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ABSTRACT - This study was conducted to investigate concentrations of pesticide residues in commercial agri-
cultural products collected in the Gangseo area of Seoul from 2018 to 2020. We evaluated the effectiveness of intro-
ducing the positive list system (PLS) to monitor pesticide residues exceeding the maximum residue limit (MRL). due
to the introduction of the PLS (positive list system). The total number of samples was 8,081 for agricultural products
and these were analyzed by multi-residue methods for 340 pesticides using GC-MS/MS, GC-MSD and HPLC-MS/
MS. The violation rates of the samples over the MRLs of pesticide residues established by the Ministry of Food and
Drug Safety in the surveys from 2018, 2019 and 2020 were 2.5%, 1.9% and 1.4%, respectively. Chi-square test anal-
ysis was performed to determine the relationship between the introduction of the PLS and the status of violation by
year. The analysis result was y’=8.383, P=0.015. As the P level of P<0.05 was statistically significant, it was found
that the violation rates decreased with the introduction of PLS.

Key words : Pesticide residue, Agricultural products, Positive List System, Maximum Residue Limit
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Table 1. List of selected pesticides monitored in the study

Classification

Pesticide

Insecticide (108)

Acrinathrin, 2,3,5-Trimethacarb, Aldicarb, Aldrin, Aramite, Aspon, Azamethiphos, Azinphos-Ethyl, Bendiocarb, BHC,
Bifenthrin, Bromophos-ethyl, Bromophos-methyl, Carbaryl, Carbophenothion, Chlorantraniliprole, Chlorbufam, Chlordane,
.Chlorethoxyfos, Chlorfenapyr, Chlornitrofen, Chlorobenzuron, Chloroxuron, Chlorpyrifos, Chlorpyrifos-methyl, Couma-
phos, Crufomate, Cyanophos, Cycloprothrin, DDT, Diazinon, Dichlofenthion, Dicrotophos, Dimethoate, Dioxathion, Endo-
sulfan, EPN, Esprocarb, Ethiofencarb, Ethion, Ethoprophos, Etofenprox, Etrimfos, Fenchlorphos, Fenitrothion:MEP,
Fenobucarb, Fenson, Fenthion, Fipronil, Flubendiamide, Flufenoxuron, Flumetralin, Flupyradifurone, Fonofos, Formothion,
Heptachlor, Heptenophos, Hexaflumuron, Imidacloprid, Indoxacarb, Isazofos, Isofenphos, Isoprocarb, Lufenuron, Malaoxon,
Malathion, Mecarbam, Mephosfolan, Methidathion, Methiocarb, Methomyl, Methoxychlor, Methoxyfenozide, Methyltri-
thion, Metolcarb, MGK-264, Nitenpyram, Novaluron, ParathionEthyl, ParathionMethyl, Permethrin, Perthane, Phenthoate,
Phosalone, Phosfolan, Phosmet, Pirimiphos-ethyl, Pirimiphos-methyl, Promecarb, Propetamphos, Propoxur, Prothiofos, Pyr-
idaben, Pyrimidifen, Pyriproxyfen, Quinalphos, Silafluofen, Sulprofos, Tebufenozide, Tebufenpyrad, Tebupirimfos,
Teflubenzuron, Tefluthrin, Tetrachlorvinphos, Tetramethrin, Thiamethoxam, Thionazin, XMC

Fungicide (82)

Amisulbrom, Azaconazole, Azoxystrobin, Benalaxyl, Benodanil, Bixafen, Boscalid, Bupirimate, Chinomethionat,
Chloroneb, Chlozolinate, Cymoxanil, Cyproconazole, Diclobutrazol, Dicloran, Diethofencarb, Diniconazole, Diphenylamine,
Edifenphos, Epoxiconazole, Etaconazole, Ethaboxam, Etridiazole, Fenamidone, Fenfuram, Fenhexamid, Fludioxonil, Flu-
opyram, Fluquinconazole, Flusilazole, Flutianil, Flutolanil, Flutriafol, Hexachlorobenzene, Imibenconazole, Ipconazole,
Iprodione, Isoprothiolane, Kresoxim-methyl, Leptophos, Mepanipyrim, Mepronil, Metominostrobin, Metrafenone, Myclobu-
tanil, Nitrapyrin, Nitrothal-isopropyl, Nuarimol, Ofurace, Oxadixyl, Penconazole, Penflufen, Pentachlorobenzonitrile, Pen-
thiopyrad, Phthalide, Picoxystrobin, Probenazole, Procymidone, Proquinazid, Prothioconazole, Pyracarbolid, Pyraclostrobin,
Pyrazophos, Pyrimethanil, Pyroquilon, Quinoxyfen, Quintozene, Simeconazole, Spiroxamine, Tetraconazole, Thifluzamide,
Tiadinil, Tolclofos-methyl, Tolylfluanid, Triadimefon, Triadimenol, Tricyclazole, Trifloxystrobin, Triflumizole, Triticonazole,
Vinclozolin, Zoxamide

Herbicide (125)

Alachlor, Allidochlor, Ametryn, Anilofos, Atrazine, Benoxacor, Bensulide, Benzoylprop-ethyl, Bromacil, Bromobutide,
Butachlor, Butafenacil, Butralin, Butylate, Carbetamide, Chlorflurenol-methyl, Chlorimuronethyl, Chlorotoluron, Chlorthal-
dimethyl, Cinidon-ethyl, Cinmethylin, Clomazone, Clomeprop, Cyanazine, Cyazofamid, Cycloate, Cyhalofop-butyl, Cypra-
zine, Desmetryn, Diallate, Dichlormid, Diclofop-methyl, Diethatyl-ethyl, Diflufenican, Dimepiperate, Dimethachlor, Dimeth-
ametryn, Dimethenamid, Dinitramine, Diphenamid, Dithiopyr, EPTC, Ethalfluralin, Ethofumesate, Fenclorim, Flamprop-
isopropyl, Fluazifop-butyl, Fluazinam, Fluchloralin, Flufenacet, Flufenpyr-ethyl, Flumiclorac-pentyl, Flumioxazine, Fluome-
turon, Fluorochloridone, Fluridone, Flurtamone, Fluthiacet-methyl, Hexazinone, Imazamox, Imazapic, Imazaquin, Imazetha-
pyr, Indanofan, Isopropalin, Isoproturon, Isoxaben, Isoxadifen-ethyl, Lactofen, Lenacil, Mefenacet, Mefenpyr-diethyl,
Metamitron, Metazachlor, Methabenzthiazuron, Methoprotryne, Metolachlor, Metribuzin, Molinate, Monolinuron, Napropa-
mide, Neburon, Norea(Noruron), Norflurazon, Oxadiazon, Oxaziclomefone, Oxyfluorfen, Pebulate, Pentoxazone, Phenmed-
ipham, Picolinafen, Pinoxaden, Pretilachlor, Profluralin, Prometon, Prometryn, Propachlor, Propanil, Propaquizafop,
Propazine, Propisochlor, Propyzamide, Prosulfocarb, Pyraclonil, Pyraflufen-ethyl, Pyrazolate, Pyribenzoxim, Pyributicarb,
Pyridate, Quinoclamine, Secbumeton, Simazine, Simetryn, Sulfentrazone, Tebuthiuron, Tepraloxydim, Terbumeton, Terbuth-
ylazine, Terbutryn, Thenylchlor, Thiazopyr, Tri-allate, Tridiphane, Trifluralin, Vernolate

Miticide (18)

Acrinathrin, Bromopropylate, Chlorbenside, Chlorfenson, Chlorobenzilate, Chloropropylate, Chlorthiophos, Etoxazole, Flu-
acrypyrim, Halfenprox, Hexythiazox, Lindane, Spirodiclofen, Sulfotep, Tetradifon, Tetrasul, Thiometon, Tolfenpyrad, Triazo-
phos

Growth regulator (7) 2,6-diisopropylnaphthalene, Chlorpropham, Forchlorfenuron, Paclobutrazol, Propham, Tribufos, Uniconazole
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Table 2. Analytical conditions of GC/MSD
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YA = 7teARutETH 9] 48 913l Florisil cartridge
(Agilent technologies, Folsom, CA, USA) 6 mL, 1 g=, <
ANazetEae 1] A4S 98] NH, cartridge (Agilent
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GC-MS/MS (gas chromatography—tandem mass spectrometry)

A2 TSQ9000 triple quadrupole mass spectrometer
(Thermo Fisher Scientific Inc., Austin, TX, USA)?} Gas
chromatograph/mass ~ selective  detector (7890A, Agilent

Instrument Agilent 7890A
Column HP-5MS 5% phenyl methyl siloxane (30 m>250 pum IDx0.25 pm film thickness)
Oven temp. 100°C (2 min) — 10°C/min — 200°C (2 min)— 10°C/min —260°C (8 min)— 10°C/min —270°C (0 min)

Injection temp.
Carrier gas
MSD Ionization method
Ion source temp.
Transfer line temp.

Scan range

250°C
He (splitless, 1.0 mL/min)
Electron impact at 70 eV
230°C
280°C
50~550 m/z (2.9 scan/sec)

Table 3. Analytical conditions of LC-MS/MS

Instrument

Agilent Technologies 6495 Triple Quad LC/MS

Ionization mode

Gas parameters

Electrospray ionization (AJS ESI, positive)
Sheath Gas(Arb) : 40.0
Aux Gas(Arb) : 15.0
Sweep Gas(Arb) : 1.0

Scan mode SRM (selected reaction monitoing)
Column Accucore aQ C18 (2.1x100 mm, 2.6 pm)
Column oven 30°C
Injection vol. 2 ulL
Flow rate 0.35 mL/min
Mobile phase A: 0.1% formic acid, 5 mM ammonium formate in water

B: 0.1% formic acid, 5 mM ammonium formate in methanol

Gradient program

Time (min) A(%) B(%)
0.0 95 5
5.0 45 55
7.0 45 55
9.0 5 95
12.0 5 95

11.1 95 5




166 Chang-Kyu Kim et al.

Table 4. Analytical conditions of GC-MS/MS

Instrument

Thermo scientific Trace 1310

Column
Oven program

Injection volumn

TG-SQC, 15 mx0.25 mm, 0.25 pm film
Initial 70°C, hold 3 min, then 15°C/min to 160°C, next 5°C/min to 300°C, and hold for 3 min

2 pL (splitless)

Carrier gas Helium (1 mL/min)
Total running time: 40 min
MS/MS system Thermo Fisher Scientific TSQ9000
Ionization mode EI mode
Transfer line temperature 280°C
lon source temperature 300°C
Collision gases Argon

technologies, Santa Clara, CA, USA)Z 43133, LC-MS/
MS (liquid chromatography—tandem mass spectrometry)
A2 TSQ Altis triple quadrupole mass spectrometer
(Thermo Fisher Scientific Inc., San Jose, CA, USA)S ©]
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Table 5. Results of pesticide residue monitoring in agricultural commodities in 2018-2020
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Crop

Group

Commodity

No. of sample

No. of sample violated /No. of sample detected (%)

2018 2019 2020 2018 2019 2020
Total 2,733 2,533 2,815 67/213  (2.5/7.8) 49115 (1.9/45) 39/129  (1.4/4.6)
Lettuce (leaf) 308 207 177  2/16  (0.6/5.2) 2/6  (1.0/29) 29 (1.1/5.1)
Spinach 206 236 186  3/22  (1.0/74) 522 (2.1/93) 212 (1.1/6.5)
Ssam cabbage 206 181 175  3/18  (1.5/8.7) 19  (0.6/5.0)  1/9 (0.6/5.1)
Perillaleaves 100 76 75 4/9 (4.0/9.0) 1/6  (1.3/7.9) 3 (1.3)
Radish leaves 184 159 128 8 (4.3) 11 (0.6) 3 2.3)
Crowndaisy 198 108 116  2/4 (3.1/6.2) 44 3737 1215 (10.3/12.9)
Chicory 130 84 54 4/8 (0.1/0.3) 22 (242.4)
Kale 3 7 12 3/3 (100.0/100.0)
Leafy Pak-cho 44 45 67 22 (4.5/4.5) 11 (2212.2)
vegetable Chamnamul 24 13 19 912 (37.5/50.0) 4/6  (30.8/46.2) 4 (21.1)
Curled mallow 176 119 121  4/9 (2.3/5.1) 23 (1725 112 0.8/1.7)
Pumpkin (leaves) 16 6 2 1/1 (6.3/6.3)
Chwinamul 5 8 8 1 (20.0) 2 (5.0)
Mustard leaf 33 16 12 3 ©.1) 1/4 (6.3/25.0)
Bi-reum 23 19 6 6/12  (26.1/52.2) 1 (5.3) 44 (66.7/66.7)
Chard 125 97 118  5/15  (4.012.0)  4/5  (41/52)  3/5 (2.5/4.2)
Others 48 59 71 47 (83/146) 47  (6.8/11.9) 9/15  (12.8/18.3)
Subtotal 1,923 1,442 1,340 52/150 (2.7/7.8)  32/77  (22/53) 34/81  (2.5/6.0)
Welsh onion 40 8 107 2/6  (5.0/15.0) 2 2.3) 3 (2.8)
Leek 68 84 8  1/12  (1.5/17.6) 13 (1.2/3.6) 6 (7.0)
Water dropwort 45 44 46 1/3 (2.2/6.7)
Staik and Celery 2 4 6 /1 (50.0/50.0) 1/2  (25.0/50.0) 12 (14.3/28.6)
Vegetable Ve;eet:]ble Greengartic 4 6 1 (16.7)
Wild garlic 4 1 6
Others 24 125 104 23 (83/125)  3/5  (2.4/4.0) 2 1.9)
Subtotal 187 350 360  7/25  (3.713.4)  5/13  (14/3.7) 113 (0.3/3.6)
Carrot 4 50 55 1 (1.8)
Radish (root) 12 41 62 1 2.4 1 (1.6)
Root and Onion 8 49 66
tuber .
vegetable Garlic 6 12 18
Others 6 13 19
Subtotal 36 165 221 1 (0.6) 2 0.9)
Cucumber 45 45 51 1 2.2) 2 “4.4) 3 (5.9)
Fruiting Squash 28 69 79 1/1 (1.3/1.3)
vegetable and Korean melon 8 13 1 (7.7)
cucurbits Others 7 33 1 (3.0)
Subtotal 87 129 176 1 (1.1) 2 (1.6) 1/6 (0.6/3.4)
Chili pepper 15 20 19 214 (1331267) 13 (5.5/15.0) 4 (21.1)
Fruiting  gyeetpepper 11 20 30 1 (5.0) 3 (10.0)
vegetable Eggplant 14 36 25 1 (7.1) 2 (5.6) 1 (4.0)
without
cucurbits Tomato 34 25 62 1 (1.6)
Subtotal 74 101 136 2/5 (2.7/6.8) 16  (1.0/5.9) 9 (6.6)
Broccoli 11 15 18
Flowerhead Kimchi cabbage 18 17 15 1 6.7)
brassicas Others 10 50 58
Subtotal 39 82 91 1 (1.1)
Subtotal 2,346 2,269 2324 61/181  (2.6/7.7)  38/99  (1.7/4.4) 36/111  (1.5/4.8)
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Table 5. (Continued) Results of pesticide residue monitoring in agricultural commodities in 2018-2020

No. of sample

No. of sample violated /No. of sample detected (%)

Crop Group Commodity
2018 2019 2020 2018 2019 2020
Jujube 2 1 2 1 (50.0)
Peach 13 3 16 1 (7.7) 1 (6.3)
Stone fruit Cherry 10 2 3 5 (50.0)
Others 12 6 14 3 (21.4)
Subtotal 37 12 35 7 (18.9) 4 (11.4)
Apple 24 15 29 1 “4.2) 1 6.7) 5 17.2)
. Persimon 12 8 15
Pome fruit
Others 15 10 27
Subtotal 51 33 71 1 2.0) 1 3.0) 5 (7.0)
Mandarin 38 16 33 2 (5.3) 1 6.3) 4 (12.1)
Orange 11 1 6
. Citrus fruit Lemon 8 1
Fruit .
Grapefruit 8 2 5 2 (25.0)
Subtotal 66 19 45 4 6.1) 1 (5.3) 4 (8.9)
Grape 38 8 24 9 (23.7) 3 (37.5) 1 4.2)
Berries and other Strawberry 22 9 14 2 (91)
small fruit Others 34 4 6 2 5.9
Subtotal 94 21 44 13 (13.8) 3 (14.3) 1 (2.3)
Kiwifruit 24 1 13
Assorted tropical Banana 7 1 16
and sub-tropical Mango 14 1 5
fruit Others 26 1 3
Subtotal 71 4 37
Subtotal 319 89 232 25 (7.8) 5 (5.6) 14 (6.0)
Mushroom Oyster mushroom 1 20 45
Enoke 6 18 24
Others 9 38 75
Subtotal 16 76 144
Potatos Potato 4 43 62
Sweet potato 1 26 32
Others 1
Subtotal 5 69 95
Herbs & Spices Coriander leave 46 26 17 6/7  (13.0/15.2) 11/11 (42.3/42.3) 3/4  (17.6/23.5)
Subtotal 46 26 17 6/7  (13.0/15.2) 11/11 (42.3/42.3) 3/4  (17.6/23.5)
Beans Kidney bean 1 1
Others 1
Subtotal 1 1 1
Cereal grain Maiz 3 2
Others
Subtotal 3 2
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Table 6. Result of the chi-square test at the level of violation due to the Positive List System

2018 2019 2020 2018 2019 2020
No. of violation (%) 67 (2.5) 49(1.9) 39(1.4)  No.ofdetection (%) 213 (7.8) 115(4.5) 129(4.6)
Total 2,733 2,533 2,815 Total 2,733 2,533 2,815
2(P) 8.383(0.015)" 35.398(0.000)"

ey

p'<0.05, p<0.01, p***<0.001
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Table 7. Number of violated pesticide residues over MRLs based
on the Positive List System

Pesticide 2019 2020 Subtotal
Novaluron 1 1
Diazinon 9 9 18
Diniconazole 2 2
Dimethomorph 1 1
Methabenzthiazuron 2 1 3
Cyazofamid 1 1 2
Uniconazole 1 1
Carbaryl 1 1
Tricyclazole 1 1
Fluazinam 1 1
Fluquinconazole 9 1 10
Pyridaben 2 2
Total 25 18 43

Table 8. Number of detected pesticide residues within MRLs
based on the Positive List System

Ethofenprox  Chlorfenapyr Fluquinonazole

2019
2020 1 1 5
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