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ABSTRACT - We inspected contaminations of pesticides in the 3,313 crop samples grown under the standard of
Korean Good Agricultural Practices (GAP) between 2014 to 2016 May. According to our inspection, violations by
unregistered pesticide contaminations far outweighed those by exceeding maximum residue limits. Most of the crops
contaminated with unregistered pesticides were minor vegetable crops, for which far less pesticide products are reg-
istered compared to cereal grains and fruits. And in our second study, the pesticide in the sprayer was removed 90%
or more, but not totally by serial rinses. From this result, it is assumed that pesticide remained in the rinsed sprayer can
be carried over to crops unintentionally. Our study shows that supplying pesticide products evenly to all kinds of crops
and allowing unintentional carry-over of unregistered pesticides to a certain extent are solutions to revitalize

depressed Korean Good Agricultural Practices.
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Table 1. Pesticide products registered in Korea for Commodities in 2016 (partial list)

Types

Commodities

No. of registered pesticides

Types Commodities

No. of registered pesticides

Cereal grains

Rice
Maize
Common millet
The rest, omitted

148
34
10

Potatoes

Potato
Sweet potato
The rest, omitted

86
16

Watermelon
Korean Cabbage
Korean melon
Chwinamul
Melon
Eggplant
Leek

125
115
114
48
67
58
43

Vegetables

Fruits

Apple 157
Mandarin 138
Pear 126
Grape 124
Peach 104
Strawberry 115
Jujube 57
Plum 53
Blueberry 33
Apricot 25

Lettuce (leaf) 54
Radish leaves 43
Spinach 43
Squash 42
Head Cabbage 24
Chinese vegetable 3
The rest, omitted

The rest, omitted

Table 2. List of pesticides monitored in GAP crops

Analitical
instruments

Pesticides

GC-ECD

Anilofos, Bromopropylate, Carbophenothion, Chlorfenvinphos, Chlorfluazuron, Chlorobenzilate, Cyflufenamid,
Cyhalothrin, Deltamethrin, Dicloran, Dicofol, Dimethenamid, Disulfoton, Etrimfos, Fenpropathrin, Fenvalerate,
Flutolanil, Folpet, Halfenprox, Heptachlor, Lufenuron, Oxadiazon, Oxyfluorfen, Paclobutrazole, Parathion-
methyl, Permethrin, Propiconazole, Triflumuron, Trifluralin, Aldrin, Azoxystrobin, Bifenthrin, Captan, Chlor-
fenapyr, Clofentezine, Dieldrin, Difenoconazole, Endosulfan, Flucythrinate, Imazalil, Indanofan, Metobromuron,
Metribuzin, Mevinphos, Penconazole, Probena- zole, Prochloraz, Procymidone, Prometryn, Simazine, Simecona-
zole, Tefluthrin, Tetraconazole, Tetradifon, Thifluzamide, Zoxamide, Acrinathrin, BHC, Bromobutide, Butachlor,
Cyfluthrin, Dichlofluanid, Dithiopyr, Ethion, Fenamidone, Fenoxanil, Fipronil, Fthalide, Indoxacarb, Iprodione,
Isoprothiolane, Kresoxim-methyl, Mefenacet, Metolachlor, Nuarimol, Piperophos, Pyridalyl, Qintozene,
Tolylfluanid, Triadimenol, Alachlor, Bifenox, Chinomethionat, Chlordane, Chlorothalonil, Cypermethrin, DDT,
Diclofop-methyl, Endrin, Ethalfluralin, Etridiazole, Fenarimol, Flufenoxuron, Mecarbam, Methoxychlor,
Methyl-pentachlorophenyl sulfide, Ofurace, Pirimiphos-ethyl, Propanil, Pyridaben, Pyridaphenthion, Pyrimid-
ifen, Thiobencarb, Tralomethrin, Triadimefon, Vinclozolin

GC-NPD

Dichlorvos, Methabenzthiazuron, Terbuthylazine, Iprobenfos, Simetryn, Metalaxyl, Terbutryn, Malathion, Par-
athion, Pendimethalin, Triflumizole, Hexaconazole, Myclobutanil, Cyproconazole, Edifenphos, Etoxazole, Pyra-
clofos, Furathiocarb, Azinphos-methyl, Bitertanol, Buprofezin, Cadusafos, Chlorpropham, Diniconazole,
Diphenamid, Fenamiphos, Fenitrothion, Iprovalicarb, Isofenphos, Methidathion, Molinate, Phosphamidon, Pro-
thiofos, Tebufenpyrad, Terbufos, Thiazopyr, Chlorpyrifos-methyl, Diazinon, Dimepiperate, Diphenylamine, Fen-
buconazole, Fenothiocarb, Fenthion, Flusilazole, Fosthiazate, Metconazole, Phorate, Phosalone, Pirimiphos-
methyl, Profenofos, Pyriminobac-methyl, Tebuconazole, Chlorpyrifos, Cyprodinil, Dimethoate, EPN, Esprocarb,
Ethoprophos, Fenazaquin, Fludioxonil, Mepronil, Napropamide, Phenthoate, Pyrazophos, Tebupirimfos, Tolclo-
fos-methyl, Triazophos

HPLC-DAD

Benomyl, Chromafenozide, Clothianidin, Cyhalofop-butyl, Dimethomorph, Dimethylvinphos, Ferimzone, Flumi-
oxazin, Hexaflumuron, Mepanipyrim, Metamifop, Novaluron, Pirimicarb, Pyributicarb, Pyriproxyfen, Quinoc-
lamine, Tebufenozide, Thiabendazole, Thiacloprid, Trifloxystrobin, Acetamiprid, Boscalid, Cyazofamid,
Cymoxanil, Diethofencarb, Diflubenzuron, Diuron, Fenpyroximate, Fluacrypyrim, Forchlorfenuron, Imibencona-
zole, Imidacloprid, Pentoxazone, Pyraclostrobin, Pyribenzoxim, Pyrimethanil, Pyroquilon, Spirodiclofen,
Teflubenzuron, Amisulbrom, Bendiocarb, Benthiavalicarb-isopropyl, Benzoximate, Carbendazim, Chloranilip-
role, Ethaboxam, Etofenprox, Flubendiamide, Flupicolide, Hexythiazox, Mandipropamid, Methoxyfenozide,
Oxaziclomefon, Pencycuron, Silafluofen, Spiromesifen, Thiophanate-methyl, Tiadinil, Tricyclazole

HPLC-FLD

Carbaryl, Carbofuran, Fluquinconazole, Isoprocarb, Methiocarb, Methomyl, Thiodicarb, Aldicarb, Ethiofencarb,
Fenobucarb, Metolcarb, Oxamyl, Propoxur, Thiamethoxam,
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Table 3. Analytical conditions of GC

. . Detector
Specification
ECD NPD
HP-5 5% phenyl methyl siloxane
Column (30 m x 0.25 mm ID x 0.25 pm)
Inlet Temperature: 250°C Temperature: 250°C
1 puL split ratio 50 : 1 1 uL splitless
Temperature: 320°C
Temperature: 320°C Make-up N,: 60 mL/min
Detector

Make-up N,: 60 mL/min H,: 3.5 mL/min
Air: 120 mL/min

80°C (2 min hold) — 10°C/min — 200°C — 2°C/
Oven min — 220°C (4 min hold) — 10°C/min — 300°C
(4 min hold)

Table 4. Analytical conditions of HPLC

. . Detector
Specification

Diode Array Detector Fluorescence Detector

Column  C18 (150 mm x 4.6 mm, 2.6 um)
Injector  Injection volume: 10 pL
Wavelength: 254 nm, Excitation: 330 nm
Detector
235 nm Emission: 445 nm
Time Water  Acetonitrile Flow rate
(min) (%) (%) (mL/min)
0 70 30 0.7
Mobile 5 70 30 0.7
Phase 20 30 70 0.7
30 10 90 0.7
31 0 100 1.0
40 0 100 1.0
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Table 5. List of the pesticide products used to analyze pesticide
residues in the rinsed pesticide sprayers (written in alias)

Table 7. Unregistered pesticides detected in the GAP crops ana-
lyzed from 2014 to 2016 May

Products Producer Active ingredients (%, w/v) Types Crops Unregistered pesticides detected
A A company (Korea) Procymidone (50%) Cereal grains Rice Bifenthrin, Cyhalothrin, Cypermethrin
B B company (Korea) Cypermethrin (5%) Apple Methomyl, Tralomethrin
C C company (Korea) Fluopyram (40%) Mandarin  Dicofol
D D company (Korea)  Acetamiprid (5%) Pear Methidathion, Phenthoate,
E E company (Korea) Carbendazim (35%) Procymidone
F F company (Korea) Methidathion (36%) Grape Isoprothiolane
G G company (Korea)  Bifenthrin (1%) Peach Azinphos-m'ethyl, Cyfluthrin,
H B company (Korea) Spiromesifen (20%) Fuits Fenpropathrin, Methomy!
Cypermethrin, Endosulfan,
) ] ]
I H company (Korea)  Chlorfenapyr (5%) Strawberry Famoxadone, Isoprothiolane
0,
J I company (Korea) Famoxadone (9%) Chlorfenapyr, Methomyl,
K I company (Korea) Chlorantraniliprole (8%) Plum Phenthoate
L E company (Korea) Chlorpyrifos (38%) ] Chlorpyrifos, Procymidone,
Jujube . .
Spiromesifen
Table 6. Yearly violations of pesticides of the GAP crops ana- Blueberry  Boscalid

lyzed by National Agricultural Cooperative Federation

No. of violations No. of violations

Year ::;‘p(l); by exceeding MRL by urilr.egistered
(%) pesticides (%)
2014 1,874 13 (0.69) 29 (1.55)
2015 1,323 2(0.15) 41 (3.10)
2016
(Jan ~ May) 116 0(0) 3(2.59)
Total 3,313 15 (0.45) 73 (2.20)
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Table 8. Numbers of violations by unregistered pesticides of GAP crops and numbers of pesticide products registered for each GAP crop

No. of samples

Types Crops

No. of registered

No. of violations % of violations

analyzed pesticides
Cereal grains Rice 936 5 0.5% 148
Apple 666 2 0.3% 157
Mandarin 131 1 0.8% 138
Pear 280 6 2.1% 126
Grape 205 1 0.5% 124
Fuits Peach 201 5 2.5% 104
Strawberry 201 8 4.0% 115
Plum 27 4 14.8% 53
Jujube 9 3 33.3% 56
Blueberry 9 1 11.1% 33
Watermelon 89 2 2.2% 125
Korean melon 37 10 27.0% 114
Melon 18 10 55.6% 67
Eggplant 7 1 14.3% 58
Chwinamul 4 2 50.0% 48
Vegetables Lettuce(leaf) 27 5 18.5% 54
Spinach 6 2 33.3% 43
Leek 1 12.5% 43
Squash 62 2 3.2% 42
Radish leaves 3 2 66.7% 43
Chinese vegetable
Bok- Chgoy) 1 1 100% 0
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Table 10. Number of detections of unregistered pesticides in the
range comparing the MRLs

Range comparing the MRL No. of detections in the range

above MRL 3
90% < X < MRL 0
80% < X £90% 0
70% < X < 80% 0
60% <X £70% 0
50% < X £60% 4
40% <X £50% 3
30% < X £40% 2
20% < X £30% 7
10% < X £20% 11
5% <X <10% 10
5% or below 46

Procymidone

Cypermethrin

Fluopyram F
Carbendazim !

Methidathion

Acetamiprid

Bifenthrin

— F
—
|
—

Famoxadone

Spiromesifen

Chlorantmiliprole

Chlorpyrifos

0.0 10 20 3.0 4.0 50 6.0 70 8.0 8.0 100
Residual %
OThird rinse(200mL)

M First rinse(200mL) M Second rinse(200mL)

Fig. 1. Residual percentiles of the pesticide in the rinsed sprayers.
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