314 105 20 12 314 97 20 36
Kresoxim methyl 213 ESI (+) 314 206 20 6 34 16 20 12
Lactofen 232 ESI(+) 479 344 20 12 479 223 20 36
Linuron 19.5 ESI{+) 249 160 26 21 249 182 26 13
Lufenuron 236 ESI(-) 509 326 26 21 509 175 26 37
Malathion 19.6 ESI{+) 33 127 20 12 331 99 20 24
Mepanipyrim 21.3 ESI(+H) 224 106 50 24 224 77 50 36
Methabenzthiazuron 18.0 ESI (+) 222 165 30 18 222 150 30 30
Methamidophos 38 ESI(+) 142 94 20 12 142 125 20 12
Methidathion 18.3 ESI(#) 303 145 20 12 303 83 20 18
Methiocarb 19.5 ESI(+) 226 169 20 12 226 121 20 18
Methomyl 83 ESI(#) 163 106 10 13 163 88 10 13
Methoxyfenozide 20.1 ESI() 369 149 18 21 369 91 18 43
Monocrotophos 8.3 ESI(+) 224 193 20 6 224 127 20 18
Morolinuron 17.0 BESI(#) 215 126 26 21 215 148 26 13
Myclobutanil 194 ESI(#) 289 70 30 8 289 125 30 36
Naproanilide 214 ESI{#) 292 171 20 12 292 120 20 24
Nitenpyram 7.2 ESI(+) 271 126 20 30 271 130 20 12
Novaluron 227 ESI(+) 493 158 34 21 403 141 34 45
Oxamyl 7.6 ESI {(+) 237 90 10 6 237 72 10 12
Oxaziclomefone 23.2 ESL{+) 376 190 18 13 376 16] 18 29
Oxycarboxine 119 ESI () 268 175 20 12 268 147 20 18
Pencycuron 224 ESI(+) 329 125 34 29 329 89 34 6l
Pentoxazone 233 ESI{(+) 354 286 34 13 354 186 34 29
Phenmedipliam 18.6 ESL{+) 318 168 20 12 318 136 20 24
Phosalone 217 ESI{(+) 368 182 20 18 368 m 20 36
Pirimicarb 17.6 ESL{(+) 239 72 30 18 239 182 30 18
Prochloraz 21.7 ESI (+) 376 308 20 12 376 70 20 24
Profenofos 22.8 ESI(+) 375 305 30 18 375 347 30 12
Propaquizafop : 23.5 ESI (+) 444 100 30 18 444 70 30 36
Propargite 23.7 ESI (+} 368 231 20 12 368 175 20 18
Propiconazole 213 ESI (+) 342 159 30 24 342 69 30 24
Propoxur 14.9 ESI(+) 210 It 20 12 210 168 20 6
Pyraclostrobin 223 ESI{(+) 388 194 20 12 388 163 20 24
Pyrazolynate 225 ESI(+) 439 a1 40 36 439 173 40 18
Pyrazophos 222 ESL () 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 24.2 ESI(+) 378 184 40 24 378 150 40 36
Pyriproxyfen 237 ESI () 322 96 20 18 322 183 20 24
Quinalphos 21.5 ESI (+) 209 163 30 18 299 147 30 18
Quizalofop ethyl 233 ESI (+) 373 299 30 18 373 91 30 30
Simeconazole 204 ES1{+) 294 70 20 2 294 73 26 29
Spinosyn A 264 ESI(®) 733 142 42 29 733 98 42 61
Spinosyn D 272 ESI(+) 747 142 50 29 Y 98 50 53
Spiromesifen 237 ESI(+) 388 273 10 12 388 235 10 30
Tebueonazole 20.9 ESI(+) 308 70 30 24 308 125 30 36
Tebufenozide 21.2 ESI(+) 353 133 10 18 353 297 10 6
Tebuthiuron 139 ESI(H) 229 172 30 18 229 116 30 24
Tefiubenzuron 23.6 ESI(+) 381 158 26 13 381 141 26 37
Tetrachlorvinphos 213 ESI (%) 367 127 30 12 367 206 3 36
Tetraconazole 20.0 ESI(®) 372 159 40 30 372 70 40 24
Thiabendazole 15.1 EST(+) 202 175 50 29 202 131 50 29
Thiacloprid 12. ESI (%) 253 126 34 21 253 90 34 37
Thiamethoxam 8.2 ESL(#) 292 21 26 13 292 181 26 21
Triadimefon 19.6 LST(+) 294 69 30 24 204 197 30 18
Triadimenol 19.6 ESI(H) 296 70 10 12 296 99 10 12
‘Tridemorph 277,289  ESI(H) 208 130 50 24 298 57 50 30
Trifloxystrobin 224 ESI (1) 409 186 20 8 409 143 20 48
Triflumizole 224 ESI(-) 344 276 20 12 344 301 20 12
Triflumuron 204 ESI(+) 359 156 26 3 359 139 26 37
Triticonazole 20.6 ESI(#) 318 70 20 12 318 125 20 36
XMC 164 LSI (+) 180 123 20 12 180 108 20 24
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precondition column with 10 ml. of acetonimilefoluene (3:1)
Joad {1} on calumn

chute wilh additional 20 ml of acetonitriie/tohicne (3:1)
evaporate to dryness

dissolve in 4 mL of methanol (equiv. 0.25 g sample/inL)
LC-MSMS anaysis

b .
Samplk
500¢g
add 20 nd, ofwater and allow to stand {Hr 30 min

In

Extrction

homogenize with 50 ml. of acetonitrile and fher with suction
homogenize with 20 wiL of acetonitcle and fiér with sustion
combine flirates and make up the volme to 100 mi. with acetonitle
withdraw 3~oil aliquot of extract (cquiv. 0.25 ¢ sample)

Saking-owt |

i
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cenirifuge at 3000 rpm for 5 i
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1.C-MSMS analysis

Fig. 1. Tlow chart showing the sequence of steps in (a) the
Japanese official multiresidue method 1 for tea, and (b)
the modified multiresidue method
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BIRO 2 OO NV—TFII . FRECOWT T,
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CIS0%MHLIRE) OEBBHEAZ/ -V THREL. 1
Fh 5 uL ¥ LC-MS/MS IKEALT, Y—2 iRk THRER
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B SRR RIS LD IR R R 67,
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By, EFLWMEMNTCEE LR, REW2FEInEE
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L A REEEAHE) 100 pL ISIHEL T MY v RESHEIRHE
bl Ny RS S R R R I 2
EilE L SRR Y~ 2 TR OFEC 57 b
) o AFRREB ROV — 7 HROPEHEO LT RO THE <
) v 7 ADFPEA~O BB L e

I EREIVEE

MG R Y AW 135 AR BV iz LO-MS/
MS i, B LR VIR EN A ST TIToe T
BESR Y L FIRC, BERESRLEV M PRV T SEHL
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100% T 10 M OH S A HEE T o/
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1) s L CIEMR

FEN T 2hE v, BB 5.00 g (2 20 mL 20 2C 30
FHMBEULE 7S POV EEGTERE 9 il
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(B 1 g #2420 VERABARE 20 mL XML P
A0 g AMATHERTEHEXHRALTVAD, B XA
RSP HEFRLNER TR Ve v PR TR
LA, ZORBDEERY BT, B SRICRLO 8
BITHF L Lie AREETCIE, LR LEDAEI0,
WA A MR ET BT e Lize T4 b, A
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P b 1S mL E2INATHBL . U BRI 20 mL 3

—150—



32 Jpn. J. Food Chem. Safety, Vol. 21(1), 2014
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WEITEE D TIE T8, EEBIUHEESHOEE] A,
ODS I=hFAILBIBEEITHI L LR 2T b, Ll
ODS I=AFAMBIER BT, HABESOREY
REE A ORFIFNTH LI Lt ¥ RE:TIHIEN .
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Uiz BHEELS, RELATRTOESEI BT T
=M smL &L,
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A58l
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MBARBELTWAY, ¥ 774 :h—Rr /PSAFRE I
7152 (500 mg/500 mg) O ATEELOMMER ST OBRER)
BN Y Zldh, KETRIT 7 74 M —H > /PSA TE
I =AML BRERERE L

BHTDETCIE, B o MBI 2 ETh i
W, FFI7A MR INH B I = h LA BRIC VT
BEITEARY, BFREORMRT A S 20 6XEIZH L
TLESe INEFYETHLD, BABBEY CHWT
TARDBRLES IS LB 1 4RE L, ¥
TrA M =R /PSATER I =h 94 (500 mg/500 mg) &£
5774 MR YIZHT A (500 mg) OBETTLIZLD
BT, AROBRERETETHLILERLIY .
AETIL 14 B2 2588 025 g BYE BRIz,
T, BRK, HEBIVHREOWINLT ST rA b
K /PSA FERB I =9 4 (500 mg/500 mg) DAT, -4t
FEBRETLIENTEI,

A g MARBIIRGIER, 97 A AR s
PSATEB I A TAOAEHTHET L)/ P
¥ (3:1) 2mL % ODS 3= I AR BNFER WIS
b RER D RMEEREEISEUTELTLE). Zh
IR v RS OERE IR PIREILE S E TN
THH, TEbE ML ML o DR BEBICIEERLIL
Wb EA NS, FOLOERY T, FT TR
b 3 mL #FMMATHEES, REAREREOE b Le s 1 ml
EMADOEAILANART TR SE L. SRS,
RETIEE 025 g YA BB EA 2, Bk
3o &z, wFhoRE 7 =M b

(3:1)2mLTODS I-ATLAERBOREN 27774
M=Ky IPSAFRIE I 2 S ANET T A EMTE, 4

B, EELATLL, HRPERATRET LTS B2
VAR, () B TH B BRI RHTB I BVWCILRRY
Frh=R by (31 ERLIZ W, BEE
WA AT A BN B B2 BT,

75T A MR IPSA BB IZA T AN O K RED
BHBREERE LA, 77T RarBIUYYR
V7x v EERE, WETLACBEE 22 ~ 32 mL OESIIEE
HLAboizledhs, BI—FREEBLEHIZ 2 mL T
B OO52 nl TR T5I8EL, REHTTIARY
G S AF N, THAFRA, AVET TN, b F
SHLARFL L EF SR IBEE IV s RBRE,
T0% LU EDBENLHEAE 5417,

2. HINENEES
THHROME, BRE, GEBIUHELHWT 1351
FPRCOWT IR T (FEHIRESN TRV EE
12 0.01 ppm) T 5 GHATORMEBIGRER T T o7z, HikET
OFIMBILGERER T, 508 025 g % /mL OREE Y
LC-MS/MS AT A EMIBIFIB VT A AR5 L
R sRAC k. Fo IR DSRIRIC R 42 5 RIEOTM
LR R RIMRCIT S L RER- L0 THEOMEIBE T
BIENTFHEENITEME, LD | ppm BUFOREEE
1 ppm ZHZBEID 2 DOF N —TI5GE, EREREN
AURBBFTI S L& L. HREMED ] ppm 2 BA BB
OTINENLERERIC BV Ot RERET (U8 025 gAY/
mL) % 505 (30 0.005 g #¥ /mL) LT LC-MS$/MS
W R IT o7,
R, BPEOBEME (70 ~ 120%) BLUOBHTHRHEE
(RSD) OBEIEAE {0.001 ppm < FRINLEZ 0.01 ppm: 25%
i, 0.01 ppm <FRUNEE= 0.1 ppm: 15% K. RINE
JE> 0.1 ppm 109%3R5D 7 W7 LRI, METLA 135
TbE PRI 125 LAY, B 04 baH. A4 1231k
B, HH RUEEDE R, B SEBIUERETH
BEBEOH I ETRELHENEONELOO, BRE
EBOTRBEEFRPERGEBRES D572 (Table D HIF
HEWoSR o BEOYL, THWAFRI, VY7
b= FFVHINEFLBIRETSIR-MIFS T
A M=K PSATEEIZ NI LMER, AFINFRABLU
FrESMEBAFCOIR KD, BEMROERRBEELS
Nice TUNRFIIN S AFUBLIE) V700013, &
5774 b =R PSATEB I Zh T AP BORYTERS N
R 9% BEINAS% E D oo BIEE. ALABLIUHER
OFIENGRER . BV THAFREES BN, by
FARIEFCOTI 774 bH—RY PSATBI=AT A0
LOBHMBEIFMEILEC A, BNEESE 2wl (952
mLCHEE) TF LRI S AFRE07%, YUIT 7
U 90% & BT EURESME S A bhh . EREL D
Yo 2 ARTEFILBOTT I 751 b—RKY /PSA TS 2 =%
GAPHEMENRT D LOEHE LN,
T M)y 2 AOWES~OBEL M 2725, HifRitEs
WOY— 235 M v 7 AERE O Y- 7 1HF
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Table 2. Recoveries of pesticides from fortified green tea, oolong tea, black tea, and matcha spiked at MRLs

MRL Group? Green tea Qolong tea Black tea Matcha
(ppm) Mean (%) RSD (%)  Mean (%) RSD (%)  Mean (%) RSD (%)  Mean (%) RSD (%)
Acetamiprid 30 B 103 6 93 4 93 2 7 3
Acibenzolar-S-methy! 0.01 A 90 9 70 12 85 16 76 16
Acrinathrin 10 B 97 2 102 5 ’7 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 i1
Anilofos 0.01 A 95 10 8l 7 96 7 83 5
Aramite 0.1 A 95 5 62 3 84 2 74 2
Afrazine 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 38 ] 75 3 90 3 93 6
Benzofenap 0.01 A 13 6 71 11 82 15 86 6
Boscalid 0.01 A 88 9 61 i0 77 13 71 12
Buprofezin 20 B 98 4 90 3 91 4 97 4
Butafenacil 0.01 A 85 7 71 5 82 9 87 8
Carbaryl 1 A 90 4 Ul 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 1 75 7
Chlorfluazuron 10 B 95 [ 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 926 7 95 2 96 5 99 2
Clofentezine 20 B 39 10 70 7 90 S 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 9] 4 94 S 94 2
Cumgyluron 0.01 A 38 5 88 8 102 8 102 4
Cyazotamid 0.01 A 84 9 66 3 76 9 84 13
Cycloprothrin 0.5 A 67 i4 38 10 51 9 52 7
Cyflufenamid 0.01 A 84 16 69 4 79 9 92 1
Cyprodinil 0.01 A 85 13 80 3 103 10 96 20
Daimuron 0.01 A 102 10 97 4 99 9 9N 8
Di-allate 0.1 A 82 14 86 17 92 7 119 15
Diazinen 0.1 A 9l 5 96 2 97 4 97 1
Difenoconazol 10 B 103 7 88 2 90 3 94 4
Diflubenzuron 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 12 77 4 9 10 100 6
Diuron 1 A 88 5 59 3 80 5 80 2
Epoxiconazole 0,01 A 95 1 58 10 72 9 74 6
Ethion 03 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 | 89 4 94 3
Etoxazole 10 B 95 4] 92 3 al 1 94 2
Fenamidone 0.01 A 89 15 71 15 7 12 76 6
Fenbuconazole 10 B 92 7 93 3 93 4 97 2
Fenobucarb 0.5 A 96 5 83 2 7 4 85 2
Fenoxaprop ethyl 0.01 A 78 14 60 16 93 4 85 8
Fenoxycatb 0.05 A 95 8 4 5 84 4 79 3
Fenpropathrin 23 B 100 4 93 3 93 3 95 2
Fenpyroximale (£) 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 8l 1 91 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 1 94 3 100 9 92 7
Furametpyr 0. A 94 1 72 5 87 4 93 2
Furathiocarb 0.1 A 73 3 74 8 96 9 72 7
Halfenprox 10 B 57 7 91 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
Tmazalil 0.1 A 86 6 &l 3 3 7 87 5
Imibenconazole 15 B 102 9 87 4 92 2 96 3
Imidacloprid L) B 92 ) 93 3 95 2 97 2

9 A10.25 g samplo/ml.. B: 0.005 g sample/ml..
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Table 2. Recoverics of pesticides [rom fortilied green tea, oolong lea, black tea, and matcha spiked at MR Ls (continued)

MRL Group” Green tea Qolong tea Black tea Matcha
(ppm) Mean (%) RSD (%) Mean (%) RSD (%) Mean (%) RSD (%) Mean (%) RSD (%)
Indanofan 0.01 A 88 4 66 12 82 17 82 20
Indoxacarb 0.01 A 98 4 57 R 84 13 89 19
Iprovalicarb 0.01 A 93 13 82 3 90 9 9s 12
Isoxaflutole 0.01 A 47 18 36 4 39 15 R 16
Isoxathion 5 B 100 2 93 4 94 2 94 5
Kresoxim methyl 20 B 102 5 07 2 94 2 98 3
Lactofen 0.01 A 93 4 65 6 72 8 75 10
Linuroa 0.02 A 87 10 63 7 84 10 83 8
Lufenuron 10 B 3 5 99 5 83 8 98 7
Malathion 0.5 A 88 4 83 2 88 2 91 2
Mepanipyrim 0.01 A 97 4 110 13 95 20 90 12
Methabenzthiazuron 0.01 A 87 10 63 6 78 11 77 8
Methamidophos 5 B 30 10 50 2 47 3 46 5
Methidathion 1 A 91 5 83 1 90 2 93 2
Methiocarb 0.01 A 94 12 N 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 6 1
Monocrotophos 0.1 A 62 3 57 3 63 3 57 0
Monolinuron 0.05 A 91 6 86 5 88 8 7 5
Myclobutanil 20 B 102 5 93 2 95 3 98 3
Naproanilide 0.01 A 87 18] 69 10 87 6 68 8
Nitenpyram 10 B 75 6 53 7 57 2 66 2
Novaluron 0.01 A 34 4 54 10 74 3 68 7
Oxamyl 0.01 A 77 13 61 11 86 9 81 16
Oxaziclomefone 0.01 A 95 10 75 11 87 4 88 1
Oxycarboxine 0.01 A 50 7 21 9 38 4 43 21
Pencycuron 0.01 A 84 4 78 5 90 8 86 7
Pentoxazone 0.01 A 94 7 46 12 75 12 62 19
Phenmedipham 0.01 A 83 9 63 6 76 17 85 18
Phosalone 2 B 102 6 97 7 92 4 935 4
Pirimicarb 0.01 A a1 4 88 4 86 7 100 8
Prochloraz 0.1 A 84 8 68 1 §6 4 86 3
Profenofos i A 83 6 66 2 9 4 79 1
Propaquizafop 0.01 A 92 S 62 9 80 9 82 3
Propargite 5 B 102 6 9 3 ) 4 98 4
Propiconazole 0.1 A &0 10 60 4 80 4 80 2
Propoxur 0.1 A 9t 6 8] 2 89 4 94 2
Pyraclostrobin 0.01 A 92 9 86 2 94 S 86 9
Pyrazolynate 0.02 A 30 25 19 20 13 70 21 31
Pyrazophos 0.1 A 95 7 72 2 87 6 91 4
Pyridaben 10 B 101 8 7 2 89 5 94 2
Pyriftalid 0.01 A 84 14 92 & 91 11 96 2
Pyrimidifen 5 B 84 7 63 5 7 7 89 2
Pyriproxyfen 15 B 103 6 95 2 95 3 96 4
Quinalphos 0.1 A 92 4 78 2 90 4 a3 I
Quizalofop cthyl 0.01 A 88 10 57 7 71 8 88 9
Stmeconazole 10 B 97 8 94 1 93 3 97 2
Spinosyn A 2 B 90 9 84 2 83 1 88 2
Spinosyn D 2 B 88 § 2 3 84 2 88 4
Spiromesifen 30 B 90 7 82 2 8l 4 86 3
Tebuconazole 2 B 104 9 93 3 96 2 98 4
Tebufenozide 25 B 97 9 98 4 94 7 97 4
Tebuthiuron 0.02 A 93 6 72 N 91 9 86 7
Teflubenzuron 20 B 87 7 87 5 93 9 97 4
Tetrachlorvinphos 0.01 A 86 13 73 8 79 9 81 3
Tetraconazole 2 B 104 7 96 3 93 3 9 4
Thiabendazole 0.1 A 19 52 3 34 0 - 3 167
Thiacloprid 30 B 96 7 94 3 94 4 97 1
Thiamethoxam 15 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 1 4 94 2 97 3
Tridemorph 20 B 80 8 72 2 63 7 7 2
Trifloxystrobin 5 B 101 6 97 4 91 2 95 2
Triflumizole 15 B 89 8§ 108 6 30 6 71 2
Triflumuron 0.02 A 95 8 54 10 71 10 74 9
Triticonazole 0.01 A 30 15 51 9 82 3 96 5
XMC 10 B 101 4 04 4 93 2 96 2

YA 0.25 g sample/mL. B: 0.005 g samplefml..

—153—



Ly
L

2

HoAf i b aest

1z
o

(1 RfLEEY. vol. 21(1), 2014 35

ko, BRATI, FOMOEE LB LT 0.80 %k

WMkl Bl h b, RERFIZLALTY
T ERERRICBWTHE PRV BN S WER E IER

shiz, MR, BHR, LB IUEEOVTRORHC
BT 0.80 Ki& o/ R, TWAFKR o

TRy, AVI J./:b.iU—F/?D]‘*I\/\ “#ho72e Fig. 2 120
i 8.07 24.64 TIC
100, : ¢ 2843 5.18e8
! 2268 [
R 30.26
(a) e
10.00 20.00 30.00
100- 807 24%50 TIC
(b) =
0: -~ Time

1000 2000 3000
Fig. 2. TIC (total ion current) chromatograms of blank
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(&) 0.005 g sample/mL, {b} 0.25 g sample/mL.
Scan range m/z 100-1000; ESI (+); cone voltage 50 V.
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Table 3. Recoveries of pesticides from fortified tea after dilution of the test solutions with methanol

Sample (I\;;%) Group ™ Di!x:tign factor Yo (%)Reco&cw RSB %)

Clofentezine Green tea 20 B 10 71 12
Meihomyl Green tea 20 B 10 84 8
Monocrotophos Green tea 0.1 A 10 70 5
Aldoxycarb Oolong tea 0.01 A 2.5 75 8
Aramite Oolong tea 0.1 A 10 100 15
Boscalid Oolong tea 0.01 A 2.5 74 7
Carpropamid Qolong tea 0,01 A 2.5 100 7
Clomeprop Oolong tea 0.01 A 2.5 70 1
Cyazofamid Oolong tea 0.01 A 2.5 90 24
Cyflufenamid Qoalong tea 0.01 A 2.5 81 4
Diuron Qaolong lea 1 A 10 93 9
Epoxiconazole Oolong tea 0.01 A 2.5 71 15
Fenoxaprop cthyl Qolong tea 0.01 A 2.5 86 10
Flufenacet Oolong tea 0.01 A 2.5 &7 11
Linuron Oolong tea 0.02 A 2.5 92 10
Methabenzthiazuron Oolong lea 0.01 A 2.3 75 8
Methomyl Oolong tea 20 B 10 74 9
Monocrotophos Oolong tea 0.1 A 10 96 6
Naproanilide Oolong tea 0.01 A 28 86 22
Oxamyl Oolong tea 0.01 A 2.5 89 9
Phenmedipham Oolong tea 0.01 A 2.5 80 2
Prochloraz Qolong tea 0.1 A 10 938 19
Profenofos Oolong tea 1 A 0 100 18
Propaquizafop Oolong tea 0.01 A 25 76 12
Propiconazole Oolong tea 0.1 A 10 108 14
Quizalofop ethyl Oolong tea 0.01 A 2.5 71 9
Triticonazole Oolong tea 0.01 A 2.5 70 2
Methomyl Black tca 20 B 10 73 9
Monoerotophos Black ica 0.1 A 10 92 12
Methomyl Matcha 20 B 10 75 4
Monocrolophos Matcha 0.1 A 10 8 5 9
M A:0.25 g sample/mL, B: 0.005 g sample/ml,
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A multiresidue method for analyzing pesticides in vegetables and fruits by supereritical 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 40C for 30 min with
methanol added as a modifier. The recoveries 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 cucumber. No significant differences wevre 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 vecoveries 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 liquidﬁ. A number of supercritical fluid
extraction (SFE) methods have been developed as altey-
natives to conventional liquid extraction methods for de-
termining pesticide residues in foods, such as vegetables
and fruits” ¥, cereals' 7, eggs'” ¥ meat™®, oil®”,
baby food® | and honey ? The main advantages of SFE
ave that it can lead to less solvent use and that it can be
automated, reducing labor costs. In addition, adjusting
the solvating power of the supercritical fluid by chang-
ing the pressure and temperature can permit selectlve
extraction of analyvtes. Supereritical carbon dioxide
(CO,) is commonly used in SFE because of its low criti-
cal point (critical tempevature 31.2°C, eritical pressure
72.8 atm), its lack of toxicity and fammability, and its
availability at high puvity and low cost. Supercritical
0y 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 vange of extractable pesticides;
thus, most of the reported SFE methods have been ap-
plied for velatively low-palarity 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 polavity of su-
pereritical CO,, improving the extraction efficiency of
relatively polar pesticides” 2 *. However, up to now,
only a few multiresidue methods have been published
for liquid chromatography (LC)-amenable polar and
medium-polarity pesticides by employing a combination
of SFE and LC-photodicde array (PDA) or LC-mass
spectrometry (MS or MS/MS) ¥,

Although the addition of water to supercritical CO,
can improve the extraction efficiency of relatively polar
pesticides, excessive watey in the samples must be re-
moved or controlled before SFE, because water can block
the restrictor during extraction™. Polar pesticides also
preferentially partition into the aqueocus phase (vather
than supeveritical COy), resulting 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 exiraction.
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However, these methods are not ideal because they are
time-consuming and can vesult in loss of volatile and
semi-volatile pesticides™. Instead of removing watey
from the sample, drving agents, such asg diatomaceous
earth (Hydvomatris, Celite No. 543), polymers, cellu-
lose, magnesium 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 vecoveries of polar pesticides” ™.
Valverde-Gareia et al. achieved high recoveries of polar
methamidophos and other GC-amenable pesticides by
using anhydrous magnesium sulfate as a drying
agent™ as did Eller ef ol. with a sample-Hydromatyis—
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-polarity pesticides from vegetables and fruits. The
recoveries from fortified samples using the proposed
SFE method were compared with those obtained from a
conventional liquid 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 chemicals

Pesticide-analysis-grade acetone, acetonitrile, metha-
nol, and toluene were purchased from Kanto Chemical
(Tokyo, Japan). Pesticide-analysis-grade sodium chloride
and analytical-grade anunoniwm sulfate, anhydrous mag-
nesium sulfate, dipotassium hydrogen phosphate, and po-
tassinm dihydrogen phosphate were obtained from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan). LC-MS-
grade methanol and water (Kanto Chemical) weve 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 prepave the
test solutions was purified in an NZJ-2DSYW distillation
apparatus (Fujiwara Scientifie, Tokyo, Japan).

Phosphate buffer (0.5 mol/L, pH 7.0) was prepared by
dissolving 52.7 g dipotassium hydrogen phosphate and
30.2 g potassium dihydrogen phosphate in 500 mI of
water. The pH of the solution was adjusted to 7.0 by
adding 1 mol/Ls sodium hydroxide or 1 mol/L hydrochloric
acid and adjusting the final volune to 1 L with watey.
1.2 Analvtical standards

Pesticide standavds were purchased from Dy, Ehren-
storfer (Augsburg, Germany). Hayashi Pure Chemical
{Osaka, Japan). Wake Pure Chemical, and Kanto
Chemical. Individual stock standavd solutions
(1,000 mg/L.) were prepared in acetonitrile or methanol,
depending on the solubility of the pesticide in each sol-

vent. Working solutions weye prepared by mixing the
stock standard solutions and diluting with methanol.
Calibration standard solutions were freshly preparved by
diluting the working standard solutions with methanol.
1.3 Cartridge columns

Octadecylsilyl silica gel (ODS) columns (Mega Bond
Elut €18, 1,000 mg) were obtained from Agilent Tech-
nologies (Palo Alto, CA, USA), and tandem graphitized
carbon/primary secondary amine (PSA) columns (In-
ertS3ep GC/PSA, 500 mg/500 mg) were obtained from GL
Sciences (Tokyo, Japan).

2. Apparatus
2.1 SFE

The supercritical fluid extractor (Jasco, Tokyo. Ja-
pan) consisted of a liguid CO, pump (SCF-Get), a sol-
vent pump (PU-2080), an oven with a six-vessel chang-
er (SCF-Eve-Sr), a back pressure vegulator (SCF-Bpg),
a multi-channel detector (MD-2010), a stainless steel
extraction vessel (10 mL, 127 mm length, 10 mm 1.d.),
and an ODS trap column (30 mm length, 4.6 mm id.,
30 ym 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, 40C. 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-hesane
(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
i.d., 3um particle size; GL. Sciences) with an Inertsil
ODS-4 guard column (10 mm length, 1.5 mm id., 3 un
particle size; GIL. Sciences); mobile phases, 5 mmol/L
ammonium acetate in water (Solvent A) and 5 mmol/L
ammonium acetate in methanol (Solvent B); solvent
gradient, 15% Solvent B at 0min, 40% Solvent B at
1min, 40% Solvent B at 3.5min, 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,
407TC; injection volume, 3 pl; ionization mode. electro-
spray ionization (ESI) positive mode, capillary voltage,
3kV; source temperatuve, 1207; desolvation tempera-
ture, 4007T: desolvation gas, nitrogen at 800 L/hy; cone
gas, nitrogen at 50 L/hr; collision gas, argon at 3.1X 10
" mbay. The selective reaction monitoring (SRM) transi-
tions and rvetention times are summavized in Supple-
mental Table 51.
2.3 Laboratory apparatus

A homogenizer (Polytron PT 10-35 GT; Kinematica,
Lucerne, Switzerland), food processor (CGrindemix
GIM200; Retsch, Haan, Germany), rotary evaporator (N-
1O00/NV(-2100; Tokyvo Rikakikai. Tokye, Japan), electric
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shaker (SR-2w; Taitec, Saitama, Japan), and vacuum
pump (APN-215MV-1; Iwaki, Tokyo, Japan) connected
to a Kirivama funnel containing filter paper No. 5B (Kiri-
yvama Glass Works, Tokvo, 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 thovoughly mixed using a mor-
tar and pestle, then transferred to a 10 mlL 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 rvotary evaporator (below 40T), and
evaporated to dryness under a stream of nitrogen. The
residue was redissolved in 3 mL of methanol.

3.2 Liguid extraction

Test solutions were prepared according to the Japa-
nese official method “Multiresidue Method I for Agricul-
tural Chemicals by LC/MS (Agricultural Produets)”, 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 10 g of sodium chloride
and 20 mL of phosphate buffer (0.5 mol/L. pH 7.0) and
shaken vigorously for 10 min. The acetonitrile laver was

120
100 -
80
60
40 -
20

Recovery (%)

Fig. 1.
samples by supercritical 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
(helow 40C) 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-
bor/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
40T) and evaporated to drvness under a stream of ni-
trogen. The vesidue 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. Therefore, 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

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

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

SFE conditions: extraction pressure, 16.4 MPa; extraction temperature, 40T (corresponding to a €O, density of 0.8 ¢/
mL); extraction time. 30 min; modifier, methanol (0.2 mL)
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cause generation of heat and formation of agglomerates.
Therefore, 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 anhvdrous magnesium sulfate, As shown in Fig. 1, a
1:1:0.5 sample~Celite-anhydrous 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-polarvity pesti-
cides, such as acrinathrin. Mixing the sample with both
Celite and anhydrous magnesium sulfate gave a pow-
dery and dispersed sample that was suitable for SFE. A
1:1:2 sample-Celite-anhydrous magnesium sulfate
mixture also gave high recoveries for all of the tested
pesticides, but using more 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 prepara-
tion for SFE.

2. Optimization of SFE conditions

The solvating power of a supercritical 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-

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

First, the €O, 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
407C. 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 vecoveries, and
the best recoveries for all of the pesticides tested were

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 507, corresponding to
pressures of 12.4, 16.4, and 21.4 MPa, respectively, at a
fixed CO, density of 0.8 g/mI. The pesticide recoveries
were not clearly influenced by temperature over the
range tested with a fixed COs 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 carried out at 40C.

The extraction time also influences the extraction effi-
ciency; thus, the recoveries at extraction times of 10, 15,
and 30 min were compared with the extraction pressure
and temperature set at 16.4 MPa and 407, respectively
(giving a CO, density of 0.8 g/mL). The recoveries 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

120
-&-Acephate
100 ~O~Methamidophos
& 80 ——Moriocrotophos
\S —A—Carbaryl
§ 60 Y
§ —m—Azoxystrobin
& 40 ~o~Acibenzolar-S-methyl
20 —e—Flufenoxuron
0 ; ~o~Acrinathrin
0 0.2 0.4 0.6 0.8 1
CO, density (g/mL)

Fig. 2.
(SFE!

Effect of C(), density on the recoveries of eight pesticides from fortified tomato samples by supereritical fluid extraction

SFE conditions: extraction temperature, 407; extraction time, 30 min: modifier, methanol (0.2 mL); SFE sample,

tomato-Celite-anhydrous magnesivn sulfate (1:1:1)
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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 directly to
an SFE sample before extraction, which is the simplest
method for intreducing modifiers’. The results of the
tests arve shown in Fig. 3. High recoveries were achieved
for the relatively low-polarity pesticides without a modi-

120
100
—. 80
D\O
>
S 60
Q
(8]
Q
T 40
20

fler, and adding a modifier had only a marginal influ-
ence on the recoveries. In contrast, the polar pesticides
{acephate, 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 varying 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
O Methanol
Acetone

B Acetonitrile

Fig. 3. Effect of adding modifiers (0.2 mL) on the recoveries of eight pesticides from fortified tomato samples by supercritical
fluid extraction (SFE)
SFE 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
100 -o-Methamidophos
o —+—Monocrotophos
< 80
= —e—Carbaryl
g 60 A
2 —=—Azoxystrobin
x -o-Acibenzolar-S-methyl
20 —+—Flufenoxuron
0 - --Acrinathrin
0 0.2 0.4 0.6
Methanol (mL.)
Fig. 4. Effect of adding different amounts of methanel on the recoveries of eight pesticides from fortitied tomato samples by

supereritical fluid extraction (SFE)

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

mL); extraction time, 30 min: SFE sample, tomato—Celite~anhydrous magnesium s
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Table 1. Recoveries of pesticides from fortified tomato and cucumber samples by the supercritical fluid extraction (SFE) meth-
p P 3
od and a liquid extraction method

SFE Liquid extraction
Tomato Cucumber Tomate Cucumber
Mean (%) BBD{%) Mean (%) ERSD (%) Mean (%) BRSD (%) Mean (%] RSD (%

Acephate 92 4 93 6 - 18 13
Acetamiprid 99 3 90 3 33 3 91 5
Acibenzolar-S-methyl 98 13 86 15 66 13 93 17
Acrinathrin 92 8 36 15 54 24 [ 10
Aldoxyearh 105 8 92 4 82 12 72 9
Anilofos 79 9 93 4 93 G 39 7
Aramite 77 8 88 3 77 7 92 8
Atrazine 90 3 88 4 89 7 93 4
Avermectin Bla 89 11 40 54 99 10 T 16
Azinphos methyl 86 4 91 11 83 4 88 6
Azoxystrobin 90 9 90 4 83 G 91 3
Bendiocarb 82 7 87 6 89 2 90 5
Benzofenap 34 9 78 9 85 5 90 6
Boscalid Te 10 78 7 a7 8 94 10
Buprofezin 83 4 81 <] 73 9 90 4
Butafenacil 35 6 87 4 70 15 92 8
Carbaryl 90 12 84 6] 90 7 75 9
Carbofuran 86 7 97 3 94 3 93 4
Carpropamid 83 9 84 G 88 7 86 12
Chlorfluazuron 77 4 73 4 37 9 24 12
Chloridazon 79 8 69 7 85 4 85 8
Chloroxuron 86 7 88 8 95 4 87 8
Chlorpyrifos 77 13 92 5 79 8 83 5
Chlorpyrifos methyl 70 14 98 12 93 13 36 14
Chromafenozide 90 8 920 3 83 3 92 8
Clofentezine 66 8 18 20 15 33 77 11
Clomeprop 7T 10 81 10 91 9 89 8
Cloquintocet mexyl 86 6 90 4 90 5 91 6
Clothianidin 34 20 32 31 64 4 78 10
Cumyluron 91 8 87 8 107 3 94 4
Cyazofamid 84 9 87 7 96 3 89 7
Cyflufenamid 85 17 74 9 84 7 85 10
Cyprodinil 92 12 70 20 97 8 85 9
Daimuron 92 9 38 3 97 5 91 8
Diazinon 87 10 g0 [ &89 3 95 3
Difenoconazol 73 7 73 5 89 5 90 5
Diflubenzuron 84 10 81 4 7 9 84 8
Dimethomorph 91 4 87 5 87 4 92 5
Diuron 91 3 S4 1 87 4 a1 6
Epoxiconazole 80 12 77 6 91 3 81 4
Ethion 79 7 85 1 90 3 89 4
Ethofenpros 7 9 72 5 91 & 93 [
Etoxazole 73 7 69 G 89 4 92 3
Fenamidone 79 8 14 35 89 7 87 10
Fenbuconazole 71 5 T2 3 85 2 89 4
Fenobucarb 94 7 92 12 88 4 87 [
Fenoxaprop ethyl 84 11 86 G 33 5 86 9
Fenoxycarb 84 6 387 4 88 5 93 2
Fenpropathrin 71 6 81 8 90 3 77 2
Fenpyroximate (E) 78 6 79 4 81 8 81 6
Fenpyroximate (Z) 8 G 7 4 34 4 36 3
Ferimzone 82 7 77 3 38 3 90 8
Flufenacet T 7 84 12 93 2 87 7
Flufenosuron 5 10 70 4 78 5 83
Fluridone 91 4 90 G 91 3 ’7 2
Furametpyy 98 3 65 11 88 [ 34
Furathiocarh &1 7 69 5} 39 6 87
Halfenprox 76 1 61 3 94 8 39 4
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Table 1. Continued

SFE Liquid extraction

Tomato Cucumber Tomato Cucumber

Mean (%) RSD (%)  Mean (%) RSD (%) Mean (%) RSD (%) Mean (%) RSD (%)

Imidacloprid 30 i1 81 10 83 [ 85 5
Indoxacarb 78 13 78 9 79 12 98 13
Iprovalicarb 82 10 95 5 83 6 93 7
Isoxathion 85 8 85 8 94 5 91 1
Kresoxim methyl 83 10 88 7 92 T 95 11
Lactofen 79 13 82 4 52 G 98 4
Linuron 85 5 84 7 58 7 88 8
Malathion 92 [ 83 8 86 5 90 5
Mepanipyrim 88 7 89 13 89 7 106 12
Methabenzthiazuron 90 5 90 5 93 7 89 5
Methamidophos 94 6 88 5 30 G 34 10
Methidathion 91 4 88 4 85 7 91 5
Methiocarb 86 8 80 5 88 12 101 8
Methomyl 8 64 86 23 98 G 103 [
Methoxyfenozide 84 7 89 5 75 8 91 7
Monocrotophos 100 6 89 3 74 G 76 4
Monolinuron 83 [ 87 & 82 i1 87 12
Myclobutanil 82 7 81 4 04 8 94 4
Naproanilide 75 9 81 9 90 4 89 8
Nitenpyram 0 — 22 75 43 12 50 10
Novaluron T4 13 64 2 91 4 920 8
Oxamyl 12 35 60 47 78 6 80 8
Oxaziclomefone 82 (4] 84 5 89 4 90 3
Oxyecarboxine 86 3 88 4 33 14 59 11
Pencycuron 83 10 80 4 92 6 89 7
Phenmedipham 91 11 91 G 74 3 83 11
Phosalone 79 8 78 5 87 3 94 1
Pirimicarh 74 4] 83 11 93 5 89 8
Prochloraz 72 [ 59 7 89 4 90 T
Profenofos 89 6 aa 2 85 G 96 1
Propaguizafop 80 9 80 4 89 b 86 7
Propavgite i) 13 7 4 86 5 96 8
Propiconazole 80 [} 81 4 91 7 90 5
Propoxur 38 2 86 4 85 5 90 4
Pyraclostrobin 88 4 89 6 91 G 87 [¢]
Pyrazophos 33 5 89 2 89 7 94 3
Pyridaben 74 7 75 4 80 3 84 3
Pyriftalid 90 10 94 5 86 7 91 7
Pyrimidifen 37 5 81 4 32 13 40 14
Pyriproxyfen 75 9 81 3 92 5 94 4
Quinalphos 88 6 92 5 92 4 88 9
Quizalofop ethyl 83 7 Vi 4 92 6 88 [¢]
Simeconazole 87 6 80 4 89 4 83 8
Spiromesifen 83 8 78 3 77 T 84 4
Tebuconazole 79 3] 77 4 89 4 88 [¢]
Tebufenozide 94 7 85 6 74 6 87 7
Tebuthiuron 94 3 a1 4 87 3 91 7
Teflubenzuron 79 7 85 13 88 24 117 16
Tetrachlovvinphos 79 8 5 9 91 5 84 9
Tetraconazole 87 9 69 5 93 4 88 3
Thiacloprid 73 4 8 2 5 3 88 3
Thiamethoxam 77 8 77 8 76 3 80 5
Triadimefon 83 9 91 5 94 § 93 b
Triadimenol 83 7 82 6 84 7 91 [
Trifloxystrobin 82 9 B85 4 95 3 91 3
Triflumuron 73 9 81 12 94 3 90 10
Triticonazole & [ 70 5 90 4 82 6
XMC 80 5] 86 6 90 3 25 8
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0.2ml of methanol was added. We concluded that
0.2 mL of methanol (added to the SFE sample) was an
optimal modifier for extracting polar and medium-polar-
ity pesticides.

We also optimized the elution solvent from the ODS
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 as chlorophylls, were also eluted. In con-
trast, acetonitrile eluted relatively small amounts of ma-
trix components from the ODS trap column, but
achieved high recoveries of the tested pesticides. The
acetonitrile eluate was suitable for subsequent LC-MS3/
MS analysis without any additional cleanup. Therefore,
we chose acetonitrile to elute extracts from the ODS
trap column.

3. Recovery tests

The recoveries and relative standard deviations
(RSDs) obtained by the developed SFE method and the
liquid extraction method 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/aminopropylsilanized silica
gel (NHy) column was replaced with a tandem graphi-
tized carbon/PSA column, which removes acidic co-ex-
tractives move 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 ave
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 martrix type is
presumably caused by interactions between the analyte
and matrix components™, and further studies ave need-
ed to solve this problem. Matrix effects were evaluated
by comparing analyte peal areas in matrix-matched
standards and standards in solvent. The peak area ratios
of matrix-matched standavds to standards in solvent
were in the range of 0.80-1.20, indieating that there
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 vrecoveries of seven pesticides
(acephate, acrinathrin, chlorfluazuron, methamidophos,
nitenpyram, oxycarboxine, and pyrimidifen) were below
70% in both samples. The low recoveries of chlorfluazur-
on, oxycarboxine, 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 preswnably caused by their
high polarities, meaning that they preferentially parti-
tioned into the aqueous phase at the salting-out step.
The peak avea ratios of matrix-matched standards to
standards in solvent were 0.80-1.20, except for acrinath-
vin (0.70) and chlorfluazuron (0.61) in the cucumber
samples, indiecating that, for almost all of the pesticides,
there were no significant matrix effects. The poor recov-
evies of acrinathrin from both sample types were pre-
swmably caused by ion suppression. All of the pesticides
were successfully analyzed without serious interference
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 range from veg-
etable and fruit samples and is superior to the Japanese
official method for extracting polar pesticides.

Table 2. Pesticide residue concentrations determined in unfortified samples by the supereritical fluid extraction (8FE) method
and a liguid extraction method
.7 oy
Concentration {(mg/kg, n=3) Japanese
Sample Pesticide SFE Liguid extraction Ratio" MRL (mg/
Ave. RSD (%) Ave. RSD (%) ke)
Tomato 1 Boscalid 0.031 11 0.034 10 0.91 5
Buprofezin 0.038 11 0.036 g 1.06 1
Cyazofamid 0.017 i1 0.018 4 0.94 2
Temato 2 Mepanipyrim 0.020 3 0.019 12 1.03 b}
Lemon Chlorpyrifos 0.022 10 0.024 7 0.92 1
Spinach Cyazofaunid 0.61 4 0.79 1 077 25
Apple Boscalid 0.022 9 0.021 8 1.05 3
Propargite 0.16 10 0.13 4 1.23 3
Pyraclostrobin 0.013 12 0.011 g 1.18 1
Cucumber Acetamiprid 0.038 4 0.040 10 0.95 2

¥ 8FE/Liquid extraction
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4. Analysis of incurred residues in real samples

Conecentrations of incurred residues in real samples
obtained by the SFE method were compared with those
by the Japanese official (liquid extraction) method. Six
commercial vegetable and fruit samples were analyzed
in triplicate using each method, and the results ave
shown in Table 2. Ten pesticides were detected (with
log P,,, values of 0.8-5.7), 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 concentration ra-
tios of the pesticide residues extracted by the SFE to
thoge 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 L.C-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
L.C-MS/MS analysis. High recoveries were achieved for
most of the tested pesticides. Our results 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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Simultaneous determination of acidic pesticides in vegetables
and fruits by liquid chromatography-—tandem mass
spectrometry

SHIZUKA 8. SHIDA. SATORU NEMOTO and RIEKO MATSUDA

Division of Foods, Narional Institure 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 Iruits. The sample preparation procedure was carelully optimized for
the efficient removal of co-extracted matrix components, The method involves extraction of acidic pesticides with acctonitrile
containing hydrochloric acid. removal of water from crude extract by salting out. and sequential cleanup by octadeeylsilyl 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 fests were
performed for five times for cach sample of cabbage, spinach, potato, eggplant, orange, and apple fortified at 0.01 mg kg—1. Qut 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 low recoverics 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 residues in vegetables and fruits.

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

Introduction

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

maximum residue limits (MRLs) 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 Mult-residue
methods have been developed lor monitoring pesticides in
foods. Anastassiades et al. reported the quick, casy, cheap,
effective. rugged. and safe (QUECHhERS) method for the
analyses of a wide range of pesticides:®™! many modified
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versions of this method dpPhcd to various foods have been
subsequently reported."" Fillion ¢t al. demonstrated a
Multi-residue method in vegetables and fruits by employ-
ing gas chromatography-mass spectrometry (GC-MS)
and l:qmd chromatography (LC) with fluorescence detec-
tion.®™ In Japan, an official “Multi-residue method 1 for
ag,ucultuml chemicals by LC-MS™ has been established
(Fig. 12).°! which is & 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 (NH5) sorbents - for cleanup
and can cllectively remove acidic co-extracted matrix com-
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 a nalys s of
phenoxy acid herbicides in wg,uwblc.s and fruits, '
rice."™ and Kidney tissues."™ In addition. methods have
been reported for cmalwum sulfonylurea herbicides in
crops. 1% grapes 17 and milk."® However, the simulta-
neous determination ol multi-class acidic pesticides in
complicated food matrices is a challenging task because of
the wide range of pK, values and polaritics of pesticides;
consequently, there arc very lew reported methods for
such analyses. Parcja ctal. have cvaluated various
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