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Table 1. LC-MS/MS parameters

- Transition, m/z IQLY . Transition, m/z QLY
Pesticide Q1>Q3” (ng/mL) Pesticide Q1>Q3¥ (ng(imL)

Acephate 184143 0.5 Imibenconazole 413—125 1
Acetamiprid 223—126 1 Inabenfide 339321 0.2
Acetochlor 270—224 0.2 Indanofan 341175 0.5
Alachlor 270—238 1 Iprovalicarb 321—119 0.2
Allethrin 303—135 0.5 Isoprocarb 194—95 0.1
Atrazine 216—174 0.1 Isoprothiolane 291—231 0.2
Azoxystrobin 404—372 0.1 Isoxathion 314—105 0.2
Bendiocarb 224—167 0.2 Lufenuron 511158 2
Benfuresate 257163 1 Metfenacet 299—148 0.1
Bensulide 398356 0.2 Mepanipyrim 224—106 0.2
Bitertanol 338—269 0.5 Metalaxyl 280190 0.2
Bromobutide 312194 0.1 Methabenzthiazuron 222165 0.2
Bupirimate 317166 0.2 Methamidophos 14294 1
Buprofezin 306—201 0.2 Methomyl 163—88 0.5
Cafenstrole 351—100 0.2 Metolcarb 166—109 0.5
Carbaryl 202—145 0.2 Molinate 188—126 0.2
Carbofuran 222—165 0.2 Monocrotophos 224—193 0.2
Carfentrazone-ethyl 412—346 0.5 Napropamide 272—129 0.2
Chlorpropham 214—172 0.5 Omethoate 214183 0.1
Clomeprop 326—120 1 Oxamyl 23772 0.5
Cumyluron 303185 0.5 Pacrobutrazol 294—70 0.2
Cyanazine 241214 0.5 Penconazole 284—70 0.2
Cyflufenamid 413—295 0.5 Pencycuron 329125 0.5
Cyhalofop-butyl 358256 0.5 Pentoxazone 354—286 2
Daimuron 269151 0.1 Phenmedipham 301—168 0.1
Diethofencarb 268—226 0.2 Phoxim 299—129 1
Difenoconazole 406—251 0.5 Pirimicarb 239—182 0.1
Difiubenzuron 311—158 0.1 Pretilachlor 312252 0.2
Diflufenican 395—266 0.2 Prochloraz 378—310 0.2
Dimepiperate 264146 0.1 Propamocarb 189—102 0.2
Dimethametryn 266—186 0.2 Propiconazole 342—159 2
Dimethoate 230—199 0.2 Propoxur 210—111 0.2
Dimethomorph 388—301 0.2 Propyzamide 256—90 0.5
Diphenamid 240—134 0.1 Pyriproxyfen 322—96 0.1
Esprocarb 26691 0.2 Pyroquilon 174—132 0.5
Ethiofencarb 226107 0.5 Quinoclamine 208—105 1
Ethofumesate 287121 0.2 Quizalofop-ethyl 373—299 0.5
Etobenzanid 340—179 0.2 Tebuconazole 30970 0.2
Fenarimol 33181 1 Tebufenozide 363297 0.2
Fenbuconazole 337—125 0.5 Tebufenpyrad 334145 0.2
Fenobucarb 208—95 0.2 Teflubenzuron 383—158 0.5
Fenoxaprop-ethyl 362—288 0.2 Thenylchlor 324—127 0.2
Fenoxycarb 302—116 0.2 Thiachroprid 2563—126 0.5
Fenpropimorph 304—147 0.2 Thiobencarb 268—125 0.2
Flufenoxuron 489158 2 Triadimefon 294—197 0.5
Flusilazole 316—247 0.2 Triadimenol 296—70 0.5
Furathiocarb 383—195 0.1 Tri-allate 306—86 0.2
Hexaconazole 314—70 0.1 Trichlamide 340—121 1
Hexaflumuron 463—158 0.5 Triflumizole 346—278 0.5
Imazalil 297—159 0.5

B QI1, precursor ion; Q3, product ion
B IQL, instrument quantification limit

Hofe. ZOMODEEDIQL i, 01~10ng/mLTH-  thoBER, —HT10ng/gé L. FBICE, <+
fo. BETE, A4 AR RETZETT 200, HR Vw7 2EEEBCERRABEROFRET S 25% » ¥
TaEAERSBRE Ol g/mL KHFR L. Tokd, 7 J —WKIBHEE B P U, BEBRBSICH>WT
WZ7 2/ JRA0 Yy, M7 2Ray, RV NEFSUBEY i, IQL (0.1~2.0)=50 ng/mL OFBHCEEMAHZED 5
JeEar /- vOFEETRIE, 20ng/g&ih, 20 1, REBROVEFRHR®1E, 0.98~1.007Tdh -7-.
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Homogenized sample 5.0 g in 50 mL PP tube

Add 20 mL of ethyl acetate and 3 g of MgSO,

Homogenize (30 sec) and centrifuge

Ethyl acetate layer 8.0 mL (equivalent to 2.0 g sample)

Evaporate and reconstitute with 10 mL hexane in 50 mL PP tube
Add 20 mL of acetonitrile saturated with hexane

Shake (1 min) and centrifuge

|

Acetonitrile layer Hexane layer
Add 20 mL of acetonitrile saturated with hexane

Shake (1 min) and centrifuge

Acetonitrile layer

Load on ENVI-Carb II/PSA column conditioned with 30 mL acetonitrile-toluene (3+1)
Elute with 30 mL acetonitrile-toluene (3+1)

Collect loading and eluting fractions in a round-bottomed flask

Evaporate and reconstitute in 2 mL methanol

Test solution for LC-MS/MS

Dilute to 10 times of the volume with 25% methanol in water (0.1 g sample/mL)

Scheme 1. Flow chart of the method

2. BILIEBROIRES

gL Bh, MITARE, BEPCRTEEESS
S5L0b5 5. BEESBHEICLS TLC/MSICE5RE
Eo—FNMRET B L0 ] THHKBLWTVWETEF =
byovig, IEEABEASEL, MLARKE(EENS
EEOHBARESL LB AAREESEL oNS. £IT,
IEEARE hET 5 T LAHE LT, ik 7 v
ARG, £k, BKEEEE U TEKERERS b U Y
LEDEOWIRKEENAET 5% BKFEE~ 7 % v L&
Bl

ChET, EEMCHENTRESEOSVWIIIAERY
mlsueg LTl YVBBEIO NI 5T 4~
(GPC™'2, BHVRETHE L= Y VBLE~FY V2R
WA (T b= b Y b/ E v SRR T
kW IEEAKRET I HEMERSATVS, L LAY
5, GPC ARV AER, SHEELET IR
BABL, EEARBICES TEMRALLTEY N
5. —F, Tz by /~FH s AEBELBOTE,
s L BOBR T, ISEEDRMICKRET S LT
Lt d, Fi, MRF - LORDIHEFINBEREETIC
LASHEREL Y, TAWABRENMESETSHS. €£C
<, BETETEN= Y/ ~FY UHREERAL
} oxbic, B EHEBBLUhoF REERETS
- ¥ ic E#8 (ENVI-Carbll/PSA) ic & 2 H8I% (T~ 1. K
palgoeREcT 2 RAERE, 01% RWBTH -
oo TR b= YN AF Y BB X CREEET ORIO
BAXEEMNBIN TH I &h D, BFMEILBVT,
GThORERENTITHE LEAONS.
mIaRRoBREEEONTEE, =5 v /#AED

B3 5T, BEEABEREOBROMIESHEE L TOE
HoMEx Nl &h s, BEOBEE L REETSHL
fo. EE, BEMROREBREC—FMNETE, HDFE
EARE > >R IEOEEM & BdErk %25 L 72 QuECh-
ERS B:HEARATHEB I TWAY  IR{EO B &HuE
Ho—ifid, EVWRTOPPELBLEEZFERL, HOS
EioROOBMAERTIACH S, REIBVTS,
BLUTE M= PY W/ ~FY SEEBREC PPRIOBLD
EERERAL, BELROBELS LREAER . FO
#R, —AOEBRES 12 RELEBAET 3188, B8
OFEI, SRBEOHECE LR, Bkt 685
Thbh, BEONREFCHA>2b0EEZ NS, F
to, BE~Tug/mLi0ET 2 5BEEOEFICEL T©,
2008 2 B EASHE L viIRIBa AR EET
ZEES Y I FRARGEIEREBECE LV, BERELY
WTEEE . FAEIEA A ¥/ ~VcBERBIUFRLT
BT A ETL BRI TE S LBbNS,

3. ZMENEER

BRF T 2 A nEINEER 3, 208 LU 100 ng/g D
QBETERTHS K TERLUL, RBERcESE, FE
WRBHL 4 BBEOSHERICE LD, Tubb, 208
L U100 ng/g RINOWA DBEIC BT, BIFNER
(B, 70~ 120%; RSD, 20% HKif) &7 - B
(#5739~ 1), 100 ng/g IRMDBED S TREFLE
BLiz-EBE (HFTY—2), 100ng/g KMOEED
B THRBILEESITWEEZ SR (LINE,
50~69% 3 X U 121 ~150%; RSD, 20% k5%, 77 L,
ATV —1BIU2HREFHV) LU-KBE (HF
TY=-3) BLUNFTY -1, 28L034 (A7
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Table 2.

Pesticides categorized by recovery and precision

Category 1

Category 2

Category 3

Recovery, 70-120%:
RSD, < 20%
at 20 and 100 ng/g

Recovery, 70-120%
RSD, <20%
at least 100 ng/g

Recovery, 50-69 or
121-150%; RSD, <20%
at least 100 ng/g

Acetochlor Dimethomorph Monocrotophos
Allethrin Diphenamid Napropamide
Atrazine Ethofumesate Omethoate
Azoxystrobin Etobenzanid Pacrobutrazol
Benfuresate Fenarimol Penconazole
Bensulide Fenbuconazole Pencycuron
Bitertanol Fenoxycarb Pirimicarb
Bromobutide Fenoxaprop-ethyl Pretilachlor
Bupirimate Flusilazole Prochloraz
Buprofezin Furathiocarb Propoxur
Cafenstrol Hexaconazole Pyriproxyfen
Carfentrazon-ethyl Hexaflumuron Pyroquilon
Carbaryl Imibenconazole Quizalofop-ethyl
Carbofuran Inabenfide Tebuconazole
Chlorpropham Indanofan Tebhufenozide
Cyanazine Iprovalicarb Teflubenzuron
Cyhalohop-butyl Isoprocarb Thenyichlor
Daimuron Isoprothiolane Thiachroprid
Diethofencarb Isoxathion Thiobencarb
Difenoconazole Mefenacet Tri-allate
Diflubenzuron Mepanipyrim Triadimefon
Diflufenican Metalaxyl! Triadimenol
Dimepiperate Methabenzthiazuron (72 compounds)
Dimethametryn Methomyl

Dimethoate Metolcarb

Acetamiprid
Acephate
Alachlor
Clomeprop
Cyflutenamid
Fenobucarb
Flufenoxuron
Imazalil
Lufenuron
Pentoxazone
Phoxim
Propyzamide
Quinoclamine
Tebufenpyrad
Triflumizole
{15 compounds)

Cumyluron
Esprocarb
Methamidophos
Oxamyl

(4 compounds)

Category 4

Pesticides could not
categorize as 1-3

Bendiocarb
Ethiofencarb
Fenpropimorph
Molinate
Phenmedipham
Propamocarb
Propiconazole
Trichlamide

(8 compounds)

) —4) IR 72 (Table 2).

H Ty -l ieshahsBERR 72 THD, Thb
oW TiE, 10ng/g DEEEOFEMOTRELEAL SN
3, AFTY -2 NHINSBERIB I5THY, Ih
Ll o\W\WTid, 50~100ng/g OBEHEOFEMIIATHEEL &
Aoha, #7FTY—3KNHINIBEREI4THDY,
EEEmORHEIcOWTOS, TOBEOFELERT
LEHMTRETRETHDE. AFTY -4 NI hbE
WIS THY, THALALHMKBREBLUEET S
Wiz, MOMTHEEERTSLLIE, STEOUR
HEOMBLNHETHEEEZLONS, QLM 2ng/g T
HL4BE (N7 2/ 0ROy, 72ROV, NV
FEYS Y, FovEaFr ) iR, AFITY-2%K
Bawagahik ATl -2 ahiko v 2
/Py ROy, WZ7xRay, Ry bEFEHVRBOTIE,
ERFEIC BV TREREL 10 EFRLIEE, 20ng/g
whnaEhE, 2ng/mLAESEND, IQLAALDRER T
FETLIIEEND. Lk, EBESCRIEESTE
EXREELY, 50X bHP TR LEEZILN
%,

4, BFhREBRFEOEREHRE

FEEFEHWT, A7) - LSS BEICO W
<, HROEEE LB F U FORT (10#4K, BEE IR
i, FER 1) MR L7 $f, BT ICHEMT R

BELT BETLEFVFORE & BETHR
& L) HEBEEL, HETHIRLEL. FOER,
BEIWTNOBREL S bR 1.

SOk, ETFHESHOREETY CHT LT AEE
ELEY, SBECETFhI BRI L hEBEFORE,
T3P HEBERHFT CELRLLTY, MELLTEDI IS
X~OEBEOEEZEEL T, MILAERTOBEED—FS
LT T3 I EPRKRNNEBETSH S, 20T, 8&F
PAOMTERIC DV SRENERTREL RIS 248
MHH, BREHCBVAIEBELT BF Ly IRHE TS
ANV ECHBRAETEECH L5E, FUFBLUL
FUPAERDS B, RENLLOERFE LARSIED
BV T, BETET-TV 5,
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Multiresidue Method for Determination of Pesticide Residues
in Processed Foods by GC/MS

Yoko Kitacawa* Masahiro Ox1nasHl, Satoshi TAKATORI, You OKAMOTO,
Naoki Fuxui, Hiroshi MUraTa, Tatsuo SUMIMOTO
and Hirotaka OBaNA

Osaka Prefectural Institute of Public Health: 1-3-69 Nakamichi,
Higashinari-ku, Osaka 537-0025, Japan; * Corresponding author

A rapid and simple multiresidue method has been established for determination of pesticide
residues in processed foods by GC/MS. The pesticides were extracted with ethyl acetate in the
presence of anhydrous MgSOy in a disposable tube, using a homogenizer. The extract was
concentrated and reconstituted in hexane, followed by acetonitrile-hexane partition to remove
lipids. The acetonitrile layer was cleaned up with a double-layered SPE cartridge column
{(graphite carbon black/PSA silica gel). After removal of the solvent, the residue was dissolved in
acetone. The test solution was subjected to GC/MS in the El mode. Recovery tests of 222
pesticides from five kinds of processed foods (dumpling, curry, French fries, fried chicken, fried
fish) were performed at two different fortification levels of 0.02 and 0.1 ug/g, and 100 pesticides
showed acceptable recovery (70-120%) with low relative standard deviation (<209%) at both
concentrations. A survey of pesticide residues in 76 commercial processed foods was carried out.
Chlorpropham was detected at 0.04 ppm in a sample of French fries.
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Table 2. Pesticides not satisfying the lower limit of quantitation in GC/MS

Group A Group B
Aldrin Deltamethrin Heptachlor epoxide Bifenox Prochloraz
Bioallethrin Dicofol Indoxacarb-MP Dicloran Pyrifenox-E
Bitertanol Dieldrin Iprodione Endosulfan-a Pyrifenox-Z
Bromopropylate Difenoconazole Permethrin Endosulfan-8 Tralomethrin
Buprofezin Endrin Propargite Isoxathion Trifloxystrobin
Chiorfenapyr Fenvalerate Quintozene Lactoten Triflumizole
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Metoxychlor
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Fig. 1.

the test solution obtained from the fried fish sample

Retention time (min)

SIM chromatograms for methidathion [solid line, monitoring ion (m/z 145); broken line, qualifier ion (m/z 85)] of

(A) Non-fortified test solution (B), Fortified 0.02 ug/g methidathion test solution. The arrow indicates the fortified

methidathion peak.
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Uiz, B8 o RIS L AERRBESRIBE STy
HWERnEROHBREE GERE: 20g/mL) 2%
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BEENMENRAL L 1, 7, =Y v 7 REMME
HEIAREIE, RIMUAWES & B L T 20~409 IBEFRE
DML

PIEHRE Ui 222 BE L > W &EEICHT 2 5B
BB OER % Table 1 wRLL. HRINEE 0.1 1g/g
KBOTREFGHEREAR UCBERI, &F 210, L
FHL—208, 734 FEF 206, BEEG 213, A5
B754214 &0, TxTOHREIC>WT 2008 LD
BEIRFUHEREERL. —F, RINBE002ug/giC
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Fig. 2. Summary of recovery tests
Each bar indicates the number of pesticides
exhibiting satisfactory recovery (70-120%) and
RSD (£20%) at both concentrations (0.02 and
0.1 ng/g) when tested in the 5 processed foods.

Table 3. Samples of commercial processed foods tested

Processed food Number
Dumpling - Shaomai 23
French fries 3
Fried chicken 2
Curry - Stew 10
Processed vegetable® 18
Others® 19
Total 75

? Processed vegetable=For example, boiled spinach, kim-
mpira )
¥ Others=For example, okonomiyaki, pilaf
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Multiresidue Method for Determination of Pesticide Residues
in Processed Foods by GC/MS/MS

Yoko KiTacawa* Masahiro OxidAsHI, Satoshi TAKATORI, You OKaMOTO, Naoki Fukur,
Hiroshi MURATA, Tatsuo SuMmiMoTo and Hirotaka OBaNa

Osaka Prefectural Institute of Public Health: 1-3-69 Nakamichi, Higashinari-ku,
Osaka 537-0025, Japan: * Corresponding author

A rapid and simple multiresidue method has been established for determination of pesticide
residues in processed foods by GC/MS/MS. The pesticides were extracted with ethyl acetate, and
were cleaned up with a double-layered SPE cartridge column (graphite carbon black/PSA silica
gel). Recovery tests of 2568 pesticides from five kinds of processed foods (dumpling, curry, French
fries, fried chicken, fried fish) were performed at two different fortification levels of 0.02 and 0.1
1g/g, and 184 pesticides showed acceptable recovery (70-120%) with relative standard deviation
of <20% at both concentrations. The high selectivity of GC/MS/MS gives a very clean
chromatogram, making compound identification and confirmation easy. This method could be
applied to the determination of pesticide residues in processed foods,

(Received December 25, 2008)

Key words: 701 & & processed food; 7% & B ¥ pesticide residue: — & 43 #F & multiresidue

method: # A7 a2t 757 4—/% v7F LABEBBHHTE GC/MS/MS
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7 L BIE BNk (GC/MS/MS) A L, fnL&micdd
T A IRIIEN R E 1T~ O THET 5.
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HICRIFIEREE.

sHEEOMTASICHET 2 RMEIERERIC VT, BiF
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Fig. 1. Summary of recovery tests
Each bar indicates the number of pesticides
exhibiting satisfactory recovery (70-120%) and
RSD (=20%) at both concentrations {0.02 and
0.1 ug/g) in the 5 processed foods.
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Fig. 2. Mass spectrogram of dimethoate
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Fig. 3. MRM chromatograms for methidation of the
test solutions obtained from the fried fish
sample

(A) Non-fortified test solution: (B} Fortified 0.02
ug/g methidation test solution.
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