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Monitoring of residual pesticides in fresh-cut produce in Gangseo, Seoul

Chang-Kyu Kim"*, Se-A Oh', Seong-Seon Choi', Jeong-Gon Kim', Jae-Kyu Lee’,
Dong-Kyu Kim', Bo-Kyung Jung', Dong-Hyun Yuk', and Eun-Sun Yun'

'Department of Gangnam Agricultural and Fishery Product Inspection,
Seoul Metropolitan Government Research Institute of Public Health and Environment

Abstract This study, conducted during 2018-2021 in Gangseo, Seoul, monitored residual pesticides in 14 types of fresh-
cut produce, including lettuce, tomato, and celery, in wholesale market and supermarkets. A total of 589 cases (2.9%) were
inspected; 17 cases (2.9%) were detected within the criteria, and 2 cases (0.3%) exceeded the maximum residual limit
(MRL). When assessing the distribution stage of the pesticide violation, there were two violations in the wholesale market

(before distribution), which differed from the supermarkets (during distribution). The detected pesticides,

mainly

insecticides and fungicides, appeared in the order of flubendiamide, flufenoxuron, and diazinon. A violation rate of 0.3%
was found for wholesale market, which is collection area dedicated to fresh-cut produce, and this was lower than that for
general agricultural products (1.4-2.5%). Since fresh-cut produce are consumed immediately after simple processing,
residual pesticides significantly affect the human body; therefore, continuous monitoring of pesticide residues is required.
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5 (AccuStandard, New Haven, CT, USA)=
2 A AE2] acetone, methanol, dichloromethane,
hexane (Kanto, Tokyo, Japan)2 AM&3}%13., Acetonitrile (J.T.
Baker, Phillipsburg, NJ, USA)3, NaCl (JUNSEI, Tokyo, Japan)
< ARt BATIE A= 7EEAZnEad T A4S 95
florisil cartridge (Agilent technologies, Folsom, CA, USA) 6 mL,
1gS, dAAZrfEHT 248 93] NH, cartridge (Agilent

Table 1. List of selected pesticides monitored in the study

AR Frkee A7 ZUEHY 219

7
AES AAY ¥ BHe NFFA FHE 4EF F AR

oF BAY T vEef thdE SAWME A Al A2019-11%)
A 2ol wel acetonitrile FEWE o]-&slo] A HA YL

340% T EA GC-MS/MS (gas chromatography-tandem
mass spectrometry) 42 Triple quadrupole mass spectrometer
(TSQ9000, Thermo Fisher Scientific Inc., Austin, TX, USA)<}
gas chromatograph/mass selective detector (78904, Agilent
technologies) 2 #4938}, LC-MSMS (liquid chromatography-
tandem mass spectrometry) 21-> Triple quadrupole mass
spectrometer (TSQ Altis, Thermo Fisher Scientific Inc.)& ©]-&3}
o A5t GC-MSMSE 4 8k= & acetonitrile®
Z 5, florisil SPE cartridgeE ©]-8-3le] A5, 20% acetone

Classification

Pesticide

Acetamiprid, 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, Coumaphos, Crufomate, Cyanophos, Cycloprothrin, DDT, Diazinon, Dichlofenthion, Dicrotophos, Dimethoate,
Dioxathion, Endosulfan, EPN, Esprocarb, Ethiofencarb, Ethion, Ethoprophos, Etofenprox, Etrimfos, Fenchlorphos,
Fenitrothion (MEP), Fenobucarb, Fenson, Fenthion, Fipronil, Flubendiamide, Flufenoxuron, Flumetralin, Flupyradifurone,

Insecticide (108)

Fonofos, Formothion, Heptachlor, Heptenophos, Hexaflumuron, Imidacloprid, Indoxacarb, Isazofos, Isofenphos,

Isoprocarb, Lufenuron, Malaoxon, Malathion, Mecarbam, Mephosfolan, Methidathion, Methiocarb, Methomy],
Methoxychlor, Methoxyfenozide, Methyltrithion, Metolcarb, MGK-264, Nitenpyram, Novaluron, ParathionEthyl,
ParathionMethyl, Permethrin, Perthane, Phenthoate, Phosalone, Phosfolan, Phosmet, Pirimiphos-ethyl, Pirimiphos-methyl,
Promecarb, Propetamphos, Propoxur, Prothiofos, Pyridaben, Pyrimidifen, Pyriproxyfen, Quinalphos, Silafluofen,
Sulprofos, Tebufenozide, Tebufenpyrad, Teflubenzuron, Tefluthrin, Terbufos, Tetrachlorvinphos, Tetramethrin,

Thiamethoxam, Thionazin, XMC

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, Fluopyram, Fluquinconazole, Flusilazole, Flutianil, Flutolanil, Flutriafol, Hexachlorobenzene,

Fungicide (82)

Imibenconazole, Ipconazole, Iprodione, Isoprothiolane, Kresoxim-methyl, Leptophos, Mepanipyrim, Mepronil,
Metominostrobin, Metrafenone, Myclobutanil, Nitrapyrin, Nitrothal-isopropyl, Nuarimol, Ofurace, Oxadixyl,

Penconazole, Penflufen, Pentachlorobenzonitrile, Penthiopyrad, 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

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, Cyprazine, Desmetryn, Diallate, Dichlormid, Diclofop-methyl, Diethatyl-ethyl, Diflufenican, Dimepiperate,
Dimethachlor, Dimethametryn, Dimethenamid, Dinitramine, Diphenamid, Dithiopyr, EPTC, Ethalfluralin, Ethofumesate,
Fenclorim, Flamprop-isopropyl, Fluazifop-butyl, Fluazinam, Fluchloralin, Flufenacet, Flufenpyr-ethyl, Flumiclorac-
pentyl, Flumioxazine, Fluometuron, Fluorochloridone, Fluridone, Flurtamone, Fluthiacet-methyl, Hexazinone, Imazamox,

Herbicide (125)

Imazapic, Imazaquin, Imazethapyr, Indanofan, Isopropalin, Isoproturon, Isoxaben, Isoxadifen-ethyl, Lactofen, Lenacil,

Mefenacet, Mefenpyr-diethyl, Metamitron, Metazachlor, Methabenzthiazuron, Methoprotryne, Metolachlor, Metribuzin,
Molinate, Monolinuron, Napropamide, Neburon, Norea(Noruron), Norflurazon, Oxadiazon, Oxaziclomefone,
Oxyfluorfen, Pebulate, Pentoxazone, Phenmedipham, 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, Terbuthylazine, Terbutryn, Thenylchlor, Thiazopyr, Tri-allate,

Tridiphane, Trifluralin, Vernolate

Acrinathrin, Bromopropylate, Chlorbenside, Chlorfenson, Chlorobenzilate, Chloropropylate, Chlorthiophos, Etoxazole,

Miticide (18)
Triazophos

Fluacrypyrim, Halfenprox, Hexythiazox, Lindane, Spirodiclofen, Sulfotep, Tetradifon, Tetrasul, Thiometon, Tolfenpyrad,

Growth regulator (7) 2,6-Diisopropylnaphthalene, Chlorpropham, Forchlorfenuron, Paclobutrazol, Propham, Tribufos, Uniconazole
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Table 2. Analytical conditions of GC/MSD

Table 4. Analytical conditions of GC-MS/MS

Instrument Agilent 7890A Instrument Thermo scientific Trace 1310
HP-5MS 5% phenyl methyl siloxane (30 m x 250 um Column TG-SQC, 15 mx0.25 mm, 0.25 pum film
Column ID x 0.25 um film thickness)
-2 pm Him thickness Oven program Initial 70°C, hold 3 min, then 15°C/min to
100°C (2 min) — 10°C/min — 200°C (2 min) — 160°C, next 5°C/min to 300°C, and hold
Oven temp. 10°C/min — 260°C (8 min) — 10°C/min — for 3 min
270°C (0 min) Injection volumn 2 uL (splitless)
Injection temp. 250°C Carrier Gas Helium (1 mL/min)
Carrier gas He (splitess, 1.0 mL/min) Total running time: 40 min
MSD Tonizati El i t 70 eV
5 onization method ectron impact at 70 e MS/MS System Thermo scientific TSQ9000
Ion source temp. 230°C —
. Ionization mode EI mode
Transfer line temp. 280°C

Scan range 50-550 m/z (2.9 scan/sec)

Table 3. Analytical conditions of LC-MS/MS

Instrument Thermo scientific TSQ Altis
Ionization mode  Electrospray ionization (AJS ESI, positive)
Gas parameters 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 um)
Column oven 30°C
Injection vol. 2 uL
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
Time (min) A (%) B (%)
0.0 95 5
5.0 45 55
Gradient program 7.0 45 55
9.0 5 95
12.0 5 95
12.1 95 5
k& hexaneo] o] Al@gAow 3t LC-MSMSE #2443}
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Transfer line temperature ~ 280°C
Ion source temperature 300°C

Collision gases Argon
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Table 5. Results of pesticide residue monitoring in fresh-cut product ingredients (2018-2021)

Wholesale Super o . o
market markets No. of detected (%) No. of violated (%)
Commodity Group
No. of sample wholesale super wholesale super
’ p market markets market markets
Mustard greens 11 1 2(18.2)
Radicchio 2
Romaine lettuce 10 1
Radish sprouts 2
Leafy vegetable

Lettuce 12 31 1(8.3) 1(3.2)
Swiss Chard 2
Chicory 288 5(1.7) 1(0.3)
Kale 22 3(13.6)

Sum 345 47 11(3.2) 12.1) 1(0.3)
Celery Stalk and stem vegetable 4 16 3(18.8) 1(25.0)
Carrot 3 18

. Root and tuber vegetable

Onion 2 17

Sum 5 35
Tomato Fruiting vegetable 76 1(1.3)
Sweet pepper”’ without cucurbits 4 17 1(5.9)

Sum 93 2(2.2)
Cabbage Flowerhead brassicas 35

Subtotal" 361 226 11(3.0) 6(2.7) 2(0.6)
Total 589 17(2.9) 2(0.3)

YOverall, the detection rate of pesticide residues between the two groups was similar, but the difference was due to two violations occurring only

in the wholesale market.

Table 6. Difference in sampling means by location

No Average Sandard Deviation t(p)
. Wholesale market 14 25.93 75.968
Location 0.465 (0.196)"
Supermarkets 14 16.14 20.632

Since the p-value is greater than 0.05, the null hypothesis is accepted. That is, there is no difference in sampling between the two groups.
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Table 7. Detected pesticide residues in wholesale market and supermarkets

Pesticide Pesticide type Detected Agricultural Products Subtotal
Diazinon" Insecticide Celery (1), Mustard greens (1) 2
Lufenuron Insecticide Kale (2) 2
Acetamiprid Insecticide Chicory (1) 1
Azoxystrobin Fungicide Lettuce (1), Celery (1) 2
Chlorfenapyr Insecticide Sweet pepper (1) 1
Chlorantraniliprole Insecticide Celery (1) 1
Terbufos Insecticide Chicory (1) 1
Tefluthrin Insecticide Celery (1) 1
Paclobutrazol Growth regulator Mustardgreens (2) 2
Procymidone Fungicide Celery (1) 1
Flubendiamide" Insecticide Lettuce (1), Chicory (1), Kale (1) 3
Fluopyram Fungicide Celery (1) 1
Flufenoxuron Insecticide Chicory (3) 3
Pyraclostrobin Fungicide Celery (1) 1
Pyridaben Insecticide Sweet pepper (1), Tomato (1) 2
Total 24
15 types of pesticide were detected in 24 cases
Dyiolated pesticide in vegetables
Table 8. Residual pesticides detected by agricultural products in wholesale market and supermarkets
Detected Agricultural Products Pesticide Subtotal
Mustard greens Diazinon, Paclobutrazol (2) 3
Celery Azoxystrobin, Chlorantraniliprole, Diazinon", Fluopyram, Procymidone, Pyraclostrobin, Tefluthrin 7
Lettuce Azoxystrobin, Flubendiamide 2
Chicory Acetamiprid, Flufenoxuron(3), Flubendiamide", Terbufos 6
Kale Flubendiamide, Lufenuron(2) 3
Tomato Pyridaben 1
Sweet pepper Chlorfenapyr, Pyridaben 2
Total 24

Dviolated pesticide in vegetables
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