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The simultaneous analysis of multi-residual pesticides was developed using a gas chromatography (GC)
method. In this study, a simple and reliable methodology was improved to detect 154 kinds of pesticides in
ginseng extract sample by wusing a liquid-liquid extraction procedure, open column chromagraphy and
chromatographic analysis by GC electron capture detector (ECD) and GC nitrogen-phosphorus detector (NPD).
The 154 kinds of pesticides were classified in 4 groups according to the chemical structure.

The extraction of pesticides was experimented with 70% acetone and dichloromethane/petroleum ether in
order, and cleaned up via open column chromatography (3x30cm) packed with florisil (30g, 130°C, 12hrs). The
final extract was concentrated in a rotator evaporator at 40°C until dryness. Then the residue was redissolved to
2ml with acetone, and analyzed by GC-ECD and GC-NPD. The applied concentration of pesticides was over
I~10pg/ml. The recovery tests were ranged from 70.7% to 115.2% with standard deviations between 0.3 and
5.7% of the standard spiked to the ginseng extract sample (Group I~IV). The limit of detection (LOD) ranged
from 0.001 to 0.099ug/ml (Group [~IV). The 9 kinds of pesticides were not detected.

The developed method was applied satisfactory to the determination of the 154 kinds of pesticides in the
ginseng extract with good reproducibility and accuracy.
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Table 1. The list of residual pesticides used

QiEF AN GCE o183 ARt FATHE 24

Group I (49%)

Alachlor Cyfluthnn Endosulfan(a) Metobromuron
Aldrin Cyhalothrin Endosulfan(B) Nitrapyrin
BHC(a) Cypermethrin Endrin Pentachloroaniline
BHC(B) DDD (p.p) Ethalfluralin Permethrin
BHC(y) DDE (p.p) Fenarimol Propanil
BHC(8) DDT (p.p) Fenvalerate Quintozene
Bifenox Deltamethrin Flucythrinate Tecnazene
Bromopropylate Dichlobenil Fluvalinate Tetradifon
Captafol Dichlofluanid Folpet Tolclofos—methyl
Captan Dieldrin Imazalil Triadimefon
Chlorfenvinphos Difenoconazole Methoxychlor Tri-allate
Chlorothalonil Endosulfan sulfate Methyl pentachlorosulfide  Trifluralin
Chlorpyrifos

Group I (36%)

Azinphos-methyl EPN Methidathion Pyrazophos
Benfuracarb Ethoprophos Parathion-ethyl Simazine
Bitertanol Etrimfos Parathion—-methyl Tebuconazole
Cadusafos Fenazaquin Phenthoate Terbutryn
Carboxin Fenitrothion Phoxim Thiometon
Chinomethionat Fenobucarb Pirimiphos—ethyl Tralomethrin
Chlorpropham Fenthion Pirirniphos-methyl Triadimenol
Diazinon Iprobenfos Prothiofos Triazophos
Disulfoton Malathion Pyraclofos Vamidothion
Group II(38%)

Acephate Fenbuconazole Methiocarb Phosalone
Buprofenzin Fenpropathrin Mevinphos Phosmet
Carbophenothion Fensulfothion Monocrotophos Phosphamidone
Dichlorvos Flusilazole Napropamide Prometryn
Dimethoate Formothion Omethoate Propamocarb
Diphenamid Hexazinone Oxadixyl Propoxur
Diphenylamine Isofenphos Paclobutrazol Tebufenpyrad
Edifenphos Mecarbam Pendimethalin Terbufos
Ethion Metalaxyl Phorate Tolyfluanid
Fenamiphos Methamidophos

Group IV(31%)

Acetochlor Dicofol Metribuzin Profenofos
Bifenthrin Fipronil Myclobutanil Propiconazole
Bromacil Flubenoxuron Norflurazon Pyridaben
Chlorfenapyr Heptachlor Oxadiazon Quizalofop-ethyl
Chlorobenzilate Hexaconazole Oxyfluorfen Telflubenzuron
Chlorpyrifos-methyl Isoprothioran Penconazole Triflumizole
Diclofop—methyl Linuron Prochloraz Vinclozoline
Dicloran Metolachlor Procymidone
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Table 2. Coditions of gas chromatography for quantitative analysis of residual pesticides

Group [ Group II

* Detector . ECD * Detector . NPD

* Inlet temp. 1 280C, * Inlet temp. 1 280C,

* Detector temp. : 310C * Detector temp. : 310C

* Flow rate : 09md/min * Flow rate : 1.0ml/min

* Column . Ultra-2 * Column * Ultra-2
(50mx0.32mmx0.17em) (50mx0.32mmx0.17m)

* Oven temp. program
130C, 1min —5C/min — 180C, 17min—
5C/min — 215C, 8min — 5C/min —

* Oven temp. program
130°C, 1min—5C/min— 185C, 27min—
10°C/min — 280T, 15min

290°C, 1lmin

Group I Group IV

* Detector : NPD * Detector : ECD

* Inlet temp. 12507, * Inlet temp. 1 2707,

* Detector temp. - 280TC * Detector temp. : 290C

* Flow rate : 1.2mé/min * Flow rate : 0.8ml/min

* Column . Ultra-1 = Column © SPB 608
(50m>0.32mm>0.17 zm) (60mx0.25mm*0.25m}

* Oven temp. program

120°C, 1min — 5C/min— 150, 10min—
5C/min— 190C, 15min— 10C/min —
300C, 2min

* OQven temp. program

230C, 16min — 5C/min — 245C, 8min—
5C/min— 270, 5min — 10C/min —
290C, 17min

Z ECD*= ultra-29 SPB-603 column®. & NPD

= ultra-13 ultra-2 columne ® FE3tATh 2HF
ol B glojA 9 groupd HZHEAE Table 2
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AsEdd A GCE ol &3
cypermethrin 14| peak”} 2] ¥ A &1 fluvalinate
2HA peak®t fenvalernate’ 1WA peak’t #AAHTH
Grup T °lA+= benfuracarb peak®t pyrazophos peak,
group [MolA+E acephate peak®} mevinphos 13
peak, group IVOlAE vinclozolin peak$} acetochlor
peak7t A 2 HA ¥ Ao ey

32 854& 4% (Recovery test)

7 25 AiseF 228 (working solution)
Ime& zH7r kst A& WA (Fig. D €A
of wel MEe & 24 2588 Ay FEVE o)
3l GCEA & st (Fig. 2~5). H7ksk 2+ :1%‘
3 EEE 1~10py/myon, 38 utEsie] g4
S &334t (Table 3~6).
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Group 19 3582 80.3~1024% EHoln
FHAE 05~57%2 AMNEHded o Zie
Table 391 YEPW A} Captafold 3482 80.3%
29 93, EFHAE bifenox, propanil®]
742y 45, 572 A Yk Group T &2
70.7~1152%9] HHeola ZEHA= 03~3.1%H
ouw I % azinphos-methyl, methidathion, pyr-
azophos, triazofos®] 3582 ZH7} 1152, 1098,
1064, 1086%2 7M1 L FFCE UERe
bitertanol, disulfton, fenobucarb® X ZHzt= 2.8,
31, 27%= 71 = A vt} (Table 4).

l:Ll

Sample 20g
} 100mt of 70% Aceton
Homogenizing for 10min, 200rpm
| Filtering (celite)
Moving to other separate funnel (liquid layer, twice)
| 100m{ of Petroleum ether
| 100m¢ of Dichloromethan
Shaking for 10 min & Filtering
J
Upper layer (organic layer)
} Sat. NaCl 100m¢
Shaking for 5 min
{ Organic layer
Florisil column chromatography (3x30cm)
} Elution [Hexanemethylene chloride(1:1),
ether:heéxane(9:1),
acetone'methylene chloride(1:9)]
Filtering with anhyrous NaxSO4
|
Evaporation
!

Mass up 2m¢ with aceton

Fig. 1. Pretreatment procedure of residual pesticides
in the ginseng extract.
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Table 3. Recovery and limit of detection (LOD) of
residual pesticides (Group I, n = 3)
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Table 4. Recovery and limit of detection (LOD) of
residual pesticides (Group I, n = 3)

Pesticides Recovery+SD(%) LOD(ug/mt) Pesticides Recovery+SD(%) LOD(ug/mé)

1. Alachlor - 922+18 046 1. Azinphos-methyl 115.2+05 0.015

2. Aldrin 85.03.7 0.005 2. Benfuracarb 886+1.5 0.017

3. a-BHC 914219 0.004 3. Bitertanol 82.1+2.8 0.001

4. B-BHC 91.623.0 0.006 4. Cadusafos 87.9+1.2 0.005

5. y-BHC 86.2+1.7 0.004 5. Carboxin 80.3+2.1 0.006

6. 6-BHC 925426 0.016 6. Chinomethionat 99.9+09 0.041

7. Bifenox 102.4x45 0.035 7. Chlorpropham 86.5¢1.1 0.018

8. Bromopropvrate 93.3£29 0.018 8. Diazinon 82.0+1.2 0.012

9. Captafol 80.3£1.5 0.010 9. Disulfton 81.0+3.1 0.002

10. Captan P.1+17 0.017 10. EPN 89.0+0.3 0.006

11. Chlorfenvinphos 92.6+4.1 0.011 11. Ethoprophos 82.5+1.5 0.006

12. Chlorothalonil 89.3x0.9 0.006 12. Etrimfos 83.9+1.] 0.007

13. Chlorpyrifos 88315 0.024 13. Fenazaquin 779418 0.011

14. Cyfluthrin 85.8£0.8 0.052 14. Fenitrothion 97.0£0.9 0.020

15. Cyhalothrin 91.6%3.1 0.043 15. Fenobucarb 71129 0.011

16. Cypermethrin 88.4£1.7 0.064 16. Fenthion 78.2+0.8 0.022

17. DDD 93.6+3.8 0.007 17. Iprobenfos 79.50.7 0.004

18. DDE 86.4£3.6 0.005 18. Malathion 98.2+0.8 0.019

19. DDT 93.3£1.7 0.005 19. Methidathion 109.8+1.4 0.019
20. Deltamethrin 81.0+1.9 0.021 20. Parathion-ethyl 94.7+0.8 0.022
21. Dichlofluanid 97.9+0.7 0.063 21. Parathion-methyl 95.620.6 0.020
22. Diclobenil 82.9+0.7 0.012 22. Phenthoate 92.2+0.3 0.020
23. Dieldrin 93.2+1.2 0.005 23. Phoxim 39.6£2.0 0.010
24. Difenconazole 94.0£3.9 0.016 24. Pirimifos-ethyl 38.7x0.3 0.019
25. Endosulfan sulfate 92.6£3.0 0.007 25. Pirimifos-methyl 90.4£0.8 0.013
26. a-endosulfan 89.11.1 0.006 26. Prothiofos 92.6%1.2 0.010
27. B-endosulfan 93.3£25 0.057 27. Pyraclofos 85.3+2.2 0.005
28. Endrin 83.7+0.6 0.006 28. Pyrazophos 106.4109 0.007
29. Ethalfluralin 87.8+38 0.015 29. Simazine 92.9+0.9 0.008
30. Fenarimol 89.2+34 0.009 30. Tebuconazole 79122 0.016
31. Fenvalerate 838+1.9 0.012 31. Terbutryn 80.4£0.4 0.002
32. Flucythrinate 89.2+2.1 0.060 32. Thiomethon 707429 0.001
33. Fluvalinate 89.7+2.1 0.012 33. Tralomethrin 80.320.6 0.016
34. Folpet 889:15 0.040 34. Triadimenol 83.3+0.4 0.009
35. Imazalil 85.6+0.9 0.028 35. Triazofos 1086=1.7 0.008
36. Methoxychlor 95.1+2.3 0.053 36. Vamidothion 876114 0015
37. Methylpentachlorosulfide 97.3+29 0.008
2 Neobromuron o FAGAR 2AYe 224 7 wokd s
7 71, 005 -~
40, Pentachloroariline 867424 0022 A "] (# 4] 10ppb)olshe] 2=t screening®l A=
41, Permethrin 88.7+2.1 0.074 30%A Eol L AP ME 0%l e 35
42. Propanil 96.8:5.7 0011 SoJME RS A EAYHOE ALEH
43. Quintozene 84.4%29 0.005 i eH?,
44. Tecnazone 84.3+1.2 0.0().? o]t Al FEtEl EA|BAWWL |54%0] HE
b, etraditon SOGR e sobg gAate B AW 4Ry Mo
46. Toclofos-methyl 89.7+1.7 0.035 W Ao Alzbo] We EE ARG TAlo] HA
47. Triadimefon 84.6+0.5 0.033 o j“o— = fi: ;A o 0;;— © - ﬂ;;
48, Tri-allate 88.3+0.8 0.008 =2 T ,\)\01 W1 O I_E"'] T’:—;oﬂ }‘1»’— A AT
49. Trifluralin 835£29 0.010 T s AeE AlgdEH
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Pesticides Recovery+SD(%) LOD(yg/mf)

1. Acephate N.D. -
2. Buprofezin 91.3£0.9 0.033
3. Carbophenothion 98.0+0.9 0.040
4. Dichlorvos N.D. -
5. Dimethoate 99.8+0.5 0.040
6. Diphenamid 87.0£0.3 0.067
7. Diphenylamine 79.6+1.4 0.060
8. Edifenphos 94.60.3 0.055
9. Ethion 92.9+1.1 0012
10. Fenamiphos 79.3£1.0 0.001
11. Fenbuconazole 77513 0.034
12. Fenpropathrin 93.2+2.3 0.068
13. Fensulfothion 87.3+0.7 0.050
14. Flusilazole 979105 0.073
15. Formothion 79.4+0.9 0.010
16. Hexazinone N.D. -
17. Isofenphos 92.7£1.0 0.035
18. Mecarbam 86.5+0.7 0.050
19. Metalaxyl 90.410.6 0.058
20. Methamidofos N.D. -
21. Methiocarb 84.9£1.0 0.099
22. Mevinphos 827428 0.047
23. Monocrotophos ND. -
24. Napropamide 97.4+19 0.067
25. Omethoate N.D. -
26. Oxadixyl N.D. -
27. Paclobutrazole 96.5+0.5 0.046
28. Pendimethalin 98.8+0.3 0.087
29. Phorate 96.3+1.1 0.003
30. Phosalone 96.1+2.1 0.043
31. Phosmet 95.5+1.2 0.026
32. Phosphamidone N.D. -
33. Prometryn 90.3+1.2 0.032
34. Propamocarb N.D. -
35. Propoxur 99.8+24 0.059
36. Tebufenpyrad 838+1.9 0.061
37. Terbufos 88.6%1.1 0.030
38. Tolyfluanid 94.6+0.8 0.094
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Table 6. Recovery and limit of detection (LOD) of
residual. pesticides (Group IV, n = 3)

Pesticides Recovery +SD(%) LOD(zg/mé)
1. Acetochlor 87.7+04 0.004
2. Bifenthrin 79.3+2.3 0.027
3. Bromacil 101.8+0.3 0.001
4. Chlorfenapyr 75.3:0.5 0.007
5. Chlorobenzilate 80.0£1.2 0.002
6. Chlorpyrifos—methyl 93.1x04 0.006
7. Dichloran 80.0£1.0 0.004
8. Diclofop-methyl 92.1£1.0 0.009
9. Dicofol 92.6x1.3 0.012
10. Fipronil 88.6+1.8 0.007
11. Flubenoxuron 89.41.0 0.005
12. Heptachlor 55.7:2.8 0.005
13. Hexaconazole 84.1+0.5 0.016
14. Isoprothioran 83.4x1.6 0.031
15. Linuron 92.4+1.8 0.020
16. Metolachlor 92.8+1.7 0.021
17. Metribuzin 80.320.6 0.006
18. Myclobutanil 79.7+06 0.016
19. Norflurazon 90.9+1.6 0.008
20. Oxadiazone 91.3t16 0.007
21. Oxyflurofen 89.8+2.3 0.007
22. Penconazole 98.7+1.9 0.007
23. Prochloraz 80.0£15 0.011
24. Procymidone 89.2£1.9 0.010
25. Profenofos 89.0+2.3 0.009
26. Propiconazole 94716 0.023
27. Pyridaben 89.5+1.9 0.017
28. Quizalofop-ethyl 89.5%2.2 0.014
29. Telfubenzuron 81.0£25 0.005
30. Triflumizole 80.6x1.4 0.008
31. Vinclozoline 87.7+05 0.004
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