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Abstract

3,035 commercial agricultural products collected from the northern area of Seoul in
2014 were analyzed for 285 pesticides by GC-ECD/NPD and HPLC-DAD/FLD using a
multi-residue method. Pesticide residues were detected in 13.7%(415) of the samples and
exceeded maximum allowable limits in 0.5%(15) of the samples. Agricultural products
that were most frequently contaminated were leek(54.2%), green and red peppers
(48.0%), chamnamul(45.5%), sedum(37.5%), and ginseng(36.0%). Among the 15 most

contaminated samples, the majority was leek(in 7 cases); with procymidone, chlorfenapyr,

and cypermethrin the pesticides most frequently found. Pesticide residue limits were

exceeded for procymidone in 8 cases, for chlorpyrifos and flutolanil in 2 cases each,

and for bifenthrin, iprodione, and thifluzamide in 1 case each. The ratio of estimated
daily intake(EDI) to acceptable daily intake(ADI) ratio, used here as a risk assessment
tool, was calculated to be in the range of 0.618 to 16.922%. This suggests that

consuming commercial agricultural products with pesticide residues at these levels should

not pose a major risk to human health.
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Table 1. List of target pesticides monitored in this survey

Classification

Pesticide

Insecticide
(131)

Acetamiprid, Acrinathrin, Aldicarb, Aldrin, Azamethiphos, Azinphos-ethyl, Azinphos-methy
1, Bendiocarb, BHC, Bifenthrin, Bromophos-methyl, Butocarboxim, Cadusafos, Carbaryl, C
arbofuran, Carbophenothion, Chlorantraniliprole, Chlordane, Chlorfenapyr, Chlorobenzilate,
Chlorobenzuron, Chlorpyrifos, Chlorpyrifos-methyl, Chromafenozide, Clothianidin, Cyanoph
os, Cycloprothrin, Cyfluthrin, Cyhalothrin, Cypermethrin, DDT, Deltamethrin, Diazinon, Di
chlorvos, Dicrotophos, Dieldrin, Dimethoate, Dimethylvinphos, Endosulfan, Endrin, EPN, E
thiofencarb, Ethion, Ethoprophos, Etoxazole, EtrimfosFenazaquin, Fenitrothion, Fenobucar
b, Fenothiocarb, Fenoxycarb, Fenpropathrin, Fenpyroximate, Fenthion, Fenvalerate, Fipron
il, Flonicamid, Fluacrypyrim, Flubendiamide, Flufenoxuron, Flupyrazofos, Fluvalinate, Fon
ofos, Fosthiazate, Furathiocarb, Heptachlor, Heptachlor, Hexaflumuron, Indoxacarb, Isazof
os, Isofenphos, Isofenphos-methyl, Isoprocarb, Isoxathion, Lufenuron, Malathion, Mecarba
m, Methidathion, Methiocarb, Methomyl, Methoxychlor, Methoxyfenozide, Metolcarb, Niten
pyram, Nonachlor, Novaluron, Oxamyl, Oxydemeton-methyl, Parathion, Parathion-methyl,
Permethrin, Phenthoate, Phosalone, Phosmet(PMP), Phosphamidone, Pirimicarb, Pirimipho
s-ethyl, Pirimiphos-methyl, Profenofos, Promecarb, Propoxur, Prothiofos, Pyraclofos, Pyrid
aben, Pyridalyl, Pyrimidifen, Pyriproxyfen, Quinalphos, Spirodiclofen, Sulprofos, Tebufenozi
de, Tebufenpyrad, Tebupirimfos, Teflubenzuron, Tefluthrin, Terbufos, Tetrachlorvinphos, T
etradifon, Thiacloprid, Thiamethoxam, Thiodicarb, Thiometon, Tolfenpyrad, Tralomethrin,
Triazophos, Triflumuron, Trimethacarb, XMC

Herbicide
(72)

Allidochlor, Ametryn, Anilofos, Asulam, Atrazine, Azafenidin, Bensulide, Bromacil, Bromo
butide, Bromoxynil\, Butafenacil, Chloridazon, Chlorimuron-ethyl, Chlorotoluron, Chlorthal
-dimethyl, Cinmethylin, Cinosulfuron, Clomeprop, Cyanazine, Cycloate, Cyhalofop-butyl, Di
allate, Diflufenican, Dimepiperate, Dimethachlor, Dimethenamid, Diphenamid, Dithiopyr, E
sprocarb, Ethametsulfuron-methyl, Flufenacet, Flumiclorac-pentyl, Flumioxazine, Fluridon
e, Fluthiacet-methyl, Imazamox, Imazapic, Imazaquin, Imazethapyr, ndanofan, Isoproturo
n, Lactofen, Mefenacet, Mefenpyr-diethyl, Metamifop, Methabenzthiazuron, Molinate, Oxazi
clomefon, Pebulate, Pendimethalin, Pentoxazone, Phenmedipham, Picolinafen, Piperophos,
Propachlor, Propazine, Propham, Propisochlor, Propyzamide, Pyrazolate, Pyribenzoxim, Pyr
ibuticarb, Pyridate, Pyriminobac-methyl, Quinoclamine, Rimsulfuron, Terbutylazine, Thenyl
chlor, Thiazopyr, Tribenuron-methyl, Tribuphos, Vernolate

Fungicide
(79)

Amisulbrom, Azaconazole, Azoxystrobin, Binapacryl, Boscalid, Bupirimate, Captafol, Capta
n, Chinomethionat, Chlorothalonil, Cyazofamid, Cyflufenamid, Cymoxanil, Cyproconazole, C
yprodinil, Dichlofluanid, Dicloran, Diethofencarb, Dimethomorph, Diniconazole, Diphenylam
ine, Edifenphos, Ethaboxam, F(p)thalide, Fenamidone, Fenarimol, Fenbuconazole, Fenhexa
mid, Fenoxanil, Ferimzone, Fluazinam, Fludioxonil, Fluquinconazole, Flusilazole, Flusulfa
mide, Flutolanil, Folpet, Hexachlorobenzene, Imazalil, Imibenconazole, Iprobenfos, Iprodion
e, provalicarb, Isoprothiolane, Kresoxim-methyl, Mepanipyrim, Mepronil, Metconazole, Met
rafenone, Myclobutanil, Nitrapyrin, Nitrothal-isopropyl, Nuarimol, Ofurace, Oxadixyl, Penc
onazole, Picoxystrobin, Probenazole, Prochloraz, Procymidone, Pyraclostrobin, Pyrazophos,
Pyrifenox, Pyrimethanil, Pyroquilon, Quintozene, Simeconazole, CMTB, Thifluzamide, Tiadi
nil, Tolclofos-methyl, Tolylfluanid, Triadimefon, Tricyclazole, Trifloxystrobin, Triflumizole,
Triticonazole, Vinclozoline, Zoxamide

Plant growth
regulator(3)

Forchlorfenuron, Paclobutrazol, Uniconazole
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Table 2. Analytical conditions used for gas chromatography GC

Specification GC-uECD GC-NPD
Column Front DB-1701 14% cyanopropyl phenyl methyl(30 m > 320 gm ID > 0.25 zm)
Back HP-5 5% phenyl methyl siloxane(30 m > 320 gm 1D > 0.25 zm)
Temp. Oven 150C(1 Inion)ﬁ.lTC/miflﬁZﬁlOoc (2 min) 1107C(2 mircl)ﬁl.5°C/mirclﬁ200.°C (8 min)
—10C/min—280C (11 min) —10°C/min—260C (7 min)
Injection 230C 210C
Detector 280C 270C
Gas flow N(1.0 mL/min) N2(1.4 mL/min)

Air(60.0 mL/min)
H,(3.5 mL/min)

Table 3. Analytical conditions used for GC-MSD

Specification GC-MSD

HP-5MS 5% phenyl methyl siloxane

Column (30m x 250 gm ID  0.25 ym film thickness)
Temp. Oven 100C (2 min) — 10°C/min — 2807C (15 min) — 10°C/min — 280°C (11 min)
Injection 230C
Carrier gas He(splitless, 1.0 mL/min)

MSD parameter lonization method Electron impact at 70 eV

Ton source temp. 230C

Transfer line temp. 280C
Scan range 50~550 m/z(2.91 scan/sec)

Table 4. Analytical conditions used for HPLC-DAD and HPLC-FLD

Specification HPLC-FLD HPLC-DAD
Column Waters carbamate analysis column Zobax Eclipse XDB-C18
(3.9 < 150 mm) (5.0 ¢m, 4.6 % 150 mm)
Wavelength Ex A:339nm, Em A : 445 nm 200 nm, 254 nm
Flow rate 0.9 ml/min 1.0 ml/min
Injection vol. 10 wl 10 ul

A:12% MeOH

. 0 LY . .
B : MeOH : AcCN : Water(35 : 35 : 30) A 1100% Acetonitrile B : Water

Mobile phase

Time (min) A(%) B(%) Time(min) A(%) B(%)
0 95 5 0 27 73
2 80 20 3 36 64
Gradient 4 60 40 8 90 10
program 6 40 60 14 67.5 32.5
8 20 80 15 45 55
10 0 100 16 27 73
15 95 5
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Table 5. Summary of result by commodity group
samole Vet e P e @
Cereal grains 103 - - - -
Potatoes 63 - - - _
Beans 9 - - - -
Nuts and Seeds 6 - - - -
Fruits 343 50 14.6 - -
Vegetables 2,389 365 15.3 15 0.6
Mushrooms 7 - - - -
Herbs And spices 5 - - _ _
Tea leaves 3 - - - -
Other plants 8 - - - -
Sprout products 29 - - - -
Total 3,035 415 13.7 15 0.5
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Table 6. Monitering results of pesticide residues detected and violated in agricultural products

Samples No. of sample No. of sample

Type Group Commodity analyzed detected (%) violated(%)
Leafy Lettuce(leaf) 187 13 7.0 1 0.5
vegetables Spinach 157 32 20.4 2 1.3
Brassica leafy vegetables 103 21 20.4
Perilla leaves 65 21 32.3
Lettuce(head) 75 3 4.0
Radish leaves 7 5 6.5
Crown daisy 30 2 6.7
Chicory 48 1 2.1
Kale 26 1 3.8
Chamnamul 22 10 45.5
Chard 28 3 10.7
Marsh mallow 30 5 16.7
Chwinamul 41 7 17.1
Mustard leaf 6 1 16.7
Shepherd’s purse 13 2 15.4
Amaranth 7 1 14.3
Burdock leaves 2 1 50.0
Korean wasabi 1 1 100.0
Danggi leaf 6 2 33.3 1 16.7
Butterbur 14 4 28.6
chinesevegetable 27 1 3.7
Others 92 4 4.3
Subtotal 1,057 141 13.3 4 0.4
Stalk and stem Welsh onion 195 28 14.4 1 0.5
Vegetables Leek 142 7 54.2 7 4.9
Water dropwort 103 5 4.9 1 1.0
Celery 30 3 10.0
Green garlic 44 3 6.8
Vegetables Sedum 8 3 375
Sweet potato stalk 10 1 10.0
Bud of aralia 9 1 11.1
Others 80 - -
Subtotal 621 121 19.5 9 1.4
Rootand Carrot 26 1 3.8
tuber Ginger 17 1 5.9
vegetables Lotus root 4 - -
Burdock 7 - -
Ginseng 25 9 36.0 1 4.0
Others 146 - -
Subtotal 225 11 4.9 1 0.4
Fruiting Cucumber 56 10 17.9
vegetables, Squash 50 4 8.0
cucurbits Melon 8 2 25.0
Korea melon 16 3 18.8
Others 21 0.0
Subtotal 151 19 12.6
Fruiting Green & Red pepper 100 48 48.0
vegetables Sweet pepper 42 14 33.3
otherthan Eggplant 43 8 18.6
cucurbits Tomato 23 1 4.3
Subtotal 208 71 34.1
Flowerhead Broccoli 76 1 1.3
brassicas Korean cabbage 26 1 3.8 1 3.8
Cabbage 25 0 0.0
Subtotal 127 2 1.6 1 0.8
Subtotal 2.389 365 15.3 15 0.6
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Table 6. (Continued)

Samples No. of sample No. of sample

Type Group Commeodity analyzed detected(%) violated(%)
Jujube 11 2 18.2
Peach 8 0.0
Stone fruits Cherry 3 1 33.3
Others 20 0.0
Subtotal 42 3 7.1
Apple 34 2 5.9
Persimon 3 0 0.0
Pome fruits Pomegranate 7 1 14.3
Others 45 0 0.0
Subtotal 89 3 3.4
Mandarin 16 4 25.0
Fruits Orange 16 4 25.0
Citrus fruits Lime 6 4 66.7
Others 15 5 33.3
Subtotal 53 17 32.1
. Grape 35 5 14.3

Berries and

other small Strawberry 9 1 11.1
fruits Others 22 1 4.5
Subtotal 66 7 10.6
Kiwifruit 22 1 4.5
Assorted tropical Banana 33 15 455
and sub-tropical Mango 11 4 36.4
fruits Others 27 0 0.0
Subtotal 93 20 21.5
Subtotal 343 50 14.6
Mushrooms Oyster mushroom 16 0 0.0
Others 61 0 0.0
Subtotal 7 0 0.0
Potato 33 0 0.0
Potatoes Others 30 0 0.0
Subtotal 63 0 0.0
Peanut or nuts Walnut 1 0 0.0
Nuts & seeds Others 5 0 0.0
Subtotal 6 0 0.0
Cereal grains Rice 93 0 0.0
Others 10 0 0.0
Subtotal 103 0 0.0
Beans Kindeybean 2 0 0.0
Others 7 0 0.0
Subtotal 9 0 0.0
Herbs and spices Cinamon bark 5 0 0.0
Subtotal 5 0 0.0
Tea leaves Tea 3 0 0.0
Subtotal 3 0 0.0
Sicklepodseed 3 0 0.0
Otherplants Others 5 0 0.0
Subtotal 8 0 0.0
Sprout products Bean sprout 16 0 0.0
Mung bean sprout 13 0 0.0
Subtotal 29 0 0.0

Total 3.035 415 13.7 15 0.5
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Table 7. Detection of pesticide residues in agricultural products and their MRLs

Type Pesticide No. of sample No. pf sample  Detection range MRLs
detected violated (mg/kg) (mg/kg)
Bifenthrin 22 1 0.011~1.435 0.05~2.0
Chlorfenapyr 87 0.004~0.400 0.1~10
Chlorantraniliprole 1 0.575 7
Chlorpyrifos 31 2 0.03~0.400 0.01~1.6
Chlorpyrifos-methyl 1 0.098 0.2
Cyhalothrin 4 0.015~0.068 0.1~2.0
Cypermethrin 39 0.020~1.690 0.1~6.6
Diazinon 7 0.031~0.067 0.1
Diniconazole 25 0.005~0.222 0.05~1.0
Endosulfan 12 0.018~0.279 0.1~1.03
Insecticide EPN 2 0.034~0.041 0.05
Etoprophos 1 0.008 0.02
Fenitrothion 1 0.092 2
Fenpropathrin 7 0.019~0.026 0.2~5.0
Fenpromate 1 0.669 7.0
Fenvalerate 3 0.294~0.400 0.5
Phenthoate 2 0.039~0.140 0.1~1.0
Pyridaben 1 0.84 5.0
Pyridalyl 2 0.136~0.289 2.0
Tebufenpyrad 3 0.091~0.497 1.0~5.0
Subtotal 252 3
Azoxystrobin 4 0.372~8.564 2.0~20.0
Boscalid 3 0.521~1.168 7.0~20
Chlorothalonil 12 0.103~5.12 0.3~40
Cyprodinil 2 0.015~0.294 1.0~5.0
Diethofencarb 9 0.025~1.654 0.05~10
Dimethomorph 2 0.746~2.473 2.0~20
Fenarimol 2 0.317 1.0
Fludioxonil 11 0.006~0.802 0.03~40
Flutolanil 10 2 0.027~1.549 0.05~10
o Iprodione 7 1 0.013~2.298 0.02~10.0
Fungicide s oxim-methyl 6 0.042~0.123 0.1~5.0
Mepanipyrim 1 0.309 0.5
Metrafenone 2 0.233~0.352 0.5~2.0
Procymidone 158 8 0.001~15.415 0.01~10
Pyraclostrobin 1 0.649 10
Thifluzamide 2 1 0.041~4.035 0.5~1.0
Tolchlofos-methyl 6 0.009~0.076 1.0
Tolyfluanid 2 0.026~0.155 2.0
Triflumizole 1 0.089~0.3 0.5~1.0
Subtotal 241 12
Total 493 15
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ofAl Ax & FE7IHA 9 & 15+ zamide 27 13]¥ o= Uehdd o] T B9
e BT W] 55 ¢ & &4 procymidone, 9] iprodione, <14F] thifluza-
B tigh E3kd7] ¢ &% e A mide, A3, SlZo] vjF¢] flutolanil 319
3 il SO0 S oo 85 Aot bl el A 3 o
&5 98 Ao 4tEn. BRASNEE 2 ool AFuel $AT BEL Wkt A4Y ¥
3t FoFE procymidone 83], chlorpyrifos 2 AHE-of] *}“9%%0] oA 2 Tk AREA
3], flutolanil 28], bifenthrin, iprodione, thiflu- A} §4HEe] MRLe] &A1& 4§ ol& 483}
Table 8. Number of samples with multiple pesticide residues for one vegetable
No. of residues in one vegetable sample(%)
Vegetables
2 3 4
Perilla leaves 5(1.7) - 2(3.1)
Lettuce (leafy) 1(1.3) - -
Leek 15(10.6) 3(2.1) -
Celery 2(6.7) - -
Cucumber 1(1.8) - -
Grape 1(2.9) - -
Green and red pepper 11(12.1) 2(2.2) -
Jujube 1(9.1) - -
Red pepper (dried) - - 2(22.2)
Spinach 3(1.9) - -
Sweet pepper 2(4.8) - -
Welsh onion 4(2.1) - -
Others leafy vegetables - 1(11.1) -
Chard 1(3.6) - -
Bud of aralia 1(11.1) - -
Lemon 2(25.0) - -
Radish leaves 1(1.3) - -
Marsh mallow 1(3.3) - -
Orange 19(6.3) - -
Ginseng 1(4.0) - -
Chamnamul 2(9.1) - -
Chwinamul 1(2.4) - -
Tomato 1(4.3) - -
Total 58(14.0) 6(1.4) 4(1.0)
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Table 9. Detailed results about pesticides exceeding MRL in various vegetables

Vegetables Pesticides exceeding MRL Conc.(;fg/dkegt)ection (11;1/[;11;2)
Leek Procymidone 7 5.6~15.4 5.0
Danggi leaf Procymidone 1 13.1 5.0
Welsh onion Iprodione 1 0.6 0.1
Radish(leaves) Bifenthrin 1 0.2 0.1
Water dropwort Chlorpyrifos 1 0.40 0.01
Ginseng Thifluzamide 1 4.0 1.0
Spinach Flutolanil 1 1.5 0.7
Chlorpyrifos 1 0.15 0.01
Lettuce(leaf) Flutolanil 1 1.2 0.7
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Table 10. Risk assessment of pesticides frequently found in agricultural products showing high

occurrence of pesticide residues

. ADIY EDIY MPI®
Vegetable Pesticide CO“'(Of (}e}fe)ctm“ %ADIY  %MPIY
me/ kg mg/kg - bw/day mg/person/day

Chlorfenapyr 0.098 0.026 0.00016 1.430 0.618  0.011

Leek Cypermethrin 0.252 0.020 0.00041 1.100 2.066  0.038

Procymidone 2.299 0.100 0.00377 5.500 3.770  0.069

Chlorfenapyr 0.870 0.020 0.00338 1.100 16.922  0.308

Perilla Procymidone 1.389 0.100 0.00540 5.500 5.403  0.098
leaves

Diniconazole 0.079 0.020 0.00031 1.100 1.537  0.028

Green &  Chlorfenapyr 0.056 0.026 0.00035 1.430 1.338  0.024

red pepper  p.oumidone 0.317 0.100 0.00197 5.500 1.969  0.036

Welsh Cypermethrin 0.124 0.020 0.00176 1.100 8.804  0.160

onion Procymidone 0.902 0.100 0.01281 5.500 12.808  0.233

Acceptable daily intake(mg/kg - bw/day)

Maximum permissible intake(mg/person/day) = ADI x 55(kg)

a)
b) Estimated daily intake(mg/kg - bw/day) = {mean of conc. of pesticide(mg/kg)x daily food intake(g-bw/day)}/1000
c)
ol

) % Acceptable daily intake = (EDI/ADI) x 100
e) % Maximum permissible intake = (MPI/ADI) x 100
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procymidone, chlorfenapyr, cypermethrin
2 HAENEZ =39t JFREEES 29
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Management System. Available from:
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