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Abstract

BACKGROUND: This survey conducted on agricultural
products in Incheon for the past three years from 2016 to
2018 to detect residual pesticides and to monitor the use of
pesticides.

METHODS AND RESULTS: Residual pesticides were
analyzed for a total of 5,937 agricultural products in Samsan
wholesale market, traditional market and large retailers in
Incheon. Samples were analyzed by multi class pesticide
method using GC-MS/MS, LC-MS/MS, GC-ECD/NPD,
and UHPLC. In 59 cases (1.0%) residual pesticides were
detected improperly and these cases exceeded maximum
residue limits (MRLS).

CONCLUSION: The ratios of violative agricultural products
were similar each year at approximately 1.0% per year, but the
residual pesticide detection rates with the limit included in the
samples were shown to be gradually decreasing to 17.9%,
12.6%, and 11.2% annually. The frequency of violative
residual pesticides was high in order of Diazinon, Chlorpyrifos,
Iprodione, etc. Residual pesticide monitoring might be needed
in the future continuously, as violations in agricultural products
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distributed in Incheon are shown at a similar level every year.
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THEoF Aol ARSSE §9F EFEFS AccuStandard
(New Haven, Connecticut, USA)2] <=7} Ele #|1%-S
ALE-SIATE Acetonitrile (ACN), dichloromethane (DCM)
2 Avantor Performance Materials (Center Valley,
Pennsylvania, USA), hexane¥} methanol:> Honeywell
(Morris Plains, New Jersey, USA)9] Al3-& ARE3F3laL B
 HPLC grade #4AokS ARG8T Acetone?} sodium
chlorides= Junsei Chemical (Tokyo, Japan)2| <% 99.5%
opel AokE AMERISITE AA FEe] Aol ARE-SE florisil
cartridge, aminopropyl (NH,) cartridge™ =+ Bekolut
(Hauptstuhl, Germany)®] 1 g/6 mL 1122 Al&#S AHE-
Eirdsg

& AN A b 5O AETAS Ber
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capture detector), NPD (Nitrogen phosphorus detector),
UVD (Ultraviolet detector), A&5-27](MS/MS) < 14
Vet HEVE Hrseks ARt

g0l A8 GC-MS/MS+= Agilent Technologies
(Santa Clara, California, USA)2] 7890B¢l] 7000DE <143t
A& AFE38IS AL, GC-MS+= Agilent Technologies 2] HP6890
SeriesGCell 5975MSD % LECO (Saint Joseph, Michigan,
USA)<] Pegasus HT TOFE AMg-8lo] 22t Table 29} Table 3
o] o ® FA4E3ltE LC-MS/MS+= Dionex (Sunnyvale,
California, USA)<¢] Ultimate 3000 UHPLC?]| Thermofisher
Scientific (Waltham, Massachusetts, USA)2] TSQ Quantum
Ultras AR50 Table 48] 27102 A2 d35t}h A3
Aof] ARg3F GC= Agilent®] 6890N FH-8(Table 5), LCE
Dionex?] Ultimate 3000 UHPLCE AF&-313itHTable 6).

Table 1. List of sample numbers of collected agricultural products in the study

Group 2016 (%) 2017 (%) 2018 (%)
Vegetables 1,543 (77.3) 1,494 (75.7) 1,593 (80.9)
Fruits 302 (15.1) 215 (10.9) 176 (8.9)
Mushrooms 64 (3.2) 82 (4.2) 107 (5.4)
Potatoes 36 (1.8) 53 (2.7) 26 (1.3)
Nuts and Seeds 12 (0.6) 40 (2.0) 18 (0.9)
Others 38 (1.9) 90 (4.5) 48 (2.4)
Total 1,995 1,974 1,968
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Table 2. Operating condition of GC-MS/MS

Part 7890B (GC) - 7000D (MS/MS)

Column Agilent DB-5MS (250 ym x 30.0 m, 0.25 pm)
Injection volume 1 uL

Flow rate Carrier gas: He, 0.8 mL/min

Collision flow: N, 1 mL/min
Quench flow: He, 4 mL/min

Injection temperature 250C

Split mode splitless

Oven temperature 70C » 70C (2 min) ~» 180C (8.5 min) » 300C (39.5 min)
Ion source temperature 250C

Table 3. Operating condition of GC-MS

Part HP-6890GC + 5975MSD HP-6890GC + Pegasus HT TOF

Column Agilent DB-5MS Restek RTX-5MS
(30.0 m x 250 ym x 0.25 pm) (30.0 m x 250 ym x 0.25 pm)

Carrier gas flow He, 1.5 mL/min He, 1.75 mL/min

Injector temp. 260C 250C

Split mode splitless splitless

Oven temp 100C (2 min) » 10C /min 70°C (1.5 min) » 20°C /min ~ 180 (1 min) » 10C /min
> 280C (15 min) > 265C (1 min) » 5C /min -~ 300C (4.5 min)

Scan range 40-550 50-550

MS source temp. 230C 230C

MS quad temp. 150C 260C

Injection volume 1 uL 1 uL

Table 4. Operating condition of LC-MS/MS

Part Ultimate 3000 (UHPLC) - TSQ Quantum Ultra (MS/MS)
Column Thermofisher Scientific Accucore aQ (2.1 mm x 100 mm, 2.6 ym)
Injection volume 2 uL
Mobile phase A: 5 mM Ammonium formate in water
B: 5 mM Ammonium formate in MeOH
Gradient condition (%B) 20 ~ 20 (0.5 min) » 70 (2.5 min) > 95 (9 min) ~ 95 (12 min) » 20 (12.1 min) » 20 (15 min)
Flow rate 0.3 mL/min
Oven temperature 40T
Ion source type ESI (Electrospray ionization), Positive ion spray mode (3000V)
Scan range 50-1650

Table 5. Operating condition of GC-ECD, GC-NPD

Part 6890N (ECD) 6890N (NPD)

Column Agilent DB5 (250 ym x 30.0 m, 0.25 pym)

Injection volume 1 uL

Carrier gas flow N, 1.2 mL/min

Injection temperature 250C 270C

Detector temperature 280C 300C

Split mode split (42.2:1) splitless

Oven temperature 150C - 150C (1 min) 120C ~> 120C (1 min)
> 240°C /min (10.5 min) > 240°C /min (13 min)
> 280C (28 min) > 280C (27 min)

~ 300C (30 min)
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Table 6. Operating condition of HPLC

Part Ultimate 3000 (UHPLC)

Detector

Column
Injection volume 10 uL
Flow rate 0.8 mL/min

Mobile phase A : 5% acetonitrile

UV-VWD (Variable Wavelength Detector)
Shiseido Capcell Core Cig (4.6 mm x 100 mm, 2.7 um)

B : acetonitrile/ methanol (8/2, v/v)

Gradient condition (%B)

10 ~» 80 (13 min) ~» 80 (16 min) ~» 10 (16.1 min) ~ 10 (20 min)
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Table 7. Recovery rate and LOQ(Limit of Quantitation) of pesticides

Pesticides (detector) Fortification level (mg/kg) Recover + RSD (%) LOQ (mg/kg)
o 0.2 947 + 06
Diazinon (GC-NPD) 10 1038 + 03 0.012
. 0.2 1154 + 0.2
Chlorpyrifos (GC-NPD) 10 1111 + 06 0.005
. 0.2 8.0 = 15
Iprodione (GC-ECD) 10 1130 + 08 0.026
0.2 895 + 02
Endosulfan (GC-ECD) 10 847 + 01 0.002
0.2 106.0 + 0.5
Pencycuron (GC-NPD) 10 1116 + 04 0.011
. . 0.2 1145 + 02
Pendimethalin (GC-NPD) 10 1096 + 03 0.005
0.2 1039 + 09
Terbufos (GC-MS/MS) 10 1084 + 08 0.019
. 0.2 999 = 03
Chlorothalonil (GC-ECD) 10 L7 + 929 0.006
. 0.2 955 + 04
Diniconazole (GC-ECD) 10 889 + 01 0.007
. 0.2 927 + 13
Flubendiamide (HPLC-UVD) L0 917 + 05 0.021
. 0.2 1015 + 0.3
Procymidone (GC-NPD) 10 1130 + 07 0.006
Table 8. Status of detection of residual pesticide in collected samples by year
Year 2016 2017 2018 Total
Number of samples 1,995 1,974 1,968 5,937
Number of detected samples (%) 357 (17.9) 248 (12.6) 221 (11.2) 826 (13.9)
Number of violation (%) 18 (0.9) 21 (1.1) 20 (1.0) 59 (1.0)
Table 9. List of residual pesticide violation in the study by year
N 2016 2017 2018
© Residual pesticide NO. of violation Residual pesticide NO. of violation Residual pesticide NO. of violation
1 Diazinon 4 Diazinon 5 Diazinon 5
2 Chlorpyrifos 2 Chlorothalonil 2 Terbufos 3
3 Iprodione 2 Chlorpyrifos 2 Chlorpyrifos 2
4 Pencycuron 2 Diniconazole 2 Flubendiamide 2
5 Amisulbrom 1 Iprodione 2 Pendimethalin 2
6 Endosulfan 1 Chinomethionat 1 Procymidone 2
7 Ethoprophos 1 Chlorfenapyr 1 Azoxystrobin 1
8 Fludioxonil 1 Endosulfan 1 Endosulfan 1
9 Flutolanil 1 Fenitrothion 1 Etofenprox 1
10 Kresoxim-methyl 1 Fenpropathrin 1 Fthalide 1
11 Lufenuron 1 Methidation 1 Pyridaben 1
12 Phorate 1 Pencycuron 1 Tebupirimfos 1
13 Pyridalyl 1 Pendimethalin 1
14 Tefluconazole 1
15 Trifloxystrobin 1
Total 21 21 22
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| 54 el AT¥e d¥E B3tk 53] Diazinond
PIzE 5w 47 o), 7HE 2 NIRR AFE8TIE
S Z3k8to] AEH Itk Diazinond UU4HE&3HADI,
acceptable daily intake) 0.0002 mg/kg b.w./day°|™
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of wi-g- vk ol HepAwt 2575 QAT AR H9
7F WA &S, ], el Soll FF ol8H= 71U woF
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Fig. 1. Distribution of residual pesticides violation by
agricultural products classification.
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Table 10. List of agricultural products in violation of residual pesticide by year

2016 2017 2018
Commodity NO. Commodity NO. Commodity NO.
Welsh onion 3 Radish leaves 3 Chamnamul 4
Chamnamul 2 Mustard leaf 2 Crown daisy 3
Crown daisy 2 Spinach 2 Chard 2
Perilla leaves 2 Ssam cabbage 2 Perilla leaves 2
Radish leaves 2 Water dropwart 2 Radish leaves 2
Amaranth 1 Amaranth 1 Welsh onion 2
Chicory leaves 1 Chwinamul 1 Celery 1
Green garlic 1 Crown daisy 1 Chwinamul 1
Korean cabbage 1 Dong quai leaf 1 Green garlic 1
Pepper leaves 1 Green garlic 1 Marsh mallow 1
Radish root 1 Korean cabbage 1 Spinach 1
Ssam cabbage 1 Lettuch leaf 1

Pear 1

Pepper 1

Welsh onion 1
Total 18 Total 21 Total 20
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o = = H =)= o =
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Table 11. Distribution of violation ratio in collected samples by production region

Production region

NO. of violation

NO. of sample Ratio of violation

Gyeonggi-do 1,368 1.8%
Gangwon-do 325 1.2%
Chungcheongnam-do 939 1.1%
Jeollanam-do 547 1.1%
Incheon 820 0.7%
Other regions 1,938 0.5%
Total 5,937 1.0%

Table 12. Ranking of the extent of agricultural production by region in Republic of Korea (Statistics Korea)

Area of production (ha)

Rank Production region

2016 2017
- Nationwide 1,643,599 1,620,796
1 Jeollanam-do 298,095 293,863
2 Gyeongsangbuk-do 268,461 265,665
3 Chungcheongnam-do 215,100 213,238
4 Jeollabuk-do 200,720 199,196
5 Gyeonggi-do 169,435 165,707
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