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ABSTRACT

The characteristics of pesticide residues were examined in 18,069 samples from 91 vegetable commodities collected
in Seoul from 2007 to 2009, and the vegetable dietary intakes of Seoulites were estimated using the Korea National
Health and Nutrition examination survey data from 2008. The hazard index was calculated using vegetable pesticide
residues and dietary vegetable intake by Seoulites. Detection rates for pesticide residues in vegetables were 11.2 % in
2007, 8.6 % in 2008, and 12.0 % in 2009. Excess rate of Maximum Residue Limits tended to decline from 4.6 % in 2007,
t0 2.8 % in 2008, and 2.1 % in 2009.Daily vegetable intake for Seoulites was 288.12 + 214.8 g, and vegetable intake by
males was more than that of females (p < 0.001). The hazard index was the highest at 2.76 x 107 in 2007, and the low-
estat 1.69 x 107 in 2009. The risks caused by multiple pesticides in vegetables were very low and vegetable intake was
safe considering the hazard index values. (Korean J Nutr 2011; 44(5): 443 ~ 452)

KEY WORDS: exposure assessment, pesticide residues, vegetable intakes, hazard index.
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uid chromatograph, HPLO)E FA] A5} 0m, 2007¢ 2}k
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Table 1. Analyzed vegetable groups

No. of sample

Group
2007 2008 2009
Leafy vegetables 4,259 4,552 4,972
Stalk and stem vegetables 717 514 581
Root and fuber vegetables 178 316 401
Fruiting vegetables 378 572 629
Total 5,532 5,954 6,583

uECD (gas chromatograph/micro electron capture detec-
tor)~= 6890N (Agilent, Santa Clara, CA, USA)S A543
a1, HPLC/DAD (high performance liquid chromatograph/
diode array detector)~= 1100 series (Agilent, USA)E A&
shoth e R SIS 13 GC/MSD (chromato-
graph—mass spectrometry detectors)~= 6890N (Agilent,
Santa Clara, CA, USA)S AF&-514th
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Table 2. Pesticides analyzed by GC and HPLC
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Classification

Dectected by GC/NPD

Dectected by GC/UECD

Dectected by HPLC/DAD

Insecticide Azinphos-methyl Methidathion Acrinathrin Permethrin Acetamiprid
Buprofezin Mevinphos Aldrin Phenothrin® Alanycarb
Cadusafos Monocrotophos Bhc Pyrethrins Carbosulfan
Carbophenothion Omethoate Bifenthrin Pyridalyl Clothianidin
Chlorfenvinphos Parathion Chlordane® Pyrimidifen Diflubenzuron
Chlorpyrifos Parathion-methyl Chlorfenapyr Quinalphos® Flufenoxuron
Chlorpyrifos-methyl Penthoate Chlorfluazuron Tefluthrin Hexaflumuron
Diazinon Phorate Cycloprothrin Tralomethrin Imidacloprid
Dichlorvos (ddvp) Phosalone Cyfluthrin Triazamate Lufenuron
Dimethoate Phosmet Cyhalothrin Methoxyfenozide
Dimethylvinphos Phosphamidone Cypermethrin Pymetrozine
Disulfoton Phoxim Ddt Pyriproxyfen
Epn Pirimicarb Deltamethrin Spiromesifen
Ethion Pirimiphos-ethyl Dicofol Tebufenozide
Ethoprophos Pirimiphos-methyl Dieldrin Teflubenzuron
Etrimfos Profenofos Endosulfan Thiacloprid
Fenitrothion Prothiofos Endrin Thiamethoxam
Fenoxycarb Pyraclofos Fenpropathrin Triflumuron®
Fenthion Pyridaben Fenvalerate
Formothion Pyridaphenthion Fipronil
Fosthiazate Tebupirimfos Flonicamid®
Furathiocarb Terbufos Flucythrinate
Isazofos Thiometon Fluvalinate
Isofenphos Triazophos Heptachlor
Malathion Trichlorfon Indoxacarb
Mecarbam Vamidothion Methoxychlor
Methamidophos Novaluron®

Fungicide Benalaxyl® Penconazole Captafol Ofurace Azoxystrobin
Bitertanol Pencycuron Captan Prochloraz Benomyl
Carboxin Propamocarb Chlorothalonil Procymidone Boscalid
Chinomethionate Propiconazole Dichlofluanid Quintozene Carbendazim
Cyproconazole Pyrazophos Dicloran Tecnazene Cyazofamid®

Cyprodinil
Diethofencarb
Diphenylamine
Edifenphos
Fluazinam
Fludioxonil
Flusilazole
Iprobenfos (IBP)
Kresoxim-methyl
Mepanipyrim
Mepronil®
Metalaxyl
Metconazole
Myclobutanil®
Oxadixyl

Tebuconazole
Thiophanate-methyl
Triadimefon
Triadimenol
Tricyclazole

Diniconazole
Fenamidone
Fenarimol
Fenbuconazole®
Fenoxanil
Flusulfamid®
Flutolanil
Folpet
Fthalide
Hexaconazole
Imazalil
Iprodion
Isoprothiorane
Nitrapyrin

Nuarimol

Tetraconazole
Thifluzamide
Tiadinil®
Tolclofos-methyl
Tolylfluanid
Triflumizole
Vinclozolin

Zoxamide

Cyflufenamid®
Cymoxanil
Dimethomorph
Ethaboxam
Fenhexamid
Ferimzone
Fluguinconazole
Imibenconazole
Iprovalicarb
Pyraclostrobin
Pyributicarb
Pyrimethanil
Pyroquilon
Simeconazole”

Trifloxystrobin
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Table 2. Continued

Classification Dectected by GC/NPD

Dectected by GC/UECD

Dectected by HPLC/DAD

Herbicide Anilofos Pyriminobac-methyl  Acetochlor Mefenacet Azafenidin®
Dimepiperate Simazine Alachlor Metobromuron  Chlorpropham
Dimethenamid Simetryn Bifenox Metolachlor Cinosulfuront
Diphenamid Terbutryne Bromacil Norflurazon Cyhalofop-butyl
Esprocarb Terbuthylazine Butachlor Oxadiazon Flufenacet
Linuron Thiazopyr Dichlobenil Oxyfluorfen Flumioxazine
Metribuzin Thiobencarb Diclofop-methyl  Propanil Methabenzthiazuron
Molinate Dithiopyr Propisochlor Oryzalin
Napropamide Diuron Triallate Oxaziclomefone
Pendimethalin Ethalfluralin Trifluralin Pentoxazone
Pretilachlor Fluazifopbutyl Pyrazolate
Prometryne Indanofan Thenylchlor

Miticide Clofentezine® Fenothiocarb Bromopropylate  Tetradifon Benzoximate
Etoxazole Tebufenpyrad Chlorobenzilate Fenpyroximate
Fenazaquin Spirodiclofen® Fluacrypyrim

Nematicide Fenamiphos Fensulfothion

Growth regulator Paclobutrazol

Dimethipin®

Forchlorfenuron®

Plant activator

Probenazole

a: Analyzed only in 2007, b: Analyzed in 2008 and 2009

Table 3. Analytical conditions of GC/NPD and GC/uUECD

Instrument Agilent 6890N

Detector Nitrogen-phosphorus detector uElectron capture detector

Column DB-1701 14% cyanopropyl phenyl methyl (30 m x 320 um ID x 0.25 um film thickness)
HP-5 5% phenyl methyl sloxane (30 m x 320 um ID x 0.25 um film thickness)

Oven temp. 100C (2 min)—10C/min—200C (1 min)—10C/min— 150C (2 min)—10C/min—240C (2 min)—15C/min—
260°C (9 min) 270C (25 min)

Injection temp. 210C 230T

Detector temp. 320C 280C

N (1.5 mL/min)
Air (60 mL/min)
Ha (4 mL/min)

Gas flow

N, (1.5 mL/min)

Table 4. Analytical conditions of GC/MSD

Instrument Agilent 6890N, 5975 MSD
Column HP-5MS 5% phenyl methyl siloxane

(30 m x 250 um ID x 0.25 um film thickness)
Oven temp. 100C (2 min)—10C/min—280C (10 min)

Injection temp. 230C

Carrier gas He (splitess, 1.0 mL/min)

MSD lonization method Electron impact at 70 eV
lon source temp. 230C
Transfer line temp. 280C

Scan range 50—550 m/z (2.91 scan/sec)
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Table 5. Analytical conditions of HPLC/DAD L5 ke 3R 5oF AREFE e ¢ 7 e
Instrument  Agilent 1100 series HE gristeich
Column ZORBAX Eclipse XDB-C18 (5.0 um, 4.6 x 150 mm)
Detector Diode arrary detector (»: 254 nm, A'l%/\lﬂgl Kﬂﬁ\_% g"l"l%t
scon . 1907400 nm ARG AT GG A2le 1) AaT A A
Flow rate 1.0 mL/min

Column oven 30T o|F dop 7| 28l Table 71} o] A2AIRIT; AARS Al

Injection vol. 10 uL Table 7. Comparison of vegetable intakes for Korean and Seoulite
Mobile phase A (water), B (methanol) Group Gender N Vegetable intakes”
Time (min) A (%) B (%) Seoulite Mean 1,365 288.12 £ 214.8
0.00 70 30 Male 554 327.05 + 232.8*
5.00 50 S0 Female 811 261.53 + 197.4*
10.00 20 80 Korean? Mean 7,185 287.28 + 231.6
15.00 5 95 Male 3,101 317.06 + 247.3*
20.00 0 100 Female 4,084 264.66 + 216.3%
23.00 50 50

1) Mean + SD, g/day 2) Except of Seoulite
25.00 70 30 *: p from t-fest < 0.001

Table 6. Comparison of pesticide residues in vegetables from 2007 to 2009

Year
Classification Pesticide 2007 2008 2009

N Mean + SD” N Mean + SD" N Mean + SD"
Insecticide Bifenthrin 19 0.205 = 0.20 12 0.206 = 0.24 24 0.193+0.18
Chlorfenapyr 38 0.232 + 0.36 43 0.194 + 0.45 46 0.219 £ 0.52

Chlorpyrifos 15 0.260 + 0.32 10 0.208 + 0.09 - -
Cypermethrin 21 0.555 + 0.37 39 0.540 = 0.62 37 0.918 £ 0.86
Diazinon 32 0.854 + 1.29% 21 0.794 + 1.23° 56 0.176 + 0.46°
Endosulfan 98 0.666 + 1.58° 79 0.227 + 0.42° 100 0.298 + 0.79°
Indoxacarb 17 1.187 £ 1.29 16 0.884 = 0.75 12 1.166 = 1.24
Pyridalyl 14 0.626 + 0.54 12 0.722 + 0.82 9 0.637 + 0.54
Fungicide Azoxystrobin 75 2.001 £ 2.47 39 1.546 = 2.33 59 2.041 £ 274
Carbendazim 18 4.680 = 3.36 17 2.778 £ 2.92 32 1.780 = 2.00
Chlorothalonil 19 3.277 £7.77 - - 11 5.623 + 8.84
Diethofencarb 24 1.271 £ 1.52 22 2.721 = 5.06 59 1.294+ 212
Dimethomorph 18 2,464+ 1.79 24 2.553 + 3.17 35 2.437 £ 1.90
Diniconazole 25 0.553 + 0.68 11 0.807 + 1.56 52 0.473 = 0.07
Fludioxonil - - 11 1.272+1.43 12 1.987 + 2.96
Procymidone 137 2.390 + 4.13° 84 1.605 + 2.87° 188 1.061 + 2.81°
Vinclozolin 12 0.955 + 2.55 - - 9 0.915+ 1.84
Growth regulator Paclobutrazol 39 2.530 + 2.38° 29 1.828 + 2.12° 24 0.765 + 0.96°
Miticide Tebufenpyrad 12 0.632 + 0.68 12 0.284 + 0.31 15 0.604 + 0.80

1) Pesticides concentration (mg/kg) 2) One way ANOVA test (o = 0.05), a, b, ab: Duncan’s multiple range test (p < 0.05)
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Mean (g/day)

Male (g/day)

Female (g/day)

Commodity - - -

Seoulite Adult Seoulite Adult Seoulite Adult
Amaranth 0.36 0.58 0.17 0.37 0.51 0.71
Betterbur 0.12 0.24 0.12 0.26 0.13 0.22
Cabbage 5.98 8.61 6.64 11.06 5.48 7.4
Celery 0.06 0.03 0.04 0.00 0.08 0.05
Chamnamul 0.07 0.14 0.02 0.05 0.11 0.20
Chard 0.29 0.15 0.36 0.07 0.24 0.21
Chicory (leaves) 0.13 0.24 0.20 0.44 0.07 0.12
Chwinamul 1.51 2.03 0.98 1.99 1.91 2.05
Crown daisy 0.79 1.25 1.51 2.73 0.24 0.35
Cucumber 10.37 14.42 8.91 13.04 11.47 15.25
Eggplant 1.26 1.85 0.72 1.18 1.66 2.25
Godlbaggi 0.27 0.52 0.22 0.49 0.31 0.53
Kale 0.09 0.01 0.19 0.00 0.01 0.01
Korean cabbage 71.38 98.04 80.87 128.15 64.22 79.89
Korean melon 4.77 6.07 2.42 3.87 6.54 7.39
Leek 1.61 2.53 1.27 2.22 1.86 2.71
Lettuce(head) 0.63 0.99 0.57 1.05 0.67 0.96
Lettuce(leaf) 4.00 6.41 2.86 4.91 4.86 7.32
Marsh mallow 0.58 0.67 0.37 0.47 0.73 0.79
Mustard green 0.00 0.01 0.00 0.00 0.01 0.01
Mustard leaf 0.84 1.47 0.69 1.44 0.94 1.49
Pak choi 0.01 0.01 0.00 0.00 0.01 0.02
Paprika (sweet pepper) 1.01 1.27 0.70 0.67 1.23 1.63
Pepper 3.19 5.22 3.68 6.88 2.82 4.22
Pepper leaves 0.25 0.43 0.29 0.63 0.23 0.31
Perilla leaves 1.78 2.89 1.48 2.93 2.00 2.86
Radish 26.50 34.79 29.99 47.32 23.86 27.23
Radish leaves 7.95 10.26 7.09 11.44 8.59 9.55
Sedum 0.07 0.12 0.15 0.32 0.00 0.01
Shepherd’s purse 0.01 0.01 0.01 0.00 0.01 0.02
Shinsuncho 0.00 0.01 0.00 0.00 0.01 0.01
Spinach 6.64 8.89 7.52 11.30 5.98 7.44
Squash 9.93 13.09 9.98 14.44 9.89 12.28
Ssamchu 0.02 0.05 0.04 0.10 0.01 0.01
Tomato 10.79 15.31 9.29 15.10 11.93 15.44
Water dropwort 0.45 0.73 0.62 1.15 0.32 0.48
Welsh onion 9.1 13.61 11.84 20.74 7.05 9.32
Sum 182.81 252.36 191.84 306.43 175.99 219.78
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Table 9. HI estimates for adult by vegetables

Year
Commodity Adult Male Female
2007 2008 2009 2007 2008 2009 2007 2008 2009
Amaranth 2.71E-04 4.42E—06 2.98E-04 1.54E-04 2.52E-06 1.70E-04 3.70E—04 6.04E-06 4.07E-04
Cabbage 2.52E-04 - - 2.92E-04 - - 2.33E-04 - -
Celery 1.44E-05 5.53E-06 8.87E-08 0.00E+00 0.00E+00 0.00E+00 2.58E-05 9.90E-06 1.59E-07
Chamnamul 3.63E-05 2.99E-05 3.39E-05 1.14E-05 9.40E-06 1.06E-05 5.66E-05 4.66E-05 5.27E-05
Chard 1.04E-04 5.72E-05 1.46E-05 4.14E-05 2.28E-05 5.81E-06 1.55E-04 8.54E-05 2.18E-05
Chicory (leaves) 6.25E-05 9.68E-06 3.91E-05 1.03E-04 1.59E-05 6.43E-05 3.55E-05 5.50E-06 2.22E-05
Chwinamul 1.25E-03 6.49E-04 3.55E-05 1.11E-03 5.76E-04 3.15E-05 1.41E-03 7.33E-04 4.01E-05
Crown daisy 3.75E-04 1.42E-04 6.82E-04 7.44E-04 281E-04 1.35E-03 1.17E-04 4.44E-05 2.14E-04
Cucumber 3.45E-05 431E-05 6.69E-04 2.83E-05 3.53E-05 2.53E-04 4.08E-05 5.09E-05 7.90E-04
Godlbaggi - - 2.06E-04 - - 1.76E-04 - - 2.38E-04
Kale 1.81E-05 7.17E-07 1.15E-07 0.00E+00 0.00E+00 0.00E+00 3.24E-05 1.28E-06 2.05E-07
Korean cabbage 1.88E-02 9.00E-03 9.43E-03 2.22E-02 1.07E-02 1.12E-02 1.71E-02 8.20E-03 8.59E-03
Korean melon 9.47E-06 4.82E—06 6.06E-05 5.47E-06 2.78E—06 3.50E-05 1.29E-05 6.55E-06 8.25E-05
Leek 6.81E-04 1.49E-04 232E-04 5.41E-04 1.18E-04 1.85E-04 8.16E-04 1.78E-04 2.78E-04
Lettuce (head) 7.32E-06 1.58E-05 4.84E-05 7.00E-06 1.51E-05 4.63E-05 7.90E-06 1.70E-05 5.22E-05
Lettuce (leaf) 9.54E-04 4.13E-04 6.21E-04 6.61E-04 2.86E-04 4.30E-04 1.22E-03 5.26E-04 7.92E-04
Marsh mallow 5.87E-05 7.46E-05 3.67E-05 3.69E-05 4.69E-05 2.31E-05 7.76E-05 9.86E-05 4.85E-05
Mustard green 1.60E-05 6.63E-06 3.88E-06 0.00E+00 0.00E+00 0.00E+00 2.87E-05 1.19E-05 8.85E-06
Mustard leaf - 3.34E-05 5.85E-05 - 2.97E-05 5.19E-05 - 1.70E-07  6.60E-05
Pak choi 4,56E-07 4.65E-07 5.13E-08 0.00E+00 0.00E+00 0.00E+00 8.17E-07 8.32E-07 9.18E-08
Paprika (sweet pepper)  2.57E-06 3.09E-05 5.26E—-05 1.23E-06 1.48E-05 2.51E-05 3.69E-06 4.43E-05 7.54E-05
Pepper 2.77E-04 3.90E-04 8.47E-04 3.30E-04 4.65E-04 1.01E-03 2.50E-04 3.52E-04 7.65E-04
Pepper leaves 7.60E-05 2.22E-03 3.92E-04 1.01E-04 294E-03 O5.18E-04 6.11E-05 1.78E-03 3.16E-04
Perilla leaves 1.38E-03 1.57E-03 1.89E-03 1.26E-03 1.45E-03 1.74E-03 1.52E-03 1.74E-03 2.09E-03
Radish 4.47E-04 3.02E-04 - 5.50E-04 3.72E-04 - 3.91E-04 2.65E-04 -
Radish leaves 5.65E-04 3.04E—04 3.95E-04 5.71E-04 3.07E-04 3.46E-04 5.88E—04 5.59E-05 4.11E-04
Sedum 1.24E-05 1.97E-05 6.89E-06 2.90E—05 4.63E-05 1.61E-05 5.88E—07 9.40E-07 3.28E-07
Shepherd’s purse - - 1.76E-07 - - 0.00E+00 - - 3.16E-07
Shinsuncho 5.42E-08 8.19E-07 1.81E-06 0.00E+00 0.00E+00 0.00E+00 9.71E-08 1.47E-06 3.24E-06
Spinach 9.54E-04 2.06E-03 9.84E-04 1.10E-03 2.37E-03 1.13E-03 8.92E-04 1.93E-03 9.20E-04
Squash 2.71E-05 2.98E-05 - 2.70E-05 2.98E-05 - 2.84E-05 3.12E-05 -
Ssamchu 3.49E-05 8.73E-06 - 6.79E-05 1.70E-05 - 1.20E-05 3.01E-06 -
Tomato 3.35E-04 1.60E-05 1.17E-05 2.99E-04 1.43E-05 1.05E-05 3.77E-04 1.81E-05 1.32E-05
Water dropwort 1.10E-04 - 3.97E-05 1.57E-04 - 5.66E-05 8.07E-05 - 2.91E-05
Welsh onion 4.87E-04 1.17E-04 2.11E-04 6.71E-04 1.61E-04 2.92E-04 3.72E-04 8.94E-05 1.62E-04
Sum 2.76E-02 1.77E-02 1.69E-02 3.11E-02 2.03E-02 1.89E-02 2.63E—02 1.63E-02 1.60E-02
£ Aol 4] 2007 AKE] 20099714 Al&Ade]l f-F F21 oF FARRE =0l
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