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Abstract

The simultaneous determination of residual pesticides was developed using a gas chromatography. In this
study, a simple and reliable methodology was improved to detect 175 kinds of residual pesticides by a lig-
uid-liquid extraction procedure, followed by chromatographic analysis by gas chromatography. The 175 kinds
of residual pesticides was classified into 4 groups according to the chemical structure, column type, resolution
and sensitivity. The soybean sample selected for recovery experiment was not detected any pesticides. The
recovery rates were ranged from 70.6% to 119.7% in most pesticides. The relative standard deviation (RSD
0.3~5.6%) was lower than 5.6% in all cases. The limits of detection (LOD) was lower than the maximum
residue levels established by Korean legislations. The method has been successfully applied to the analysis

of approximately 130 real samples.
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< (supercritical fluid extraction, SFE)(”7), a4 WYt
Z 1t (enzyme-linked immunosorbent assay, ELISA)8’9),
2} 14|52 (solid phase microextraction, SPME)'”,
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< florisil?} silica gel column chromatography 2 &%
SUhE Belste] BAE T EAKIE BHYoR

| &2 HESth I ¢ %= GC-MSD (mass se-

13,14) 15~17)

lective detector)
¢} NPD (nitrogen phosphorous detector)lg’lg), ECD
(electron capture detector)’”, FPD (flame photometric
detector)’” W], AFEFS FEH o2 B8]
1%} glass capillary column A% 5-9] @e 77}
o] 7ol gttt

A AETA FAE PHS AR 7.
=

, AED (atomic emission detector)

(6}
A A H(multi class pesticide
multiresidue methods)oll A= Al @& 2] 24 A] I}

A, ok 5 HAWAY NE} FFH, TR, L FAF

T AW AEFoRE FEste] WA st e A
Aottt wekA AE Tl thE RS WA
g & A4S A7) & dAE 5E AL okt 5
o] BdE& AYar gk o]y s 3]
3 2t AR AE HEFo|E 139 AAR o
T e B A&t FIsHA HET 5 3
= ol a7 ¥ A Ak

2 ATl A= v g AR A Fel Akl
o] FYg AATRE F AZE Ul FAE HFSE
3 e we AES AEstaA st HA o] 9l
omn, ggt FoF 4 column TFE 2 A&7l
2 2] 5 (resolution)¥} 7= (sensitivity) 5 =
Aeta, AREt REEE S o83 5Es A
dato] HA 24 288 YElE FFsd o
AR EAHE et sklv

2. s % WU

2.1 AdAs ¢ A

175% ‘sl g 358 4
T %5 TA T4 1
F T 100959 F4HES AGAE 2 ntECA 7t
1 kg® F4A 17559 5 EFES Dr
Ehrenstorfer (Augsbug, Germany)oll Al T3} 2™,
= 2 AALWE 75 FE acetone, methylene
chloride, n-hexane (Merck Co.)¥} 54| 2F benzene,
(Merck Co)E AHE3ISIT.
Column chromatography 2] “#|-8& Z A2 florisil
(Sigma Co.) 130Tl A 12417+ A 3A7 5 1
Al Al E A Az & AFE3E o 434

3
554

I

tert-butylmethylether

E

F(sodium sulfate anhydrous) Junsei #|3& <]
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500~1,000 mg/L2e] 5= acetone®l] &3 A1FA A=
3l EFFEELNL group'd (STD #1~STD #4)
2 1~10 mgl FE2 3|A5te] AMslIT)

17589 Bt BEEL 247

2. 43
2.2.1. A2/
10001 F9] s4b=S 27} Blender® A3t %1
< A (Sample : SA) 1 kg & 50 g& FH S} gl
70% acetone (AcOH) 100 mlZ F=3}o] 7het-of 7}
F 40Colahel Aol FFalo] 4 gl ez
THET o] & 500 ml E 2w 7] $7] 3 methyl-
ene chloride (DCM) 100 mlZ 23] RHE-FZ3}5]
o f718MSE FeGAUEFoR g, o3
3t 5% & JAFEol methylene chloride 10 mlZ
HE ARG, A AAHES A3 HAol 15
mm?! 2] column®l florisil 15 g3} FF3IUEH
: Na,S04) 7 g2 methylene
chlorideol] AEsle] FH38laL Al HE(A)E loading F
hexane : methylene chloride (1:1) 30 ml, tert-butylme-
thylether : hexane (9:1) 30 ml % acetone :
chloride (1:9) 30 ml& A4 o2 §3A1A W2 &
Ne FA TEFHste] acetonel® L3 T
GC #2433 th(Fig. 1).
2.2.2. 7|7| 2AEH| 2t =7

2741 = HP 7673 auto injector’} =¥l HP
5890 series II plus®} HP 6890(Hewlett Packard, USA)
S AH&39aL FHE 7]+ ECD (STD #1, STD #4)%}
NPD(STD #2, STD #3)& A}-8-3}91 Tt} STD #1 group
< Ultra-2 (50 m x 0.32 mm x 0.17 pm) capillary
column®. 2 130°C(1 min) —180C(5°C/min, 17 min)
—195C(5C/min, 10 min)—290C(5C/min, 11 min)
S8 2k 2A FA 8T 52 0.9 mi/min,
split ratiot= 30-40:10]1 o™ FYF9 HE7]9] &
L% 280C, 300C =2 4433t STD #2 group
2+71¢] Ultra-2 column© 2 130°C(1 min) —180°C(1
0C/min, 27 min)—230C(5C/min, 11 min)—290C
(10C/min, 8 min) L& &% 7o A3}
42 0.9 ml/min, split ratio= 10:10] o™ =]+
9} HE7)e] &= 280C, 300CE2 AR
STD #3 group- Ultra-1 (50 m x 0.32 mm x 0.17 um)

(sodium sulfate anhydrous

methylene

1371

] Take up SA.50g |

J <€ 70 % AcOH 100 mI
| Filter with Whatman No. 4 |

§ < pcM 100 mi(2 times)

Organic layer

Filter with Whatman No.1 PS
anhydrous Na,So,

‘-I

Evaporation

| @

| Mass up with DCM 10 mi

@ Loading
(@ Elution

Florisil(15 g)
—3 Wool

@

l— Hexane : DCM (1:1) 30 mi

- Ether : Hexane (9:1) 30 ml
- AcOH : DCM (1:9) 30 mi

’ Mass up with AcOH 5 mi ‘

Fig. 1. Pretreatment procedure of residual pesticides.

capillary column® 2 120°C(1 min) —150C(10C
/min, 10 min)—195C(5C/min, 15 min)—300C(10C
/min, 7 min) QB 2= BAEA F45
1.1 ml/min, split ratiot= 10:10]] o™ =9} HE
719 &%= 280C, 300CE AA3ITE STD #4
group< SPB-608 (60 m x 0.25 mm x 0.25 pm) capil-
lary column® 2 230°C(16 min) —245C(5C/min, 8
min)—270C(5C/min, 5 min)y—290°C(10°C/min, 24
min) ¥ =X FAFAT 52 08
ml/min, split ratioi= 30:1°] o™ FJ 9} HE7]
o] &%= 270C, 290C = A A3 T} Injection vol-
umee HFE 1 ul= ST}
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2.2.3. slE2Ag AR ZHEHP

Sl& A o] HAEHA FS UF AR
o) group®™ STD #1~STD #47} £3¥ £33 F+&
AL HAA o 0.1 mgkg FE7F HEE 47 H)3
T 33] Wby Agste] F A2 e ATk 18]
7} peak®] S/N H|E T3to] 7ZgHA(LOD, S/N=3)
£ AFsSlth =gk 1000E FEwitEe] da) 2

7} 175%9) woFe] AFHE B Aol AL
W2 dxestal 7] 7125k HEs

oz

3. Ay 3 u#
3.1 FeF AR F38 BF
A& 714 (ECD, NPD)9} column' (Ultra-2, Ultra-1,
SPB-608)% L}Fo] 175%¢] 5 oF Aitel e e
s} $e5 e welstel 7t worel B4, shoby A4
719} columnol] ©}

melsho] o 4

A 2AE F EA
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o} 248k e Bl e
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of 175% <] FoF AES 130 sk &elstaxt
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2] A elo] S, Aol o)el g Sobaly
T Fls 98 GOMSMSE ©] 83} o]t
AREL AAa] Ao e AT A
TP, s vk g wok A% F Aol =4
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gas chromatography <} mass spectrometry”} 2 3%
A ] Abgo] S7F FAlel Qlow mgk Isof
A 2 s s g ARE A Aok, whet
Aol A= LOMSMSH GCMS9F 22 17h
A E SEEHA] Hek At Al A
I =S GCE ol 83 vt w4
o] EAM xS At AFe] b
Farzt skl
STD #1= 53F 2= 2] 3 77t F9kon,
ApgFo]l A aolA el EE A FoFd
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rin (4 peaks), flucythrinate (2 peaks), fenvalerate (2
peaks), fluvalinate (2 peaks) B o] A &4 3
olA= HEo] HATE 53] cypermethrin®] 49 5|
s o] A9} flucythrinate®] WA 3 0], fenvalerate
o] A v]o] A9} fluvalinate®] A o] =7}
2= A ekt whEkbA STD #1 groupoll A+ 4
ol & JHRo|=T Fofo] o AR NEH &
of o] 97t oJH 9] old AEES GC Aol
A g rgol = Fofo]l HEE A5 GCE ol &
3 B ZA HA(column, 2% TE2a¥ 5) o
GCMS &< |83 Agelo]l a4

STD #2% 45% 2% triadmenole?} cyproconazole
= oA ZA 270 e] Folam &2 At Cypro-
conazole®] S+ HA ¥ o] 32} kresoxime-methylo] 5
2 E A ¢k o™, prothiofos9} flutolanile] 3] o] 7%=
2 = A 9k} E3 fenazaquind etoxazole2] I
ol=ZL7} el HA egtont, 1 9] wof e &
2 F=7E vlg- -53klth STD #3-8 32F 2=
prometryn®} metalaxyl, paclobutrazole®} fenothiocarb
Z12] 31 napropamide®} fenamifos”} 2] A 2t
T}, STD #4+% 455 22 4] SPB-608= column length
7} 30 m&l column 270 & A2 AZAA|A resolutions
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Z A8 t). Telflunazuron, flubenoxuron, zoxamide
9 propiconaozle> ©| A 2A H4 I o] A7t e}
WO M, linurone GCE 4 274 6.086%l
degradation™| = ] o] Z.9} 17.223%] 5 I o]=7}
YEFSETE. VinclozolinZ acetochlor, dimethylvinphos
9} triflumizole, pretilchlor®} oxadiazone 3 fluazinam
7} myclobutanilo] 2] ¥ A &k HA vpskth F 7
ool Fef Aol HAA A 871 A= A
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open column
bEskal Q=
w35
=-&mjol
t}. STD #2
o &3l FIES BE &5 gl .3
ol IO} STD #19 tetraconazole, pyrimidifen,
STD #32] monocrotophos, omethoate 3 hexazinone
2831 STD #4914 bromacil, penconazole, tri-
flumizole & dimethylvinphos open columns ©]-&
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et Ff F5 FA T WFE A
175% 5ot 2o o3t H58S T Table

2% STD #1 groupdll &3}= &<l gk W75 Al
3 s, 18al AESAE YERISATE Table
32 STD# 2 group, Table 4= STD #3 group, Table
5% STD #4 group®] &ofell thall 2+7+e] 3|85
LER a2 9Jt}. STD #1941 & tetraconazole] 34~
Fo] 27.6%= 7H¢ W 34ES B, STD #2
ol A13= benfuracarb®} pyraclofosE A9t BE &
ofoll A 73%9] o] o] &S el STD #3
2] 79 omethoate, monocrotophos, hexazinone®| 73
=54 gter 1 99 F2 0% olde] 3
S5 R STD #4ol A+ fractiond &% &1 A
AZE A &G bromacil Z penconazole©] Z+zt
15.9%9} 46.9%°] 3|48 = e 2.7, triflumizole
2 dimethylvinphos 9 A] column A #| Aol &
g-glEfo] 50% Fr=e 3FES Bl e
flubenoxuron, fluoromide, dimethylvinphos % tri-
flumizoleS A €] g v -2 2] gl A F£2 3]5&
= Btk webd A AR FaeE Hels 70.6~
119.7%2. 2 ¥ nA Fass]om, AZ3H(limit of
detection, LOD)= 1~58 ppb (ECD), 1~13 ppb (NPD)
2 AEs A Akl e AFE s
of W&l ml-g- WA LERkom, RSD 3 04~5.55
o -kl R, AEE A 83 A It v
WS o g 2o skl A 10~20% A
T =2 Ao Uy 3], captafol (STD #1),
azinphos-Methyl (STD #2), formothion (STD #3),
phosmet (STD #3), fluoroimde (STD #4)5 5% < =
#% ©]Q 3L chlorthalonil (STD #1), folpet (STD #1),
deltamethirn (STD #1), parathion-Methyl (STD #2), fe-
nitrothion (STD #2), malathion (STD #2), triadimenol
(STD #2), chinomethionat (STD #2), methidathion
(STD #2), pyridafenthion (STD2 #), pyrazofos (STD
#2), dimethoate (STD #3), tolyfuanid (STD #3), edi-
fenphos (STD #3), flufenacet (STD #4), anilofos (STD
#4)7}F of W2 SFES Hole o R 1H
oo e e EA S AEEdied ve d
A2l Aol Fol Hop A&EsHA AFske HE

@ 5 9o Aoz Yk
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Table 1. The comparison of order of elution solvent at cleanup procedure using open column chromatography

Group Elution solvent Detected pesticides
hexane:methvlen BHC(a,3,v,6), probenazole quintozene, pentachloroaniline,
© .e. ctylene DDT(DDE, DDD), methylenepentachlorosulfide, aldrin, methoxychlor(16
chloride (1:1) L
pesticides)
tri-allate, dieldrin, tolclofos-methyl,flupyrazofos, chlorpyrifos,
tert-butylmethylether : endrin, tetradifon, cyhalothrin, permethrin, cyfluthrin, cypermethrin,
STD #1  hexane (9:1) flucythrinate, fenvalerate, fluvalinate, deltamethrin, a-endosulfan(16
pesticides)
lufenuron, propanil, chlorothalonil, metobromuron, alachlor, folpet,
acetone : propisochlor ,dichlofluanid, triadimefon, captan, captafol, chlorfenvinphos,
methylene chloride (1:9) fenoxanil, bromopropylate, bifenox, mefenacet, 3-endosulfan, fenarimol,
endosulfan-sulfate(19 pesticides)
hexane : methylene thiometon, fonofos, disulfton, fenthion, prothiofos, flutolanil
chloride (1:1) (6 pesticides)
fenobucarb, diazinon, ethoprophos, chlorpropham, pencycuron, cadusafos,
erbutylazine, isazofos, etrimfos, iprobenfos, triazofos,
STD #2 tert-butylmethylether : parathion-methyl, fenitrothion, parathion, terbutryn, pirimifos-methyl,
hexane (9:1) malathion, EPN, pirimifos-ethyl, carboxin, phenthoate, methidathion,
mepronil, etoxazole, cyproconazole, kresoxim-methyl, fenazaquin,
benfuracarb, pyraclofos, triadimenol, dimepiperate(31 pesticides)
acetone : methabenthiazuron, pyrimethanil, chinomethionat, simazine, simetryn,
methylene chloride(1:9) azinphos-methyl, pyridabenthion, pyrazofos(8 pesticides)
hexane : methylene diphenylamine, phorate, terbufos, ethion, carbophenothion
chloride(1:1) (5 pesticides)
tert-butylmethylether: mohr}ate, tepupyrlmfos, .proTnetryn, metalaxyl, esprocarb,. dlethqfencarb,
pendimethalin, tolyfluanid, isofenfos,mecarbam, buprofezine, edifenphos,
STD #3  hexane(9:1) i
phosmet(13 pesticides)
propoxur, dimethoate, formothion, diphenamide, cyprodinil, triazmate,
acetone: . . . .
. napropamide, fenamifos, flusilazole, paclobutazole, fenothiocarb(11
methylene chloride(1:9) ..
pesticides)
hexane:methylene heptachlor, heptachlor epoxide, bifenthrin(3 pesticides)
chloride(1:1) P - 1P poxIce, P
telflubenzuron, tefluthirn, fluoroimide, dicloran, dithiopyr,
vinclozoline, acetochlor, acrinathrin, thiazopyr, flufenacet,
STD #4  hexane(9:1) » P ’ ’ g > P ’

acetone:
methylene chloride(1:9)

chlorfenapyr, fluazinam, myclobutanil, dicofol, chlorobenzilate,
diclofop-methyl, fenamidone, procymidone
(29 pesticides)

flubenoxuron, dimethenamid, fthalide, isoprothiorane, anilofos,
propiconazole, norflurazone, nuarimol, metolachlor, dimethylvinphos,
triflumizide(11 pesticides)
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Table 2. Recoveries and limit of detection in STD #1 group pesticides

Retention Method by developed in this study = Method by Food Code(No.83)

Pesticides time
MEAN+SD(%) RSD(%) LOD(mgkg) MEAN+SD(%) RSD(%)

lufenuron 9.776 64.9+0.3 0.4 0.006 64.4+2.3 2.6
a-BHC 15.967 66.6+3.2 4.9 0.004 64.1+4.2 4.8
3-BHC 17.571 84.4+3.3 3.9 0.011 77.244.2 5.1
v-BHC 17.993 83.1+1.9 2.3 0.007 70.34£3.6 4.2
uintozene 18.361 72.8+2.9 39 0.005 63.5+2.9 34
-BHC 19.713 84.1+3.1 3.7 0.006 59.3+5.4 5.6
chlorothalonil 20.126 93.843.3 35 0.01 31.9+4.1 4.8
tri-allate 20.312 82.0+0.3 0.4 0.04 68.5+3.3 39
metobromurone 21.391 64.3£3.6 5.6 0.026 66.0+2.1 2.9
pentachloraniline 21.620 78.6+1.4 1.8 0.008 71.1£1.9 2.4
propanil 22.442 73.6+2.8 3.7 0.058 74.0£3.2 3.6
tolclofos-methyl 23.901 85.3+2.9 3.4 0.038 73.1£2.9 3.7
alachlor 24.304 91.5+2.3 2.5 0.001 76.94+2.2 29
propisochlor 24.804 92.9+2.2 24 0.04 77.5£3.0 3.6
probenazole 26.887 84.7+£3.4 3.9 0.023 61.243.1 34
methylenepentachlorsulfide 27.315 93.1£2.9 3.1 0.008 67.9+£3.3 4.0
dichlofluanid 27.549 102.2+3.9 3.8 0.021 57.5£2.9 3.0
aldrin 28.025 83.5+3.7 44 0.005 65.4+4.6 4.8
flupyrazofos 28.676 95.9+4.9 5.1 0.005 78.24+4.2 43
chlorpyrifos 29.451 95.943.6 3.7 0.001 76.9+3.8 3.7
triadimefon 29.805 90.3+2.5 2.7 0.016 76.0+3.4 3.6
tetraconazole 30.635 27.6x1.3 4.7 0.013 70.3£2.9 33
captan 33410 95.1+1.7 1.8 0.017 56.2+5.0 5.0
chlorfenvinfos 34.041 96.0+3.6 3.8 0.002 74.4+£3.9 3.8
folpet 34.196 88.7+4.7 5.3 0.018 42,544 .4 4.6
o,p-DDE 36.257 87.9+4.3 4.8 0.013 74.84+4.6 4.2
a-endosulfan 36.597 87.1£2.9 3.4 0.007 74.3+2.2 2.8
dieldrin 40.269 87.2+4.4 5.1 0.007 77.0+4.2 4.6
p,p-DDE 40.901 83.5+0.6 0.7 0.007 76.9+2.2 23
o,p-DDD 42.028 89.1+£2.7 3.1 0.006 76.34£3.6 3.7
endrin 43.162 93.542.6 2.8 0.007 76.5+3.5 38
(3-endosulfan 44314 88.9+3.8 43 0.008 80.7+3.3 3.6
fenoxanil 1 44.666

fenoxanil 2 44.758 114.8+3.7 32 0.041 66.3+4.2 43
p,p-DDD 45.857 81.5+£3.2 39 0.011 77.7+4.6 4.8
o,p-DDT 46.075 93.0+1.7 1.9 0.013 81.7+4.0 4.2
endosulfansulfate 48.288 88.6+4.1 4.6 0.009 64.8+4.9 4.8
p,p-DDT 48.935 87.2+1.7 1.9 0.008 80.3+3.3 3.6
captafol 50.189 97.2+2.5 2.5 0.014 - -
bromopropylate 52.366 74.5£2.9 3.9 0.018 79.3+£3.1 3.6
methoxychlor 52.877 86.9+1.0 1.1 0.014 77.8+2.9 2.8
bifenox 53.467 81.7+2.9 3.5 0.009 70.0+3.1 33
tetradifon 53.780 93.4+2.2 24 0.011 76.5£2.9 3.0
mefenacet 54.884 77.7+2.4 3.1 0.003 74.1£2.5 2.8
fenarimol 55.653 81.2+2.5 3.1 0.013 75.6+2.3 2.6
cyhalothrin 55.790 85.6£3.0 35 0.009 75.6+3.7 3.6
permethrin 1 57.470
permethrin 2 57774 85.8+4.1 4.8 0.025 80.2+4.0 4.1
cyfluthrin 1 58.944

cyfluthrin 2 59.165

cyfluthrin 3 59338 88.0+2.2 2.5 0.019 62.0+3.3 3.7
cyfluthrin 4 59.431

cypermethrin 1 59.641

cypermethrin 2 59.863

cypermethrin 3 60.025 86.4+4.7 5.5 0.014 72.54+4.0 4.6
cypermethrin 4 60.127

flucythrinate 1 60.127

flucythrinate 2 60583 88.9+3.3 3.7 0.023 62.6+3.6 38
pyrimidifen 61.591 58.0+0.2 0.3 0.017 75.842.9 32
fenvalerate 1 61.729

fenvalerate 2 62.268 93.34+3.3 35 0.02 66.0+1.9 1.5
fluvalinate 1 62.268

fluvalinate 2 62.454 96.6+3.5 3.6 0.024 56.4+3.7 3.6

deltamethrin 63.700 87.3+£2.8 32 0.023 46.5+4.1 4.8
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Table 3. Recoveries and limit of detection in STD #2 group pesticides

Pesticid Retention Method by developed in this study Method by Food Code(No.83)
esticides .

time MEAN+SD(%) RSD(%) LOD(mg/kg) MEAN£SD(%) RSD(%)
fenobucarb 13.878 92.0+2.4 2.6 0.005 72.7+3.2 3.7
ethoprophos 14.532 96.5+2.0 2.0 0.001 75.3+£3.7 3.7
chlorpropham 14.936 86.5+2.7 3.1 0.009 74.5+4.0 4.1
methabenthiazuron 15.312 82.1£3.9 4.7 0.033 80.2+2.5 2.8
pencycuron 15.891 96.4£1.9 1.9 0.002 86.2+2.7 2.4
cadusafos 16.039 96.2+1.7 1.7 0.001 77.3+4.2 4.6
thiometon 16.943 73.14£2.9 4.0 0.001 63.0+3.7 3.8
simazine 17.691 87.9£1.3 1.5 0.002 81.3+2.4 2.7
terbutylazine 19.154 87.4+1.8 2.1 0.001 86.3+2.0 2.3
fonofos 19.444 89.0+1.4 1.5 0.004 79.1£2.7 2.7
pyrimethanil 19.825 89.3+1.0 1.1 0.006 82.4+2.6 2.8
diazinone 20.210 96.2+2.1 2.1 0.001 81.8+2.7 2.9
disulfton 20.525 76.1+3.1 4.1 0.002 79.3+3.9 3.8
isazofos 21.340 99.94+2.1 2.1 0.001 79.7+3.7 4.2
etrimfos 21.551 97.7+1.2 1.2 0.002 61.0+4.0 4.6
iprobenfos 22.013 89.4+0.7 0.8 0.004 86.1+2.0 2.7
parathion-methyl 24.689 97.6+0.9 0.9 0.005 28.8+2.4 2.5
symetryn 25.159 74.1£1.6 2.1 0.002 922423 2.6
terbutryn 27.945 98.0+0.4 0.4 0.002 88.0+1.9 1.8
fenitrothion 28.252 98.0+1.6 1.7 0.002 33.2+1.3 1.7
pirimifos-methyl 28.783 99.6+2.7 2.8 0.001 73.0+4.7 4.7
malathion 30.170 99.8+2.2 2.2 0.003 38.1+4.3 4.6
fenthion 31.165 96.0+1.9 2.0 0.002 62.9+2.8 2.8
parathion 31.614 90.7+1.7 1.9 0.002 77.9+2.3 2.7
pirimifos-ethyl 36.258 86.3+2.7 3.1 0.003 89.1+2.4 2.9
dimepiperate 39.103 94.4+1.9 2.0 0.003 89.0+3.5 34
phenthoate 39.538 103.242.9 2.8 0.004 89.1£3.4 33
triadimenol 1 39.655
triadimenol 2 40374 94.5+2.2 2.3 0.008 40.4+3.3 3.7
chinomethionat 39.946 83.7+2.1 2.5 0.009 40.4+2.8 2.9
methidathion 40.788 94.0+1.5 1.6 0.013 28.2+2.7 2.5
prothiofos 43.140 88.1£1.8 2.1 0.001 82.0+3.3 4.0
flutolanil 43.140 87.6+2.0 2.2 0.001 98.5+2.7 3.7
carboxin 43.974 79.2+1.1 1.4 0.001 87.6+1.0 2.4
cyproconazole 1 44.889
cyproconazole 2 45.009 84.0+3.6 43 0.004 97.945.1 4.9
kresoxim-methyl 45.009 85.6+2.9 3.4 0.007 124.2+3.1 32
mepronil 47.711 80.8+3.9 4.8 0.008 99.3+4.2 4.5
triazofos 48.086 94.1£1.4 1.5 0.002 55.8+2.7 2.7
pyridaphenthion 53.840 88.4+3.9 4.4 0.001 38.5+4.6 4.9
EPN 54.272 95.4+4.6 4.8 0.002 69.4+4.2 4.5
fenazaquin 55.751 81.5+2.7 33 0.001 95.54+3.8 3.8
etoxazole 55.751 81.2+2.7 33 0.001 101.0+£3.4 3.7
azinphos-methyl 57.284 89.4+3.5 3.9 0.002 - -
pyrazofos 60.241 95.3+4.6 4.8 0.001 48.0+4.1 4.4
benfuracarb 60.478 55.7+2.8 5.0 0.001 53.543.5 3.7

pyraclofos 60.559 56.4+3.1 5.5 0.001 53.543.7 39
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Table 4. Recoveries and limit of detection in STD #3 group pesticides
L Retention Method by developed in this study Method by Food Code(No.83)
Pesticides time MEAN+SD(%) RSD(%) LOD(mgkg) MEAN+SD(%)  RSD(%)
molinate 16.888 98.4+0.8 0.8 0.001 136.7£2.4 2.7
omethoate 18.250 - - - - -
propoxur 19.743 98.8+0.4 0.4 0.001 78.3+£2.2 2.8
diphenylamine 20.310 79.6+1.4 1.8 0.002 81.5+3.1 3.6
monocrotophos 21.710 - - - - -
phorate 23.031 96.3+1.1 1.1 0.003 75.5+3.4 3.7
dimethoate 23.349 95.9+0.6 0.6 0.001 15.6+2.7 2.8
terbufos 25.880 93.3+1.8 1.9 0.001 79.242.1 2.6
formothion 27.189 79.4+0.9 1.1 0.01 - -
tebupyrimfos 28.487 73.2+0.9 1.2 0.001 81.0+3.8 39
prometryn 30.705 78.9+1.5 1.9 0.001 87.3+2.2 2.7
metalaxyl 30.705 78.6+0.9 1.1 0.001 89.4+2.7 2.6
esprocarb 32.521 76.3+0.8 1.0 0.011 86.3£1.6 1.9
diethofencarb 33.826 72.8+1.9 2.6 0.013 71.4+1.4 1.7
diphenamid 35.054 78.4+£2.0 2.5 0.002 90.743.4 3.8
cyprodinil 36.693 74.2+2.6 3.4 0.012 81.4£3.7 3.9
pendimethalin 37.306 78.4+2.4 3.0 0.01 79.543.1 33
tolyfluanid 37.583 82.5£2.5 3.0 0.009 37.0£2.9 32
isofenfos 38.472 76.1+£2.6 34 0.005 88.1+2.7 2.9
mecarbam 38.685 80.4+2.8 3.4 0.012 80.3£2.9 2.8
paclobutrazole 40.747 79.6£1.5 1.2 0.007 87.4+3.3 3.6
fenothiocarb 40.747 80.9+1.6 4.6 0.001 87.4+3.7 3.4
triazamate 41.663 84.2+3.8 1.9 0.005 88.2+3.1 3.6
napropamide 42.338 76.6+1.5 1.2 0.003 86.5£2.0 2.4
fenamifos 42.338 79.3+1.0 1.3 0.001 80.5+1.7 2.1
flusilazole 44.024 73.6+1.0 1.3 0.001 85.8+2.0 2.6
buprofezine 44237 83.9+1.1 1.8 0.001 84.8+1.9 2.3
ethion 45913 80.4+1.8 2.2 0.005 53.342.3 3.1
deifenphos 46.627 91.2+1.5 1.7 0.002 37.6+3.0 34
carbophenothion 46.722 76.3+2.2 2.9 0.004 62.242.2 2.7
hexazinone 47.073 - - - 65.0+2.1 2.3
phosmet 48.520 70.6+1.5 2.1 0.032 - -
3.5, FwAEel @ ARk HUHY 05 ppm)ol 065 ppmOE E 7} AEF AL 1e)w
o AT AAE WS AR 1000]F2] = ALF ol A= proemidone, chlorfenapyr chlorthalonil
e RS AU 2 dEutEd s 9] o] HEHEANSH A2 A4 procymidone, Tt
shel e BANS A8okel ¥ ANE Table 6 BN procymidone, EPNO] D EEIRL. B,
o YeElH. 5ol A= procymidone (71 5.0 -4'9} ool A chlorfenapyr7} % EQME} EACIR
ppm)©] 1138 ppmO = ZIHUL F7194A¢1 = endosulfan, metalaxylo] FE % AL, ¥ 5= cyha-

endosulfan (7] 1.0 ppm)= 0.03 ppm 7 == T}
vj 2] of /\ﬁ‘:" diazinone (7]5: 0.5 ppm)©| 0.15 ppm
AZHJ. E£3, FHEN A= fenitrothion (7]
0.2 ppm)°] 0.43 ppmo. 2 7]FX| o] HEHU L
™, chlorothalonil (7]5*: 1.0 ppm)°] 2.°]°|A 0.14
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Table 5. Recoveries and limit of detection in STD #4 group pesticides

o Retention Method by developed in this study Method by Food Code(No.83)
Pesticides time  MEANSD(%) RSD(%) LOD(mg/kg) MEAN=SD(%)  RSD(%)
telflubenzuron 1 5.702
telflubenzuron 2 6.659 75.843.0 3.9 0.005 50.7£3.2 35
tefluthrin 8.949 85.8+1.6 1.9 0.007 70.1£3.1 3.6
flubenoxuron 1 9.553
flubenoxuron 2 11,444 55.242.6 4.7 0.003 67.0+2.8 29
fluoromide 10.625 58.5t1.4 2.4 0.003 - -
dicloran 11.835 85.8+1.3 1.5 0.001 69.8+1.9 2.1
dithiopyr 12918 83.8+1.8 2.1 0.003 78.7+2.1 2.4
vinclozolin 13.623 86.5+£2.2 2.5 0.004 81.3+2.8 2.8
acetochlor 13.623 88.1+1.9 2.1 0.012 81.3+3.0 3.1
dimethenamid 14.047 90.7£3.4 3.8 0.012 82.3+4.1 4.1
heptachlor 14.463 87.7+2.8 3.1 0.005 64.7£2.8 2.7
thiazopyr 14.741 93.1+2.1 23 0.008 83.0+4.6 4.9
chlorpyrifos-methyl 15.156 108.8+4.1 3.9 0.005 51.9+£3.8 3.7
flufenacet 15.884 93.2+0.9 1.0 0.001 40.0£2.6 2.6
metribuzin 16.417 119.7+1.3 1.0 0.001 66.7+2.4 3.1
metolachlor 16.868 97.3+4.3 4.5 0.003 83.3+3.1 33
linuron 17.233 82.0£2.0 2.5 0.003 77.0£2.7 2.7
fipronil 17.636 89.1+0.4 0.4 0.006 63.4+1.8 1.9
dicofol 18.735 86.9+1.5 1.7 0.001 90.6+2.6 2.6
dimethylvinphos 19.061 49.7+1.7 3.9 0.001 78.7£2.7 2.8
triflumizole 19.061 50.5+2.0 3.9 0.001 73.843.4 3.7
zoxamide 1 19.445
Zoxamide 2 34.661 92.2+3.0 3.3 0.025 93.5+1.9 22
bromacil 19.719 15.9+0.3 1.6 0.001 71.4£2.6 2.9
penconazole 20.046 46.9+1.4 2.9 0.013 81.1+3.7 3.7
hetptachlor epoxide 20.340 82.6+2.7 33 0.001 76.1£2.9 32
butachlor 20.789 90.34£2.5 2.7 0.011 82.2+2.0 2.4
procymidone 21.571 84.9+3.6 42 0.001 85.243.1 29
ftalide 22.177 85.1£2.8 33 0.008 76.8+4.1 4.6
pretilachlor 23.087 94.7+0.8 0.9 0.002 84.3+4.1 4.1
oxadiazone 23.087 93.1+1.4 1.5 0.001 83.3£2.5 2.8
trifluzamide 23.514 84.7+2.5 3.0 0.001 72.5£2.7 2.7
oxyfluorfen 23.694 85.1+1.8 2.1 0.001 80.6+0.8 1.9
profenofos 25.424 72.8+1.9 2.6 0.011 72.9+1.5 2.4
chlorfenapyr 26.309 90.2+2.0 2.2 0.004 70.3+1.3 23
fluazinam 27.581 67.3£2.7 4.0 0.002 79.2+£3.0 34
myclobutanil 27.581 67.1£2.7 4.0 0.002 79.2+2.7 29
chlorobenzilate 27.986 66.6+1.2 1.9 0.002 83.2+2.2 2.5
isoprothiolane 29.609 94.1£1.5 1.6 0.002 81.8£2.4 2.6
propiconazole 1 32.765 70.2£0.6 0.9 0.002 82.142.6 2.8
propiconazole 2 33.115
bifenthrin 34.047 94.0+£2.3 2.4 0.027 81.7+2.7 2.7
diclofop-methyl 34.368 79.7£2.7 3.4 0.001 82.9+3.1 33
norfurazone 35.642 77.2+2.8 3.6 0.002 80.3+3.3 3.4
nuarimol 36.164 89.5£2.0 23 0.003 81.7+£3.4 35
acrinathrin 37.483 88.2+2.8 32 0.031 59.0+2.7 2.8
anilofos 41.001 86.2+1.1 1.3 0.001 33.843.9 39

fenamidone 42.379 101.6+£2.3 2.2 0.002 76.1+4.0 4.2
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Table 6. Kinds of detected pesticides in agricultural prod- 1709159 s S sAl 2E-8ds= W
ucts HE AT wet 4 3 Fll#F 4= <t
Detected No. of detected = MRL< exp. A grrt 7ted Aow Azbdd) w3k wpd Al
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chlorfenapyr 5 | Sdo] adE BA o] A& 0w g
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2 Atz
EPN 1 - drrd
cyhalothrin 1 1
diazinone 2 - ;;<j]— i :j
chlorpyrifos 2 1
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