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ABSTRACT - In this study, we investigated pesticide residues in 207 agricultural products distributed by direct trade
in the northern area of Gyeonggi Province. A total of 94 general agricultural products and 113 eco-friendly agricultural prod-
ucts collected from local grocers and cooperative stores were analyzed by multiresidue method for 263 pesticides using GC
(gas chromatography)/ECD (electron capture detector), GC/NPD (nitrogen phosphorus detector), GC-MS/MS (tandem
mass spectrometry), LC (liquid chromatography)/PDA (photodiode array detector), LC/FLD (fluorescence detector), LC-
MS/MS. All samples showing pesticide residues were general agricultural products collected from local food stores. The
pesticide residue levels of 14 samples (6.8%) were below the maximum residue limits (MRLs) and one of them (0.5%)
exceeded the MRLs. Sixteen pesticides were detected from samples of the following produce items: spinach, young cab-
bage, perilla leaves, mallow, cucumber, chives and water dropwort. The safety of the detected pesticides was assessed by
monitoring the daily intake estimate (EDI) and the daily intake allowance (ADI) based on the amount of pesticides detected.
The ADI percentage range (the ratio of EDI to ADI) was 0.0134-61.6259% and there was no health risk connected with
consuming agricultural products in which pesticide residues were detected.

Key words : Northern area of Gyeonggi-do, Pesticide residues, Agricultural products, Direct trading stores
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Table 1. The number of samples collected for the monitoring of pesticides residues

Sampling area

No. of samples

Total Non-certified Eco-friendly certified
Goyang 48 45 3
Namyangju 18 16 2
Local food store Paju 10 10 0
(47.80%) Yeoncheon 13 13 0
Pocheon 10 10 0
Subtotal 99 94 5
Guri 44 0 44
Goyang 28 0 28
) Namyangju 10 0 10
Cooge ;a;ovoz)s tore Uijeongbu 10 0 10
Paju 10 0 10
Yangju 6 0 6
Subtotal 108 0 108
Total 207 94 113
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B4 748 E)0 2 FoF
Korea) A& AH&-3IAT)
FFEeF B4 28" Al9F2 Honeywell (Charlotte,
NC, USA)2] acetonitrile®} dichloromethaneS A}8-3}3L,
Wako (Osaka, Japan)©] acetone, hexane, methanol %
Junsei (Tokyo, Japan)®] sodium chloride, anhydrous
sodium sulfate 5 AFESIA L, 2 9] A GBS AFEoF
A48 B GRES ARSI AAE A FZ(SPE,
solid phase extraction) 7FEZ]X|9l= Agilent Technologies
(Santa Clara, CA, USA)9| florisil cartridge (1 g, 6 mL)<}
amino-propyl cartridge (1g, 6 mL)E AMH&-3}%i .

FE2 L Kemidas (Suwon,

=S|

A& AT HFEA(7.122)¢ v tHE
A (multi class pesticide multiresidue methods) #| 2% o]
mel FASIATHY. FAHE] 7S] 1 kgS AlEE)
(Robot coupe, Ridgeland, MS, USA)Z &5l <F 50¢
S #3}e acetonitrile 100 mLE 7}t 2 7](OMNI,
Kennesaw, GA, USA)E ©]-83}4 4,000 ppmeZ 387+ 32
& upst & o33l Th QNS sodium chloride 15 g©]
G BAZu e go] 177 Al EE0] T EEAl
132 acetonitrile®("%)E 20 mL Z3te] 40°C o|sF &
Foll Al A 53T
GCE A8 hexane 5mL¥} 20% acetone/hexane 5 mL
2 g443}3t florisil cartridge (SPE) 20% acetone/hexane
4mLell =91 AEAS FYUT T FESAIA AP o] v
T THA 20% acetone/hexane 5 mLE 5 A Fo] &
Z3F9 0L 40°C o3l 78 AollA 23 A4 FF3AH. &
f7} $H43] AAE A|FEE 20% acetone/hexane 4 mLE
23] % 0.2 um PTFE filter (Whatman, Kent, UK)Z &3}
stod A G o2 AREEISITh
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Table 2. Analytical condition of GC/ECD, GC/NPD and GC-MS/MS

LCE 2] 82 dichloromethane 5mL<% 1% methanol/
dichloromethane 4 mL=E amino-propyl (NH,) cartridgeS
gl &8 93 FFHE AIENES 1% methanol/
dichloromethane 4 mLoll =9 cartridgedll =3l 8F4]
Zt}h. TAl 1% methanol/dichloromethane 7 mLZ 72 A
Ao &=st 40°C FEAFA 234 A4 FFaATh
|7} b 3] A AE Al o] methanol 4 mLS Ho] &
& ¥ 0.2 um PTFE filter (Whatman, Kent, UK)Z ¢]3}3}
of AJY &Ho= ARE-sIATH

GC 42 Agilent Technologies (Santa Clara, CA,
USA)9] Gas chromatography (7890A) AH| 2 71427
Tk HAAEE(ECD) AE719F /71904 5o A4l
(NPD) AZ=7|2 HA3}3L Themofisher (Waltham, MA,
USA)®] GC-MS/MSZ i g15IT). LC #2412 Waters
(Milford, MA, USA)¢] LC/PDAS} LC/FLDS AH&3}ol
benzoylurea”] &<F3} carbamater FFS A5 7
Z% A]E+ AB Sciex (Framingham, MA, USA)®] LC-
MS/MSZE A 13} A7F A8 717] #4212
Table 29! Table 33} 7t}

off' off

TR ETIE HEY
Aro] 5 5

70 wel e 12D % AF
75187122 5 2= 4% 001 mykeelah

ATt

Instrument GC/ECD GC/NPD GC-MS/MS
Injection split(1:2), Inj. vol. : 1 pLL splitless, Inj. vol. : 1 uL splitless, Inj. vol. : 1 pL
mode temp. 270°C temp. 260°C temp. 270°C
DB-5 DB-5 TG-5
Column (30 mx0.25 mm, 0.25 pm) (30 mx0.25 mm, 0.25 pm) (30 mx0.25 mm, 0.25 pm)
flow rate, 1.0 mL/min flow rate, 1.0 mL/min flow rate, 1.0 mL/min
°C/min next hold °C/min next hold °C/min next hold
initial 150 1 initial 130 1 initial 70 3
Oven temp. 5 200 3 8 180 1 15 160 0
3 230 3 4 210 3 5 300 3
25 280 20 10 300 7
Detector Transfer line : 280°C
temp. 300°C 320°C Source temp. : 280°C
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Table 3. Analytical condition of UPLC/PDA, HPLC/FLD, and LC-MS/MS

Instrument UPLC/PDA HPLC/FLD LC-MS/MS
BEH C, Carbamate CAPCELL Core
Column
(2.1x100 mm, 1.7 pwm) (3.9x150 mm, 5.0 pum) (2.1x150 wm, 2.7 um)
Detector 254 nm Ex : 340 nm, Em : 455 nm MSD (MRM)
Flow rate 0.4 mL/min 1.0 mL/min 0.3 mL/min
Injection vol. 2 uL 4 uL 2 uL
Time A(%) B(%) Time A(%) B(%) Time A(%) B(%)
0 85 15 0 40 60 0 95 5
1 85 15 2.5 40 60 1 95 5
3 70 30 3 50 50 1.5 70 30
5 55 45 10 70 30 12 2 98
Mobile phase
7 40 60 10.5 70 30 16 2 98
8.5 10 90 11.5 80 20 16.1 95 5
9.5 - 100 12 40 60 20 95 5
10 - 100
12 85 15
A =0.05% formic acid
A=15% ACN A =Water: MeOH: ACN=2:4:4

B =100% ACN

5 mM Ammonium formate/Water
B =0.05% formic acid

B =12% MeOH

5 mM Ammonium formate/MeOH

Al (limit of detection; LOD)®} 7 &8 (limit of quantification;
LOQ)= ICH (International Conference on Harmonization)
oA AN ofe) Aol met Fakelek?,

LOD =33 &/S

LOQ=10 &/S

d: The standard deviation of th response
S: The slope of the calibration curve

Hols B2t

A=A HAEE Foke] SElA ke JREeF A
EHFS o2 JdIAFHFA Hestimated daily intake :
EDD3 seFe] AU 3518 F(acceptable daily intake : ADI)
= °]&3dto] %ADIS AHEste] Hrkellon, &4 of
et 2o 283 woke] ddH A # %8 FH(maximum
permissible intake: MPI)-2 U4 388 3FHADDo]| =<1
it AU 65kgs #3te] A=A

]

EDI = &% (mg/ke) x LLAFHIAT (g/day)/1,000
MPI = ADI x 65 kg

%ADI(Hazard index) = (EDI/ADI) x 100

%MPI = (EDI/MPI) x 100

Results and Discussion

AL gIste] e FAE 20779 255}

9] 5 F(chlorpyrifos, procymidone, cypermethrin), GC/NPD
2E 159 % (chlorfenapyr), Z €] 12%9] FoFe LCF
EEE 0|59 I5E 2 A, B AR S
Fom 1 A3R= Table 491 2t} 7 Fool tidt 3
&2 LOQY 10815 A2l 79 80.4-103.7%, FHEF
ZHRelative Standard Deviation, RSD%)+= 0.6-11.5% ©]3L
LOQ2] 10081 & A 2] g 79 84.0-108.8%, *JTHETHA}
(Relative Standard Deviation, RSD%)<= 0.4-9.2%, 7% 3H|
+ 0.0003-0.0118 mg/kg, A #=sH= 0.0010-0.0359 mg/kg, A
A o] AFAFRY)E 0.9954-1.0002 EA = At}

3 A3 (European Union, EU)3} Al A3 &5 7]+
(Union National Food and Agriculture Organization, FAO)
o] Bg& FEEUAL] 71ES 70-120%8F 20% ©]
Weolm' uj=t 2]k (Food and Drug Administration,
FDA)®] A3t 3¢& W72 80-110%°]1HH?. 92
Ut 358 70-120%, BHHEZHAAL 20% ol stoltH?,
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Table 4. Recovery, LOD and LOQ of detected pesticides

No Pesticides Concentration Recovery LOD" LOQ? Coefficient of determination
' (mg/kg) (%) (mg/kg) (mg/kg) (R
0.05 80.4+0.6
1 Chlorpyrifos 0.0017 0.0051 0.9996
0.5 90.9+0.4
0.05 101.0+2.5
2 Procymidone 0.0016 0.0048 0.9954
0.5 99.5+0.4
0.1 98.3+2.4
3 Cypermethrin 0.0032 0.0097 0.9978
1.0 97.7+1.0
0.4 96.3+1.5
4 Chlorfenapyr 0.0118 0.0359 1.0000
4.0 91.6+0.7
0.02 87.5+9.1
5 Azoxystrobin 0.0006 0.0019 0.9960
0.2 90.1+2.1
0.02 98.4+0.9
6 Boscalid 0.0007 0.0022 1.0000
0.2 84.0+0.9
0.08 89.0+9.0
7 Cyazofamid 0.0027 0.0082 0.9987
0.8 100.5+1.8
0.02 90.54+9.1
8 Chlorantraniliprole 0.0008 0.0023 0.9988
0.2 93.842.1
0.01 94.2+0.9
9 Dimethomorph 0.0003 0.0010 0.9999
0.1 108.8+1.8
0.01 92.2+8.8
10 Flubendiamide 0.0005 0.0014 0.9999
0.1 85.8+3.5
0.03 96.1+4.0
11 Flufenoxuron 0.0010 0.0030 0.9999
0.3 108.2+6.7
0.03 103.7£1.2
12 Fluquinconazole 0.0010 0.0032 1.0000
0.3 95.5+3.0
0.06 95.9+7.8
13 Lufenuron 0.0030 0.0059 0.9998
0.6 105.1+9.2
0.03 97.2+1.2
14 Methabenzthiazuron 0.0009 0.0029 0.9985
0.3 108.4+2.2
0.05 92.0+2.8
15 Pyraclostrobin 0.0017 0.0052 0.9975
0.5 102.3£2.1
0.03 96.0+11.5
16 Trifloxystrobin 0.0010 0.0032 0.9981
0.3 97.6+3.2

YLimit of detection.
JLimit of quantification.

[¢]
ANE BRAA FE5EHL e FAAY 2 2074

(FA7 884, AAANTF 367, A7 284, vt JAF

207, A7 FAF 174, 9

5 ol9] AR 127) FA
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%ol HAEH 5

S 2AFE el AT Ak

}‘\_]__
LHE 1470019 XA E sk =] ISl 4

AFe 887 Foll 84(9.1%), BAAMF= 3671 Tl 24
(5.6%), Bt A F= 2670 ol 471(15.4%)°] HE=UY
. dFst 3871ES 29ske AEE dAAF 14
o7 HA EHYAFES] 0.5%5 eI

Table 69} o] FE5HEZ = JAF= AwA 34, 2
o] 274, AU 27, o2 14oH, ¥ HAFE Qo] 4
A, d7AANFE 5 1144 FHREete] AEHUL 1
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Table 5. Results of pesticides in agricultural products

Group No. of No. of No. of
samples  detected  violated
Leafy vegetables 88 8 0
Stalk and stem vegetables 36 2 1
Root and tuber vegetables 28 0 0
Fruiting vegetables, cucurbits 26 4 0
Flowerhead brassicas 17 0 0
e cwontny 120 0
Total 207 14 1
Table 6. List of pesticides detected from vegetables
Vegetables Pesticide detected d(e::?;:i.izi (I\ni[:/i;)
(mg/kg)
Spinach Azoxystrobin 0.3673 20
Spinach Cyazofamid 0.3803 3.0
Spinach Azoxystrobin 0.1304 20
Chlorantraniliprole 0.0398 3.0
::;‘ggie Chlorpyrifos 0.0972 02
Lufenuron 0.0422 1.0
Flubendiamide 0.2847 3.0
2;(;1;226 Fluquinconazole 0.0116 0.01
Methabenzthiazuron 0.0098 0.01
Perilla leaves Flufenoxuron 0.6269 10
Perilla
. Cypermethrin 0.2659 15
Mallow Trifloxystrobin 0.0376 20
Cucumber Dimethomorph 0.0171 0.7
Cucumber Procymidone 0.0413 2.0
Cucumber Azoxystrobin 0.0117 0.5
Cucumber Boscalid 0.0729 0.3
Flubendiamide 10.6902 5.0
dr\:;;e;n Chlorantraniliprole ~ 0.6743 0.7
Pyraclostrobin 0.1701 3.0
Chives Chlorfenapyr 0.2572 3.0

DMRL: Maximum residue level.

Ugle 1710] 2REoks8reEs 2943

2 AFeM HEE FoF B2 F 263% 5 azoxystrobin
5 165¢] w90l 193] AZHIUTE AlFA], 20| FollA
HZE =7} 3391 azoxystrobin strobilurin Al5-2] # =
4, SRR HAE B AFES /Y ABwd]
M= Hojd 48 S Yehll= sopdolth). Bk &t
o] FAHECA 2F olFe] Fofe] AEHEVIE =T

dzto]l 17] AlZEelA  chlorantraniliprole, chlorpyrifos,
lufenuron 37F4] o] FAlo AEHI, T2 ddo|e
flubendiamide, fluquinconazole, methabenzthiazuron 37}X]
Fofo] FAll AEHIUTE. shte] AlgoA oy Fefo]
Ao AEEE TH olfre 8F Wol AREEHI e &
SHAl ko] 7]Q1%k Aoy ®HolY I F dzo] 179
A #A] &9 fluquinconazole?} methabenzthiazurone &
o] Jp7|EeY AAF FE710] jlo] PLS 7IEL
0.01 mg/kg®] &€= Q3 fluquinconazole2 0.0116 mg/kg,
methabenzthiazuron 0.0098 mg/kg 2.2 7|5 o2 A&
Ak A& Y EE T lufenuron benzylphenylurea
ALE 58] chitin S Asliske A4 &FAloliL
D chlorpyrifos= <2%<] acethylcholinesterase &/ 3|
ste AFARA F71Q0A AFAZA FHr D H4F 5 o
&t AEoA dE] ARSEIL JTH.

Q0o]l= 4712 Al&oA procymidone?} dimethomorph,
azoxystrobin, boscalid 5 A+A d&ol 27 8 AZE
HRom o]E2 Qoo ALE 715 FoF 7IE o=
AZEHAT. ol A5 A Fo FAHS 55
T2 Qlete] eatiolu}t 7R, AYlegoly
o] Wal7 dAd = Slo] o5 AATl AMEH
AoZ FHAN. QoloX AZE procymidone>
St sAHEo A da] AFEE= dicarboximideAd] AHAl =
sl oz Yt d, F7d Pgetal Es ol
TEREe] = AXHE 7 YA Eaj7F A J
o] kAle] Al ALTF =¥ EAS
FAol Eol FAEAA = NIER HAESHE 2

LA A,

2 ot off
© 2
e o mfy

Mo o X oS i

TUFRYLoIE x4

U #7387 EMRLS 243 FAHES A A
= 17(05%) 2.2 vy oA flubendiamide”t & &7
5.0 mgkgs 28] 233t 107 mgkg AEEH A s
3]g7]F0] Z7¥ flubendiamide 2N = AFA| A&
chlorantraniliprole} A4 /%1 pyraclostrobin “3-0] H&
HATE Al 7HA] FoF A B wvE] F5l gk viE ]
2o 97 AR BE /|02 flubendiamide= 5.0 mg/
kg©] 3}, chlorantraniliprole 0.7 mg/kg©] 3}, pyraclostrobin-=
3.0 mkgel 3t AL A Pyl A= 10.6902 mg/kg,
0.6743 mg/kg, 0.1701 mg/kge] ZH2t AE=HAJh A& F
oFs wug] s 7IEe] obd FAAFE T 71l A
S AoE AR Fofe] AY AR for &
ot WA Y TFe A wiAE & kil FP

vyl A &% flubendiamide3} chlorantraniliprole
diamideAlE AFA|ZA] ryanodine receptors (RyRs) 2=
24| ryanodine receptors (RyRs)oll 21-8-3l= A= &#A 3
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Table 7. Risk assessment for human health exposure pesticides detected in vegetables
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Conc. of detection Food daily intake” ~ ADI?

EDIY

MPIY

.. 0 D) )
Vegetables  Pesticide detected (mg/ke) (@) (me/ke/day) (mg/day) (mg/man/day) %ADI”  %MPI
Azoxystrobin 0.3673 6.38 0.2 0.002343 13.000 1.1717  0.0180
Spinach Cyazofamid 0.3803 6.38 0.17 0.002426 11.050 1.4272  0.0220
Azoxystrobin 0.1304 6.38 0.2 0.000832 13.000 0.4160  0.0064
Chlorantraniliprole 0.0398 6.75 2 0.000269 130.000 0.0134  0.0002
Chlorpyrifos 0.0972 6.75 0.01 0.000656 0.650 6.5610  0.1009
Young cabbage Lufenuron 0.0422 6.75 0.015 0.000285 0.975 1.8990  0.0292
Flubendiamide 0.2847 6.75 0.017 0.001922 1.105 11.3043 0.1739
Fluquinconazole 0.0116 6.75 0.002 0.000078 0.130 3.9150 0.0602
Flufenoxuron 0.6269 2.54 0.037 0.001592 2.405 43036  0.0662
Perilla leaves
Cypermethrin 0.2659 2.54 0.02 0.000675 1.300 3.3769  0.0520
Mallow Trifloxystrobin 0.0376 0.39 0.05 0.000015 3.250 0.0293  0.0005
Dimethomorph 0.0171 14.53 0.2 0.000248 13.000 0.1242  0.0019
Procymidone 0.0413 14.53 0.1 0.000600 6.500 0.6001  0.0092
Cucumber
Azoxystrobin 0.0117 14.53 0.2 0.000170 13.000 0.0850 0.0013
Boscalid 0.0729 14.53 0.044 0.001059 2.860 2.4074  0.0370
Flubendiamide 10.6902 0.98 0.017 0.010476 1.105 61.6259 0.9481
Water dropwort Chlorantraniliprole 0.6743 0.98 2 0.000661 130.000 0.0330  0.0005
Pyraclostrobin 0.1701 0.98 0.03 0.000167 1.950 0.5557  0.0085
Chives Chlorfenapyr 0.2572 3.18 0.026 0.000818 1.690 3.1458  0.0484
YFood daily intake (g) : 2017 Korean national health and nutrition examination survey.
Y Acceptable daily intake.
YEstimated daily intake = Residual concentraion (mg/kg) x food daily intake/1000.
“Maximum permissible inake = ADI x 65 kg.
9% of ADI (hazard index) = (EDI/ADI) x 100.
9% of Maximum permissible intake = (EDI/MPI) x 100.
AW LHFRE A5 L BT, pyraclosroin®  Sfo] IR AANELEY A7) Sokel sl o o}
strobilurinZ] AFFARA] FAEe] vEZEolol A A A AOE o gk he, AA) AvlAe] J) 5 we}
AGS Asfste] WS ABATIE F8S S 2o AR PPl Berd & A7) W] FAE kol
= e gom =y, Abe, FRo 5 US4 23 ASHQ R et B8 20 AsE

9,
=] WAl o] &AL A,

Hols B2 At

Fo] 7EE FAES AHApE HFHASES W 9
S Yolrr] g8l kA HI7HE S TtH(Table 7). A
Foo] AFshe ST FAES HFHENS wel 9
XS %ADIE AHEH vugloA AEF flubendiamide
o] %ADI 7} 61.6259%=% 7FF =or, to=2 g7
ol oA ZAZ&H flubendiamide”} 11.3043%= }EFATEH
o] %ADI (hazard index)7} 100%E WS = Hsist
Ty FaEueg® B Apdx AEd z7zte] AFEe
Ao HdEA ] 4 A3E= 0.0134-61.6259%2] H 4

UeRt Bl A Qb skt 3 Al H S B FAESY F
of ARFE A =Y F Ao, 28 A S T3 T

b 12

azQ0f
A7) %5 ) DAY W f% He BAE 2072
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