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/7 i Abstract § \

In order to monitor the residual characteristics of the pesticides in leafy vegetables selling at wholesale markets
and traditional markets in Cheongju, a total of 180 samples of 15 leafy vegetables, such as broccoli, celery,
chard, chicory, Chinese vegetable, Chwinamul, crown daisy, Korean cabbage, leek, lettuce, perilla leaves,
Shinsuncho, spinach, welsh onion and young radish, were purchased from the wholesale markets and traditional
markets in June and August in 2010 and the pesticide residues in them were analyzed by multiresidue analysis
method using GLC, HPLC and GC-MSD. Seven pesticides were detected from 12 samples out of total 180
samples collected, representing detection rate was 6.7%. In case of the samples collected from markets in June,
four pesticides including tefluthrin were detected from six samples and in case of the samples collected from
markets in August, three pesticides including pendimethalin were detected from three samples. The MRL-exceeding
rate of pesticides detected from leafy vegetables was 0.6%. The pesticide exceeded its MRL was azoxystrobin
detected from crown daisy and many pesticides were not registered to the crops, excepting that azoxystrobin
detected from Chwinamul and tefluthrin from leek. Estimated daily intakes (EDIs) of the pesticides detected
from leafy vegetables were less than 7% of their acceptable daily intakes (ADIs), representing that residue
levels of the pesticides detected were evaluated as safe.

Key words Monitoring of pesticide, leafy vegetable, wholesale market, traditional market, estimated daily
intake, acceptable daily intake
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Table 1. Target pesticides for the pesticide monitoring in leafy vegetables

Use Pesticide
Acetmiprid, Bifenthrin, Buprofezin, Cadusafos, Carbaryl, Carbofuran, Chlorfenapyr, Chlorfluazuron,
Chiorpyrifos, Chlorpyrifos-methyl, Clothianidin, Cyfluthrin, Cyhalothrin, Cypermethrin, Diazinon,
Fungicide Dicofol, Diflubenzuron, Endosulfan, EPN, Ethoprophos, Feni@()thion, Fenobucarb, Fenpropathrin,
(54%) Fenthion, Fenvalerate, Fipronil, Flufenoxuron, Halfenprox, Imidacloprid, Indoxacarb, Isoprocarb,
Malathion, Methidathion, Methiocarb, Methomyl, Parathion, Permethrin, Phenthoate, Phorate, Phosalone,
Pirimiphos-methyl, Pyridaben, Pyridalyl, Tebufenozide, Tebupirimfos, Teflubenzuron, Tefluthrin,
Terbufos, Tetradifon, Thiacloprid, Thiamethoxam
Azoxystrobin, Bitertanol, Boscalid, Carbendazim, Chlorothalonil, Cyazofamid, Cymoxanil, Cyprodinil,
Dichlofluanid, Diethofencarb, Difenoconazole, Dimethomorph, Diniconazole, Edifenphos, Fenarimol,
Insecticide Fenoxanil, Fludioxonil, Fluquinconazole, Flutolanii, Fthalide, Hexaconazole,.Iprobenfos, Iprodione,
(46%) Isoprothiolane, Kresoxim-methyl, Lufenuron, Mepanipyrim, Metalaxyl, Nuarimol, Penconazole,
Pencycuron, Probenazole, Procymidone, Pyraclostrobin, Pyrazophos, Pyrimethanil, Tebuconazole,
Tetraconazole, Trifluzamide, Tolclofos-methyl, Triadimefon, Tricyclazole, Trifloxystrobin, Triflumizole,
Vinclozolin
Herbicide Butachlor, Pendimethalin
(2%)
Plant grox‘til) regulator Paclobutrazole

*No. of pesticide.

Table 2. Composition of each elution solvent for Florisil column chromatography

Elution mixture

Composition of solvent mixture

Cl n-Hexane:Dichloromethane (8:2, v/v)

() n-Hexane:Dichloromethane: Acetonitrile (49.65:50:0.35, v/v/v)
C3 n-Hexane:Dichloromethane: Acetonitrile (48.5:50:1.5, v/v/v)
Cc4 n-Hexane:Dichloromethane: Acetonitrile (45:50:5, v/viv)

C5 Dichloromethane: Acetonitrile (5:5, v/v)
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Table 3. GC-ECD/NPD conditions for the analysis of pesticide residues in leafy vegetables

Instrument Agilent 7890 Network, U.S.A.
Detector Electron capture detector and Nitrogen phosphorus detector
Column DB-5 30 m L. x 0.25 mm LD, 0.25 pm film thickness)
QOven
Calescence Temperature Hold time
(C/min) ) (min)
130 2
Temperature 200 0
2 220 4
10 300 6
Injector: 250°C, Detector: 310
Carrier (N,) : 1 mL/min for ECD and NPD
Hydrogen (H;) : 3 mbL/min for NPD
Flow rate
Air : 60 ml/min for NPD
Make-up (N;) : 60 mL/min for ECD and 5 mL/min for NPD

Split ratio

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

Injection volume 1ol

Table 4. HPLC-DAD conditions for the analysis of pesticide residues in leafy vegetables

Instrument Agilent 1200 Network, USA
Detector Diode array detector {DAD)
Column Supelcosil™ LC-18 (4.6 mm LD. x 250 mm L., 5 pm)
Wavelength 254 nm
Gradient (A : acetonitrile, B : water)
Time (min) A (%) B (%) Flow (mL/min)

20 80 1.0

] 20 80 1.0

Mobile phase 10 40 60 10

22 75 25 1.2

28 75 25 1.2

30 20 80 1.0

10 uL

Injection volume




Table 5. HPLC-FLD conditions for the analysis of pesticide residues in leafy vegetables
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Instrument

Agilent 1200 Network USA

Post reactor

VECTOR PCX Pickering laboratories

Detector

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

Column

Supelcosil™ LC-18 (4.6 mm 1D. x 250 mm L., 5 pm)

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 (min) A (%) B (%) Flow (mL/min)
0 20 80 1.0
20 80 1.0
20 70 30 1.0
25 70 30 1.0
30 20 80 1.0

Injection volume

10 pL

Table 6. GC-MSD conditions for the analysis of pesticide residues in leafy vegetables

Instrument Agilent 6890 Network, U.S.A.
Detector Mass selective detector (MSD)
Column DB-5MS (30 m L. x 0.25 mm LD., 0.25 um film thickness)
Oven
Calescence (C/min) Temperature (C) Hold time (min)
130 2
200 0
Temperature 2 220 4
10 300 6
Injector : 250C
Source : 230C
Quad : 150C
Interface : 280C
Flow rate Carrie:f gas (He) 1 mL/min
Solvent delay time 4 min
Split mode Splitless
Injection volume 1 ul
A ARRE 4 Z8)d 43 A2 AA7E permissible intake, MPI)©.& 1}5=0] AM&3}9] 0., 4eoF9]
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Table 7. Pesticide groups categorized with instruments and detectors for multiresidue analysis

Instrument Detector  Group Pesticide

Azoxystrobin, Bifenthrin, Chlorfenapyr, Cypermethrin, Dichlofluanid, Difenoconazole, Endosulfan,
1 Fenpropathrin, Indoxacarb, Isoprothiolane, Kresoxim-methyl, Lufenuron, Penconazole, Permethrin,
Procymidone, Pyridaben, Pyridalyl, Tefluthrin, Tetraconazlole, Tetradifon, Triadimefon, Vinclozolin

Butachlor, Chlorfluazuron, Chlorothalonil, Cyfluthrin, Cyhalothrin, Deltamethrin, Dicofol,
2 Esfenvalerate, Fenarimol, Fenvalerate, Fipronil, Flufenoxuron, Flutolanil, Fthalide, Halfenprox,
Iprodione, Nuarimol, Paclobutrazole, Probenazole

Bitertanol, Chlorpyrifos, Cyprodinil, Diazinon, Diniconazole, Ethoprophos, Fenitrothion,
1 Fludioxonil, Iprobenphos, Malathion, Methidathion, Phenthoate, Phorate, Phosalone,
Tebuconazole, Tebufenpyrad, Tolclofos-methyl

Buprofezin, Cadusafos, Chlorpyrifos-methyl, Edifenphos, EPN, Fenthion, Furathiocarb,
2 Hexaconazole, Metalaxyl, Parathion, Pendimethalin, Pirimiphos-methyl, Pyrazophos,
Tebupirimfos, Terbufos, Triflumizole

1 Clothianidin, Imidacloprid, Mepanipyrim, Pencycuron, Pyrimethanil, Tebufonozide, Thiacloprid,
Tricyclazole, Trifloxystrobin

5 Acetamiprid, Boscalid, Cyazofamid, Cymoxanil, Diethofencarb, Diflubenzuron, Dimethomorph,

HPLC Pyraclostrobin, Teflubenzuron

Carbaryl, Fluquinconazole, Isoprocarb, Methiocarb, Thiamethoxam

FLD
2 Fenobucarb, Methomy!
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Fig. 1. Chromatograms of four standard mixtures analyzed with a GC-ECD and a GC-NPD for the multiresidue analysis of pesticides
in leafy vegetables. A, GC-ECD mixture; B, GC-ECD mixture II; C, GC-NPD mixture I; and D, GC-NPD mixture II.
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Fig. 2. Chromatograms of four standard mixtures analyzed with an HPLC-DAD and an HPLC-FLD for the multiresidue analysis
of pesticides in leafy vegetables. A, HPLC-DAD mixture I; B, HPLC-DAD mixture II; C, HPLC-FLD mixture [; and D, HPLC-FLD

mixture I
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Table 8. Pesticide detected from leafy vegetables in wholesale and traditional markets in Cheongju
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Concentration of pesticide

Pesticide Crop Sampling time Market” detected (mg/ke)
Azoxystrobin Celery June T 0.011
Celery June W 0.023
Chwinamul August T 0.003
Crown daisy June T 0.281
Cypermethrin Celery June T 0.071
Isoprothiolane Welsh onion June T 0.02
Pendimethalin Chwinamul June T 0.031
Pyridaben Young radish August W 0.285
Tefluthrin Chard June T 0.001
Crown daisy June T 0.001
Leek June W 0.008
Triadimefon Spinach August T 0.045

“W, wholesale market and T, traditional market.
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Fig. 4. Representative chromatograms of the pesticides detected from leafy vegetables. A, celery from the wholesale market; B, young
radish from the wholesale market; and C, Chwinamul from the traditional market.
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Fig. 5. Representative total ion chromatogram (TIC, A) and GC-MSD spectrum (B) of pyridaben in celery collected from the

wholesale market.
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Fig. 6. Representative total ion chromatogram (TIC, A) and GC-MSD spectrum (B) of pendimethalin in Chwinamul collected from

the traditional market.

EXNEREEREE L L EE SRS RS
02 o A2 g0l FUTH: Aol ST Ee A

(20062 200335 €| 2005 3717] QAR FAE 10,4317
off tiste] Fsehe 413 A3t isoprothiolane?} pyridaben

o] HF3s871EE 233ty AEHUT L B3}
5(2004)& A= 157 A oA 3159 FAHE 9008L

5

A
s
=

[¢)

o du

9l
10082

i P
e 3*5

A

A3
o

H
BL |

ki3

b AT AU, 2o, Fo, 9 9 A2
azoxystrobin®] 0.004-0.78 mg/kg HYE HE
ié‘h‘:} 5& £(2003)0] BT YA o AR A
ol 5ot 45 4 L 401889 &

AollA 659 w4t
A3} 7 Qlo) A cypermethrino]
Z+ 0.119-3.103 mgkgl = =533, isoprothiolane?] &



XY =0f H AfAE

2L 0.172 mg/kgolQltia B kgt

AHHA7E A2 5oke] = 6o A 9 559 2E
o)A} azoxystrobin €] 3F-9] oFo] HEE U, Yol = &
Lz 9 259 22004 pendimethalin 9] 2%-9] 5-2ko] 7
=50 7171 10.3%9} 3.3%9] AEEE Bt o= o4k
& @Ao] ALEHA A4 2 AT AL A3t
1 elE TS FUkste] wrtollA Ak 2149 699
WS WA disly] Y3t o AxE 8o et A
mHT 6dol AT AlRoA Foo] Yol AEH AR
TE . Z(2003)7 7(2009)2 6Yol= 5% AENE

M

ofo

391

71%0] d4d e

O

HUE| A F=5 azoxystrobin¥} pendimethalin, A& 2} o]
A AZH cypermethrin 121 F3o| M ZAZF tefluthrin
o]9il, 1 9 FokE AFgAE HFEL7|Ee] ALK

QISiet. A7 0) AAEA e Bk AR P

o A 4]
§71% 23} 0|8 WY Hik A

AE =0

I_'TT'O_}:7

A8 283t AR
39 H7lA HEd

Table 9. Intake ratios of pesticides detected from leafy vegetables collected in June based on acceptable daily intake (ADI) and

maximum permissible intake (MPI)

COI}C'.(;’f Food daily ~ADI  EDI”  MPIY
Crop Pesticide Market” pesticide intake” %ADI”  %MPI®
detected @ bw/d
w/da
(mg/kg) e Y
Celery Azoxystrobin T 0.011 0.08 (gpli) 0.0000009 9.9  0.00005 0.00001
. 0.18
Azoxystrobin w 0.023 0.08 0.0000018 9.9 0.001  0.00002
(EPA)
Cypermthrin T 0.071 0.08 0.5 0.0000057  2.75 0.011  0.00021
yp . . (Codex) . . .
. 0.005
Chard Tefluthrin T 0.001 0.4 (EPA) 0.0000004 0.275  0.008  0.00015
. . . 0.043
Chwinamul  Pendimethalin T 0.031 0.3 (Japan) 0.0000093 2365  0.022  0.00039
. 0.018
Azoxystrobin T 0.003 0.3 (EPA) 0.0000009  0.99 0.005  0.00009
. . 0.18
Crown daisy  Azoxysrobin T 0.281 0.7 (EPA) 0.0001967 9.9 0.109  0.00199
. 0.005
Tefluthrin T 0.001 0.7 0.0000007 0.275  0.014  0.00025
(EPA)
. 0.005
Leek Tefluthrin w 0.008 1.77 (EPA) 0.0000142 0275 0284  0.00516
. . 0.016
Welsh onion  Isoprothiolane T 0.02 10.95 (Japan) 0.0002190  0.88 1.369  0.02489
. o 0.005
Spinach Triadimfon T 0.045 7.4 (EPA) 0.0003360 0275 6720  0.12217
. . 0.005
Young radish Pyridaben w 0.285 0.35 (EPA) 0.0000998  0.275 1.996  0.03627

a)W, wholesale market and T, traditional market.

PKorea National Health and Nutrition Examination Survey, KFDA, 2007.

c)Acceptable daily intake (mg/kg bw/day).

YEstimated daily intake (mg bw/day) = {Residual concentration(mg/kg) x daily food intake of the vegetable (g bw/day)}/1000.

“Maximum permissible intake (mg bw/day) = ADI (mg/kg bw/day) x 55 kg (Average body weight of Korean adults).

%% Acceptable daily intake = (EDI/ADI) x 100.
¥4, Maximum permissible intake = (EDI/MPI) x 100.
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azoxystrobinFt 76187158 2afste] LAY HAEE B
Boiglon), BAHORE 08%0 HFo871E 2088 ¥
At A 5(2006)2 200392 € 2005477 AAAY A4S
1043171 dfsto] 25k A3 A7 isoprothiolanedt
pyridaben©| 273513718 23sto] HEE gk B s}

o 5oke] QHHAS Wfol] et ADI(acceptable daily
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9893 AFHsto] 25k A% 2 hexaconazole 5 5%
9 sofo] AEHson, AEH oY Ho] 4HEL %
ADI®] 0.3%u[gte.2 QrAsicial ®Barstgich E3F Hy
388 FH(maximum permissible intake, MPI) tht] 4]0
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o] =2 200934k FH UL Shed TR YA @
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et volofl, A4, A%, Ad AL, o2, 27,
o}, d&%, A4, ojzlst (2008) AHEAE F AFF
A 2AY, oFaahs)z] 12(4):323~334,

FEAEA w9 Ied (2001) 2001 HER T AL

A FOJREQHAA (2006) HAE 5 FE4 HEl2Al pp. 898~
911

A0 oFEAAY (2008) AlE3d (AA) pp. 10-9-1-1~10-15-
5-52.

Ao (2009) 4E9 HoF FRILIIE

A Z ORI (2004) AE F FACHYE 49 A I+

A FFERAA (2004) =7 JFF GAPEY 45

o3, HYR, o|FY, 2OE, e, 444 (2009 Y 4%
FAE F EBIA B 2UE R Y3z Bk, SSAE9F
alaiA] 38(12):1779~1784.

olulF, HAEt IAE, AR (2010) T sk AR R7IEY I
7 oA NS U3 A7 B3 BT} MM 43(2):41~
66.
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HFAA 45 FAEY FT 39T AREF A AT,
3287383l A] 25(2):180~189.
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2 % A 4% AAF 5 SARFAEE geloly] Hsto] 20104 693} 89 F o] AH AFepAE AR
ot A A3 5 15F QAR & 1808 AFate] 103%9] 5% o2 GC-ECD/NPD2H HPLC-DAD/FLD
5 ol8T AR FARAYOE AFgokS BAssth 18049 HARE F 1240lM 759 wfol AEEeH, HEe
2 6.7%0130tk. 69o] AFat AR M E LS T3t 659 SAHEA tefluthrin F 5F9 Foo] HEH o, 84U
175 ABoj A VS EEe 359] HAREOA] pendimethalin 5 35-9] Fofo] AEH U A&5 F 47887
233} ok Aeaate] £k A& E azoxystrobin 1502 AFE|L71E 2IE-E 0.6%0]92H, FHUEqA
2% azoxystrobin} 304 AEH tefluthring M3 BE A& 5% o &0 4F8E7]E0] 4HHA g2
Fojodct. FAFAM 4EH 5o YA EFHE UUAHSARHFY 7% olntez T Acz HIEHIh
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