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ABSTRACT

Determination of Simultaneous Analytical Method of

Residual Pesticides by Gas Chromatography

Won, Young-Jun
Advisor: Prof. Lee, Myung - Yul, Ph.D.
Department of Food And Drug

Graduate School of Chosun University

The simultaneous determination of residual pesticides was developed using
a gas chromatography method. In this study, a simple and reliable
methodology was improved to detect 175 kinds of residual pesticides in
soybean sample by wusing a liquid-liquid extraction procedure and
chromatographic analysis by GC-electron—capture and GC-nitrogen—
phosphorus detection. The 175 kinds of residual pesticides was classified in
4 groups(STD #1~STD #4) according to the chemical structure, column
type, resolution and senstivity.

In case of STD #1, we confirmed that 53 pesticides separated from high
temperature and large molecular weight including Pyrethroids. Especially,
Pyrethroid pesticides was separated multi-peak. Cypermethrin’s 4th peak
overlapped Flucythrinate’s 1st peak and Fenvalerate’s 2nd peak was not
separated Fluvalinate’s 1st peak. We connected 2 columns(SPB-608, 30 m x
0.25 mm x 0.25 tm) and separated 45 pesticides of STD #4. In this study, we
used a very simple cleanup with open column(length:30 cm, I.D.:15 mm) and

also, we determined that the combination of different solvents,

_Vl_



hexane:methylene chloride(1:1), tert-butylmethylether:hexane(9:1) and
acetone:methylene chloride(1:9). The sample(soybean) which used recovery
experiment was not detected all pesticides. The recovery tests were ranged
from 70.6% to 119.7%. The relative standard deviation(R.S.D. %) was lower
than 55% in all cases. The limits of detection(LOD) was lower than the
maximum residue levels established by Korean legislations.

This developed method was applied satisfactory to the determination of
the 175 kinds of residual pesticides with good reproducibility and accuracy
and makes it a powerful multiclass, multiresidue approach to pesticide

analysis of foods.
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Table 1. The analytical conditions of gas chromatography for

groups(STD #1~STD #4)

Parameters Condition(STD #1)

Instrument G.C, HP 6890
Injector HP 7673 autosampler
Detector Electron Capture Detector (ECD)
Column Ultra-2 capillary column

(50 mx0.32 mm>x0.17 rm)
Injection volume 1wl
Injection type split mode
Split ratio 30-40:1
Carrier gas N
Flow rate 0.9 m¢/min
Injector temp. 2807T
Detector temp. 300TC

290°7C

Oven temp.
program




Table 1. Continued

Parameters Condition (STD #2)
Instrument G.C, HP 5890 series II plus
Injector HP 7673 autosampler
Detector Nitrogen Phosphrous Detector (NPD)
Column Ultra—1 capillary column

(50 m>x0.32 m>x0.17 rm)

Injection volume 1wl
Injection type split mode
Split ratio 15:1
Carrier gas He

Flow rate 0.9 m¢/min
Injector temp. 280T
Detector temp. 300C

Oven temp.

program




Table 1. Continued

Parameters Condition (STD #3)
Instrument G.C, HP 5890 series II plus
Injector HP 7673 autosampler
Detector Nitrogen Phosphrous Detector (NPD)
Column Ultra—1 capillary column

(50 mx0.32 m>x0.17 m)
Injection volume 1wl
Injection type split mode
Split ratio 15:1
Carrier gas He
Flow rate 1.1 ml/min
Injector temp. 2807T
Detector temp. 300TC

Oven temp.

program
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Table 1. Continued

Parameters Condition (STD #4)
Instrument G.C HP 6890
Injector HP 7673 autosampler
Detector Elecron Capture Detector (ECD)
Column SPB-608 capillary column

(60 m>0.25 m>x0.25 rm)

Injection volume 1wl
Injection type split mode
Split ratio 30-40:1
Carrier gas Ny
Flow rate 0.8 m¢/min
Injector temp. 270TC
Detector temp. 2907T

Oven temp.

program

290C

16min
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Table 2. List of pesticides

Classification No. Pesticide Purity(%)

STD #1 1 Lufenuron 99.2
2 a-BHC 99.5
3 B-BHC 97.7
4 y—-BHC 99.5
5 Quintozene 97.0
6 §-BHC 99.0
7 Chlorothalonil 99.5
8 Tri-allate 99.0
9 Metobromuron 99.5
10 Pentachloroaniline 99.0
11 Propanil 99.5
12 Tolclofos—methyl 99.5
13 Alachlor 99.5
14 Propisochlor -
15 Probenazole -
16 Methylenepentachlorsulfide 99.0
17 Dichlofluanid 98.0
18 Aldrin 98.0
19 Flupyrazofos -
20 Chlorpyrifos 99.0
21 Triadimefon 99.5
22 Tetraconazole 98.0
23 Captan 98.5
24 Chlorfenvinphos 65.0
25 Folpet 99.0
26 0,p~DDE 99.0
27 a-Endosulfan 96.0
28 Dieldrin 98.3
29 p,p—DDE 98.5

_12_



Table 2. Continued.

Classification No. Pesticide Purity(%)

STD #1 30 0,p—DDD 99.5
31 Endrin 99.0
32 B-Endosulfan 99.0

33 Fenoxanilll
Fenoxanill2 v8.5
34 p,p—DDD 98.0
35 0,p-DDT 97.0
36 Endosulfan sulfate 97.5
37 p,p-DDT 99.5
38 Captafol 97.5
39 Bromopropylate 98.5
40 Methoxychlor 98.5
41 Bifenox 98.0
42 Tetradifon 99.0
43 Mefenacet 98.5
44 Fenarimol 97.0
45 Cyhalothin 97.5

46 Permethrin 1
Permethrin 2 4.0

47 Cyfluthrin 1
CyfluthrTn 2 04.5

Cyfluthrin 3

Cyfluthrin 4

48 Cypermathrin 1
Cypermathrin 2 91.0
Cypermathrin 3
48,49 Cypermathrin 4, Flucythrinate 1

49 Flucythrinate 2 88.0

50 Pyrimidifen
51 Fenvalerate 1 99.5

51,52 Fenvalerate 2, Fluvalinate 1

52 Fluvalinate 2 94.5
53 Deltamethrin 99.0

_13_



Table 2. Continued

Classification No. Pesticide Purity(%)
STD #2 1 Fenobucarb 98.0
2 Etoprophos 93.0
3 Chlorpropham 99.5
4 Methabenthiazuron 97.0
5 Pencycuron 99.5
6 Cadusafos 92.5
7 Thiometon 48.0
8 Simazine 98.0
9 Tebuthylazine 99.5
10 Fonofos 95.5
11 Pyrimethanil 99.0
12 Diazinon 96.5
13 Disulfoton 94.0
14 [sazofos 94.5
15 Etrimfos 68.5
16 Iprobenfos 87.5
17 Parathion—-methyl 99.8
18 Simethryn 99.0
19 Terbutryn 99.5
20 Fenitrothion 98.0
21 Pirimifos—methyl 98.5
22 Malathion 99.5
23 Fenthion 98.0
24 Parathion 99.8
25 Pirimifos—ethyl 96.0
26 Dimepiperate 98.0
27 Phenthoate 98.0

_14_



Table 2. Continued

Classification No. Pesticide Purity(%)
STD #2 28 Triadimenol 1 98.0
29 Chiomethionat 98.0
28 Triadimenol 2
30 Methidathion 99.0
31,32 Prothiofos+ Flutolanil 98.0, 99.5
33 Carboxin 98.5
34 Cyproconazol 1 99.0
35 Cyproconazol 2, Kresoxim-methyl" 99.0°
36 Mepronil 99.0
37 Triazofos 73.5
38 Pyridaphenthion 99.0
39 EPN 99.0
40,41 Fenazaquint Etoxazole 99.0
42 Azinfos—methyl 98.5
43 Pyrazophos 97.0
44 Benfuracarb 92.0
45 Pyraclofos 98.0
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Table 2. Continued

Classification No Pesticide Purity(%)
STD #3 1 Molinate 98.5
2 Omethoate 95.5
3 Propoxur 99.5
4 Diphenylamine 99.5
5 Monocrotophos 97.0
6 Phorate 94.5
7 Dimethoate 98.0
8 Terbufos 93.0
9 Formothion 74.0
10 Tebupyrimfos 98.0
11,12 Prometryn, Metalaxyl® 99.3, 99.5°
13 Esprocarb
14 Diethofencarb 97.5
15 Diphenamid 99.5
16 Cyprodinil 99.0
17 Pendimethalin 98.0
18 Tolyfluanid 98.5
19 [sofenfos 92.0
20 Mecarbam 99.0
21,22 Paclobutrazole, Fenothiocarb® 99.5, -
23 Triazamate
24,25 Napropamide, Fenamiphos" 99.5, 94.5
26 Flusilazole 99.5
27 Buprofezin 99.0
28 Ethion 98.0
29 Edifenphos 94.0
30 Carbophenothion 93.0
31 Hexazinone 99.0
32 Phosmet 98.5
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Table 2. Continued

Classification No Pesticide Purity(%)
STD #4 1 Terflubenzuron 1
1 Terflubenzuron 2 I70
2 Tefluthrin 96.8
3 Flubenoxuron 1 99.5
4 Fluoromide 99.0
3 Flubenoxuron 2
5 Dicloran 99.0
6 Dithiopyr 97.5
7,8 Vinclozolin, Acetochlor’ 99.2, 92.0°
9 Dimethenamid 97.5
10 Heptachlor 99.0
11 Thiazopyr 99.0
12 Chlorpyrifos—methyl 97.0
13 Flufenacet 99.0
14 Metribuzin 99.0
15 Metolachlor 97.0
16 Linuron 99.5
17 Fipronil 97.0
18 Dicofol 97.3
19,20 Dimethylvinphos, Triflumizole’ 99.0, 99.2°
21 Zoxamide 1 95.0
22 Bromacil 99.5
23 Penconazole 98.0
24 Heptachlor epoxide 98.0
25 Butachlor 98.5

_17_



Table 2. Continued

Classification No Pesticide Purity(%)
STD #4 26 Procymidone 98.0
27 Ftalide 99.0
28,29 Pretilachlor, Oxadiazon’e 97.0, 99.0°
30 Trifluzamide -
31 Oxyfluorfen 97.0
32 Profenofos 98.0
33 Chlorfenapyr 98.7
34,35 Fluazinam, Myclobutanil” 98.5, 99.0°
36 Chlorobenzilate 99.0
37 [soprothiolane 99.0
38 Propiconazole 1
97.5
Propiconazole 2
39 Bifenthrin 99.5
40 Diclofop—methyl 96.5
21 Zoxamide 2
41 Norfurazone 94.0
42 Nuarimol 99.5
43 Acrinathrin 98.0
44 Anilofos 97.4
45 Fenamidone 97.5
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chop & weigh 50 g of sample

709 acetone 100 ml

Mixing

shaking for 5 mins.

filtering with Whatman No.4

Evaporation | at 50 C water bath

Separate funnal

methylene chloride 100 m¢{ x 2 times

Extraction

Organic layer

filtering with Whatman No. 1PS + anhydrous NaxSOy
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Evaporation

Mass up to 10m¢ with methylene
chloride(A)

prerinse with methylene chloride
50 ml

clean up : florisil + anhydrous NasSOy4

sample loading (A)

D hexane:methylene chloride (1:1) 30 ml
@ serr-butylmethylether:hexane(9:1) 30 mé
@ acetone:methylene chloride (1:9) 30 m{

Collect Eluant

Evaporation at 50C water bath

Mess up to b m{ with acetone

G.C. Analysis

Fig. 1. Pretreatment procedure of residual pesticides.
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Take up SA. 50 g

J <€ 70 % AcOH 100 mI

Filter with Whatman No. 4

!

Evaporation
Aqueous layer

§ <€ pcM 100 mi(2 times)
Organic layer

1

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

!

Evaporation
Mass up with DCM 10 ml @D
@ Loadmg Florisil(15 g)
@ Elution —— Wool

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

Evaporation

<=

Mass up with AcOH 5§ ml

]

G.C
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G.C/ECD ¥ G.C/NPD= A3} %it}.

_25_



Hm
N
mm

il

o

or

2 resolutions 118 %

sensitivity

ki3

175F 9] oF 43l o

(Ultra-2,

NPD)9}  column'

A=71H(ECD,

1o

RSEES

)

Hin
N
e

ok
QF

Fath 175% 9] 5

)

Ultra-1, SPB-608)% o] &

G.C/NPD& T&3tar G.Cl

=1
=

T4 A<= G.C/ECD

.

Z

5ol

A Z

% (1~10ppm) =

el

H
=

I

TES 7
G.C/ECD® A% = Ultra-2(STD #1) % SPB-608(STD #4) column

22!

o

Ho

)

JJo
_

<
i

3

&

A}

S
=

resolution %

ki3

g/]

%

o)

2 Ultra-2(STD

Ultra-1(STD #2)

al

(@
A

g

ol G.C/NPD& g

6]

ik

DR ES

Els

&

o]

=
=

G.C/ECD

i

—~
o

&

A

o
=

#3) column

o] wolzel A Flol

LT

~
oy
Ho

]

A% G.C/MSH G.C/MS/MS%E<& ©]&

]

¥

49

o, wepd =

gels

% s

|

s

= o Hn o
al g}]\‘l__ lg‘—]:/‘gl_e

~
o

FRHEF AR

—_
o

-

group(STD #1, STD #2, STD #3, STD #4)°2.2 Yo &

Aol gl7]el

°]

1
o
<
i
oy
o
Ho
o)
i

pzel

o~

ol
K

N

_26_
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Table 3. The typical retention time(RT) in experimental condition

Classification No. Compound RT(min)
STD #1 1 Lufenuron 9.776
2 a-BHC 15.967
3 B-BHC 17.571
4 y-BHC 17.993
5 Quintozene 18.361
6 5§-BHC 19.713
7 Chlorothalonil 20.126
8 Tri—allate 20.312
9 Metobromuron 21.391
10 Pentachloroaniline 21.620
11 Propanil 22.442
12 Tolclofos—-methyl 23.901
13 Alachlor 24.304
14 Propisochlor 24.804
15 Probenazole 26.887
16 Methylenepentachlorsulfide 27.315
17 Dichlofluanid 27.549
18 Aldrin 28.025
19 Flupyrazofos 28.676
20 Chlorpyrifos 29.451
21 Triadimefon 29.805
22 Tetraconazole 30.635
23 Captan 33.410
24 Chlorfenvinphos 34.041
25 Folpet 34.196
26 0,p—DDE 36.257
27 a-Endosulfan 36.597
28 Dieldrin 40.269
29 p,p—DDE 40.901
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Table 3. Continued.

Classification No. Compound RT(min)
STD #1 30 0,p—DDD 42.028
31 Endrin 43.162
32 B-Endosulfan 44.314
33 Fenoxanilll 44.666
Fenoxanill2 44.758

34 p,p—DDD 45.857
35 0,p~-DDT 46.075
36 Endosulfan sulfate 48.288
37 p,p-DDT 48.935
38 Captafol 50.189
39 Bromopropylate 52.366
40 Methoxychlor 52.877
41 Bifenox 53.467
42 Tetradifon 53.780
43 Mefenacet 54.884
44 Fenarimol 55.653
45 Cyhalothin 55.790
46 Permethrin 1 57.470
Permethrin 2 57.774

47 Cyfluthrin 1 58.944
Cyfluthrin 2 59.165

Cyfluthrin 3 59.338

Cyfluthrin 4 59.431

48 Cypermathrin 1 59.641
Cypermathrin 2 59.863

Cypermathrin 3 60.025

48,49 Cypermathrin 4, Flucythrinate 1 60.127
49 Flucythrinate 2 60.583
50 Pyrimidifen 61.591
51 Fenvalerate 1 61.729
51,52 Fenvalerate 2, Fluvalinate 1 62.268
52 Fluvalinate 2 62.454
53 Deltamethrin 63.700
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Table 3. Continued

Classification No. Compound RT(min)
STD #2 1 Fenobucarb 13.878
2 Etoprophos 14.532
3 Chlorpropham 14.936
4 Methabenthiazuron 15.312
5 Pencycuron 15.891
6 Cadusafos 16.039
7 Thiometon 16.943
8 Simazine 17.691
9 Tebuthylazine 19.154
10 Fonofos 19.444
11 Pyrimethanil 19.825
12 Diazinon 20.210
13 Disulfoton 20.525
14 Isazofos 21.340
15 Etrimfos 21.551
16 Iprobenfos 22.013
17 Parathion—-methyl 24.689
18 Simethryn 25.159
19 Terbutryn 27.945
20 Fenitrothion 28.252
21 Pirimifos—methyl 28.783
22 Malathion 30.170
23 Fenthion 31.165
24 Parathion 31.614
25 Pirimifos—ethyl 36.258
26 Dimepiperate 39.103
27 Phenthoate 39.538
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Table 3. Continued

Classification No. Compound RT(min)
STD #2 28 Triadimenol 1 39.655
29 Chiomethionat 39.946

28 Triadimenol 2 40.374

30 Methidathion 40.788

31,32 Prothiofos+ Flutolanil 43.140

33 Carboxin 43.974

34 Cyproconazol 1 44.889

35 Cyproconazol 2, Kresoxim—methyl 45.009

36 Mepronil 47.711

37 Triazofos 48.086

38 Pyridaphenthion 53.840

39 EPN 54.272

40,41 Fenazaquin+ Etoxazole 55.751

42 Azinfos—methyl 57.284

43 Pyrazophos 60.241

44 Benfuracarb 60.478

45 Pyraclofos 60.559
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Table 3. Continued

Classification No Compound RT(min)
STD #3 1 Molinate 16.888
2 Omethoate 18.250
3 Propoxur 19.743
4 Diphenylamine 20.310
5 Monocrotophos 21.710
6 Phorate 23.031
7 Dimethoate 23.349
8 Terbufos 25.880
9 Formothion 27.189
10 Tebupyrimfos 28.487
11,12 Prometryn, Metalaxyl 30.705
13 Esprocarb 32.521
14 Diethofencarb 33.826
15 Diphenamid 35.054
16 Cyprodinil 36.693
17 Pendimethalin 37.306
18 Tolyfluanid 37.583
19 [sofenfos 38.472
20 Mecarbam 38.685
21,22 Paclobutrazole, Fenothiocarb 40.747
23 Triazamate 41.663
24,25 Napropamide, Fenamiphos 42.338
26 Flusilazole 44.024
27 Buprofezin 44.237
28 Ethion 45.913
29 Edifenphos 46.627
30 Carbophenothion 46.722
31 Hexazinone 47.073
32 Phosmet 48.520
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Table 3. Continued

Classification No Compound RT(min)
STD #4 1 Terflubenzuron 1 5.702
1 Terflubenzuron 2 6.659
2 Tefluthrin 8.949
3 Flubenoxuron 1 9.553
4 Fluoromide 10.625
3 Flubenoxuron 2 11.444
5 Dicloran 11.835
6 Dithiopyr 12.918
7,8 Vinclozolin, Acetochlor 13.623
9 Dimethenamid 14.047
10 Heptachlor 14.463
11 Thiazopyr 14.741
12 Chlorpyrifos—methyl 15.156
13 Flufenacet 15.884
14 Metribuzin 16.417
15 Metolachlor 16.868
16 Linuron 17.233
17 Fipronil 17.636
18 Dicofol 18.735
19,20 Dimethylvinphos, Triflumizole 19.061
21 Zoxamide 1 19.445
22 Bromacil 19.719
23 Penconazole 20.046
24 Heptachlor epoxide 20.340
25 Butachlor 20.789
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Table 3. Continued

Classification No Compound RT(min)
STD #4 26 Procymidone 21.571
27 Ftalide 22.177
28,29 Pretilachlor, Oxadiazone 23.087
30 Trifluzamide 23.514
31 Oxyfluorfen 23.694
32 Profenofos 25.424
33 Chlorfenapyr 26.309
34,35 Fluazinam, Myclobutanil 27.581
36 Chlorobenzilate 2'7.986
37 Isoprothiolane 29.609
38 Propiconazole 1 32.765
Propiconazole 2 33.115

39 Bifenthrin 34.047
40 Diclofop—methyl 34.368
21 Zoxamide 2 34.661
41 Norfurazone 35.642
42 Nuarimol 36.164
43 Acrinathrin 37.483
44 Anilofos 41.001
45 Fenamidone 42.379
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columns Al#ste]  FF AES AA, 9. Open column
chromatography S ©] €39 florisile]l ZHHF3st e FoF AES Byd7] 9
& polarity”} 2 & 3FFE AAsA Y )

T AEE Foldtdt (Table 8~11). & & & Fo A &<
A3 STD #2+ =E& &= EwdlAd &g -8 HJoy STD #19
tetraconazole, pyrimidifen STD #3¢  monocrotophos, omethoate %
hexazinone L1331 STD #4°| A4 bromacil, penconazole, triflumizole %
dimethylvinphos¥ open columns ©|-&% 749 & HA gfo} o]g Fof

dee2 e A4dd= £A4A7F 2 Aoz Ay

AS Fig. Lolret & oz Ao 747 H7hste] A

e AAREe AFer] 9a AFFA FAR ATHAE vasg
(Table 4~7). &, AEFANA AN 838 BAHI wa A, ddom

Aol A T HARH o] YRR wofol A 10~20% A= o] =2 A
o2 UYgwtoew 53], captafol(STD #1), azinphos-Methyl(STD #2),
formothion(STD #3), phosmet(ST #3), phosmet(STD #3), fluoroimde(STD #4)
S 5FL EHE o)A chlorthalonil(STD  #1), folpet (STD #1),
deltamethirn(STD  #1), parathion-Methyl(STD #2), fenitrothion(STD  #2),
malathion(STD2 #), triadimenol(STD #2), chinomethionat(STD #2),
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methidathion(STD  #2),  pyridafenthion(STD2  #), pyrazofos(STD  #2),
dimethoate(STD #3), tolyfuanid(STD #3), edifenphos(STD #3), flufenacet(STD
#4), anilofos(STD #4)= 7W¢E EAHo| Hl8 ofF 22 IF&S KA

J[m

3, B oApelA AAsE BAwye 11 A A 2ase A48 Al 9
ANE e Bl 4FTA Wl s Ze A
kg e

al
B oo Agw

]
S AdA7 A8 IFE A AT GroupE E 409 £F EF 84S A
z3ote] wokol AEHA @2 uiF HAd 2z #Hrste AAE - S AA
GC= #A4% Z¥ STD #lolA+ fractiond =2 £F Azl Ay 2o
tetraconazole® 3] &°] 27.6% %2 7 WS IFE&S B, STD #24+=

benfuracarb®} pyraclofosE #| &3t EE T oA 73%9 oA 3IF&S

)

YUelWitt. STD #39] 7 % omethoate, monocrotophos, hexazinone®] 7%
A ggkom a2 9o Fokd T0% oY e EUv. STD #4oA =

4= 8§ A HEHA U™ bromacil #  penconazole?] 3|5
& AYoA = 727 159% 9 46.9%% I &= YEISESH | triflumizole €
dimethylvinphos %A column A ZAoNA Hg - &exo 50% A =9
3442 ¥t} Flubenoxuron, fluoromide, dimethylvinphos % triflumizole
= AL FEe FefollAH F2 IFE&S EAv. wed dAHA 3
& WHE 706~1197%°o= duwd gz on, HEFIFHA(Limit of
Detection, LOD)+= 1~58ppb(for ECD), 1~13ppb(for NPD)= 2] 3% 3 2 o A
ks & 7ol Blel Wi @A dEwtoew, % RSD &

‘[Er
g 04~552 4237t 8kl
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Table 4. Recoveries and Detection limits of STD #1

Pesticid Method by developed in this thesis Method by Food Code(No.83)
esticices MEANSD(%) RSD(%)  LOD(mg/kg) MEAN=SD(%) RSD(%)
lufenuron 64.9%£0.3 0.4 0.006 64.4+2.3 2.6
a-BHC 66.6+3.2 4.9 0.004 64.1£4.2 4.8
B-BHC 84.4+3.3 3.9 0.011 77.214.2 5.1
y-BHC 83.1%£1.9 2.3 0.007 70.3+3.6 4.2
quintozene 72.8£2.9 3.9 0.005 63.5%£2.9 3.4
§-BHC 84.1£3.1 3.7 0.006 59.3+5.4 5.6
chlorothalonil 93.8+3.3 3.5 0.01 31.9£4.1 4.8
tri—allate 82.0%£0.3 0.4 0.04 68.5%£3.3 3.9
metobromurone 64.3%£3.6 5.6 0.026 66.0x2.1 2.9
pentachloraniline 78.6t1.4 1.8 0.008 71.1£1.9 2.4
propanil 73.6x2.8 3.7 0.058 74.0x3.2 3.6
tolclofos—methyl 85.3x2.9 3.4 0.038 73.1x2.9 3.7
alachlor 91.5+2.3 2.5 0.001 76.9%2.2 2.9
propisochlor 92.9%£2.2 2.4 0.04 77.5+3.0 3.6
probenazole 84.7+3.4 3.9 0.023 61.2+3.1 3.4
methylenepentachlorsulfide 93.1£2.9 3.1 0.008 67.9%+3.3 4.0
dichlofluanid 102.2£3.9 3.8 0.021 57.5+2.9 3.0
aldrin 83.5%£3.7 4.4 0.005 65.414.6 4.8
flupyrazofos 95.9£4.9 5.1 0.005 78.2+£4.2 4.3
chlorpyrifos 95.9£3.6 3.7 0.001 76.9£3.8 3.7
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Table 4. Continued

Pesticid Method by developed in this thesis Method by Food Code(No.83)
esHeides MEAN+SD(%)  RSD(%) LOD(mg/kg)  MEANSD(%) RSD(%)
triadimefon 90.3£2.5 2.7 0.016 76.0x3.4 3.6
tetraconazole 27.6x1.3 4.7 0.013 70.3£2.9 3.3
captan 95.1£1.7 1.8 0.017 56.2+£5.0 5.0
chlorfenvinfos 96.0£3.6 3.8 0.002 74.4+3.9 3.8
folpet 88.7+4.7 5.3 0.018 42.5+4 .4 4.6
0,p—DDE 87.9%+4.3 4.8 0.013 74.8%4.6 4.2
a—endosulfan 87.1£2.9 3.4 0.007 74.3%£2.2 2.8
dieldrin 87.2+4.4 5.1 0.007 77.0%£4.2 4.6
p,p—DDE 83.5%£0.6 0.7 0.007 76.9£2.2 2.3
0,p—~DDD 89.1£2.7 3.1 0.006 76.3%3.6 3.7
endrin 93.5%+2.6 2.8 0.007 76.5£3.5 3.8
B-endosulfan 88.9+3.8 4.3 0.008 80.7£3.3 3.6
fenoxanil 114.8+3.7 3.2 0.041 66.3%x4.2 4.3
p,p—DDD 81.5+3.2 3.9 0.011 77.7£4.6 4.8
0,p—-DDT 93.0%£1.7 1.9 0.013 81.7%£4.0 4.2
endosulfansulfate 88.6x4.1 4.6 0.009 64.8+4.9 4.8
p,p—DDT 87.2%+1.7 1.9 0.008 80.3%£3.3 3.6
captafol 97.2+£2.5 2.5 0.014 - -
bromopropylate 74.5%+2.9 3.9 0.018 79.3%x3.1 3.6
methoxychlor 86.9+1.0 1.1 0.014 77.8%£2.9 2.8
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Table 4. Continued

Method by developed in this thesis

Method by Food Code(No.83)

Pesticides
MEANxSD(%) RSD(%) LOD(mg/kg) MEAN=SD(%) RSD(%)
bifenox 81.7£2.9 3.5 0.009 70.0£3.1 3.3
tetradifon 93.4%2.2 2.4 0.011 76.5%2.9 3.0
mefenacet 77.7£2.4 3.1 0.003 74.1£2.5 2.8
fenarimol 81.2%£2.5 3.1 0.013 75.6%+2.3 2.6
cyhalothrin 85.6%+3.0 3.5 0.009 75.6x3.7 3.6
permethrin 85.8+4.1 4.8 0.025 80.2£4.0 4.1
cyfluthrin 88.0+2.2 2.5 0.019 62.0+3.3 3.7
cypermethrin 86.4+4.7 5.5 0.014 72.5£4.0 4.6
flucythrinate 88.9£3.3 3.7 0.023 62.6+3.6 3.8
pyrimidifen 58.0+0.2 0.3 0.017 75.8%£2.9 3.2
fenvalerate 93.3%£3.3 3.5 0.02 66.0+1.9 1.5
fluvalinate 96.6%£3.5 3.6 0.024 56.4%3.7 3.6
deltamethrin 87.3+2.8 3.2 0.023 46.5%t4.1 4.8
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Table 5. Recoveries and Detection limits of STD #2

Pesticid Method by developed in this thesis Method by Food Code(No.83)
esteldes MEAN+SD(%) RSD(%) LOD(mg/kg)  MEANZSD(%) RSD(%)
fenobucarb 92.0£2.4 2.6 0.005 72.71£3.2 3.7
ethoprophos 96.5+2.0 2.0 0.001 75.3+3.7 3.7
chlorpropham 86.5£2.7 3.1 0.009 74.5+4.0 4.1
methabenthiazuron 82.1£3.9 4.7 0.033 80.2x2.5 2.8
pencycuron 96.4+1.9 1.9 0.002 86.2%£2.7 2.4
cadusafos 96.2%1.7 1.7 0.001 77.3x4.2 4.6
thiometon 73.1£2.9 4.0 0.001 63.0£3.7 3.8
simazine 87.9+1.3 1.5 0.002 81.3£2.4 2.7
terbutylazine 87.4%1.8 2.1 0.001 86.3x2.0 2.3
fonofos 89.0t1.4 1.5 0.004 79.1x2.7 2.7
pyrimethanil 89.3x1.0 1.1 0.006 82.4x2.6 2.8
diazinone 96.2+2.1 2.1 0.001 81.8+2.7 2.9
disulfton 76.1£3.1 4.1 0.002 79.3%£3.9 3.8
1sazofos 99.9x£2.1 2.1 0.001 79.7£3.7 4.2
etrimfos 97.7%£1.2 1.2 0.002 61.0£4.0 4.6
iprobenfos 89.4x0.7 0.8 0.004 86.1£2.0 2.7
parathion—methyl 97.6x0.9 0.9 0.005 28.812.4 2.5
symetryn 74.1+£1.6 2.1 0.002 92.2+2.3 2.6
terbutryn 98.0£0.4 0.4 0.002 88.0+1.9 1.8
fenitrothion 98.0+1.6 1.7 0.002 33.2%1.3 1.7
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Table 5. Continued

Pesticid Method by developed in this thesis Method by Food Code(No.83)
esteldes MEAN+SD(%) RSD(%) LOD(mg/kg)  MEANZSD(%) RSD(%)
pirimifos—methyl 99.6£2.7 2.8 0.001 73.0£4.7 4.7
malathion 99.8+2.2 2.2 0.003 38.1+4.3 4.6
fenthion 96.0£1.9 2.0 0.002 62.9%£2.8 2.8
parathion 90.7x£1.7 1.9 0.002 77.9£2.3 2.7
pirimifos—ethyl 86.3£2.7 3.1 0.003 89.1£2.4 2.9
dimepiperate 94.4%1.9 2.0 0.003 89.0£3.5 3.4
phenthoate 103.2+2.9 2.8 0.004 89.1+3.4 3.3
triadimenol 94.5+2.2 2.3 0.008 40.4+3.3 3.7
chinomethionat 83.7t2.1 2.5 0.009 40.4%+2.8 2.9
methidathion 94.0x1.5 1.6 0.013 28.2%£2.7 2.5
prothiofos 88.1£1.8 2.1 0.001 82.0£3.3 4.0
flutolanil 87.6x2.0 2.2 0.001 98.5%2.7 3.7
carboxin 79.2+1.1 1.4 0.001 87.6x1.0 2.4
cyproconazole 84.0£3.6 4.3 0.004 97.9%£5.1 4.9
kresoxim—-methyl 85.6+2.9 3.4 0.007 124.2+3.1 3.2
mepronil 80.8£3.9 4.8 0.008 99.3x4.2 4.5
triazofos 94.1+1.4 1.5 0.002 55.8+2.7 2.7
pyridaphenthion 88.4£3.9 4.4 0.001 38.5+£4.6 4.9
EPN 95.4%4.6 4.8 0.002 69.4%4.2 4.5
fenazaquin 81.5+£2.7 3.3 0.001 95.5£3.8 3.8
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Table 5. Continued

Pesticid Method by developed in this thesis Method by Food Code(No.83)

esticides MEANxSD(%) RSD(%) LOD(mg/kg) MEAN=ZSD(%) RSD(%)
etoxazole 81.2+2.7 3.3 0.001 101.0+3.4 3.7
azinphos—methyl 89.4+3.5 3.9 0.002 - -
pyrazofos 95.3%£4.6 4.8 0.001 48.0+£4.1 4.4
benfuracarb 55.7£2.8 5.0 0.001 53.5£3.5 3.7
pyraclofos 56.4%3.1 5.5 0.001 53.5%£3.7 3.9
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Table 6. Recoveries and Detection limits of STD #3

Pesticid Method by developed in this thesis Method by Food Code(No.83)
esteldes MEAN+SD(%)  RSD(%)  LOD(mg/kg)  MEANZSD(%) RSD(%)
molinate 98.4£0.8 0.8 0.001 136.7£2.4 2.7
omethoate - - - - -
propoxur 98.8+0.4 0.4 0.001 78.3%£2.2 2.8
diphenylamine 79.6x1.4 1.8 0.002 81.5%3.1 3.6
monocrotophos - - - - -
phorate 96.3%x1.1 1.1 0.003 75.5£3.4 3.7
dimethoate 95.9£0.6 0.6 0.001 15.6£2.7 2.8
terbufos 93.3%£1.8 1.9 0.001 79.2+2.1 2.6
formothion 79.4%0.9 1.1 0.01 - -
tebupyrimfos 73.2%£0.9 1.2 0.001 81.0£3.8 3.9
prometryn 78.9%x1.5 1.9 0.001 87.3x2.2 2.7
metalaxyl 78.6%+0.9 1.1 0.001 89.4%2.7 2.6
esprocarb 76.3£0.8 1.0 0.011 86.3£1.6 1.9
diethofencarb 72.8%1.9 2.6 0.013 71.4x1.4 1.7
diphenamid 78.4%£2.0 2.5 0.002 90.7£3.4 3.8
cyprodinil 74.2£2.6 3.4 0.012 81.4%3.7 3.9
pendimethalin 78.4%2.4 3.0 0.01 79.5%£3.1 3.3
tolyfluanid 82.5%+2.5 3.0 0.009 37.0£2.9 3.2
isofenfos 76.1£2.6 3.4 0.005 88.1£2.7 2.9
mecarbam 80.4+2.8 3.4 0.012 80.3+2.9 2.8
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Table 6. Continued

Pesticid Method by developed in this thesis Method by Food Code(No.83)

eonieices MEAN+SD(%) RSD(%)  LOD(mg/ke)  MEAN%SD(%) RSD(%)
paclobutrazole 79.6x1.5 1.2 0.007 87.4%£3.3 3.6
fenothiocarb 80.9t1.6 4.6 0.001 87.4£3.7 3.4
triazamate 84.2+3.8 1.9 0.005 88.2+3.1 3.6
napropamide 76.6x£1.5 1.2 0.003 86.5£2.0 2.4
fenamifos 79.3%£1.0 1.3 0.001 80.5%£1.7 2.1
flusilazole 73.6x1.0 1.3 0.001 85.8%£2.0 2.6
buprofezine 83.9x1.1 1.8 0.001 84.8%1.9 2.3
ethion 80.4£1.8 2.2 0.005 53.3%2.3 3.1
deifenphos 91.2%£1.5 1.7 0.002 37.6x£3.0 3.4
carbophenothion 76.312.2 2.9 0.004 62.2+£2.2 2.7
hexazinone - - - 65.0+2.1 2.3
phosmet 70.6x£1.5 2.1 0.032 - -
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Table 7. Recoveries and Detection limits of STD #4

Pesticid Method by developed in this thesis Method by Food Code(No.83)
esteldes MEAN+SD(%) RSD(%) LOD(mg/kg)  MEAN+SD(%) RSD(%)
telflubenzuron 75.8+£3.0 3.9 0.005 50.7+3.2 3.5
tefluthrin 85.8%+1.6 1.9 0.007 70.1£3.1 3.6
flubenoxuron 55.212.6 4.7 0.003 67.0+2.8 2.9
fluoromide 58.5t1.4 2.4 0.003 - -
dicloran 85.8+1.3 1.5 0.001 69.8+1.9 2.1
dithiopyr 83.8+1.8 2.1 0.003 78.7%£2.1 2.4
vinclozolin 86.5+2.2 2.5 0.004 81.3%£2.8 2.8
acetochlor 88.1x1.9 2.1 0.012 81.3£3.0 3.1
dimethenamid 90.7+3.4 3.8 0.012 82.3+4.1 4.1
heptachlor 87.7+2.8 3.1 0.005 64.7+2.8 2.7
thiazopyr 93.1+2.1 2.3 0.008 83.0%£4.6 4.9
chlorpyrifos—methyl 108.8x14.1 3.9 0.005 51.9£3.8 3.7
flufenacet 93.2£0.9 1.0 0.001 40.0£2.6 2.6
metribuzin 119.7£1.3 1.0 0.001 66.7+2.4 3.1
metolachlor 97.3+4.3 4.5 0.003 83.3%3.1 3.3
linuron 82.0£2.0 2.5 0.003 77.0£2.7 2.7
fipronil 89.1+£0.4 0.4 0.006 63.4£1.8 1.9
dicofol 86.9%+1.5 1.7 0.001 90.6£2.6 2.6
dimethylvinphos 49.7+1.7 3.9 0.001 78.7x2.7 2.8
triflumizole 50.5£2.0 3.9 0.001 73.8+3.4 3.7
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Table 7. Continued

Pesticid Method by developed in this thesis Method by Food Code(No.83)
esHeides MEAN+SD(%) RSD(%) LOD(mg/kg)  MEAN=SD(%) RSD(%)
zoxamide 92.2+£3.0 3.3 0.025 93.5%+1.9 2.2
bromacil 15.94+0.3 1.6 0.001 71.4%£2.6 2.9
penconazole 46.9+1.4 2.9 0.013 81.1£3.7 3.7
hetptachlor epoxide 82.6x2.7 3.3 0.001 76.1£2.9 3.2
butachlor 90.3+2.5 2.7 0.011 82.2%£2.0 2.4
procymidone 84.9+3.6 4.2 0.001 85.2%3.1 2.9
ftalide 85.1+2.8 3.3 0.008 76.814.1 4.6
pretilachlor 94.7+0.8 0.9 0.002 84.3%x4.1 4.1
oxadiazone 93.1x1.4 1.5 0.001 83.3%x2.5 2.8
trifluzamide 84.7+2.5 3.0 0.001 72.5%2.7 2.7
oxyfluorfen 85.1+1.8 2.1 0.001 80.6%0.8 1.9
profenofos 72.8+1.9 2.6 0.011 72.9£1.5 2.4
chlorfenapyr 90.2+£2.0 2.2 0.004 70.3£1.3 2.3
fluazinam 67.3x2.7 4.0 0.002 79.2%+3.0 3.4
myclobutanil 67.1£2.7 4.0 0.002 79.2+£2.7 2.9
chlorobenzilate 66.6t1.2 1.9 0.002 83.2%2.2 2.5
isoprothiolane 94.1%x1.5 1.6 0.002 81.8x2.4 2.6
propiconazole 70.2%0.6 0.9 0.002 82.1%£2.6 2.8
bifenthrin 94.0%2.3 2.4 0.027 81.7x2.7 2.7
diclofop—methyl 79.7x2.7 3.4 0.001 82.9£3.1 3.3

_53_



Table 7. Continued

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

MEANZ£SD(%) RSD(%) LOD(mg/kg) MEAN=SD(%) RSD(%)
norfurazone 77.2+£2.8 3.6 0.002 80.3+3.3 3.4
nuarimol 89.5%£2.0 2.3 0.003 81.7x3.4 3.5
acrinathrin 88.2+£2.8 3.2 0.031 59.0+2.7 2.8
anilofos 86.2+1.1 1.3 0.001 33.8+3.9 3.9
fenamidone 101.6%+2.3 2.2 0.002 76.1£4.0 4.2
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Table 8. The comparison of order of elution solvent at cleanup

procedure using open column chromatography (STD #1)

Elution solvent

Detected pesticides

hexane:methylene chloride(1:1)

BHC(q,B,y,5), probenazole quintozene,
pentachloroaniline, DDT(DDE,DDD),
methylenepentachlorosulfide, aldrin,
methoxychlor(16)

tert—butylmethylether:
hexane(9:1)

tri—allate, dieldrin, tolclofos—methyl,
flupyrazofos, chlorpyrifos, endrin,
tetradifon, cyhalothrin, permethrin,
cyfluthrin, cypermethrin,
flucythrinate, fenvalerate, fluvalinate,

deltamethrin, a—endosulfan(16)

acetone:
methylene chloride(1:9)

lufenuron, propanil, chlorothalonil,
metobromuron, alachlor, propisochlor,
dichlofluanid, triadimefon, captan,
captafol, chlorfenvinphos, folpet,
fenoxanil, bromopropylate, bifenox,
mefenacet, B-endosulfan,

fenarimol, endosulfan—-sulfate(19)
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Table 9. The comparison of order of elution solvent at cleanup

procedure using open column chromatography (STD #2)

Elution solvent

Detected pesticides

hexane:methylene chloride(1:1)

thiometon, fonofos, disulfton, fenthion,

prothiofos, flutolanil(6)

tert—butylmethylether:
hexane(9:1)

fenobucarb, diazinon, ethoprophos,
chlorpropham, pencycuron, cadusafos,
terbutylazine, isazofos, etrimfos,
iprobenfos, triazofos,
parathion—-methyl,

fenitrothion, parathion, terbutryn,
pirimifos—methyl, malathion, EPN,
pirimifos—ethyl, carboxin, phenthoate,
methidathion, mepronil, etoxazole
cyproconazole, kresoxim—-methyl,
fenazaquin, benfuracarb, pyraclofos,

triadimenol, dimepiperate(31)

acetone:
methylene chloride(1:9)

methabenthiazuron, pyrimethanil,
chinomethionat, simazine, simetryn,
azinphos—methyl, pyridabenthion,
pyrazofos(8)
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Table 10. The comparison of order of elution solvent at cleanup
procedure using open column chromatography (STD #3)

Elution solvent

Detected pesticides

hexane:methylene chloride(1:1)

diphenylamine, phorate, terbufos,
ethion, carbophenothion(5)

tert-butylmethylether:
hexane(9:1)

molinate, tebupyrimfos, prometryn,

metalaxyl, esprocarb, diethofencarb,
pendimethalin, tolyfluanid, isofenfos,
mecarbam, buprofezine, edifenphos,
phosmet(13)

acetone:
methylene chloride(1:9)

propoxur, dimethoate, formothion,

diphenamide, cyprodinil, triazmate,
napropamide, fenamifos, flusilazole,
paclobutazole, fenothiocarb(11)
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Table 11. The comparison of order of elution solvent at cleanup
procedure using open column chromatography (STD 4#)

Elution solvent

Detected pesticides

hexane:methylene chloride(1:1)

heptachlor, heptachlor epoxide,
bifenthrin(3)

tert—butylmethylether:
hexane(9:1)

telflubenzuron, tefluthirn, fluoroimide,
dicloran, dithiopyr, vinclozoline,
acetochlor, acrinathrin, thiazopyr,
chlorpyrifos—methyl, flufenacet,
metribuzin, linuron, fipronil, zoxamide,
butachlor, pretilchlor, oxadiazone,
trifluzamide, oxyfluorfen, profenofos,
chlorfenapyr, fluazinam, myclobutanil,
chlorobenzilate, diclofop—methyl,
fenamidone, dicofol, procymidone(29)

acetone:
methylene chloride(1:9)

flubenoxuron, dimethenamid, fthalide,
isoprothiorane, anilofos,
propiconazole,

norflurazone, nuarimol, metolachlor,
dimethylvinphos, triflumizide(11)
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Fig. 6. Chromatogram of pesticides extracted from soybean sample by G.C/ECD(STD #1)
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Fig. 7. Chromatogram of pesticides extracted from soybean sample by G.C/NPD(STD #2)
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Fig. 8. Chromatogram of pesticides extracted from soybean sample by G.C/NPD(STD #3)
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Fig. 9. Chromatogram of pesticides extracted from soybean sample by G.C/ECD(STD #4)
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Table. 12. List of detected pesticides

(unit : number of items)

Pesticides Detected MRL< exp. value
procymidone 8 1
chlorfenapyr 5 1
endosulfan 4 1
chlorthanonil 1 -
EPN 1 -
cyhalothrin 1 1
diazinone 2 -
chlorpyrifos 2 1
metalaxyl 1 -
fenitrothion 2 1
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Fig. 10.a. G.C/MSD spectrum of procymidone from lettuce.
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Appendex 1. Structures of pesticides used

Pesticide Structure M.W. Group
o =z
C'\)I\ NS I
Acetochlor J k 269.7 STD#4
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Vi >C_Cz CH3 n_ aC=N
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Appendex 1. Continued

Pesticide Structure M.W. Group
BHC . Cl H ]
— o H 390.85 STD#1
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Appendex 1. Continued

Pesticide Structure M.W. Group
[e]
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Appendex 1. Continued

Pesticide Structure M.W. Group
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Appendex 1. Continued

Pesticide Structure M.W. Group
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Appendex 1. Continued

Pesticide Structure M.W. Group
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Appendex 1. Continued

Pesticide Structure M.W. Group
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Appendex 1. Continued

Pesticide Structure M.W. Group
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Appendex 1. Continued

Pesticide Structure M.W. Group
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Appendex 1. Continued

Pesticide Structure M.W. Group
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Appendex 1. Continued

Pesticide Structure M.W. Group
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Appendex 1. Continued

Pesticide

Structure
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Appendex 1. Continued

Pesticide Structure M.W.  Group
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Pesticide

Structure

M.W. Group
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Appendex 1. Continued

Pesticide Structure M.W.  Group
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Pesticide Structure M.W. Group
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Appendex 1. Continued

Pesticide Structure M.W. Group
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Pesticide Structure M.W. Group
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Appendex 1. Continued

Pesticide Structure M.W. Group
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Appendex 1. Continued

Pesticide Structure M.W.  Group
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Pesticide Structure M.W.  Group
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Pesticide Structure M.W.  Group
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Appendex 1. Continued

Pesticide Structure M.W. Group
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