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GC-MS/MSE 0128t ZFso AlSZAR i

o hal Ti O ha | 3 p Y - [«<BEe2ha} 2 o 1 ! T
AForEtAY AEEEAY
o 1 2065 FAHES A&EA EAE] AT strAzetEadu]- A7) o] &S HH
3} 3ttt Wide-bore A S Aeigozn 71&9 AMgeye] HAHE o] 8T dfo] w3 Feles vsst
A FASJHAE BAAZRo] 1/20)4 B5H 3, A5 ¢S AAHAT A5 o] Bxdtx &4
WA skl B ZA$ol%, Bl C 238y ZA#S vugozy walEdd o 397 5 (False
Positive) & 3T 4 AUTH FAAAH R t HPo] HARNUM ANFEA HAAE A4S T+ S
of AAAA EAAAE Azt & 5 A T AEo] dAEHE AR dEA SAdFE F
S BN AAANZES Adstn Hare AEEE AN 4 AT 20053 8Y 9Y M4, 2005 1249
204 2))
key words : 7| ZZvlE 2 Z-AFEAN 7] Wide-bore ZE, 75k
M =2 (Torres 5, 1996). Z22jut o]23 GC A iy
FTHFE e AT AEEAE EF 2R
o5d Fop] AL wSlel AWAE kol f =EF ¥IE % ARbel wol saHER, 44 @
g d4 a9 shjolrh AT Fe] QA 8 B FHHES WHoE e 7Y AA
e 54 gZo utE AHEo] tl$- Fasd A g FPsrlde AdsA gd. &, dAE 5%
ARoZ Fw £ lsoko] ALLE I FAE 7} A HAE dole MEEAIRE] Bl B0
b Fo] kgl F A HoA, et 2 1) 37 Ne A, BEFol Wolxm, WFEA AL
L(EPAE H|ES 74wl AK-9l FAO (Food and ARl 59 o 7HA EA7F YR dhe,
Agriculture Organization)S A7) Lol A& A1 Z-9 A1} AN oA Felst A EAC g 9 HHfalse
kA9 BANA o|E FXY Ho)HHE H2 s positive) & Zo]7] 93 B FE7 AAAH S A
A ARFSF HNEIIEE AT Uk (FAO, Aok F oHEE gtk (Martinezs, 2002). °]F 5
1993; 2130 oFEQFA A, 2005). 3]-47]&o 9 A3 o B3] Y w9 sz GCoF A7HEA 7| (Mass
2 N&shA 8937 JsixE w23, A3sts,  Spectrometer, MS)E £FE AMRste WH] e
Aag 23y 2 B4 dyo] WaHoln, o g, o] W& ARt H3A3 APEAE Y
WY F ARFEIYYE o]E£F BHL HAEFY BAog 2a2dd AR & 5 Yo} 71EY A
o IREds drbstr] dg dEAgl B4 7&ol Z7]9] ulate] vi¢ Z &Aoot (Lehotays, 1995). A
=3 FHE71E o]-4A] Full Scan BREE AMESIH A E
a2 FAE ALY GCE o]&3 B47&o] Bol A9 %7t 2 4 AEFA} A &2 Ro) ¢A
AHEE T e AdeiE] GCE o] &3 EAYe £ ojth. whd, =9t MeAE Eolr] s Selected

& E¥%g sMAu, 2AAe] WEI, clectron  lon Monitoring(SIM)& AH&3 %4 Full Scan Modeo]
capture ~ detector(ECD), nitrogen phosphorous _detector Hlg) Ao digk ARE AY 2§ + glenz B
(NPD), flame photometric detector(FPD) 5 Z+359F9) HEZ 93 False PositiveZt Uehd #3o] =3
BAo A3y oI 28718 AL 5 o} o 2ok (ArcbolaT, 1999, Chuang, 2000). ool wjg
2ol porgdl s $8se] olgHy Qo ISR F4ANE 9 gouA® AdyR =
£ Y 4 9+ tandem mass spectrometry (MS-MS)
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GC-MS/MSE o]-&

71¥o] AAHAT (Lehotays, 1995; Gamons, 2001;
Martinez5, 2002, Arrebolas, 2003a). 3} g MS-MSi=
At Wxo 2ol Folxol smR, FA
of BAE &9l AV} 5~67) FE o5tz A|3kR
t} (Martinez %, 2002).

seluate 4ETAY F5Y oy FE mF
F0%ol3 BHE SN AL Bad JuEE
A 5ok $% 25% FHh oF GCE o4
A o) S 1099F] o= JuFEi
Aols 4304 A9 ZUAA dak] B Foby
B AT B 209F0] Y olE Fopy
BES 479 SAd 2E RAguel RHZAL
2ol A} 4RER o) B e Wago
2ol UEY e RS BeE A g §
ARAe) B BARE] A% NuHe gov §
ARAol 7bsd dY SOk FE A% F7hdel g
o}

- Schachterle $(1996)2 13]¢] MS-MS
50~60F 2} soke a2y 3%t Gamons (2001)
& 23]9] B0z 80~100%9] Bk A3y 89l
o], o]ul 13]+ Electron Ionization(El) X.=2, T t}
13]%= Chemical Ionization(Cl) 2= 2 3}5th 13)
o] MS-MSEAe] El =9} Cl BEg 37 Ag3to

wHow

fu e

M 80030 roke AmE|YE o5 QAN o] A
“F Bl XES CI B=g Woh AMgsidn 72t &4
o) HEEAL AL Hasglelor Hlomz A
ol 704% AEZ ul$ ZdojHY (Amebolas,
2003b).
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LAY g A

FE5E 9% ANIFO== acetone (Fisher scientific,
Korea), dichloromethane (RA grade, Merck, Germany),
petroleum ether (RA grade, Merck, Germany), sodium
sulfate anhydrous (GR grade, Duksan, Korea) 1211
sodium chloride (GR grade, Duksan, Korea)& A}-8-3}53
o 7ebEE7] (VV201l, Heidoph , Germany)E o©]
g3tol BHAAL. FUE U4 B} Baw
W FFE GOMSelA Ao 7hsdt 206%9] & of
(Table 1) oz 91, v TFEFS &7
stoldl Chem Service, Inc.(USA), Dr. FEhrenstorfer
GmbH(Germany) ¥+ AccuStandard(USA)2] #|&-8 A}
&3t

-

FFEdd 9 xF8de 79 ¥ ZFEES
1000 ppmo] HEZE acetoneo] Fof AFEHAom Z
Astil, o] EFEUNE FE7E 10 ppmo] HEZ FY
3l BMstol FESAoR AMSESith ERETEY
& wFEATe] FAE FRHEEC] 2E aF)
&3k FEE 7Y 2FOR RBFEY ARvED
o] ARart M2 AAA G5F 5t o m(Table
1) 72t R %7t 10 ppmo] HEER EF5HA
AHEEIATE FUEAES] A9 AAY e 225
5 F HEWEF Fol AYUHA ¥Eog AHH
oglE 537 FEF LCHANLE 4AE AT 4970
FgES MU § HF FE7H 10 ppmo] HEF &
ot 24e)d H2ES % FHEFEYLR A
Lt

3. Reference library 75 2 GC-MS data &}
74 zdez Ul Eitd EREELAL 2
7} injection ¥, Raw Ion Chromatogram(RIC)of[A] 9] ™
B2 2§32 AR 739 mass spectrum
o] §3to] F 2063 FoFdtel dis) EIe} Clof) thsh
reference libraryE +%3}9it} Reference library 3

o= Varian(USA)Alell Al A3  Satum GC/MS
Workstation (Ver. 5.52) Z218S o854tk A8

o] mass spectrum A1 AZEoldA AFeE A
A 715 ARSI 20659 oo s o
A4 sokuitt AA BMAzte] BE AHEZS HW
ste] sjMErlols UF B& Azt ARHEZ, 7}
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¥R EE HEEAZ + 028 T7hyd

spectrum™}  70%(Ele] AY) ==
90%(CIe] 73-3) o) YAt spectrumo] A 3}H=A]
& AsoR HAste HudleE lo] 158 o9
206850 theh spectrum £AE 25 whA £ Qe
£ &k El9 Ao 579 Fol2-2, Cl9 7
FolE M+l o] o]9)e] o] &g 2~-5/7kX & A
Z} o} 29 spectrum H|&& BIUFEE dho] F712 90

b A S i L

reference  mass

4. 59 AAE

Tl HEHA L Zlez I} 55 Zy
olZF FEYX(FM-681C, Hanil, Korca)E ©]&3}o]
wA EHstRth d43 A E 40 g& 40 mLe =3}
o) 1A W3R ¥, acetone 100 mL3} 4jo] 3%
93] 3 Aqrtsted olAES BYsidth 2
2 oM EES FAdAFo] £7 petroleum ether 50
mL, dichloromethane 50 mL, ¥3+219€4~ 20 mL, 10
ppme 2 A F fenitrothion TFR X 200 ULE do]
V&3t F8AFE W F, fr]gd28 Bfe
Sodium sulfate® 24 R AFH3PTh g FrE
94FS  35-40Te  ZAhsE7)oA
acetoneo]] %o HF §37} lmL7} HEEZ 3k

e

5 717184 =4

7} GC
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HAE AF(=10"tmE FA87) 93t GCo F
T9} Y Alo]o] Restrictor (Narrow Bore Fused Silica
Tubing, 0.6 m x 0.1 mm, Varian, USA)Z A}£3}¢]
TUT 5% 280C, FYFS 1 uL(Split ratio 20:1)
= 3tgon o540 ZE Helium(99.9995+%)S AM&
YN FEL Y 12 mLE gy 22 ox=
60ToAM 12 30x F F=l8ta 280C7x] 2P 1

u}. Mass Spectrometric Detector
Mass Spectrometric Detector(MS)+= Varian(USA)A} )

Satern220029-&  AME3l9ith. Ion  trap, manifold,

LolZIs - AUE - 0B - A

transfer line®] &%+ z+Zk 230TC, 120C, 220CTE 3}
Hom, B AEY folee f4S &olatA 3t
7] 9stq CI1} EV|YHg A Abgstdch CIg 9
3l reagent gasZ = acetonitrile(J.T. Baker, USA)S A}-&
a5t

45 9
1. Aty =4

GCE o] &3 durARl ZHiForidA 2A((30E~70
el vlal Wxd FAEe SRGUAE BN
S 12-1/5% S35 thFg. D).
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AN 5o 490 $B EREEY 1y

2
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o
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Tablel. Classification of standards based on the retention time
No.”  Group Pesticide RT No.  Group Pesticide RT
39 1 methamidophos 3.279 174 3 formothion 7.394
21 2 dichlorvos 3.446 265 5  dimethenamid 7.457
24 3 dichlobenil 4.079 177 3 phosphamidone 7.488
34 5  mevinphos 4.832 132 1 chlompyrifos methyl 7.515
73 3 acephate 4.844 187 2 propanil 7.528
6 1 nitrapyrin 4.846 72 4 acetochlor 7.535
269 4 metolcarb 5.031 44 3 metribuzin 7.551
272 3 molinate 5.491 202a 6  heptachlor 7.587
104 5  isoprocarb 5.534 139 4 tolclofos-methyl 7.588
136 6  tecnazene 5777 155 1 parathion-methyl 7.589
93 1 omethoate 5.837 62 5  vinclozolin 7.590
216 2 fenobucarb 5.974 78 2 alachlor 7.618
191 3 propoxur 5.997 111 3 carbaryl 7.655
27 4  diphenylamine 6.055 38 4  metalaxyl 7.723
224 1 cymoxanil 6.056 184 5  prometryn 1.775
86 5 ethoprophos 6.134 120c 7  methyl pentachlorophenylsulfide  7.809
84 2 ethalfluralin 6.300 266 1 dithiopyr 7.813
130 1 chlorpropham 6.306 162 5  fenitrothion 7.882
52 3 bendiocarb 6.408 196 2 pirimiphos-methyl 7.892
148 1 ifluralin 6.415 134 3  terbutryn 7.896
110 4 cadusafos 6.439 304 1 probenazole 7.898
58a 6  BHC,alpha- 6.449 36 4 methiocarb 7.906
173 5  phorate 6.464 22 5  dichlofluanid 7.910
47 2 monocrotophos 6.519 30 2 linuron 7.926
108 1 thiometon 6.575 217 3 dimethylvinphos 7.945
23 3 dicloran 6.620 250 3 esprocarb 7.948
256 4 fluoroimide 6.644 76a 6  aldrn 7.951
14 5  dimethoate 6.657 56 4 bromacil 7.962
120a 6  quintozene 6.754 40 2 metolachlor 8.000
114 2 carbofuran 6.788 178 4 phoxim 8.023
58b 7  BHCbeta- 6.789 32 5 malathion 8.035
64 4  simazine 6.802 298 3 thiazopyr 8.039
58c 6  BHC,gamma- 6.831 131 1 chlorpyrifos 8.043
222 1 mepanipyrim 6.890 168 4  fenthion 8.097
294 2 terbuthylazine 6.901 153 5  parathion 8.130
135 3 terbufos 6.948 307 4  fthalide 8.149
313 5  pyroquilon 6.957 220 2 diethiofencarb 8.164
125 5  chiorothalonil 7.038 142 [ triadimefon 8.179
177 3 phosphamidone 7.076 310 3 flufenacet 8.197
8 4  diazinon 7.102 297 1 tetraconazole 8.233
15 5  disulfoton 7.137 28 4  diphenamid 8.277
58d 7 BHCdelta- 7.198 235 5  fosthiazate 8.292
289 2 isazofos 7.206 197 l pirimiphos-ethyl 8.333
144 1 triallate 7.216 202b 6  heptachlor epoxide 8.379
88 3 etrimfos 7.261 163 3 pendimethalin 8.388
120b 6  pentachloroaniline 7.284 225 4 cyprodinil 8.395
205 4 iprobenfos 7.310 169 5  penconazole 8.459
333 2 tebupirimfos 7.332 138 1 tolylfluanid 8.459
195 5  pirimicarb 7.350 103 2 isofenphos 8.502
41 1  metobromuron 7.362 118 4  captan 8.520
82 2 ethiofencarb 7.393 129 3 chlorfenvinphos 8.524

© Registration number in Korea Food Code.
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Table 1. (Continued)

LolA% - AR - o1FS - AH A

No.  Group Pesticide RT No. Group Pesticide RT
170 1 phenthoate 8.555 192 5 propiconazole 9.875
322 2 dimepirerate 8.559 314 3 pyriminobac-methy! 9.897
37 5 mecarbam 8.565 199 4  hexazinone 9.931
179 4 folpet 8.574 295 2 thenylchlor 9.934
185 3 procymidone 8.582 241 1 nuarimol 9.958
141 1 triadimenol 8.605 133 3 tebuconazole 10.003
126a 7  chlordane,-trans 8.623 117 5 captafol 10.028
107 4 chinomethionat 8.631 25 4  diclofop-methyl 10.059
45 5 methidathion 8.670 189 2 propargite 10.064
149 2 triflumizole 8.677 316 1 pyributicarb 10.230
12¢ 7 DDE24- 8.704 258 1 pyridaphenthion 10.289
90a 6  endosulfan,alpha- 8.739 176 3 phosmet 10.290
126b 7 chlordane,-cis 8752 106 1 EPN 10.345
156 3 paclobutrazol 8.765 57 2 bromopropylate 10.359
275 1 butachlor 8.820 274 3 benzoximate 10372
4 2 napropamide 8.903 61 5 bifenthrin 10414
211 5 prothiofos 8972 19 4 dicofol 10423
159 1 fenamiphos 8.980 43 3 methoxychlor 10437
309 4 flutolanil 9012 240 5 fenoxycarb 10.455
76b 6  dieldrin 9.018 251 1 etoxazole 10479
306 1 pretilachlor 9.019 171 2 fenpropathrin 10.500
204 2 isoprothiolane 9.032 282 4 anilofos 10.520
190 3 profenofos 9.034 210 1 fenazaquin 10.532
238 5  fludioxonil 9.037 60 5  bifenox 10.541
200 3 hexaconazole 9.039 208 3 tebufenpyrad 10.545
12d 7 DDEA44’- 9.048 330 3 indanofan 10.551
12a 6 DDD,24- 9.107 137 2 tetradifon 10.601
94 1 oxadiazon 9.131 175 1 phosalone 10.664
115 2 carboxin 9.147 75 2 azinphos-methyl 10.684
31 3 myclobutanil 9.153 300 3 pentoxazone 10.721
180 4 flusilazole 9.189 270 4 mefenacet 10.800
97 1 oxyfluorfen 9.215 279 5 cyhalofop-butyl 10.873
91 6  endrin 9.217 158 1 fenarimol 10.938
230 2 kresoxim-methyl 9.237 68 2 cyhalothrin 10.967
226 3 cyproconazole 9.263 193 3 pyrazophos 11.021
206 4 chiorfenapyr 9.286 285 5  acrinathrin 11.114
340 5  fenoxanil 9.327 213 3 pyraclofos 11.162
124 4 chlorbenzilate 9412 157 3 permethrin 11.337
167 5  fensulfothion 9.449 59 2 bitertanol 11344
314 3 pyriminobac-methyl 9.461 214 5 pyridaben 11.376
13a 7 DDT24- 9.470 186 4  prochloraz 11412
12b 6 DDD44’- 9.472 67 3 cyfluthrin 11.645
95 1 oxadixyl 9.481 119 1 quizalofop-ethyl 11.881
83 2 ethion 9.515 182 2 flucythrinate 11.922
244 3 mepronil 9.680 66 5 cypermethrin 11.985
143 1 triazophos 9.685 315 3 pyrimidifen 12.198
90c 6  endosulfan sulfate . 9741 164 4 fenvalerate 12.266
113 4  carbophenothion 9.742 181 5 fluvalinate 12434
80 5  edifenphos 9.748 290 4 indoxacarb 12.675
5 1 norflurazon 9.802 9 2 deltamethrin 12.678
301 3 fenhexamid . 9.815 234 5  fenpyroximate 12.811
13b 7 DDTA44- 9.834 253 5  imibenconazole 13.094
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Fig.2 EI screening result of pesticides by a direct injection of standard solution containing 49 -pesticides at a

concentration of 10 ppm.
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GCMSMSE ol 83 ik A&hAby /L 299
kCountsy 7.922 min Fenitrothion standard 7 ( (a)
300 (a) B 260
o A
250 1] 100%
200 1 3 75%A 4
150 4 E
100 ] 50% - ]
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4 4 109
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0 3 i 150 199 214 228 54¢ 355 370 386
200 1 7,609 min Corn flake ] 0% l L J L leg1s2 199 " T L 295308 324 341 °%° 370
600 7 ]
o00 (b)
............ 1| 100%- 1
400 : ]
300 : : 75% ]
200 : : «
100 1 : : w 50% w ]
E et T LT TT P Y rIT E 222
0 T AARARRARSRRSARE T T T A 25% 73 147 B
6.5 7.0 7.5 8.5 9.0 g5 min 207
Jo 131 ot | 249 266 325 \. 285
0% JIJ... w I T | PSR i s
kCounts+ 4
Com flake ( )
700 ¢ 260
600 100% il
500 75% 4 ]
400
300 50% 125 277 ]
109
200 | ' s
100 25% ) 78 l 147 L
93 207 222 244 399
0 6 g 0% Lul o ik, h: LA e T L e i? J]l .
R B o RARRaERa BaRa e Bimanaans Baans R B e A e AR SAARRARAS
77 7.8 79 8.0 8.1 8.2 min 100 150 200 250 300 350 m/z

Fig.3 Raw ion chromatogram and El-mass spectra of reference(a) and sample(b,c). Mass spectrum of fenitrothion
was mainly overlapped with that of contaminant(b), but could be shown at the rear part of the peak(c).
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Fig4 CI chromatogram and CI-MS spectra of reference(a) and sample(b).
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Fig.5 Confirmation of fenitrothion through the comparison of EI-MS-MS spectrum of reference(a) and sample(b).

Selected parent ion was 260.
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Fig.6 Confirmation of fenitrothion through the comparison
Selected parent ion was 278.

of CI-MS-MS spectrum of sample(b) and reference(a).
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Development of Rapid Analysis Method for Pesticide Residues by GC-MS/MS

Yong-Hoon Choi, Sang-Hyeon Yoon', Hye-Seon Nam, Hye-Mi Hong', Jin-Ha Lee, Kab-Ryong Chae’, Jong-Ok
Lee’ and Hee-Yun Kim(Testing and Analysis Team, Gyeongin Regional Office, Korea Food and Drug
Administration, lDepan‘mem‘ of Food and Nutrition, Inha University, 2Testing and Analysis Team, Busan Regional
Office, Korea Food and Drug Administration, *Food Contaminants Team, Korea Food and Drug Administration)

Abstract : Condition of Ion-Trap gas chromatography-mass spectrometry (GC-MS) for rapid screening of
206-pesticides residues in agricultural foodstuffs was optimized. As applying a wide-bore column (10 m X 053
mm, DF 025 um) connected with a fused silica restrictor (0.6 m X 0.1 mm), a significant retention time
reduction was obtained.  Additionally, the shape of peaks was sharper and higher than classical GC’s and
GC-MS’s, which allowed lower detection limits. To easily manage many spectral data, both of Electron
Ionization(El) and Chemical Ionization(CI) techniques were adopted in screening procedure. At the following steps,
MS-MS technique were used to confirm screened analytes in complicated matrices.

Key words : GC-MS, Wide-bore column, Pesticide residues.
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