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Abstract

A method based on the real-time polymerase chain reaction (PCR) has been developed as the Japanese official standard method for
the quantitative analysis of approved genetically modified (GM) maize by the Ministry of Health, Labour, and Welfare (MHLW) and
the Ministry of Agriculture, Forestry, and Fisheries (MAFF). MHLW also defines three methods to extract genomic DNA used as
analytes in the real-time PCR method. These three DNA extraction methods include a method using a silica-gel membrane kit (mini
method), a silica-based resin type kit (WIZARD method), and the method using a buffer containing cetyltrimethylammmonjum bro-
mide (CTAB method). On the other hand, the DNA extraction method using a larger size silica-gel membrane kit (MAXI method),
which was employed in collaborative studies to evaluate the performance of the real-time PCR method, has been identified by MAFF
for the same purpose. However, the influence of the DNA extraction methods on the GM maize quantitative value using the real-time
PCR method has not been demonstrated. Therefore, genomic DNA was extracted from the mixed flour-sample containing a known
amount of MONS810 and GA21 line, according to four different DNA extraction methods, and analyzed by the real-time PCR method
with the aim of ex.amining the influence of the extraction methods on the GM maize quantitative value.

Keywords :DNAHH E RIEFHKR X + 7 €03 ¥ EEPCRAREF &

DNA extraction method, genetically modified maize, quantitative polymerase chain reaction, testing method
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Z0H—#.20COEETREFLABENERBEORE
BBEZER TV EY,

2. B

DNADHIEF B 2t dminitk & L T.QIAGEN#: #DNeasy

Plant Mini Kit. MAXI & L TQIAGEN# 5!DNeasy Plant
Maxi Kit,WIZARD#: & L TPromegatt $Wizard DNA Clean-
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up system. £ 72.CTABEL LTEFNV P AF VTV EZ
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PAIS
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DNAMIHBE % BV 72 5541013.GA21LE L UGA2IHIZEI L
Ti365 32 . MONBI05RF 226 U IZGA2150HH 2B L T 33
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BZshi—BEoEREMEICHEL T MAXIE & BODNA
Mt EL OB TSN ETV. E0REBEZ L &I,
Student IREX AV THEEZELRE L7

N BRELUEE

1. DNAOIRE . B LU EThSDIES D& NEEE
EREIZBWTHAR L LIAEODNAIBEDFR TR

PRVWTHE S ZDNAORE. RBLUERLDIESD
DV THLGPIIT B0 B EF AV TMONBI0R
F.GA21EH . GA2ILB L FGA2IHO F h £ d HDNA %
B L E LR ETS I NEOE B L URERE
2ot BbEr B LTREN/MITERE LBV
#6.GA21L% 6 TFIZGA2IHZ Hb e TEH2ENHE L L
THOW. L EHDNAREDFHE L EH L. 2 DFER.
MAXIEZ L ADNADOFHNEIZ 4321 g THR OB . C
1234 L .CTABETHODNANE 2281 g THRETH o 72,
% 7z .minizE, WIZARDE % BV 1235 8 ODNADEH R & i3
FhEN1936 ugB L U13.16 ugTH o 7= (Table 1)o |

LEEROBY R HDNAHIMELYHWAZ & I2L HDNA
DPENRLLIENALPE LM FDELLER
I EDNARIBEIC S WD HMARETHLEZEL LN D,
MAXIE T 1gDEA P LMORELITH) Z L %2 (DNA%
M 5,2 i U .CTABE . miniZE . WIZARDED V¥
NIZBWT L. 2g0RE AT RICHIB 2 BAET 2 b DD
HEEELZRMLY—LL-REEND—REZFHEL.F0
DBOBRIERT) LI BAREIRE LR TS .CTAB
. miniiE WIZARDEDO BT IR Eh F11/75.1/13.27. 1/
OTHY . BBLEDNAOPELHBEL TR EEZ LN
7.2 EROBREICBELTIR.ERIC L o TIIEEEHE
DGM P Y EOIVNEEINTEY RENOEEBEEE
THLDOIRYNELAEETILENELIRELELSL
N2, 20L)BACRPNECS L WHEELZRETS
Z & C.DNASREPAET AR TR S 7.

DNAEDIT &2 %1288 L Tid .CTAB&E % AV TGA21
RE D SR % 1T o A1 AXHERF 2 (Relative Stan-
dard Deviation ; R.S.D.) #30%EDEHVIEIHL D& &R LI
P EDERERTIIDNATEES L URHBOBEICES
T RS.D.I320%% FTH>TH Y BE LEDDNAS L
EhTwa LHIEIhT,

Table 1. Quality and yield of DNA extracted from the samples using the four official DNA extraction methods
Number of DNA R.S.D. Ratio
Method Sample test portions (19 (%) 260 nm/280 nm 260 nm/230 nm
MAXI GA21L 6 43.28+4.07 9.41 1.841+0.00 2.14+0.03
GA21H 6 43.13+1.64 3.81 1.84+0.00 2.16+£0.02
GA21 6 33.58+6.75 20.09 1.8610.00 2.25+0.03
MONS810 6 35.93+2.09 5.82 1.87+0.01 2.29+0.02
mini GA21L 6 19.031+1.63 8.57 1.83+0.01 2.03+0.02
GA21H 6 19.69£2.98 15.13 1.84£0.14 2.03+006
GA21 3 18.22+0.67 3.65 1.831+0.02 2.29+0.02
MONZ810 3 17.15+0.28 1.63 1.81+0.00 2.36+0.03
CTAB GA2IL 6 2.80+0.10 3.63 1.81£0.02 1.66 £0.06
: GA21H 6 2811026 9.35 1.81£0.01 1.6510.10
GA21 3 2.05+0.67 3247 1.88+0.06 1.421+0.18
MONS810 3 2.30+0.31 13.58 1.87£0.01 1.58 +0.06
WIZARD GA21L 6 12.91%0.54 420 1.78£0.02 0.32+0.14
GA21H 6 13.41+0.30 222 1.80£0.01 0.22%0.04
GA21 3 14374025 1.75 1.80%0.01 0.22+£0.04
MONS10 3 16.08+0.41 2.53 1.81%0.01 0.20+0.04

Data reperesent means % S.D.
K.S.D.: Relative Standard Deviation
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DNADZ IOV TEET A0 ER L FAERECS
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1253 W AEDTAY 230 L LBV RAEE AT 5720, 2
NHFEHE L7854 120.D. 260 nm / 230 nmiAME T+ 52
LA S N TV 59, 3 - WIZARDE B LTI ik
HRICEThBTT=V ALEWHIB0mIlREEET S
T EFMONTED, I OAFERFL729H.0D. 260nm/ 230
mmEAFETFLAbDEZEL bR,

2. HIDNADO B FESH

M S 7-DNATEE X578 LESFLL TWiigs,
EBPCREKBIIAGE L L VBT AEHERETFLLL
ITCMIED IS RIUDNAEFIZ EL (BT A A CTa L
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{ESTFIELLDNABBEIND Lo /oZ e ho i
e G EDNAMEEIZL o THE Sh 2DNADSFE
BEOEICBEWT . ERPCREDERICERLEFES5X
AEREIZEDHLRZWEEZ LRI,

3. REMEEFOIE-HLH

(1) M—ODNAMHZ % BV TR E h - EHBODNAR

FRCB s hizlfs5o%F

FEPCRELXAVEBE.GM Y 2OV OEEMEI.
Py EDIVICEEBMICE TN RERRIET (SSID) DOH
FE(IVE—HEGM MY EO I ZS T N AHE X DNA
BEHOI—HoE ko, I NICBREEKR(RERL) D
BEELTHEEINE , COSFECBV T A-RE»5
B—ODNAMY &% AV CTHit & h7:DNASE » 5 513l
ENBSSHbI Y —E EEAMCREEL T—EDEEXTR
FTEZELLNE T BHMICRATEREODNALEEIN
ARERBEFOIV—RIZ—ETHA7-D. Gl
I -HIIDNAREIC L A2ERIBE LW EFHIRFE
N3, 2T HHEEI L C6EDOMIY L7-GA2IHD* 5DNA
ZHEITHIE L B SN /6 S DDNARE 2R IT.5SHb
C—HEsHLER L 2. 208R MEET LBz
72 Z6ENDNARE P LETRI &N o ¥ —FDiIZb D &l

GA21 MONS810

Fig. 1.
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Agarose gel electrophoresis of DNAs extracted from four powder samples including GA21H*, GA21L**, GA21 and MONBI10.

Lane M, molecular marker A HindlIII; lanes 1, 5,9 and 13, DNAs extracted using the maxi method; lanes 2, 6, 10 and 14, DNAs extracted using
the mini method; lanes 3, 7, 11 and 15, DNAs extracted using the CTAB method; lanes 4, 8, 12 and 16, DNAs extracted using the WIZARD

method.

*GAZ21H is the mixed powder sample containing 5% GA21 and 1% MON810 line.
*+GA21L is the mixed powder sample each containing GA21 and MON810 line in 1% concentration.
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MAXIEE . mini&E . CTABEE, WIZARDEZ DWW T EREILD
R.S.D.%%3.25,11.48.8.05.13.02% T & o 72 (Table 2) o = D&
B2 PRIGEEOGM 90 IV 25G L LEAEHE
SROEEN LB SN BRTEDONIILDED
THERSD. & LTI219%)9EEE. b LLRERUTT
Hh. . WTFhombBE*BVWTH HITBRIEL (sSib
V-5 % e X DNAKE 2l T A 2 Z & AR &
72

(2) R5 3DNABHEE BV TES N IE-BORE

o@D Fl—ODNAFHET AV THAB S W ER
SODNAKEBTOSSHLIE —FDIEL D EIX+4571/h
S R L. EDNABEOHTERARIBHTH L
ETE AN KIC B ADNATIHEIC L Y Boh A2
K—HOKESIZOWTHET A EXHNICEIT 21T
710 ¥ DFEE MAXIHE miniE . CTABE WIZARDEIZ & 1)
Bohf-a ¥ —HOFHLS.DITEFNFN34464 11120,
26426+3035.28314+2281.23908 £31122 ¥ —TH h . |&K
TJE—-HEBNITIE -HOEIIHIS00IY—THo7:
(Table 2) o Table 212 & B2 7 — F 12 R D@ ) .65 DIE
T L7-GA2IHD S B EDDNAFEEIC L D T &
7-6 S DODNARE %1+ v b (EEPCR¥EEE TRIBFICEHHEY
A1) L.y FTLIZERD TV (PCRPOGEIEERH
LI TCO—EDOBRE)*ERTHILTHLNALTE-H
DFEHEESD.THD,INH BENL Y F & LTPCRIC
f#t X7 EDNARE R FUICREORIHCE LY 7+ VE
HOBES%E PCREBSOEENVEELY —HICZHTWVD L
ZXONBEEREY S FNEESS T —HNOKR
L FA-0Frx )V TVv—avR v y—FEAVLR
370 . BEDE Y MIEENL6EDDNARAHETOBT
BEEMAFMHET A LITMETH o7 ICH L. R LS
Ty b E LTS h-a ¥ —Hid, EROPCREEZ O
EBIUF. ¥ TL—Ya v AY V- FHRL2BZE
DEBEZITVELEZIZLRAB(FY) TVL—-Y 3V R
U —FRI VR AT ICHAMTA) D
O DNARHEMTF— ¥ T BT 55461243, 7 VAR L
BILIZEAEB(SUVHEE) IIoVWTHERBLRTHITE
LRV, FI T EEPCRETERGNIHEMED T VHZEL
DNTEETH7-H. Table 2iI2F L DT — Y D68
B L7-DNAEE TR s sty MiowT. T %20
ERLTEONHREFD IV - HOFEHLESD.E LT
FELAEMAXIEOERES* S v T RAE L B L. FD
HE OV -—HOFH+SDIXIEEB DT T34387+1224,

2WEDT ¥ T34541 £1118TH ), T DFHEDEIZ1547
Y—THholosFfilid. 7 v oOEEEBRL LELPIITX
XLEZOIN L2 L LROERPOTHIIFA—D
DNAHIHEIC L W S h7:DNAKB P HEHH &S h B 0
E—HD5 v ETHER B2 2ADNARHERTHE L
BEIBONAIY-—BOEDIFOIBENKEST
HollhoDER LY KL ADNAMIHERICROL N
7SS ¥ —BOE~D T VHEDFSRIIFE I SW
EEZHON DNAMMENR% 5 L AERPCREI LD
BoNBSSIIY—BICEFELAERE LTHRES
p (P

DNAHIHESRE L2 A2 ICENETRI S hASSIba ¥ —
HOKESIZEXELAFEHRE LTI Fg LILRLCER
KENDEE, L IIHIFT A LDOTE LR VWDNAGTFORK
B PCRICEBYRIZTRHOTAY L EFEELFLT
VADH S LIV B DNADK E % 260 nm DI FERE
FEEICETSEREL TWE O SEDDNAME 48
42260 DB HE I EEE 5 A THPIRETLHE
IZIZ.DNABEEDHE AR IERE L 2 ) PCRIZEEENZDNA
HECBENEL. AL 2 TSSIBI Y - K BRT A
TEHEZOND LA L. —EODNARIBBREOEE L L
TEEI SN ADNAOKER L E. I ¥ —HOMBRII OV T,
RELANEL AEALPIITEXEREDO—DOTH 5,
$/-.GMFYEO0 IV DOERBEIISSIbI Y —HEARZ
DNAEFIO DV —HH I ETZEREN L85, 20200
A —HHFEbRALEME Lo TEBH LS E
BEREEL 2 (PCRIZEESWIDNABRICRENLL
TS e NI NS D) Lo T.DNARIRE R L S
CETEHBENRASSIBIE—BIIENBHONLI L &,
DNARIBENSRELZAZ L TGME 7 E0 I VDERMEIIE
PBEOHLNDE T L RLTLLEHETIE 2V,

4. BRIEHOREZELREBVWTERINZGMITE
O3 FEEEDLE

DNAMEEDELZ DI AGM by EOa L ERE~D
EELYFMET 5O EMRARE (GA21ILS & IFGA21H)
1&g e L.CaME L UTIGAAIEREX*BEH L. .S
ERENIILDOERSD)BIFEIIDVTHER L ED
®8 &34 EEPCRE. B XUDNARIEENAA S LY
EoTEOLNFRFROERBEDIESDE (RS.DII,
BEATH133%TdH 1) .DNATEEL EEPCREDHAED
H LT . F—RERTCOHTERARIIBETHAHZ &

Table 2. Copy numbers measured for taxon-specific gene (SSI/b) in the DNA extracted using the four extraction methods

Sample DNA extraction method  Number of measurements Repeat number of measurements  Copy number of SSI/6 R.S.D. (%)
MAXI 6 2 3446411120 3.25
ini 26+ .
GA21 H mini 6 1 26426 £3035 11.48
CTAB 6 1 2831412281 8.05
WIZARD 6 1 2390813112 13.02

Dala reperesent means +S.D.
R.S.D.: Relative Standard Deviation
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HEEH & A 72 o 72 (Table 3)o

MAXIEEE GBI RORER £ 5HEl T 2 72D DL FEHER
B L U . EEPCREDEZ UHRILAERICHERA S h/-DNAHE
BT 57OV K THRET L 74EODNAHIE D H
TRLBIOED SN TWADNABETHLLELI LN
5, FZTMAXIEIZE W BON-EEREL £O0D
DNAMIHEICE W BO N EREDN ) bHET 2EEMB L
PHEBEL. FOEEFNATRAELTEHL. ZDOER.
WIZARDE EMAXIEIZ L VBN BEREED/SA T A
BT RTOXB L EEPCRENVHAASDELRALT. £
10% LA TH o 72 SR L miniE S & UCTABED 7
hERE MAXIEICE DB ShAEEEBED /M 7RI,
FHB I UERPCREDEAASDLRIZL o TKE EIIE
255N DM BAID12.2%. B KA33.9%TH o 7= (Table
3o 2 HIZIENDNARREIC LI N EOhREREL.F
NERICHET AMAXIZEIC I VB oh i ERBE L OBT
EEEREXTo-#E R miniEB L CTABETE S

TRCDEEBEMAXIETE LN EEHEL OB EHE
EEo5%TDEEENLD LN/ (Table 4),

5. DNAMMEBERIARELEOSHRAIE EBEOEEHHE
mini#E B & UCTABEIZ L W B O A-ERBE L MAXIEIZ

IHNBONAERBELDONS TALRBEHAE oK
L EEPCREDHAALASODEDTATYBLTEETH-
7RI miniEB L UCTABEIZ L W BOh b EREICR
FRENMSITNTVI I EE2RBEL T2, Table 312K L
T RTOERER ADCER SN HELYHAWTHE
HLTBh o Bh ZoRERIIMAXIEIZ S hil
B E NI -DNAKH E R S WA REBRHRTH S,
D7z% minidk L CTABEIZ L DB S N/-DNA%X R L L
TEHH SN ANEEA MAXIEIZ L Y S h7:DNA%
HRELTEHBEINIPNERERE R0 TWEE R
REZELIRKOERIIZVBI2OTIRRVILERS
N7 2T BB ARA REECAEML22100%GM 77

Table 3. GMO amount calculated using the conversion factors defined in the official standard methods

Quantitative PCR method Sample DNA extraction method  Number of measurements GMO Amount (%) R.S.D.(%) Bias (%)
MAXI 12 1.58+0.20 127
mini 6 1.95+0.19 9.8 23.7
GAZIL CTAB 6 2.05+0.19 9.1 302
WIZARD 6 1.61+0.21 133 24
CaM MAXI 12 1.61+0.16 9.8
mini 6 1.9940.20 929 240
GA2IH CTAB 6 2.15+0.19 8.7 339
WIZARD 6 1.65+0.15 9.2 2.6
MAXI 12 1.34+0.09 6.4
GA2IL mini 5 1.56+0.09 5_.6 16.5
CTAB 6 1.50£0.15 9.8 122
WIZARD 6 1.35+0.08 6.1 0.9
GA21 MAXI 12 6.38+0.35 55
. mini 6 7.4410.28 3.8 165
CTAB 6 7.6310.50 6.6 19.6
WIZARD 6 595+0.38 6.4 -6.8

Data reperesent means +S.D.
R.S.D.: Relative Standard Deviation

Table 4. Statistical analysis for GMO amount measured in the DNA extracted using the four different extraction methods

Quantitative Sample DNA extraction ~ Number of Critical value { value Critical value U Critical value of U
PCR method method measurements of F (p=0.05) of t (p=0.05) (Lower, p=0.05)
mini 6 1.099 4.704 3.778 2,120
GA21L CTAB 6 1.158 4.704 4.856 2.120
. WIZARD 6 0.879 4.704 0.368 2,120
minj 6 0.641 4.704 4.499 2.120
GA21 H CTAB 6 0.711 4704 6.505 2.120
WIZARD 6 1.093 4.704 0.532 2.120
mini 5 0.978 5.936 4.805 2.131
GA21L CTAB 6 0.341 4.704 2.991 2.120
GA21 WIZARD 6 1.099 4.704 0.295 2.120
mini 6 1.592 4.704 6.339 2,120
GA21 H CTAB 6 0.497 4.704 4 14
WIZARD 6 0.853 4.704 2.385 2,120

GMO amount was calculated with the conversion factors defined in the Japanese official standard methods.
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03548 (MONS10%2 & UNZGA21E0H) 2 b minitk B &
U'CTABZE %2 AW THIE L 7-DNAKEH * BV THRER % 5
L7 BECHER L -EEPCRESROERICLY.
BEFCLESRERORERE IR ARERI TR ENS
TTHEtE D E X b N7 729 MAXIEEIC £ D 100%GM + 7 €0
I VEED GHE LDNAREIZOWTH  FHICRER
FREL I F0ER BHERNOCaMPELLH039TH 5
D3 U JIE & N/-CaMAER OFH £ S DEIMAXIET
0.42+0.02. miniE T045£0.01.CTABET0.441+0.04Td o
Fe— A RHEERNOGA2IREL 201 TH A0 13T L Hl
E X NI-CA2IPIHELL DT + S D.IIMAXIEE T2.18£0.06,
miniE T2.25+0.10,CTABE T2.25+0.10T & - 72 (Table

5)ePWVT BESN/-HELBLU . Table 312 L DI E
EfFERTADIHBLAHEE(TY-RicETE
EEME*BHELALER. TRTORKHB L UEEPCRE
DHEAZEHLFIIBV T miniEB L FCTABEIZ L DB 6N
REEEML MO TAMAXIEIL LI VEonEERBLE
DNRA T AGEHEMICERTAE 20  BAD8.2% 5
KH219%TH o7 (Table 6)o LI L . BETH S NI-EEE
IZOWVTMAXIE & miniiE. & 2 WV IZCTABEOM THEE
BRELXT-HR.BEL /A TAONE L 272GA21LE S
CTABZE# B\ THilE LZ-DNAREIZOWTHB S i
GAIERELBE KR LTERBEMIS%THHEEN
b7z (Table 7)o

Table 5. Conversion factors measured in the DNA extracted using the three different methods

I . Number of measurements .
Quantitative PCR method ~ Sample DNA extraction method Conversion factor  R.S.D. (%)
Samples Runs
MAXI 6 0.42+0.02 5.7
CaM Mon810 mini 3 3 0.4510.01 31
CTAB 3 3 0.44%0.04 8.1
MAX1 6 2 2.181+0.06 26
GA21 GA21 mini 3 3 2.25%0.10 43
CTAB 3 3 225%0.10 43

Data reperesent means +S.D.
R.S.D.: Relative Standard Deviation

Table 6. Re-calculation of GMO amount using the conversion factors specified for the three DNA extraction methods

Quantitative PCR method Sample DNA extraction method Number of measurements GMO Amount (%) R.S.D.(%) Bias (%)
MAXI 12 1.46+0.19 12.7
GA21L mini 6 1.69+0.17 9.8 15.5
CTAB 6 1.82+0.17 9.1 24.3
CaM
MAXI 12 1.491+0.15 98
GA21H mini 6 1.73x0.17 9.9 15.7
CTAB 6 1.91£0.17 8.7 219
MAX1 12 1.23£0.08 6.4
GA21L mini 5 1.39£0.08 56 129
CTAB 1.33+0.13 9.8
Gazl MAX1 12 5.88+0.33 55
GA21H mini 6 6.64+0.25 38 12.9
CTAB 6 6.79+0.45 6.6 154

Data reperesent means £ S.D.
R.S.D.: Relative Standard Deviation

Table 7. Statistical analysis for the re-calculated GMO amount using the conversion factors specified for the three DNA extraction methods

Quantitative Sample DNA extraction  Number of Critical value { value Critical value Critical value of U
PCR method method measurements of F (p=0.05) of t (p=0.05) (Lower, p=0.05)
GAZIL mini 6 1.262 4.704 2.512 2.120 '
caM CTAB 6 1.271 4.704 3.956 2.120
GA2LH minj 6 0.736 4.704 3.030 2.120
CTAB 6 0.780 4.704 5.434 2.120
minj 5 1.042 5.936 3.780 2.131
GA21L - _
GA21 CTAB 6 0.367 4.704 2.056 2.120
P mini 6 1.695 4704 4.982 2.120
CTAB 6 6 14

The GMO amount was re-calculated using the conversion factors which was measured in this study for the DNA extracted by the three DNA extraction methods.

For the conversion factor specified for the DNA extraction methods, see Table 5.
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6. ERBENITFEFE

Table 3IRL7- & B ) GBHMERROPEL T BRERRL
LTHEWiE4 miniE . CTABEIL L N B L2 EREIR
MAXIZEIZ L B SN AEERMEICH L122%~339%0/ 1
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B LTI AREENEHEMIELATHESEERBLTY
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RESIDUES AND TRACE ELEMENTS

Simultaneous Analysis of 260 Pesticide Residues in Agricultural
Products by Gas Chromatography/Triple Quadrupole Mass

Spectrometry

Masamro OkiHasHI, SaTosHI TARATORI, Yoxo KiTaGawA, and Yukio Tanaxa
Osaka Prefectural Institute of Public Health, Nakamichi 1-3-69, Higashinari-ku, Osaka 537-00235, Japan

A method for simultaneous analysis of about

260 pesticides by gas chromatography coupled to
tandem mass spectrometry (GC/MS/MS) with a
triple quadrupole analyzer (QqQ) has been studied.
The pesticides were extracted with acetonitrile and
cleaned up by a bilayer cartridge. A single injection
method was developed for the monitoring of all of
the targeted pesticides. Two MS/MS transitions
were selected for each analyte using the intensity
ratio obtained from them as a confirmatory
parameter. By using matrix-matched standards,
260 pesticides could be determined in most
matrixes with recoveries of 70-120% and a
standard deviation of <20 at 2 different fortification
levels of 0.02 and 0.1 pg/g. The developed method
was applied to the monitoring of 173 agricultural
product samples from local market. The
sensitivities of this method were lower than with
most of selective GC detectors, such as flame
photometric or single MS. The selectivity of QqQ
gives a very clean chromatogram, making
compound identification and confirmation easy.
The quick and reliably monitoring was achieved by
combination with rapid extraction and cleanup.

n Japan, all agricultural chemicals are regulated under the

uniform limit (0.01 pg/g) except maximum residue levels

(MRLs), which have been set for about 800 pesticides and
veterinary drugs in 2006 (1). This system does not require
analyzing all pesticides before distribution, but the demands
of quality evaluation of commodities are increasing for
various pesticides. These demands require a great amount of
analytical labour. Until now, many multiresidue methods
were developed to achieve effective analysis (2-7). These
methods used gas chromatography (GC) that coupled with
selective detectors and/or single mass spectrometry (MS) for
determination of pesticides. Numerous target pesticides
required more than one analysis by GC/MS or several kind of
detectors. Recently, GC coupled to tandem mass spectrometry
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(GC/MS/MS) has been used for the determination of
agricultural chemicals (8-14). The MS/MS analysis 1s
superior to single MS analysis. In the process, a narrow range
of target masses is selected from all ions like selected ion
monitoring (SIM) mode. Then, this selected range of masses
1s fragmentized and the product ions are monitored. A
fragmentation depends on the chemical structure of analytes
and provides superior selectivity to SIM mode and other
conventional detections. An ion trap detector (ITD) allows
product ion scan analysis in the MS/MS mode. On the other
hand, a triple quadrupole (QqQ) analyzer can operate in the
multiple reaction monitoring (MRM) mode, which monitors a
few product ions/analyte. In these MS/MS measurements, the
number of compounds that can be determined simultaneously
is limited by the scan speed of the mass filters and data points
of chromatographic peaks. It takes a very short time to
monitor 1 or 2 product ions compare to that required for the
product scan mode. Because of this advantage, QqQ could
monitor approximately 50 MRM ions/s while ITD could
analyze several product scans. Some research papers have
been published about pesticide residue analysis by
GC/ATD/MS (8-11) and GC/QqQ/MS (12-14). These reports
determined from 50 to 130 pesticides with 1 or 2 injections.
To achieve quick and effective monitoring, a large number of
pesticides should be determined in a short time. The
sensitivity and selectivity of QqQ have great potential that
enables efficient screening. The aim of this work was to
develop a method for the simultaneous analysis of more than
250 pesticide residues by GC/QqQ/MS with 1 injection.

Experimental
Apparatus

@ GC/QqQ/MS instrument. — The extracts were
analyzed with a Waters/Micromass (Manchester, UK) Quattro
Micro GC QqQ instrument coupled with an Agilent (Little
Falls, DE) 6890 gas chromatograph. The mass spectrometer
was used in the MRM mode with electron impact ionization.
The system was equipped with a split/splitless injection inlet,
electronic pressure control, and 7683B autosampler.
MassLynx and TargetLynx software were used for instrument
control and data analysis respectively.

(b) Capillary column. — DB-5ms capillary column, 30 m,
0.25mm i.d.,0.25 um film thickness (Agilent, Folsom, CA).
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Table 1. Conditions of the MRM transitions Table 1. (continued)

Precursor > product ion (m/z)° Precursor > product ion (m/2)°

Collision energy (V) Callision energy (eV)

Pesticide F* RT MRM1 MRM2 Pesticide F* RT® MRM1 MRM2
Methamidophos 1 6.10 141 > 95 (6) 141 >79(18) Chlorothaionil 7 1301 264>168(18) 266> 170(18)
Bichlorvos 1 625 185>83(10) 187>83(12) Flufenoxuron 7 13.08 268>241(14) 331>276(16)
Allidochlor 1 670 132>56(4) 134 > 56 (4) Disulfoton 7 1316 274>88{5) 186 > 142 (5)
Diphenyl 1 785 154>153(10) 154>152(22) Terbacil 7 1316 161>88(16) 160>76(10)
Mevinphos 1 8.21 192 > 127 (8) 193 > 127 (4) isazophos 7 1319 257> 162 (4) 257 > 118 (16)
Acephate 1 827 136>94(i0) 1356>42(6) Tefluthrin 7 1324 177>127 (14) 197 > 141 (10)
Propham 1 864 179>137{(4) 179>93{(10) Etrimfos 7 1328 292>181(6) 292> 153 (16)
Metolcarb 1 868 108>107(12) 108>79{12) BHC, 7 1333 219>183(6) 181>145(12)
Methacrifos 1 909 208 > 180 (4) 240 > 180(8) Tri-allate 7 1335 268>184(16) 270> 186 (16)
2-Phenyiphenol 1 944 170>1€9(16) 170> 141 (20) Pirxrr{icarb 8 1349 238>166(6) 165>96(12)
Isoprocarb 1 959 136>121(6) 121 >103(10) iprobenfos 8 1355 204>91(6) 204> 122 (10)
Moafinate 1 873 187>126{4) 126>55(14) Benoxacor 8 1362 259>120(12) 261>120(10)
XMC 1 882 122>107(8) 122>121{149) Formothion 8 1367 198>170(4) 170>93(6)
Omethoate 2 102¢ 156>110(8) 110>79(10) Ethiofencarb 8 1370 168>107(8) 168 >77(30)
Tecnazene 2 1033  261>203(8) 15 > 178 (6) Phosphamidon 9 1385 264>127(10) 227>127(6)
Xylyicarb 2 1038  122>107{10) 107>77(12) Benfuresate 9 1383 256>163(8) 163 >121(4)
Fenobucarb 2 1049 121>77{(18) 150> 121(10) Dichiofenthion 9 1391 279>223(12) 223>205(12)
Propoxur 2 1051 110>64(14) 152>110(5) Dimethenamid 8 1393 230>154(8) 232>154(8)
Propachior 2 1052 196>120(6) 169>120(6) Propanil 9 1395 217>161(8) 161>99(22)
Diphenylamine 3 1080 169>168(10) 168>167(10) Acetochlior 9 1403 2024>143(8) 223> 146(6)
Ethoprophos 3 10.89 158>114(6) 200>158(6) Chlorpyrifos-methiyt 9 1406 286>93(16) 286> 271 (10}
Ethalfluralin "3 1100 276>202(12) 316>276(6) Bromebutide 9 1407 232>176(8) 232>114(5)
Chilorpropham 3 1116 213>171(8) 213>127(12) Metribuzin 9 1407 198>82(10) 198>110(8)
Trifturalin 3 1121 306>264(6) 306>160(18) Vinclozotin 10 1417 285>212(8) 214>174(10)
Benfluraiin 3 1128 292>264(6) 292>206(10) Parathion-methy! 10 1423 263> 109 (10) 263 > 246 (4)
Bendiocarb 3 1133 166>151(10) 223>166(6) Atachior 10 1425 189>131(18) 189> 160(8)
Dioxabenzofos 3 1136 216>138(10) 236> 137(20) Simeconazcle 10 1425 195>75(10) 211 >121(12)
Monochlotophos 3 1143  127>108(10) 192> 127 (10) Tolciofos-methyl 10 1425 265>250(12) 265>93(22)
Cadusafos 4 1155 158>97(12) 158>114(4) Simetryn 11 1435 213>170(8) 213>185(6)
Promecarb 4 1159 150>135(8) 135>115{10) Carbaryl 11 1439 144> 115(20) 144> 116 (8)
Pencycuron 4 1160 180>125(8) 125>88(14) Metaiaxyl 11 1444 206>132(14) 206> 162 (6)
Phorate 4 1165 260>75(8) 231>203(4) Ametryn 11 1446 227>185(4) 227>170(8)
BHC, o- 4 1177  219>183(6) 181>145(12) Heptachior 11 1446 272>237(12) 274> 238 (14)
Thiometon 4 1196 88 > 60 (6) 248 > 88 (6) Fenchiorphos 11 1450 285>270(10) 287 >272(12)
Dicloran 4 1207 206>176(8) 208 >178(8) Prometryn 11 1453 226>184(6) 241>184(8)
Dimethoate 4 1207 229>87(6) 125 > 79 (6) Dithiopyr 11 1457 354>306(6) 354> 286(12)
Carbofuran 5 1222 164>149(10) 164>131(16) Pirimiphos-methyt 12 1479 290> 151(14) 305> 180 (6)
Furitazole 5 1222 262>220(4) 264>222(6) Terbutryn 12 1485 241>185(4) 170>128 (6)
Simazine 5 1226 201>173(4) 201>138(10) Fenitrothion 12 1486 277>260(4) 277>109(14)
Atrazine 5 1237 215>200(4) 200>122(8) Methiocarb 12 1490 168>153(6) 153> 108 (6)
BHC, B- 5 1238 219>183(6) 181>145(12) Ethofumesate 12 1492 207>161(6) 207 > 137 (10)
Dimethipin 5 1239 124>76(4) 118>58(2) Bromacit 12 1493 205>188(12) 207 > 150 (20)
Clemazone 5 1247 125>89(12) 204>107 (16) Probenazole 12 1496 159>130(6) 159>103(20)
Quintozene 5 1247 249>214(10) 295> 237 (16) Esprocarb 12 1509 222>91(12) 162>91(6)
BHC, v 6 1262 219>183(6) 181>145(12) Malathion 121509 173>127 6) 173>98(10)
Cyanophos 6 1272 243>109(10) 243>127 (6) Thiazopyr 12 1512 327>277 (24) 381> 361(6)
Terbufos 6 1272 231>175(10) 288> 231 (4) Quinoclamine 12 1514 207>172(8) 209>172(10)
Propyzamide 6 1280 173>145(12) 173>108(22) Metoiachlor 13 1522 238>162(10) 238> 133 (24)
Diazinon 6 1288 199>93(16) 304>179(12) Chlorpyrffos 13 1526 314>258(12) 316> 260 (12)
Pyrimethanil 7 1300 199>198(8) 198> 118(26) Diethofencarb 13 1631 287>2265(8) 267 > 168 (16)
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Table 1. (continued) Table 1. {continued)
Precursor > product ion (m/z)° Precursor > product ion (m/z)°
Collisicn energy (eV) Coilision energy (eV)
Pesticide F¢ RT? MRM1 MRM2 Pesticide F* RT? MRM1 MRM2
Dimethyivinphos 13 1531 2855109 (16) 297 > 108 (16) Fenarmiphos 18 17.41 303>195(4) 303> 288 (6)
Thiobencarb 13 1531 100>72(4)  125>89(12) Napropanide 18 1743 271>128(4 271> 72{10)
Aldrin 13 1537 263193 (22) 263> 181 (24) Fiutolanil 18 17.47 281>173(10) 173> 145(14)
Chlorthal-dimethyt 13 1537 209>221(16) 301> 223 (18) Metominostrobin E 18 1754 191>160(8) 238> 210 (10)
Cyanazine 13 1537 225>189(10) 225> 198 (8) Fiudioxonil 18 17.55 248>127(22) 246> 154 (16)
Fenthion 13 1538 278>109 (16) 278> 169 (14) Hexaconazole 18 1757 214>159(16) 256> 159 (16)
Parathion 14 1546 291>109 (10) 281> 137 (4) Prothiofos 18 17.58 267>233(8) 309> 239 (i2)
Fenpropimorph 14 1547 128>110(6) 128 > 7C (8) Isoprothiclane 19 17.62 280>118{10} 290> 204(2)
Tetraconazole 14 1552 336>218(12) 336> 204 (24) Pretilzchior 19 1762 262>202(10) 162> 147 (10)
Triadimefon 14 1554 208>181(6) 208> 127 {10) Profenofos 19 1769 337>267(12) 339> 269 (12)
Nitrothal-isopropy! 14 1565 236>194(6) 236> 148 (14) DDE, po'- 19 17.80 246>176(26) 248> 176 (26)
4,4-dichloro-berzophenone 14 15.66 250>13G (8) 250 > 215 (4) Oxadiazon 19 1780 258>175({4 175>112(8)
(Dicofol decompased) Thifluzamide 19 17.80 449> 429 (10} * 154> 125 (18)
Fthalide 14 1570 243>215(14) 241>213019) Uniconazale P 19 17.81 234>165(6) 234> 137 (12)
Pirimiphos-ethyl 14 1580 304>168 (10) 318> 166 (12) Flamprop-methy] 19 1784 276>105(4) 230> 170(12)
Bromophos 14 1581 331>31€(10) 329>314(12) Tribuphos 19 17.87 202>147(4 202> 113(12)
Diphenamid 14 1583 239>167(4) 167> 165(16) Mycloputani 18 17.00 179>125(14) 179> 152(6)
Fosthiazate 14 1586 195>103(5) 195> 139 (4) Oxyfloorfen 20 1792 300>223(12) 3615300 (10)
Pendimethalin 15 1608 252>162(8) 252> 191 (8) Dieidrin 20 1794 2635193(22) 2635191 (24)
Chiorfenvinphos o 15 1600 323>267 (12) 325> 269 (12) Flusiiazole 20 1794 233>165(16 233> 152 (14)
Cyprodini 15 1812 225>224(8) 224> 208(16) Bupirimate 20 17.95 273>193(4) 273> 108 (14)
Fipronil 15 1618 367>213(22) 367> 255(18) Buprofezin 20 1797 17255712  105>104(8)
Penconazole 15 1625 248>157(18) 248>192(10)  gresoxim-methyt 20 1798 206>116(4) 206> 131 (10)
Dimethametryn 16 1626 212>122(8)  212>94(18) Metorminostrobin Z 20 1803 191>160(8) 238> 210 (10)
sofenphos 15 1631 213>121(14) 213> 185 (6) Diclobutrazol 20 1806 27051598 272> 161(8)
Heptachlor-epoxide 15 1634 353>263(12) 355> 265(12) torovalicarb 20 1841 1165984 1585116 (2)
Pyrifenox Z 15 1634 262>200(14) 262>91(14) Chiorfenapyr 20 1819 247>227(10) 247 > 200 (22)
Chlasfervinphos 15 1636 323>267 (12) 325> 269 (12) Cyfitenamid 21 1823 223>203(10) 204> 237 (d)
Bioallethrin 16 1646 123>81(6) 168> 123 (6) soxathion 21 1828 1775130(8) 313> 177(6)
Phenthoate 16 1649 274>121(8) 274> 125(16) Cyproconazole 21 1832 2225125018 222582(8)
Quinaiphos 16 1652 146>118(10) 146>91(22) Fenoxanil 21 1837 293>155(16) 189> 125 (8)
Captan 16 1658 149>105(2)  149>70(12) Endrin 21 18.46 263>193(22) 263> 191 (24)
Procymidone 16 1658 283>96(6)  283>68(15) Pyrimincbac-methyl Z 21 1856 302>256(12) 302> 230 (12)
Triadimenol 16 1660 168>70(8)  128>65(18) Chiorobenziiate 21 1859 251>138(12) 253> 141 (10)
Dimepiperate 16 1663 145>112(6) 145>69(12) Fensuifothion 21 1866 293»125(12) 293> 97 (18)
Triflumizole 16 1663 206>1795(12) 278>73(9) Endosuffan B 21 1871 241>206{12) 195> 160(8)
Methidathion 17 1686 145>85(6)  145>58 (12) Oxainy 21 1578 163>132(8) 233> 148 (10)
Hexythiazox 17 1694 1684>148(4) 227 > 149 (6) Ethion 22 1883 231>175(10} 231> 129 (18)
Propaphos 17 1684 220>140(8)  304>220(10) DOD,pp'-, DOT,0p"- 22 1886 235> 165(18) 237 > 165 (16)
Chinomethionat 17 1697 234>206(8) 206> 148 (14) Fiuecrypyrim 2 1800 189>120(10) 2045129 (18)
Pyrifenox & 17 1698 262>200(14) 262>91(14) Mepronil 22 1945 269>119(10) 269 > 210 (6)
Tetrachiorvinphos 17 17.01 329>109 (18) 331> 109 (18) Triazophos 22 1810 161>134(8) 257 >162(4)
Paclobutrazol 17 17.07 236>125(10) 236> 167 (6) Suprofos 2 1922 32251868 322139 (2)
Butachior 17 17.09 237>160(8) 176> 146 (20) Carfertrazone-ethyl 22 1836 340>312(8) 330> 310 (8)
Fenothiacard 17 1714 160>72(6)  161>72(6) Benalaxyl 22 1039 266>148(8) 204>176(d)
Endosultan a 18 17.28 241>206(12) 195> 160 (8) NorflLrazon 22 1949 303>145(14) 305145 (18)
Butamifos 18 17.29 286>202(12) 286> 185 (22) Cyandfenphos 23 1951 303>141(12) 303> 169 (4
Flutriafol 18 1738 219>123(10) 123>75(22) Trifloxystrobin 23 1951 222>130(8) 190> 130(6)
Edifenphos 23 1956 173>108(6) 310> 173 (10)
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Table 1. (continued) Table 1. (continued)

Precursor > product ion (m/2)° Precursor > procuct ion (m/z)°

Collisicn energy (eV) Collision energy {eV)
Pesticide F* RT® MRM1 MRM2Z Pesticide F RT® MRM1 MRM2
Propiconazote 23 1956 259>698(8)  259>173(12) Bitertanol 29 2315 170>141(18) 170> 115 (28)
Quinoxyfen 23 1959 237>208(22) 272> 237 (10) Fluquinconazole 29 2338 340>208(14) 340 > 286 (20)
Dioferclan 23 196% 300>186(6) 186> 157 (14) Permethiin 20 2340 183>168(12) 183>153(12)
Pynmincbac-methy! E 23 1961 302>256(12) 302>230(12) Pyridaben 29 2345 309>147 (14) 147 >117 (18)
Leracil 23 1965 153>136(i2} 153 >82(14) Prochioraz 29 2347 310>70(14) 308 > 70 (14)
Pyrafiufen-ethyl 23 1969 412>349(8) 349 > 307 (10) Butafenacit 20 2360 331>180(14) 333> 182(14)
Clodinafop-propargy! 23 1973 349>266(6) 349 > 238 (12) Cafenstrole 29 2381 100>72(4) 188 > 119 (18)
CDT,op- 23 1975 235>165(18) 237 > 165 (16) Etobenzarid 29 2381 179>149(6) 179> 121(10)
Hexazinoe 24 1985 171>71(12) 171> 85 (12) Fenbuconazole 29 2391 188> 129(8) 129> 102 (12)
Thenylchlor 24 1996 288 >141{10) 127 >59 (6) Cyfuthrin 29 2405 163>127(4) 226 > 206 (12)
Tebuccnazole 24 2008 250>125(14) 252>127(14) Haffenprox 29 2445 263>117(10) 265> 117 (10)
Diclofop-methy! 24 2008 253>162(12) 340 > 253 (8) Cypermethrin 29 2449 163>127(4) 165> 127 (4)
Diflufenican 24 2012 394>266(8) 266> 246 (10) Fhucythrinate 20 2457 199>157(8) 199> 107 (20}
Propargite 24 2012 135>107 (10) 173 >135(14) Silaflucfen 29 2496 286>258(10) 286> 207 (12)
Captafol 24 2028 150>78(6)  313>79(18) Pyrimidifen 30 2528 184>169(16) 186>171(18)
Pyributicarb 25 2054 181>108(8) 181 >93 (20) Flumioxazin 30 2547 287>259(10) 354 > 326 (4)
Pyridaphenthion 25 2066 340>199(6) 340> 109 (16) Fluvalinate 30 2569 250>55(14) 250 > 200 (18)
iprodione 25 2067 314>245(10) 316> 247 (10} Fenvalerate 30 2583 167>125(6) 225> 119 (14)
Carbosulfan 25 2069 160>104(8) 118>76(6) Difenoconazole 30 2619 323>265(12) 325> 267 (12)
Phosmet 25 2087 160>77(18) 160> 133 (10) indoxacarb-MP 30 2639 203>134(10) 218 > 203 (6)
Bifenthrin 25 2091 181>166(10) 181> 165 (20) Dettamethrin 30 2665 253>174(8) 253 >93(14)
EPN 25 2094 169>141(8) 169> 77 (20) Tralomethnin 30 2665 253>174(8) 253 >83(14)
Piperophas 25 2097 320>122(8) 140> 98 (8) Flurmiclorac-pentyl 30 2686 423>318(6) 423>308(12)
Bromopropylate 26 2097 341>185(12) 343>185(12) Azoxystrobin 30 2690 344>329(10) 388>345(14)
Picotinafen 26 2099 376>239(10) 376 > 236 {16)
Eenoxycarb 26 2103 186>100(12) 255> 186 (6) : ;::‘;’;‘:‘;‘;;::::"mm
Cloquintocet-i-methylhexyl 26 21.07 182 >162(18) 192>127(28) c ’ i
m/z = Mass-to-charge ratio.

Etoxazole 26 2110 300>270(20) 204> 176 (8) -
Methoxychlor 26 2110 227>169(22) 227 > 141 (32)
Fenpropathrin 26 2114 265>210(10) 265> 89 (26) (¢) Solid-phase  extraction (SPE) cartridge.—
Tebufenpyrad 26 2128 333>171(16) 276>171(8) Double-layer cartridge with 500 mg graphitized carbon black
Arilofos 26 2130 226>184(4)  226>157 (12) (GCB) and 500mg primary secondary amine (PSA) was
Bifenox 26 21.31 341>310(6) 341> 189 (16) obtained from Supelco (Bellefonte, PA) as ENVI-Carb
Furametpyr 27 2143 298>123(16) 157 > 76 (18) II/PSA. The cartridge was preconditioned with 30 mL
Clomeprop 27 2145 288>169(12) 323> 286 (4) acetonitrile-toluene (3:1).
Furathiccarb 27 2150 325>184(4) 163 > 107 (10) (d) Food processor and homogenizer— A Toshiba
Tetradifon 27 2159 354>159(8) 356 > 159 (8) (Tokyo, Japan) QS-7 food processor was used to comminute
Phenothrin 27 2164 123>81(5) 183 > 153 (12) fruit and vegetable samples. A Hitachi (Tokyo, Japan) HG30
Phosalone 27 2174 367>182(8) 182>138(6) homogenizer was used to blend sample and acetonitrile in the
Azinphos-methyl 27 2184 160>77(12) 160> 104 (6) extraction step.
Cyhalothrin 26 2195 208>181(8) 197 > 141 (10) (€) Tube and centrifuge. — For the extraction step, Becton
Pyriproxyfen 28 2197 136>96(8)  136>78(18) Dickinson (Franklin Lakes, NJ) BLUE MAX 50 mL
Cyhalcfop-buty! 28 2202 256>120(6) 357 >256(8) polypropylene conical tubes were used. A Hitachi Himac
Mefenacet 28 2205 192>136(12) 193>137(¢12)  SCR 20B centrifuge was used for these tubes.
Lactofen 28 2219 344>223(12) 344> 300 (6) (0 Analytical balance. — A Sartorius (Westbury, NY)
Acrinathrin 28 2230 200>181(6) 290 >93 (8) BP2100S top-loading balance was used to weigh the chopped
Pyrazophos 28 242 221>193(6) 232>204(6) samples and solid reagents.
Fenarimol 28 2245 251>133(14) 219> 107 (10) (&) Solvent evaporator. — An Iwaki (Asahi Techno Glass,
Pyraciofos 28 2280 360>194(8) 360> 139 (14) Chiba, Japan) REN-1000 and REN-1 rotary evaporators were

used to concentrate eluates.
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Chlorpyrifos Prothiofos
-methyl 286>93 267>239
A ' A
E 0.80s
| /scan
B B
0.16s 0.52s
/scan /scan
140 141 176  17.7

Retention time, min

Figure 1. Peak shapes of the pesticide with the lowest
scan rate. A: 0.20-0.80 s/scan, B: 0.04-0.52 s/scan.

Reagents

(a) Chemicals. — Acetonitrile, toluene, acetone and
n-hexane were of pesticide analysis grade; anhydrous
magnesium sulfate and sodium chloride were of analytical
grade (Wako Pure Chemical Industries, Osaka, Japan).

(b) Pesticide standard. — Pesticide standards certified
(Wako; Kanto Chemical Co., Inc., Tokyo, Japan,
Riedel-de-Haén, Seelze, Germany; Hayashi Pure Chemical,
Osaka, Japan; Ehrenstorfer Laboratories GmbH, Augsburg,
Germany). Each compound was dissolved in acetone to make
a 1 mg/mL stock standard solution. Mixed-compound
intermediate solutions were prepared from stock solutions at
concentrations ranging from 40 to 100 pg/mL. Two groups of
spiking solutions were prepared from intermediate solutions
containing  approximately 140 compounds at the
concentration of 5 ug/mL. Spiking solutions were used for
fortifying the samples and also for the calculation after
appropriate dilution.

Extraction and Cleanup Procedure

The sample was extracted according to our previous
report (7). An aliquot of 10 g of sample was homogenized
with 20 mL acetonitrile. The homogenate was shaken with 4g
MgSO4 and 1 g NaCl to separate the sediment and water from
the acetonitrile. An aliquot of 16 mL of the acetonitrile layer
was loaded into a GCB/PSA SPE cartridge, and 30 mL
acetonitrile-toluene (3 + 1) was used to elute the retained
pesticides. The eluate was evaporated, and the residue was
dissolved in 8 mL acetone-hexane (1 + 9) for GC/QqQ/MS
analysis. The concentration of the sample represented by the
test solution was 1 g/mL.

Fortifications

In recovery studies, 40 or 200 pL of 2 spiking solutions
were added to each 10 g carrot, banana, and grapefruit
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individually. The tubes containing fortified sample were left
for 30 min to give them time to interact with the matrix.

Preparation of Matrix-Matched Calibration
Standards

Calibration was achieved by preparing matrix-matched
calibration standards from the extracts of blank samples in
order to compensate for the matrix effects (15). Analytes were
quantified by using from 3 to 6 points of matrix-matched
calibration standards.

Analysis

GC/QqQ/MS analysis was conducted under the following
conditions: column, DB-5ms; helium carrier gas flow,
1.5 mL/min; injector temperature, 250°C; injection volume,
1 ul (splitless); MS interface temperature, 250°C; ion source
temperature, 250°C; oven temperature program: 60°C for
1 min, then 20°C/min to 140°C and 8°C/min to 300°C, and
held for 5 min. The total run time was 30 min. The MRM
parameters were summarized in Table 1. MRM1 was used for
quantification, and the intensity ratio of MRM1 and 2 was
used as the confirmatory parameter.

Crosscheck Analysis

GC with a flame photometric detector (GC/FPD),
GC/ATD/MS, and GC/MS analyses were conducted according
to earlier papers (6,7).

Results and discussion

GC/QqQ/MS Method Development

An MS/MS measurement method is usually constructed by
some groups of MRM 1ons, which is called "function" by the
system software. Start and end time of each function can be
defined individually. More than 2 functions can operate
simultaneously. A measurement method can be constructed
with 1 to 32 functions that can monitor up to 32 MRM ions. It
is calculated that 1024 MRM ions (32 x 32) could be
measured in one analysis. Practically, the chromatographic

a0{ * B
SD
20-
0 70 120 70 120

Recovery, %

Figure 2. Summary of recovery tests in carrot
measured by 2 different scan speeds.
A: 0.20-0.80 s/scan, B: 0.04-0.52 s/scan.
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Table 2. The list of final time window

Function No. No.of MRMions Starttime, min  End time, min
1 26 5.00 101
2 12 10.10 10.7
3 22 10.70 11.6
4 16 11.30 12.30
5 16 12.10 12.60
6 10 12.50 13.00
7 20 12.80 1355
8 10 13.40 13.90
9 18 13.70 1425

10 10 14.10 14.40

11 16 14.25 1475

12 22 14.60 15.30

13 18 15.05 15.60

14 22 “16.30 16.05

15 18 16.00 16.60

16 18 16.40 16.80

17 18 16.70 17.30

18 20 17.15 17.70

19 20 17.50 18.05

20 20 17.80 18.40

21 20 18.05 19.00

22 18 18.60 19.70

23 22 19.40 19.90

24 14 19.70 20.45

25 14 20.45 21.10

26 24 20.80 21.50

27 14 21.20 22.00

28 18 21.85 23.00

29 27 22.80 2510

30 18 25.10 28.00

peak shape, which depends on scan speed, restricts the
number of simultaneous analysis.

Reported measurements with GC/ITD/MS targeted less
than 100 pesticides (8-11), and other methods using
GC/QqQ/MS  analyzed less than 130 pesticides
simultaneously (12-14). Some of these methods needed 2
injections. In the beginning of our experiments, the retention
time and MRM transitions of 270 pesticides were determined
to construct the GC/QqQ/MS method. Two MRM transitions
were selected for determination and confirmation of each
pesticide. All compounds were sorted by their retention times
and divided into 30 groups corresponding to 30 functions.
Each function monitored 10 to 27 MRM ions. Some functions
overlapped with neighbors. In these periods, 26 to 40 MRM
ions were monitored simultaneously. The dwell time of all

MRM ions was set for 0.01 s, and another 0.01 s was needed
for inter channel delay time. In this method, the scan speeds
of MRM ions ranged from 0.20 to 0.80 s/scan (low speed). To
evaluate the effect of scan speed, this GC/QqQ/MS method
was divided into 2 analysis methods that monitored 140
compounds each. In these methods, the scan speeds were
reduced to from 0.04 to 0.52 s/scan (high speed).

Extraction procedure has been investigated in our
previous reports (6,7). The features of the extraction
procedure were a rapid process and effective cleanup. The
concentration of extract and the injection volume were less
than those of other reports (8-14). It was calculated that our
method injected 10 - 50 times less sample equivalents into
the instrument than other methods. The extraction procedure
showed good recoveries and precision in our previous work.
Three parallel tnals of recovery tests were conducted in
carrot for 270 compounds at a level of 100 ng/g to confirm
reliability of the analytical method. The spiked samples and
matrix-matched standards were measured by low and high
speed methods, and the recovery results were calculated.
Figure 1 shows the typical chromatograms of spiked
pesticides measured by the low and high speed methods. The
peak of prothiofos appeared in the most crowded period in
the chromatogram and was indicated with 6 points at 0.80
s/scan. There were no differences in the recovery between 2
scan speeds as shown in the following results:
chlorpyrifos-methyl (A; low speed) 83 = 4%, (B; high speed)
82 + 3%; prothiofos (A) 94 £ 3%, (B) 93 + 4%. Figure 2
shows the results of the recovery tests. Almost all of the
compounds were recovered in the range of 70 to 120% with
low standard deviations (SDs) of <20. It was concluded that
the simultaneous analysis of 270 compounds had good
preciston and was feasible for monitoring. Table 2 shows the
final time window for 270 compounds.

Further recovery tests were conducted with carrot,
banana, and grapefruit at levels of 20 and 100 ng/g, and all
compounds were measured simultaneously (Table 3). Typical
calibration graphs and chromatograms of MRM transitions
are shown in Figure 3. TargetLynx software reported the
limits of detection values that were calculated based on a
signal-to-noise) ratio of 3 with the matrix-matched standard
analyses. The results of 222 pesticides indicated an
acceptable range of recovery between 70 and 120% and SD
values of <20 in all cases. Another 38 compounds showed
good results but failed in 1 or 2 samples. The remaining 10
pesticides gave poor results. The standard of dicofol gave 2
peaks in the chromatograms for the original and decomposed.
In the recovery tests, decomposed dicofol gave high
recoveries, and no original dicofol was detected.
Chinomethionat and chlorothalonil were retained by PSA in
the SPE cleanup. In total, 260 pesticides showed sufficient
recoveries and low SDs. Moreover, the proposed method
could detect most pesticides at lower levels than the uniform
limit (0.01 pg/g) required by legislation.
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Table 3. Mean recovery, precision, and limit of detection values

Recovery, % and SD

Carrot (n = 4, 3¢ Banana (n = 3) Grapefruit (n = 5)
LOD,

Pesticide 20 ng/g 100 ng/g 20 ng/g 100 ng/g 20 ng/g 100 ng/g ng/g
Acephate 85 11 79 8 81 72 10 31 18 37 1 8.5
Acetochlor 85 4 82 4 100 4 99 5 83 16 96 3 28
Acrinathrin 96 17 100 8 84 13 63 4 NC? —£ 120 13 10.7
Aldrin 79 6 84 8 80 6 80 2 94 13 2 7 33
Allidochlor 88 3 83 7 88 6 89 4 88 7 87 4 08
Ametryn S0 7 79 3 96 5 95 4 80 8 89 4 24
Anilofos 98 3 97 5 110 5 92 3 100 g 112 7 15
Atrazine 85 6 85 5 96 6 94 3 90 4 89 5 16
Azinphos-methy! 105 7 95 2 110 5 80 6 89 8 105 3 1.8
Azoxystrobin 84 6 98 4 106 3 78 1 81 15 92 8 37
Benalaxyl 86 4 76 3 88 3 90 8 85 5 108 6 1.0
Bendiocarb 85 7 82 6 97 6 a3 3 80 4 98 5 18
Benfluralin 96 5 93 4 g5 5 89 3 84 8 a3 4 26
Benfuresate 89 5 96 S 109 4 96 2 g6 5 96 3 14
Benoxacor =] 4 96 7 101 4 96 3 92 6 100 4 14
BHC, o~ ) 103 9 a3 5 90 5 90 2 90 5 95 5 0.7
BHC, B- 105 17 93 6 91 6 94 3 101 6 103 3 0.9
BHC, y- 101 2 90 3 92 2 88 2 96 8 98 2 0.9
BHC, & 102 9 [0 5 89 4 94 2 7] 10 98 2 0.3
Bifenox 84 17 100 2 103 20 98 12 110 24 108 3 4.1

Bifenthrin 87 2 84 4 91 2 94 6 94 1" 102 1 1.5
Bioallethrin 80 8 86 4 91 1" 86 15 91 30 82 7 2.2
Bitertanol 89 2 78 5 104 6 98 5 88 9 100 4 29
Bromacil 100 5 94 9 104 2 100 3 92 12 ] 4 36
Bromobutide 94 11 101 5 106 7 85 5 95 22 a5 5 25
Bromophos g3 6 g2 6 99 1 93 2 g7 6 95 2 1.0
Bromopropylate 94 3 85 5 93 5 97 6 95 10 110 4 18
Bupirimate 79 10 81 4 84 1" 93 6 102 13 97 5 22
Buprofezin 97 9 80 4 89 8 90 2 102 17 102 12 23
Butachlor 89 7 80 5 86 3 91 6 104 13 99 6 27
Butafenacil 79 4 79 5 89 1 92 3 91 9 108 6 25
Butamifos 85 6 99 5 108 4 102 11 108 2] 104 4 24
Cadusafos 91 5 96 3 110 5 95 3 89 7 a5 2 1.3
Cafenstrole 94 4 g7 4 106 7 89 5 87 6 93 6 21

Carbaryl 88 13 80 1 80 9 96 6 82 7 96 4 24
Carbofuran 88 3 102 3] 111 8 107 6 106 17 103 7 2.8
Carfentrazone-ethy! 77 8 97 3 1M 2 97 6 108 9 109 3 3.2
Chlorfenapyr 98 10 80 5 107 7 R 6 29 41 95 3 22
Chiorfenvinphos o a3 85 3 98 2 93 2 93 5 96 5 1.7
Chlerfenvinphos B 87 10 83 ] S3 4 96 2 87 7 96 2 1.7
Chlorobenzilate 80 83 4 98 3 98 4 100 7 113 3 1.1

Chlorpropham 88 7 76 2 94 3 98 2 98 3 91 5 17
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Table 3. (continued)

Recovery, % and SD

Carrot (n = 4, 3)° Banana (n=3) Grapefruit (n = 5)
LOD,
Pesticide 20 ng/g 100 ng/g 20 ng/g 100 ng/g 20 ng/g 100 ng/g ng/g
Chiorpyrifos 90 7 83 2 S0 6 96 6 100 9 96 4 2.1
Chlorpyrifos-methy! 101 6 83 4 96 4 88 86 4 94 21
Chilorthai-dimethyl 94 6 95 5 107 5 101 3 91 6 94 5 12
Clodinafop-propargyl 39 6 66 7 92 8 91 12 g7 12 112 10 3.0
Clomazone g3 5 g7 2 101 4 96 2 91 7 93 2 14
Clomeprop 79 6 80 15 101 7 98 10 124 67 133 18 22
Cloquintocet-1-methylhexyl 96 3 96 5 101 1 g7 0 96 10 105 3 27
Cyanazine 80 10 83 4 96 3 94 4 95 16 98 8 25
Cyanofenphos 83 5 81 4 90 8 88 8 101 23 109 2] 18
Cyanophos 92 3 83 3 89 4 S3 3 93 98 2 14
Cyflufenamid 82 7 96 5 111 1 100 5 82 12 102 7 21
Cyfluthrin 97 5 96 3 82 5 91 2 95 98 6 08
Cyhalofop-butyt 89 3 96 4 102 5 108 1 103 9 107 3 14
Cyhalothrin 87 4 82 7 86 5 94 4 97 S 110 5 16
Cypermethrin 96 9 97 3 92 6 g3 5 84 14 102 5 05
Cyproconazole N 9 96 4 107 8 103 3 86 12 g8 5 23
Cyprodinil 83 7 81 3 93 7 84 3 87 5 84 1 1.7
DDD,pp*-, DDT,0p'- 87 5 82 4 91 1 95 6 92 4 98 3 1.1
ODE,pp'- 90 5 83 5 85 4 95 5 85 6 91 3 0.6
DDT,pp'- 83 4 82 5 95 5 93 6 90 2 96 2 1.9
Deftamethrin 89 3 89 6 69 2 88 2 101 9 96 2 15
Diazinon 99 18 83 1 a3 5 101 4 85 9 ] 7 1.7
Dichlofenthion 90 3 85 5 103 5 96 2 9 5 86 1 1.0
Dichlorvos 76 3 89 2 91 11 69 8 123 9 118 5 1.8
Diclobutrazol 94 6 85 4 97 4 98 3 99 8 13 5 33
Diclofop-methyl 77 6 83 S 93 5 g5 6 104 7 106 4 1.6
Dicloran 99 4 93 2 102 2 96 3 85 8 98 5 1.6
Dieldrin 85 32 100 10 88 11 96 8 102 14 119 10 25
Diethofencarb 79 8 76 2 80 7 101 5 89 12 94 6 27
Difenoconazole 93 9 85 1 89 3 86 1 89 7 102 2 2.7
Diflufenican 89 2 96 3 105 1 84 0 96 11 108 5 20
Dimepiperate 838 4 83 5 80 1 g5 4 94 5 98 4 18
Dimethametryn 87 3 81 4 94 2 g5 4 90 4 96 3 0.9
Dimethenamid 92 5 94 6 101 7 95 2 80 98 4 1.7
Dimethipin 1M 8 92 4 98 6 101 6 88 16 85 6 2.0
Dimethoate 114 14 111 5 119 10 107 4 90 23 87 13 37
Dimethylvinphos 87 8 85 1 90 8 94 1 85 6 96 5 23
Diofenolan 83 11 g7 5 109 4 g6 1 99 10 108 3 5.3
Dioxabenzofos 95 13 97 1 100 7 88 2 98 8 93 6 1.7
Diphenamid 83 5 83 1 96 4 94 3 96 7 96 4 0.8
Dipheny! 66 6 89 1 87 2 69 5 74 4 72 4 1.8
Diphenytamine 83 6 a5 3 145 22 88 1 87 3 89 3 2.3
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Table 3. (continued)

Recovery, % and SD

Carrot (n =4, 3)? Banana (n = 3) Grapefniit (1= 5)
LOD,

Pesticide 20 ng/g 100 ng/g 20 ng/g 100 ng/g 20 ng/g 100 ng/g ng/g
Disuifoton 83 " 90 6 87 5 93 6 o7 10 89 11 1.5
Dithiopyr 90 3 93 8 105 4 95 1 84 6 88 3 1.8
Edifenphos 97 2 97 2 104 6 97 3 g5 3 108 2 1.7
Endosuifan a 94 13 96 1 118 °] 100 8 86 5 101 8 25
Endosuilfan § 104 23 g7 12 113 14 97 7 115 29 109 8 22

Endrin 83 11 91 5 91 4 99 8 87 20 102 5 15
EPN ‘90 9 83 5 NC - NC — 104 17 111 4 a7
Esprocarb 87 6 95 9 108 2 a3 2 88 9 95 3 16
Ethalfluralin 88 12 89 6 115 11 80 2 91 13 g4 4 15
Ethiofencarb 82 8 84 2 104 3 g5 3 77 7 107 7 17
Ethion 86 6 86 4 92 5 S84 6 93 5 101 5 18
Ethofumesate 89 7 81 2 99 2 96 3 87 7 92 2 17
Ethoprophos 108 8 89 3 89 2 93 3 96 9 91 3 08
Etobenzanid 90 5 g8 4 86 5 79 2 96 13 101 4 21

Etoxazole 73 5 82 6 98 9 =74 7 97 11 g5 5 23
Etrimfos 84 4 82 3 88 6 94 2 95 6 95 4 12

Fenamiphos 79 11 77 2 101 10 101 7 101 12 104 5 43
Fenarimol 97 3 95 3 106 2 101 3 99 13 105 4 23
Fenbuconazole 80 3 79 4 95 1 a5 5 82 5 91 6 24
Fenchlorphos S0 6 85 1 N 3 92 3 89 5 g5 2 19
Fenitrothion 103 5 2 7 102 4 98 5 98 8 108 3 1.9
Fenobucarb 85 10 84 3 N 5 85 3 90 7 g5 4 06
Fenothiocarb 106 9 83 2 93 -3 a3 3 96 9 103 3 27
Fenoxanil 84 7 78 8 99 5 102 7 83 10 91 8 19
Fenoxycarb N 4 79 6 90 5 g2 4 95 18 116 1 22

Fenpropathrin 83 7 82 4 88 7 91 6 88 19 106 3 19
Fenpropimorph 88 6 84 3 101 6 g5 2 87 11 g3 3 18
Fensulfothion i 85 11 80 3 92 18 91 9 97 4 108 11 29
Fenthion a3 1 97 4 93 4 84 1 91 10 896 4 1.1

Fenvalerate 93 3 S0 3 77 g3 2 87 6 107 4 16
Fipronil 90 7 79 3 88 87 4 93 6 100 4 28
Flamprop-methyl 91 7 84 2 93 6 95 2 95 9 112 S 30
Fluacrypyrim 89 3 97 2 114 13 100 5 99 8 99 2 1.7
Flucythrinate 84 9 N 3 86 3 7] 4 94 8 a9 4 14
Fludioxonil 92 5 95 6 106 11 105 7 89 8 97 4 1.3
Flumiclorac-penty! 73 14 98 8 107 14 57 1 95 21 94 7 9.0
Flumioxazin 83 5 99 2 100 5 70 5 79 17 96 1 23
Fluquinconazole 87 7 82 3 79 1 75 6 95 9 100 3 23
Flusilazole 88 2 96 5 106 9 94 2 88 7 96 5 1.8
Flutolanil 85 4 81 4 94 1 98 5 97 5 103 2 1.8
Flutriafo! 92 4 95 4 103 7 100 6 90 10 93 7 25
Fluvalinate 84 5 97 5 71 1 84 2 100 22 100 2 16

- 156 -



