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ABSTRACT - This study investigated pesticide residues in 7,069 agricultural products distributed in the city of
Incheon from 2019 to 2021. Ingestion of pesticides can cause serious carcinogenic, endocrine, neurological, and
reproductive problems. Pesticide residues in the samples were analyzed using various multi-residue methods (GC-
MS/MS, GC-ECD/NPD, LC-MS/MS, and HPLC-UVD) on the Korean Food Code. The violation rate of the samples
exceeding the maximum residue level (MRL) of pesticide residues for the years 2019, 2020, and 2021 was 1.0%,
1.4%, and 1.1%, respectively. Diazinon, flubendiamide, procymidone, fluxametamide, and fluquinconazole were the
most frequently reported violative pesticide residues. Most commonly encountered agricultural products exceeding
MRLs were coriander leaves, chamnamul, chwinamul, welsh onion, and crown daisy. Agricultural products and pes-
ticides frequently exceeding MRLs should be continuously inspected for food safety. Continuous monitoring of pes-
ticide residues in agricultural products is indispensable to improve consumer safety by preventing the distribution of

agricultural products exceeding MRLs.
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Table 1. The numbers of collected agricultural products in this study

Materials and Methods

HEx=

B Ao AgE FAES 201995 202197k
AFAA] s AR A, AEAE, dYvtE, 22
FeAG FollA FEHe SAE 7,000 HFew
Asets AAREl e $£ASSS Table 139 2T

dFEeF HAR AMESE 9 EFFE2 AccuStandard
(New Haven, CT, USA)S| =71 &1E AFS AH&3)
At T FE2E g &ulQl acetonitrile (ACN,
Honeywell, Muskegon, MI, USA), acetone (Honeywell),
dichloromethane (DCM, Honeywell), n-hexane (Honeywell),
methanol (Honeywell), water (Honeywell, Ulsan, Korea)3}
sodium chloride (Junsei, Tokyo, Japan)2 HPLC grade ]
e ALEEE T AR GA= florisil cartridge (1 g,
6mL, Bekolut, Haupststuhl, Rhineland-Palatinate, Germany),
aminopropyl (NH,) cartridge (1 g, 6 mL, Bekolut)&
sto] ARESFTE HES, 2021 109 FE H8E M Al
el we s F& % ZAE $lsl CHROMATIFIC
A}2] QUECHhERS kits (Heidenrod, Germany)E %3}
AF-akt.

2(20199), 40022020 1€-2021d 99), 340520214
1097k Z3tstel BAss

Type 2019 (%) 2020 (%) 2021 (%)
Cereal grains 201 (8.6) 55(2.4) 34 (1.4)
Potatoes 41 (1.8) 36 (1.6) 20 (0.8)
Pulses 28 (1.2) 25 (1.1) 18 (0.7)
Nuts and Seeds 19 (0.8) 12 (0.5) 11 (0.4)
Fruits 172 (7.3) 169 (7.4) 117 (4.8)
Vegetables 1,713 (73.1) 1,765 (77.7) 2,073 (84.4)
Mushrooms 70 (3.0) 69 (3.0) 52 (2.1)
Herbs and Spices 18 (0.8) 88 (3.9) 72 (2.9)
Others 80 (3.4) 52 (2.3) 59 (2.4)
Total 2,342 (100%) 2,271 (100%) 2,456 (100%)
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F3te] 40°C 01“3} TE3NA %3}91‘:]'. GC &4
& A 59| FFEl+= acetone/n-hexane (20/80, v/v) 4 mL
£ 7tsle] 823 3, n-hexane 5 mLe} acetone/n-hexane
(20/80, v/v) 5 mLZ v &3} A7l florisil 7FEE]A]
(1g, 6 mL)ell FU3tL &FA1A Al Lgrt. oA
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Table 2. Analytical conditions of GC-MS/MS
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ANdgdo=z st LC £48 AR AFREAdE
methanol/DCM  (1/99, v/v) 4 mLE 7}sle] £&3F 5,
DCM 5 mLZ v]g] 43} AlZ] amino-propyl 71E
(1g, 6mL)ll FYskaL &EEAA AlFA ‘?%91"4’ oA
methanol/DCM (1/99, v/v) 7 mLE 8&3t 5d A g
o & &ZNE 40°C FENA ks %‘?—8}1 =
< ACN 2mLEZ &3gt & 02pm syringe filter
(Advantec Otowa, Tokyo, Japan)Z oJ3}3le] Alg-g&q o
2 ShTh AR AW AU AR 10 g& FskL
ACN 10 mL3} extraction kitse 7Fsled 127+ 7shA %l
Bl & AAE (4,000 g 4°C, 10 min) 3t A=
LE F3ked d-SPE kitsell 7Fst $ 30%7F 78
3 AAE (10,000 g, 4°C, 10 min)d}ITh LA E
L 2 um syringe filter2 oJ3}3le] AlFEHo

1
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s
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C 248 GC-MS/MS (Agilent Technologies, Santa
Clara, California, USA), ECD (Agilent, 6890N)2} NPD

~
32 rulo
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Instrument

GC-MS/MS

Column

Injection volume

Flow rate

Injection temperature

Split mode

Oven temperature

Agilent DB-5MS (250 pm % 30.0 m, 0.25 um)

1 uL

Carrier gas : He, 0.8 mL/min
Collision flow : N,, 1 mL/min
Quench flow : He, 4 mL/min

250°C
Splitless

70°C — 70°C (2 min) — 180°C (8.5 min) — 300°C (39.5 min)"
60°C (0 min) — 180°C (6 min) — 300°C (30 min) — 300°C (32 min)®

lon source temperature 250°C
D) TR R R 24 A2
2) T A A2y
Table 3. Analytical conditions of LC-MS/MS
Instrument LC-MS/MS
Column Thermofisher Scientific Accucore aQ (2.1 mm x 100 mm, 2.6 pum)

Injection volume

2 ulL

A : 5 mM Ammonium formate in water

Mobile phase

Gradient condition (%B)

Flow rate
Oven temperature
Ion source type

Scan range

B : 5 mM Ammonium formate in MeOH

20 — 20(0.5 min) — 70(2.5 min) — 95(9 min) — 95(12 min) — 20(12.1 min) — 20(15 min)"
90 — 90(1 min) — 40(2.5 min) — 5(9 min) — 5(12 min) — 90(12.1 min) — 90(15 min)?

0.3 mL/min
40°C

ESI (Electrospray ionization), Positive ion spray mode (3800 V)

50-1650

D)t oroh A B A A2
2) T AR A 2
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Table 4. Analytical conditions of GC-ECD and GC-NPD

Instrument ECD NPD
Column Agilent DB-5 (250 um x 30.0 m, 0.25 pum)
Injection volume 1 pL
Carrier gas flow N,, 1.2 mL/min
Injection temperature 250°C 270°C
Detector temperature 280°C 300°C
Split mode Split (42.2:1) Splitless

Oven temperature

150°C — 150°C(1 min)
— 240°C/min(10.5 min) — 280°C(28 min)

120°C — 120°C(1 min) — 240°C/min(13 min)
— 280°C(27 min) — 300°C(30 min)

Table 5. Analytical conditions of HPLC

Instrument HPLC
Detector UV-VWD (Variable Wavelength Detector)
Column Shiseido Capcell Core C,4 (4.6 mm x 100 mm, 2.7 pum)

Injection volume

Flow rate
Mobile phase

Gradient condition (%B)

10 uLL
0.8 mL/min

A : 5% acetonitrile

B : acetonitrile/methanol (8/2, v/v)
10 — 80(13 min) — 80(16 min) — 10(16.1 min) — 10(20 min)

(Agilent, 6890N)E AF&3t L LC 41> LC-MS/MS
(Thermofisher Scientific, Waltham, Massachusetts, USA)<}
LC (Dionex, Sunnyvale, California, USA)E A}-&3} 0.
AEF A B AFRAL A3 ST gule) 2H
2712 Table 2-59F 2t}

uy AT

Bl U@ REY AFS 45 SUEAA AF
f R YO E 4ETA AFEG LAY AT A4
Ao mhek AAISISIT B5E A ARl 4E
97 e FAE EZEUL 0., 10 mgkg BHE F

A8 ‘?3*]’ SYsHAl 33 wkE EAEAT A& A (limit
of detection, LOD) & & WF71]] (limit of quantification, LOQ)
= A o FF A 7‘§]~r] % & (international council for
harmonization of technical requirements for pharmaceuticals
for human use, ICH)| A A|A]3F Wi ol wle} A&319THO,
REAAE) AR 71271(6)F ool T o] o
sjof ABBA

LOD
LOQ

3.3 6/S
10 &/S

& =The standard deviation of the response
S'=The slope of the calibration curve

Results and Discussion

=
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Table 6%} 71%‘:]' Aol

032 mg/kg, LOQE 0.012-0.096 mg/kgS 2 YERstth. 7t
woko] TE 34ES 0.0mgkg FEONIA 847458
103.9£1.7% WAZE Yestor 1.0mgkg FXolA
87.542.6-101.240.6%= YEFSTE CodexollA] 8-Fsh= %t
FEoF Al ATl s 348 3187152 0.1 mgkg
oMM FFE 70-120%, 4 22F 20%°1™ 1.0 mg/kgoll A
3 FE 70-110%, F41 22} 15%0|tH?. $eluete 348
70-120%, ZSHHEFZHZ}F 20% ©l5tE AASIL Slof 715
o Ajst Aoz A=A},

Of
N
M
o
B
A%
P,E
ﬁ
m{N'
_\ﬂ
-z
Zi
o
Y,
g
E
o
rlo
[\]
(e}
5
1

1.0%(2471/2, 34274) 2020»4 14%(3174/2 27171), 20213
1.1%(2871/2,4567)0. 2 T 1.2% F=o]th FiHE
Ao AFEoF AEES 20199 8.2%(19171/2,34271), 2020
9 8.4%(19171/2,2717), 2021d 7.4%(18171/2,45671)= vi
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Table 6. Recovery rate, LOD and LOQ of pesticides

.. Correlation Concentration LOD LOQ
P + 9
Pesticides coefficient (R?) (mg/ke) Recovery=RSD (%) (mg/kg) (mg/ke)
0.1 98.7+£5.4
Chlorpyrifos 0.9963 0.004 0.012
1.0 101.2+0.6
0.1 96.4+1.3
Chlorpyrifos-methly 0.9999 0.006 0.019
1.0 99.6+2.9
0.1 91.9+1.4
Diazinon 0.9970 0.005 0.015
1.0 89.2+0.9
0.1 89.6+5.2
Fenitrothion 0.9978 0.016 0.048
1.0 92.1+£3.7
0.1 89.2+4.6
Fenobucarb 0.9993 0.009 0.0028
1.0 92.0+£2.9
0.1 93.3£3.9
Flubendiamide 0.9985 0.024 0.072
1.0 95.6+3.0
0.1 90.9+6.7
Fluquinconazole 0.9993 0.013 0.0038
1.0 88.4+4.2
0.1 94.3+£2.4
Fluxametamide 0.9996 0.009 0.027
1.0 90.6+3.0
0.1 84.7+5.8
Hexaconazole 0.9963 0.032 0.096
1.0 90.3+£2.8
0.1 85.5£3.1
Isoprothiolane 0.9971 0.018 0.054
1.0 87.6+4.5
0.1 90.8+0.9
Lufenuron 0.9949 0.007 0.021
1.0 94.1+4.6
0.1 103.9+1.7
Pendimethalin 0.9982 0.012 0.036
1.0 92.5£1.6
0.1 86.3+4.3
Prochloraz 0.9990 0.011 0.033
1.0 87.5+2.6
0.1 98.9+1.2
Procymidone 0.9999 0.008 0.024
1.0 90.5+0.6
0.1 85.8+1.2
Pyridalyl 0.9948 0.017 0.050
1.0 942443
0.1 96.2+2.3
Tebupirimfos 0.9947 0.009 0.027
1.0 90.2+3.7

Table 7. Status of detection of pesticide residues in collected samples by year

Year
Total (Average)
2019 2020 2021
Number of samples 2,342 2,271 2,456 7,069
Number of detected samples (%) 191 (8.2) 191 (8.4) 181 (7.4) 563 (8.0)
Number of violation (%) 24 (1.0) 31 (1.4) 28 (1.1) 83 (1.2)

dh|=3 07 et MIAZ9A 5 F4HE9) 9 17.9%, 20179 12.6%, 2018 13.9% Fxo2 A
Zh533%oF A 2AL o] WEWH ZAF% AZEo] 2016 3EE AZASFTE A FAG Aom UERGTHY. o=
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2019 95E PLS A= =90l wet FH1Ee] tigk W& o]t} Diazinon HYF, MA4F, 7 5 A HAAV H
I TH SO FAE F REed i #A Q1 3 Fq, ded, 4 Sl ol &EHe f7I0A AFAE Al
AR wEe RAew JTET) AAGEZQ acetylcholine esteraseS A3tE 248 &
3l A5Ae-S dte Zo®E dHA AT QAT 97
B FAES Rs Ay N 5 H/\E Zﬂﬂﬂoﬂ ge] o]&H+= diazinon> X,
2z -
ES

1%, 16592 2020
°Fel 3 'rr7]' ‘3%9}9—@ 3dzk
% 35%°] AEHAT frF < FAEAAA A &
AN =7F T 2759 Table 87 7Fo| diazinon (163]),
flubendiamide (73]), procymidone (63]), fluxametamide (63]),
fluquinconazole (5%]), hexaconazole (43]), chlorpyrifos (3

T s =T TS

o7 Izl vE x]é;_xj,?_ RUE A} AT A7t &

TFEP. 7 HAgR FAY dANETr =349

Flubendiamide> 33, B7], w3, Al=}, $o], o) ot 5

o] F2AE AFE 7153 organofluorine AlE 2] FFOE

dEs AFaHvt oy TREEAAAE 540 B2
s

7oz EJ_E]J_ T2, Procymidones 7}A], A}, I3,

3]), isoprothiolane (3¥]), pendimethalin (33]), fenobucarb B A, 271, A T o ARl HEEE 4
(23]), chlorpyrifos-methyl (23]), lufenuron (23]), prochloraz (2 wslEd] AR5 & dicarboximide Al Y <] ”&Xﬂi =23}
3]), pyridalyl (23]) 5¢] &2 =it} 53], Diazinon s oz "y g Fo ePgsiy EYZFANA Sk
M bg e WMER ARFHE/1ES Easte @ B3 BAEC] BEE T 2t AW 1Yol oA
29 SR OR 188 $AR U A B4R 2@ Ast md 540 Ut Aoz FuA o of
°F 78710 00203 mgkgS ® THE TR © BHOR Qddl v F 2EAo] wof dEECl ¥
vlaLste] wl-g- wo} BAgo] wE rheAol =2 woF A yee Aoz defA AP Fluxametamide 7,
Table 8. List of pesticide residues violation from 2019 to 2021

No. 2019 2020 2021

Pesticide No. of violation Pesticide No. of violation Pesticide No. of violation

1 Diazinon 5 Diazinon 4 Diazinon 7

2 Flubendiamide 2 Flubendiamide 3 Fluxametamide 6

3 Fluquinconazole 2 Procymidone 3 Flubendiamide 2

4 Isoprothiolane 2 Chlorpyrifos 2 Pendimethalin 2

5 Procymidone 2 Fenobucarb 2 Terbufos 2

6 Chlorpyrifos 1 Fluquinconazole 2 Alachlor 1

7 Chlorpyrifos-methyl 1 Hexaconazole 2 Carbendazim 1

8 Etofenprox 1 Chlorfenapyr 1 Cyantraniliprole 1

9 Fthalide 1 Chlorothalonil 1 Fenitrothion 1

10 Hexaconazole 1 Chlorpyrifos-methyl 1 Fluquinconazole 1

11 Lufenuron 1 Diethofencarb 1 Hexaconazole 1

12 Pendimethalin 1 EPN 1 Mefentrifluconazole 1

13 Prochloraz 1 Fenitrothion 1 Procymidone 1

14 Profenofos 1 Fluopyram 1 Tebufenpyrad 1

15 Pyridalyl 1 Isoprothiolane 1 Tebupirimfos 1

16 Tebupirimfos 1 Lufenuron 1 Tetraconazole 1

17 Uniconazole 1 Methidathion 1

18 Novaluron 1

19 Prochloraz 1

20 Pyridalyl 1

21 Tebuconazole 1
Total 25 32 30




v, v, ol 5, Al Alele], Al 9
g}, 38} 5ol AME 715t isoxazoline Al <] AEAlo]H
fluquinconazole> A}, v, o], 8t wls, ¥}, on]
2}, 2] 5o AR 713t triazole AlG Q] AA| o] TE),
73715 BARAATY 12020 A A5 SAAR,
of W= 2 Ao FA SARETF =9 diazinon,
flubendiamide, chlorpyrifos, procymidone, fluquinconazole &

o] AR WANIET} EUTh B

SMEE FNY BY
2019958 2021A7H4] soF RS E7ES ZHoto]

[e)
F2HE F 837 Table 99 YEFA
o} 2019d9dl= GAF 1671(66.7%), HEF 471(16.7%),
QAT 37(12.5%), <AF 174(4.2%)°1™ 202018 9=
GAF 1871(58.1%), 3 EF 871(25.8%), AAANF 27
(6.5%), =7 27(6.5%), FLF 171(3.2%)°1 2L 2021d
o= JANF 2271(78.6%), S1EF 371(10.7%), F7AAF 3
7A(10.7%)°1th 5 A Sl FAFe F2§ o]
FH 3d7 Hat 67.8%= 7 =9kt ol st Age ¢
A ATE JFAAS W fF AR s ZUEY
A M= FA7} Y-S W FAFIF AP W 75%
oS AA gL Barste] 2 Ao} fAFSHATHY, B

Table 9. List of violated agricultural products from 2019 to 2021
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e SAHE T FAFS 9AAFAN FAY G &0l
e 22 g8 A9 7Y ZYUHAYAE BRiE
3 AT, 53] GAlFOA FFREeF FAREe] B2
AL Aujr] HFs] Ao Fofo] Wo] AREEIL Yo
o AEsHy EA) Axd woke) Ratgo] Hol 2R
& 71540l =] wEel Ao FehEgHy,

5 FAE T 2 39 5 AEHeE AFHET
T2 298 FAES ), FuE, HUE, 9 5ol
B A 39 Aoz FAY AU 7P gt
Table 10 5F /LTS 243 iHE, &5,
AZETT 5% UePlY A5olA terbufos7t 7351871

9] 1.24](1.8/1.5 mg/kg)®] TEE HAEHALH A=A
o] 4= flubendiamide”} 7]5=x]€] Hth 25041(5.01/0.02 mg/
kg7 AZEE 7% stk FA 7 el 7 wol g
A4+ diazinon (0.04-0.11 mg/kg), etofenprox (0.74 mg/
kg), profenofos (0.84 mg/kg), pyridalyl (0.07-1.38 mg/kg),
tebupirimfos (0.04 mg/kg), =2 diazinon (0.03-0.54 mg/
kg), fluquinconazole (0.26-0.42 mg/kg), procymidone (0.12-
0.40 mg/kg), F =~ alachlor (0.40 mg/kg), fenobucarb (0.36
mg/kg), fthalide (0.08 mg/kg), hexaconazole (1.8-2.2 mg/
kg), isoprothiolane (0.06 mg/kg), tebuconazole (0.39 mg/
kg)o= HEHUT 2020 3| H7o| AiFgef FAT v

2019 2020 2021

Commodity No. Commodity No. Commodity No.
Coriander leaves 4 Coriander leaves 3 Coriander leaves 3
Perilla leaves 3 Chamnamul 3 Chamnamul 3
Mustard leaf 2 Chwinamul 3 Crown daisy 3
Radish leaves 2 Dill 2 Shepherd’s purse 2
Spinach 2 Basil 2 Lettuce leaves 2
Welsh onion 2 Coastal hog fennel 2 Chwinamul 2
Mustard greens 1 Welsh onion 2 Welsh onion 2
Shepherd’s purse 1 Dolnamul 2 Mustard leaf 1
Coastal hog fennel 1 Crown daisy 2 Mustard greens 1
Chinese chives 1 Rice 2 Chili pepper leaves 1
Lettuce leaves 1 Mustard leaf 1 Danggwi leaves 1
Ginger 1 Chili pepper leaves 1 Giant butterbur 1
Slender-leaf indian lettuce 1 Lemongrass 1 Radish leaves 1
Chamnamul 1 Chamssuk 1 Chinese chives 1
Chwinamul 1 Schisandraberry 1 Spinach 1
Rape leaves 1 Curled mallow 1
Chicory leaves 1 Pak-choi 1
Parsley 1 Chicory leaves 1

Total 24 31 28
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go] Be e FAAE B A4 ) HEF
F5A A 7198 Ros HEF AuErtel wok At

Table 10. List of pesticides exceeding MRL in agricultural products

Vegetables Pesticides exceeding MRL o fpegt?(;zzztgztti:;gglzie o/ke) (nlz/lgf/(lijg)
Basil Hexaconazole 0.67 0.05
Lufenuron 0.32 0.05
Diazinon 0.03-0.54 0.01
Chamnamul Fluquinconazole 0.26-0.42 0.05
Procymidone 0.12-0.40 0.05
Chamssuk Chlorpyrifos 0.10 0.05
Chicory leaves Flubendiamide 0.10-0.15 0.02
Chlorothalonil 2.22 0.01
Chili pepper leaves Cyantraniliprole 6.0 3.0
Fluxametamide 1.95 0.01
Chlorpyrifos-methyl 0.11 0.05

Chinese chives

Terbufos 0.52 0.05
Chlorpyrifos 0.11 0.05
Coastal hog fennel Chlorpyrifos-methyl 0.03 0.01
EPN 0.35 0.01
Diazinon 0.04-0.11 0.01
Etofenprox 0.74 0.05
Coriander leaves Profenofos 0.84 0.03
Pyridalyl 0.07-1.38 0.01
Tebupirimfos 0.04 0.01
Alachlor 0.40 0.01
Fenobucarb 0.36 0.01
Chwinamul Fthalide 0.08 0.01
Hexaconazole 1.8-2.2 1.0
Isoprothiolane 0.06 0.01
Tebuconazole 0.39 0.05
Diazinon 0.14-0.26 0.01
Crown daisy Flubendiamide 0.06-0.45 0.02
Fluxametamide 0.12 0.01
Curled mallow Fluxametamide 0.20 0.01
Danggwi leaves Tebufenpyrad 2.5 1.0
Dill Chlorfenapyr 0.65 0.05
Diethofencarb 0.18 0.01
Dolnamul Fluopyram 0.67 0.04
Procymidone 0.10 0.05
Giant butterbur Pendimethalin 0.13 0.05
Ginger Lufenuron 0.17 0.05
Lemongrass Chlorpyrifos 0.22 0.04




Table 10. (Continued) List of pesticides exceeding MRL in agricultural products
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Concentration range MRL

Vegetables Pesticides exceeding MRL of pesticides detected (mg/kg) (me/kg)

Fluxametamide 0.9 0.2
Prochloraz 0.04 0.01

Lettuce leaves
Terbufos 1.8 1.5
Tetraconazole 0.10 0.01
Mustard greens Flubendiamide 0.51-5.01 0.02
Diazinon 0.07 0.01
Flubendiamide 0.12 0.02

Mustard leaf
Fluxametamide 0.21 0.01
Hexaconazole 1.1 0.7
Parsley Diazinon 0.06 0.01
Pak-choi Fluxametamide 0.12 0.01
Procymidone 0.12-0.19 0.05

Perilla leaves
Uniconazole 0.03 0.01
. Fenitrothion 1.6 0.2

Rice
Fenobucarb 0.8 0.5
Schisandraberry Methidathion 0.27 0.05
Diazinon 0.23 0.01
Shepherd’s purse Fenitrothion 0.62 0.05
Pendimethalin 2.20 0.05
Slender-leaf indian lettuce Tebupirimfos 0.03 0.01
Carbendazim 0.44 0.01
Spinach )

Fluquinconazole 0.11-0.14 0.01
Radish leaves Diazinon 0.09-1.00 0.01
Rape leaves Novaluron 1.06 0.05
Fluquinconazole 1.7 0.3
Mefentrifluconazole 0.7 0.3
Welsh onion Isoprothiolane 0.04-0.19 0.01
Pendimethalin 0.09 0.05
Prochloraz 1.9 1.0
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Table 11. Violation ratio by region of production in the analyzed sample

Production region Number of violation

Number of sample Ratio of violation (%)

Gyeonggi-do 31 1,868 1.7
Incheon metropolitan city 16 794 2.0
Chungcheongnam-do 14 1,184 1.2
Chungcheongbuk-do 2 155 1.3
Gyeongsangnam-do 212 1.4
Gangwon-do 2 295 0.7
Jeollanam-do 565 1.6
Others 10 1,996 0.5
Total 83 7,069 1.2
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