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ABSTRACT - In order to confirm the impact of the Positive List System (PLS) being applied to all agricultural
products from January 1, 2019, we analyzed 28,693 points of inspection-related data on agricultural products distrib-
uted in Gyeonggi-do from 2018 to 2020. The ratio of cases exceeding the standard for the total inspection performance
was 1.0% in 2018, 1.2% in 2019, and 1.2% in 2020. Out of the 114 cases exceeding the standard in 2019, 55 were
applied on a Maximum Residue Limit (MRL) of 0.01 mg/kg, and out of the 115 cases exceeding the standard in 2020,
66 were applied on a MRL of 0.01 mg/kg. To improve this, it seems necessary to manage unintentional pollution, con-
ventional use for unregistered crops, and illegal pesticides. Fluquinconazole detection resulted from unintentional
contamination, and diazinon, chlorothalonil, and methabenzthiazuron detection resulted from conventional use in
unregistered crops. Chinomethionat is a pesticide component that was discarded in the past and its current use has
been attributed to the smuggling of pesticides. This study and future monitoring data can be used as reference data for
system supplementation and on-site management reinforcement.
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Materials and Methods

2MBPo g BN 7b5d RS e s A7) =
AE 20199 AL EYPOF 263F(2018)014 274%F
(2019. 4. 1.), 3413(2019. 7. 227} &8 02 AL &
5 Fostdohr.

F23 9 Al

oF BFEEZHLE stock solution (Kemidas, Suwon,
Korea) 1,000 mg/L ¥ 100 mg/L-S A3t} Acetonitrile,
Charlotte, NC, USA)3}

acetone, hexane, methanol (Wako, Osaka, Japan)S A}-2-3}

off b

dichloromethane (Honeywell,
S}, Sodium chloride, anhydrous sodium sulfate (Junsei,
Tokyo, Japan)S A3}, L & AFES FRES
A8 9 Guaranteed ReagentE A3}t A& A
ZFZ(solid phase extraction, SPE) 7}IEZ|A|(Agilent
Technologies, Santa Clara, CA, USA)+< florisil cartridge
(1 g, 6 mL)®} aminopropyl cartridge (1 g, 6 mL)E A}&-3}
ATH

247

7890A “IH](Agilent Technologies, Santa Clara, CA, USA)
2 Gas chromatography (GC) ¥4, f719aA &k
HAALEE (electron capture detector, ECD) AZ7], #7114
ok A 49l(nitrogen phosphorus detector, NPD) 7&7]
E AMESIE A, AL =9 F TSQ 9000 gas chromato-
graphy tandem mass spectrometer system (GC-MS/MS) *¢
H](Themofisher Scientific Co., Waltham, MA, USA)S F7}
2 ARSI liquid chromatography (LC) 4 ell&=
ultraperformance liquid chromatography/photodiode array
detector (UPLC/PDA) (Waters, Milford, CT, USA)¢} high-
performance liquid chromatography/fluorescence detector
(HPLC/FLD)Z benzoylurea#] & <3} carbamated] & F2
BA8t3, AYAd =9 & LC-MS/MS #H](AB Sciex,
Framingham, MA, USA)E F71=2 AME-3I51 T

= 2g 9Fez sk O 3 T
AL, @ A FAHES] HA7E A @EFuER), @
Mg T HA7IE AL, 20199 1€ 1dHHe= 357
38715 AR &2 FiHEY A9 BF dEE
(0.01 mg/kg)s 283t ch
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Table 1. Changes in detection of pesticide residues by classification of agricultural commodities by year

2018 2019 2020
Type Group No.of No.of No.of No.of No.of No.of No.of No.of No.of
samples detection violation samples detection violation samples detection violation
(%) (%) (PLS) (%) (PLS)
Cereal
erain - 148 2(1.4) 184 9(4.9) 94 10(10.6)
Potatoes - 254 2(0.8) 278 4(1.4) 263 712.7)
Pulses - 27 1(3.7) 17 23 1(4.3)
Nuts Peanut or nuts 17 28 8
and Oilseed 2 1 2
seeds
Seed for beverage and sweets 5 1(20.0) 75
Pome fruits 315 34(10.8) 236  86(36.4) 213 118(55.4)
Citrus fruits 149  27(18.1) 102 49(48.0) 128  73(57.0)
Fruits Stone fruits 63 7(11.1) 80 51(63.8) 66 51(77.3)
Berries and other small fruits 110 7(6.4) 160  63(39.4) 139 63(45.3)
Assorted tropical and sub-tropical fruits 52 3(5.8) 34 4(11.8) 105 32(30.5)
Flowerhead brassicas 309 7(2.3) 377  41(10.9)  1(1) 380 47(124) 3(Q2)
Leafy vegetables 5,082 868(17.1) 84 5224 1543(29.5) 94(48) 5549 2424(43.7) 93(54)
Stalk and stem vegetables 647  70(10.8) 6 652  167(25.6) 15(4) 727 248(34.1) 7(4)
Vegetables
Root and tuber vegetables 405 3(0.7) 472 17(3.6) 415 54(13.0) 1
Fruiting vegetables, cucurbits 803 77(9.6) 695  129(18.6) 1(1) 706 211(29.9) 1(1)
Fruiting vegetables other than cucurbits 744  92(12.4) 1 657  201(30.6) 2 698 318(45.6) 3(1)
Mushrooms - 183 1(0.5) 222 206 1(0.5)
Herbs and
spices Herbs 15 16 2(12.5) 1(1) 117 37(31.6) 7(4)
Other i 5 4 5
plants
1,201 2,367 3,695
Total 9,330 (12.9) 91 9,444 25.1) 114(55) 9,919 373) 115(66)

*A uniform maximum residue limits (MRL) of 0.01 mg/kg applied.

10000 3.0%

5000

2016

2017 2018 2019 2020

mmmm No. of samples mmmm No. of violation - \/iolation rate

Fig. 1. Status of violation of pesticide residues by year
(2016~2020).

Results and Discussion

AAAEE vlwe A3, A HA
oF AFHE7E 23 HIE2 20189 1.0%,
20199 1.2%, 2020 1.2%= YEMTE 201995 = 2018
@ i) 0.2%p S7HIL, 20203 = AdiH] B3k &=
< FAAHFig 1). Wid 723 F59 ERE &
rE QAR @AANF L2 B4 Jehgen, 7|Ex3

AE7FE HEo] A s vlEE FAFAA 7P =
k. 20199 AA 557 F 4871(87%), 2020 A A 6671
Z 5470(82%)°1 Atk 20209 Eoll = S EHF O JE FAR
71Ez37F F7hek o] A o|th(Table 1). A AA
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Table 2. Top 15 of detection of pesticide residues in the study by year

2018 2019 2020
Rank Pesticide residue No. of detection Pesticide residue No. of detection Pesticide residue No. of detection
1 Procymidone 207 Chlorantraniliprole 401 Chlorantraniliprole 515
2 Dimethomorph 110 Azoxystrobin 269 Etofenprox 476
3 Chlorothalonil 105 Dimethomorph 219 Azoxystrobin 430
4 Chlorantraniliprole 78 Thiamethoxam 205 Imidacloprid 424
5 Azoxystrobin 67 Etofenprox 182 Thiamethoxam 307
6 Cypermethrin 62 Pyraclostrobin 158 Flufenoxuron 243
7 Thifluzamide 62 Flufenoxuron 155 Chlorothalonil 214
8 Chlorfenapyr 56 Flubendiamide 144 Pyraclostrobin 192
9 Bifenthrin 55 Imidacloprid 136 Pyridalyl 183
10 Flubendiamide 55 Boscalid 133 Boscalid 177
11 Diazinon 52 Lufenuron 125 Flubendiamide 177
12 Pyridalyl 51 Pyridalyl 105 Dimethomorph 164
13 Indoxacarb 46 Novaluron 98 Procymidone 158
14 Chlorpyrifos 44 Procymidone 98 Chlorfenapyr 155
15 Diniconazole 34 Chlorothalonil 87 Lufenuron 129

Table 3. Top 15 of violation of pesticide residues by year

2018 2019 2020
Rank Pesticide residue No. of violation Pesticide residue No. (ZIf;I\jiSo*l)ation Pesticide residue No. o(fI‘)\I:i;);ation

1 Diazinon 21 Fluquinconazole 22(21) Diazinon 25(23)
2 Procymidone 15 Procymidone 20 Etofenprox 10

3 Carbofuran 10 Diazinon 12(11) Procymidone 8

4 Ethoprophos 8 Chlorothalonil 8(7) Chlorothalonil 8(8)
5 Chlorpyrifos 6 Flubendiamide 6 Fluquinconazole 6(4)
6 Carbendazim 5 Chlorpyrifos 6(2) Methabenzthiazuron 5(5)
7 Flubendiamide 4 Pendimethalin 5 Flubendiamide 4

8 Diniconazole 4 Methabenzthiazuron 5(5) Novaluron 3(3)
9 Thifluzamide 2 Fenitrothion 4 Fenitrothion 3

10 Bifenthrin 2 Novaluron 3(2) Chinomethionat 3(3)
11 Endosulfan 2 Kresoxim-methyl 2(1) Ethoprophos 3

12 Chlorothalonil 2 Carbofuran 2(1) Bifenthrin 2

13 Fludioxonil 1 Tebuconazole 2 Carbofuran 2(2)
14 Novaluron 1 Spirodiclofen 1(1) Chlorpyrifos 2(2)
15 Fluazinam 1 Chinomethionat 1(1) Pendimethalin 2

*A uniform maximum residue limits (MRL) of 0.01 mg/kg applied.
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Fig. 2. Comparison of detection and violation of fluquinconazole
by year.
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el th(Fig. 3A). 20183 119 IAWAH SR oM KT}
AANE 7]1(0.05 mg/kg)el AE&=]™ 20199 1¥€FE
497HA) JFH o2 V27t HA S Fol A th(Fig. 3B).
NExI FE AE FrE I oA 7|EE FHe
e uw 2o 14(5.39 mgkg)S ALshd BF 715 9]
At olol thgt iAoz FEF &A= procymidone
g w3 AK20199 59 15¢-69 159)E Wt ar'?,
20194 P71 RE HE Y] 71E23 vlgo] skt

FAF GAANFA FFrIEo 2 A= AN Ths
ZHE Qo= AREE F glom, A Ee 3 {8
FOo2 F7F T=o] ASH Aoty 2020 FEo]
1587102 Addiv] oAl F7tste A&l vEehd A
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o] 23E AE F shtolth 2018 Wy 71F 2 8o
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Fig. 3. Comparison of detection and violation of procymidone by
year (A), month in 2019 (B).
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Fig. 4. (A) Comparison of detection and violation of diazinon by
year. (B) Distribution of violation of diazinon by month.
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Methabenzthiazuron
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Fig. 5. Comparison of detection and violation of methabenzthi-
azuron by year.
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Fig. 6. Comparison of detection and violation of chlorothalonil by
year.
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Fig. 7. Comparison of detection and violation of etofenprox by
year.
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Fig. 8. Comparison of detection and violation of carbofuran by

year.
Etofenprox
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e A Eolth. 2019 the] 20208 HEo] 268 A= =
7FFAAL, 712 2HE 20199 07, 2020 107102 th(Fig.
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AHS7FE S A 7 5070 o]/dR] WE seko|tho. 7]
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Sl 195E] A sAHEd g

&8 T HEBAEZHALPLY)L HIAE
gelst7] 8] 20189 HE 20208714 A7 =
5 A A8 28,6938 U E AFEeF A
stk AA HAF AF b 71 23 BlE
1.0%, 20193 1.2%, 2020 1.2%= Yebst,
AZE LS 20189 12.9%, 2019 25.1%, 202013 37.3%
2 Sk 20199 71EE3 11471 5 55710] dE7]
(0.01 mgkg) A8, 20208 712 1157 F 66
ol dE7|F A&t ol& /syl fsiA= Hl9
A o9, n5E FEo HAA AN, 74 o] g
A7 e H|o =4 ¢ o]
Y<lo]Q 3L, diazinon, chlorothalonil, methabenzthiazuron-=
55 A& @ F ARE-o] Yolo] ). Chinomethionat
o A HHE iok HArog Wi }.-:_01: Alg-o] Yol
ol & AT AHs} o]F HUHY AR= GO A
¢ g A A AskE A IEAERE 489

& 221t} Fluquinconazole>
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