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e { Abstract : ~

In order to survey residual characteristics of pesticides in the agricultural products selling at markets and to
assess their safety, a total of 120 agricultural products were collected from the wholesale and traditional
markets in Cheongju and analyzed the pesticide residues in them by multiresidue analysis method using GLC,
HPLC and GC-MSD. Three pesticides, procymidone, penconazole, and tetraconazole, were detected from 4
samples such as onion, leek, tomato, and green pepper. Fungicide penconazole was detected from the onion
collected from wholesale market. In case of traditional market, fungicide procymidone was detected from leek
and tomato and fungicide tetraconazole was detected from green pepper. Pesticide residues were detected from
3.3% of the total samples. The estimated daily intakes (EDIs) of the pesticides detected were less than 0.1%
of their acceptable daily intakes (ADIs), representing that residue levels of the pesticides detected were
evaluated as safe.
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Table 1. Agricultural products collected from wholesale and traditional markets in Cheongju

Type Group Agricultural product
Cereal grain - Rice(l)a)
Potato - Potato, Sweet potato(2)
Bean - Red bean, Black bean(2)
Pome fruit Apple, Pear, Persimmon(3)
Fruit Citrus fruit Mandarin(1)
Berries and other small fruit Strawberry(1)
Leafy vegetable Chinese cabbage, Lettuce, Perilla leaves, Radish leaves,
& Broccoli, Chicory(6)
Stalk and stem vegetable Welsh onion, Leek, Celery(3)
Vegetable - - - -
Root and tuber vegetable Radish, Onion, Garlic, Carrot, Ginseng(5)
; 1
Fruiting vegetable Cucumber, Squash, Tomato, Green pepper, Eggplant,
Korea melon(6)
Total 30

“Figures in parenthesis represent the number of samples collected for the analysis of pesticides

Table 2. Target pesticides for residue monitoring of pesticides

Classification

Pesticide

Acetamiprid, Bifenthrin, Buprofezin, Cadusafos, Carbaryl, Carbofuran, Chlorfenapyr, Chlorfluazuron,
Chlorpyrifos, Chlorpyrifos-methyl, Clothianidin, Cyfluthrin, Cyhalothrin, Cypermethrin, Diazinon, Dicofol,
Diflubenzuron, Endosulfan, EPN, Ethoprophos, Fenitrothion, Fenobucarb, Fenpropathrin, Fenthion, Fenvalerate,

Insecticide (54)°

Fipronil, Flufenoxuron, Furathiocarb, Halfenprox, Imidacloprid, Indoxacarb, Isoprocarb, Malathion,

Methidathion, Methiocarb, Methomyl, Parathion, Permethrin, Phenthoate, Phorate, Phosalone, Pirimiphos-methyl,
Pyridaben, Pyridaryl, Tebufenozide, Tebufenpyrad, Tebupirimfos, Teflubenzuron, Tefluthrin, Terbufos,

Tetradifon, Thiacloprid, Thiamethoxam

Azoxystrobin, Bitertanol, Boscalid, Carbendazim, Chlorothalonil, Cyazofamid, Cymoxanil, Cyprodinil,
Dichiofluanid, Diethofencarb, Difenoconazole, Dimethomorph, Diniconazole, Edifenphos, Fenarimol, Fenoxanil,
Fludioxonil, Fluquinconazole, Flutolanil, Fthalide, Hexaconazole, Iprobenfos, Iprodione, Isoprothiolane,

Fungicide (46)

Kresoxim-methyl, Lufenuron, Mepanipyrim, Metalaxyl, Nuarimol, Penconazole, Pencycuron, Probenazole,

Procymidone, Pyraclostrobin, Pyrazophos, Pyrimethanil, Tebuconazole, Tetraconazole, Thifluzamide,
Tolclofos-methyl, Triadimefon, Tricyclazole, Trifloxystrobin, Triflumizole, Vinclozolin

Herbicide (2)  Butachlor, Pendimethalin

Others (1) Paclobutrazol(plant growth regulator)

a)Figures in parenthesis represent the total number of pesticides.



Table 3. Pesticide groups categorized with instruments and detectors for multiresidue analysis

Instument  Group Pesticide
Azoxystrobin, Bifenthrin, Chlorfenapyr, Cypermrthrin, Dichlofluanid, Difenoconazole, Endosulfan, Fenpropathrin,
ECD 1 Indoxacarb, Isoprothiolane, Kresoxim-methyl, Lufenuron, Penconazole, Permethrin, Procymidone, Pyridaben,
Pyridalryl, Tefluthrin, Tetraconazole, Tetradifon, Triadimefon, Vinclozolin
ECD 2 Butachlor, Chlorfluazuron, Chlorothalonil, Cyfluthrin, Cyhalothrin, Dicofol, Fenarimol, Fenoxanil, Fenvalerate,
GLC Fipronil, Flufenoxuron, Flutolanil, Fthalide, Halfenprox, Iprodione, Nuarimol, Paclobutrazol, Probenzole, Thifluzamide
NPD 1 Bitertanol, Chlorpyrifos, Cyprodinil, Diazinon, Diniconazole, Ethoprophos, Fenitrothion, Fludioxonil, Iprobenfos,
Malathion, Methidathion, Phenthoate, Phorate, Phosalone, Tebuconazole, Tebufenpyrad, Tolclofos-methyl
NPD 2 Buprofezin, Cadusafos, Chlorpyrifos-methyl, Edifenphos, EPN, Fenthion, Furathiocarb, Hexaconazole,
Metalaxyl, Parathion, Pendimethalin, Pirimiphos-methyl, Pyrazophos, Tebupirimfos, Terbufos, Triflumizole
DAD 1 Clothianidin, Imidacloprid, Mepanipyrim, Pencycuron, Pyrimethanil, Tebufenozide, Thiacloprid, Tricyclazole,
Trifloxystrobin
Acetamiprid, Boscalid, Carbendazim, Cyazofamid, Cymoxanil, Diethofencarb, Diflubenzuron, Dimethomorph,
HPLC DAD 2 .
Pyraclostrobin, Teflubenzuron
FLD 1 Carbaryl, Carbofuran, Fluquinconazole, Isoprocarb, Methiocarb, Thiamethoxam
FLD 2 Fenobucarb, Methomyl

Table 4. Composition of each eluting solvent used for Florisil
column chromatography

Eluting solvent Composttion of solvent mixture

Cl n-Hexane:Dichloromethane (80:20, v/v)

2 n-Hexane:Dichloromethane: Acetonitrile
(49.65:50:0.35, v/viv)

c3 n-Hexane:Dichloromethane: Acetonitrile
(48.5:50:1.5, viviv)

ca n-Hexane:Dichloromethane: Acetonitrile
(45:50:5, viviv)

C5 Dichloromethane: Acetonitrile (50:50, v/v)

Addition 100 mL acetone or acetonitrile

Addition of 100 mL saturated NaCl
solution and 400 mL distilled water

L |

I Dissolved with 5 mL n-hexane:acetone(8:2, v/v) ]

[ |
Florisil column chromatography Florisil column chromatography
(Elution of pesticides with C1, (Elution of pesticides with
€2, C3, C4, and C5 solvents” n-hexane:acetone (50:50, v/v))

10 g or 20 g Sample

Blending or shaking

[

Filtration under vacuum

I

Partition with 50 mL dichloromethane twice

Evaporation

I | I ]

[ Dissolved with 2 mL acetone | [ Dissolved with 2 mL acetonitile ]
I
I I I ]

Fig. 1. A scheme for multiresidue analysis of pesticides in

agricultural product.
“Refer to Table 4.
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Table 5. Gas chromatographic conditions for the analysis of the pesticide residues in agricultural products

Instrument Agilent 7890 GC equipped with ECD and NPD, U.S.A.
Column DB-5, 30 m L. x 0.25 mm L.D., 0.25 um film thickness
Oven: Programmed from 130°C for 2 min to 200C at a rate of 7C/min, increased to 220T at a rate
Temperature of 2C/min and hold for 4 min, and increased to 300 at a rate of 10'C/min and hold for 6 min Injector:
250°C, Detector: 310T '
Carrier N : 1 mL/min for ECD and NPD
Detector H, : 3 mL/min for NPD
Flow rate Air : 60 mL/min for NPD
Make-up Ny 60 mL/min for ECD

5 mL/min for NPD

Split ratio

10:1 for GLC-ECD and splitless for GLC-NPD

Injection vol.

1 uL

Table 6. Liquid chromatographic conditions (DAD) for the analysis of the pesticide residues in agricultural products

Instrument Agilent 1200 HPLC, U.S.A.
Detector Diode Array Detector
Column Supelco™ LC-18, 46 mm LD. x 250 mm L. (5 um)
Wavelength 254 nm
Mobile phase Gradient (A:acetonitrile, B:water)
Time A(%) B(%) Flow
0 20 80 1.0
2 20 80 1.0
10 40 60 1.0
22 75 25 1.2
28 75 25 1.2
30 20 80 1.0
Injection volume 10 uL

Table 7. Liquid chromatographic conditions (FLD) for the analysis of the pesticide residues in agricultural products

Instrument

Agilent 1200 HPLC, U.S.A.

Post reactor

VECTOR PCX, Pickering laboratories

Detector

Fluorescence Detector
(Ex. : 340 nm, Em. : 455 nm)

Column

Supelco™ LC-18, 4.6 mm LD. x 250 mm L. (5 um)

Reactor Temp.

100C

Post reactor pump

Pump 1: Hydrolysis regent (0.3 mL/min)
Pump 2: O-Phthalaldehyde (0.3 mL/min)

Mobile phase

Gradient (A:acetonitrile B:water)

Time A(%) B(%) Flow

0 20 80 1.0

2 20 80 1.0

20 70 30 1.0

25 70 30 1.0

30 20 80 1.0
Injection vol. 10 pL




Table 8. GC-MSD operating conditions for the identification of pesticides detected from agricultural commodities

Instrument Agilent 6890 GC equipped with mass selective detector (MSD), Agilent, U.S.A.
Column DB-5MS, 30 m L. x 0.25 mm LD, 0.25 ym film thickness
Temperature Oven: Progoramx'ned from 80C for 2 .min, inf:reased to 250°C° at a rate of 7°C/§nin,.increased to 280TC .at
a rate of 5C/min and hold for 20 min, and increased to 300C at a rate of 10C/min and hold for 5 min
Flow rate Carrier gas (He) : 1 mL/min
Solvent delay time 4 min
Split mode Splitless
Injection vol. 1yl

Table 9. Lists of pesticides detected from the agricultural products collected from markets

Market Agricultural product Pesticide detected Concentration (mg/kg) Max. residue limit (mg/kg)
Wholesale Onion Penconazole 0.094 0.1 for cucumber
Leek Procymidone 0470 0.05 for others
Traditional Tomato Procymidone 0.013 5.0
Green pepper Tetraconazole 0.042 1.0
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Fig. 2. Typical GLC-ECD chromatograms showing procymidone detected from leek (A) and tomato (B) collected from traditional
market.
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Fig. 3. Typical total ion chromatograms (TICs) and GC-MSD spectra of procymidone standard and detected from leek and tomato
at traditional market. A: TIC of procymidone standard, B: Mass spectrum of procymidone standard, C: TIC of procymidone detected
from leek, D: Mass spectrum of procymidone detected from leek, E: TIC of procymidone detected from tomato, F: Mass spectrum
of procymidone detected from tomato.
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Table 10. Safety assessment of pesticide residues in agricultural products collected from wholesale and traditional markets in

Cheongju
. t- . )

Ve | Agrioultural  Pesticide C;’;fg;’ Daily food MRL EDI® ADIY % ADI
¢ product detected (meke) intake (g) (mg/kg) (mg/kg) (mg/manskg) ’
Wholesale ~ Onion Penco- 0.094 14.6 0.1 for 0.00137 0.03 0.08318

nazole cucumber
Leck Procy- 0.47 1.0 0.05 for 0.00047 0.1 0.00855
midone others
Traditional  Tomato Procy- 0.013 14 5.0 0.00002 0.1 0.00033
midone
Green Tetraco- 0.042 52 1.0 0.00022 0.004 0.09927
pepper nazole
“Average concentration (mg/kgyxdaily food intake (kg/man/day)
YADIx55 kg

9% ADI=(estimate daily intake/acceptable daily intake) x 100
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