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ABSTRACT - This study investigated pesticide residues in 367 agricultural products from local food markets in
Ulsan. Pesticide residues in these samples were analyzed using multi class pesticide multi-residue methods on the
Korean Food Code for 350 pesticides using GC-MS/MS and LC-MS/MS. Residual pesticides were detected in 79
(21.5%) samples and exceeded maximum residual limits (MRLs) in 4 (1.1%) samples (chwinamul, narrow-head rag-
wort, green onion, apricot). The range of the hazard index (%) was 0.0000-63.1043%, and values for the pesticides
that violated the MRLs were 63.1043 (green onion), 0.5417 (chwinamul), 0.0684 (apricot), and 0.0100 (narrow-head
ragwort). This risk assessment study showed that the values of hazard index (%) were less than 100%, indicating that
the consumption of these local agricultural food products was not harmful for human health.
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Materials and Methods
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Gas chromatography (GC) 4 ™ 160F 3 liquid
chromatography (LC) 4] ¢ 1905202 FAITHIE &

10 g of sample
Add 10 mL ACNY
Homogenizing for 1 min
Add EN Kit?

Distribution and dehydration

Shaking for 1 min
4000 rpm, 1 min

Take 1 mL ACN layer

Add MgSO, 150 mg, PSAY 25 mg
Shaking for 1 min
4000 rpm, 10 min

Filtration with 0.22 um

Analysis of GC/MS/MS, LC/MS/MS

Fig. 1. Schematic diagram for sample extraction.

" Acetonitrile (Merck, Germany).

? 4 ¢ MgSO0,, 1 g NaCl, 1 g Na,C,H,0,, 0.5 g Na,HC H.O,.
9 PSA (primary and secondary amine).

35052 Accustandard(New Haven, CT, USA) ¥5%2 1
Yt AMESHATE GC &4 o] AMEE EFE8&H2
20% acetone (Merck, Darmstade, Germany) -7 hexane
(Merck)S AHE3FA 3L, LC 4 52 100% methanol
(Merck)ell 34 ake] ARS8}

AL acetonitrile (Merck), methanol 501, & 2 A
£ 93 QuEChERS kit (4 g MgSO,, 1 g NaCl, 1 g
Na,C,H,0,, 0.5 g Na,HC ,H,0,)2} PSA (primary and secondary
amine) kit (MgSO, 150 mg, PSA 25 mg)= Z}} Phenomenex
(Torrance, CA, USA)2} BEKOIut (Bruchmuhlbach-Miesau,
Germany)9] AZFS AF&3F%Th 0.2 um syringe filter
(Advantec, Tokyo, Japan)e] A& ARE-3led o33}t

2 9 R
A RS AREF A AR 4EFA0 7.12 Hy

Table 1. Operating condition of GC/MS/MS

GC/MS/MS
Instrument US 7890B, 7010B, GC/MS/MS, Agilent
Inlet temp. 260°C
Column HP-5MS U1 (30 mx0.25 mm, 0.25 um)
Oven temp. 60°C (0 min)—20°C/min—180°C

—5°C/min—300°C (1 min)

Detector temp. 260°C (Interface Temp.)

Flow rate Carrier gas (He) 1.2 mL/min
Split mode Splitless
Injection volume 1 uL

Table 2. Operating condition of LC/MS/MS
LC/MS/MS

Instrument Waters LC/MS/MS TQ-XS
Column CORTECS® UPLC® C18+,2.1x100 mm L.d., 1.6 pm
Mobile Phase A : 0.1% Formic acid in D.W
B : 0.1% Formic acid in methanol
Gradient Time (min) A (%) B (%)
Initial 95.0 5.0
0.65 95.0 5.0
2.00 60.0 40.0
8.00 30.0 70.0
11.00 20.0 80.0
15.00 0.0 100
17.00 0.0 100
19.00 95.0 5.0
Flow Rate 0.3 mL/min
Injection vol. 2 ulL
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Table 3. Verification parameters such as recovery, linearity, LOD and LOQ of detected pesticides (GC/MS/MS)

Pesticide Concentration Recovery(%) Lineazlrity (;z/z;) (;2/?(;)
(mg/kg) (Mean+RSD) (RY) (n=6) (n=6)

Bifenthrin 0.01 98.8+0.7 0.9995 0.0004 0.0012
Boscalid 0.01 85.3+10.2 0.9915 0.0007 0.002
Buprofezin 0.02 99.7+1.0 0.9986 0.001 0.003
Chlorfenapyr 0.01 91.24£3.6 0.9916 0.0004 0.0012
Cyprodinil 0.01 87.3£5.5 0.9980 0.0008 0.0025
Deltamethrin 0.1 98.8+4.7 0.9937 0.0041 0.0125
Diethofencarb 0.01 82.1+4.8 0.9971 0.0012 0.0038
Ethoprophos 0.04 94.6+8.0 0.9947 0.0015 0.0045
Fenitrothion 0.04 97.8+4.6 0.9961 0.0018 0.0056
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Table 3. (Continued) OVerification parameters such as recovery, linearity, LOD and LOQ of detected pesticides (GC/MS/MS)

Pesticide Concentration Recovery(%) Linezzlrity (11;1(;/2;) (11;1(;/%;)
(mg/kg) (Mean+RSD) (R%) (n=6) (n=6)
Fluopyram 0.01 76.2+1.1 0.9993 0.0002 0.0006
Fluquinconazole 0.02 82.9+6.2 0.9936 0.0028 0.0086
Fluxapyroxad 0.04 96.8+0.2 0.9989 0.0010 0.0029
Indoxacarb 0.04 87.0+0.7 0.9947 0.0024 0.0073
Isopyrazam 0.02 95.5+1.9 0.9988 0.0006 0.0019
Myclobutanil 0.02 100.2£1.6 0.9986 0.0006 0.0019
Paclobutrazol 0.02 99.4+1.5 0.9987 0.0007 0.0022
Procymidone 0.02 99.7£1.4 0.9990 0.0006 0.0017
Spiromesifen 0.02 99.242.6 0.9964 0.0025 0.0074
Tebuconazole 0.02 99.2+0.6 0.9991 0.0006 0.0017
Tebufenpyrad 0.02 97.4+1.9 0.9977 0.0012 0.0036
Trifloxystrobin 0.02 98.0+2.1 0.9991 0.0006 0.0019

YLOD : Limit of detection.
?1L.0Q : Limit of quantification.

Table 4. Verification parameters such as recovery, linearity, LOD and LOQ of detected pesticides (LC/MS/MS)

Pesticide Concentration Recovery (%) Linea;rity (;Z/Dk;) (Ir;l(;/(ﬁz)
(mg/kg) (Mean+RSD) (R%) (n=6) (n=6)
Acephate 0.004 103.0+2.6 0.9992 0.0001 0.0004
Acetamiprid 0.01 102.7+3.5 0.9992 0.0003 0.0009
Amisulbrom 0.004 99.24+2.9 0.9996 0.0001 0.0003
Azoxystrobin 0.004 100.8+2.9 0.9997 0.0001 0.0003
Carbendazim 0.004 99.2+3.8 0.9997 0.0001 0.0003
Chlorantraniliprole 0.008 99.6+2.6 0.9997 0.0002 0.0006
Chlorfluazuron 0.004 101.3£2.5 0.9997 0.0001 0.0003
Cyantraniliprole 0.002 101.7£2.9 0.9996 0.0001 0.0002
Cyazofamid 0.004 102.5+0.0 0.9998 0.0002 0.0005
Cyenopyrafen 0.004 100.0+0.0 0.9995 0.0001 0.0004
Cymoxanil 0.004 103.3+1.4 0.9998 0.0002 0.0005
Diflubenzuron 0.004 101.7+1.4 0.9996 0.0001 0.0003
Dinotefuran 0.004 101.7+5.2 0.9998 0.0002 0.0005
Emamectin benzoate 0.001 106.7+11.6 0.9998 0.00003 0.0001
Ethaboxam 0.008 100.0+2.2 0.9998 0.0003 0.0008
Etofenprox 0.002 101.7+2.9 0.9996 0.0001 0.0002
Flonicamid 0.004 99.2+3.8 0.9994 0.0001 0.0003
Fluazinam 0.004 101.7+1.4 0.9995 0.0002 0.0005
Flubendiamide 0.02 96.84+2.3 0.9948 0.0006 0.0019
Fludioxonil 0.01 104.0£2.0 0.9991 0.0004 0.0011
Flufenoxuron 0.04 95.0+9.0 0.9976 0.001 0.0031
Flutriafol 0.001 99.7+0.6 0.9995 0.00002 0.00007

Fluxametamide 0.01 102.7+2.5 0.9994 0.0004 0.0013
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Table 4. (Continued) Verification parameters such as recovery, linearity, LOD and LOQ of detected pesticides (LC/MS/MS)

Pesticide Concentration Recovery (%) Linea;rity (;2/2;) (;2/?(;))
(mg/kg) (Mean+RSD) (R%) (n=6) (n=6)
Imicyafos 0.001 103.3£5.6 0.9996 0.0001 0.0002
Imidacloprid 0.004 99.2+3.9 0.9995 0.0002 0.0005
Lufenuron 0.01 100.7+1.2 0.9954 0.0017 0.005
(E)-Metaflumizone 0.008 107.5+1.3 0.9993 0.0002 0.0007
(Z)-Metaflumizone 0.004 96.7+1.4 0.9998 0.00015 0.00047
Methomyl 0.002 105.0+0.0 0.9998 0.00005 0.00014
Phorate 0.004 100.0+2.5 0.9995 0.0002 0.0007
Phorate oxon 0.004 102.5+0.0 0.9998 0.0001 0.0002
Phorate oxon sulfone 0.001 93.3+5.8 0.9919 0.0001 0.0002
Phorate oxon sulfoxide 0.001 96.7+£5.8 0.9998 0.0001 0.0002
Phorate sulfone 0.004 105.2+0.9 0.9996 0.0001 0.0004
Phorate sulfoxide 0.0005 102.0+3.5 0.9998 0.00001 0.00004
Propamocarb 0.004 100.8+£2.9 0.9998 0.0002 0.0004
Pydiflumetofen 0.004 99.24+2.9 0.9997 0.0001 0.0003
Pyraclostrobin 0.008 97.9+4.0 0.9995 0.0002 0.0007
Sulfoxaflor 0.001 103.3+5.8 0.9998 0.00005 0.00014
Teflubenzuron 0.02 114.5£2.6 0.9986 0.0006 0.0019
Terbufos 0.01 101.3+1.1 0.9992 0.0003 0.0009
Terbufos oxon 0.01 102.3£2.5 0.9995 0.0004 0.0013
Terbufos oxon sulfone 0.004 99.2+1.5 0.9997 0.0002 0.0005
Terbufos oxon sulfoxide 0.001 103.3+5.6 0.9997 0.00004 0.00012
Terbufos sulfone 0.01 102.3+£3.2 0.9994 0.0003 0.0010
Terbufos sulfoxide 0.001 106.7£11.6 0.9998 0.00004 0.00011
Thiacloprid 0.001 103.3+5.6 0.9997 0.00005 0.00014
Thiamethoxam 0.004 100.8+1.4 0.9992 0.0001 0.0004
Thiodicarb 0.002 96.7£2.9 0.9999 0.00008 0.00024

YLOD : Limit of detection.
PLOQ : Limit of quantification.
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Table 5. Results of pesticide residues detected in agricultural products
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Number of samples Number of detection Number of violation

Type Group %) %) %)
Cereal grains - 11 (3.0) 1(9.1)
Potatoes - 24 (6.5) 0
Pulses - 7 (1.9) 1(14.3)
Nuts and seeds Peanut 1(0.3) 0
Pome fruits 23 (6.3) 12 (52.2)
Citrus fruits 1(0.3) 1 (100.0)
Fruits Stone fruits 154.1) 9 (60.0) 1(6.7)
Berries and other small fruits 23 (6.3) 521.7)
Assorted tropical and sub-tropical fruits 3(0.8) 0
Sub total 65 (17.7) 27 (41.5) 1(1.5)
Flowerhead brassicas 26 (7.1) 4 (16.0)
Leafy vegetables 71 (19.3) 23 (32.4) 2(2.8)
Stalk and stem vegetable 47 (12.8) 8 (17.0) 12.1)
Vegetables
Root and tuber vegetables 41 (11.2) 2(5.0)
Fruiting vegetables, cucurbits 32 (8.7) 5(16.1)
Fruiting vegetables other than cucurbits 25 (6.8) 8(33.3)
Sub total 242 (65.9) 50 (20.7) 3(1.2)
Mushrooms - 16 (4.4) 0
Herbs and spices Herbs 1(0.3) 0
Total 367 79 (21.5) 4(1.1)

Fe 657 T 2771(41.5%), AMEFe 2427 5 504
(20.7%), THFE 771 = 174(143%), I7F 117 = 12
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Plant growth insecticide, 1.2
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”

Insecticide, 46.0

Fig. 2. Detection rate by pesticides classification detected in agricultural products.

Table 6. Type and detection range of residual pesticides

Functional class
(Number of detection, Pesticide
detection rate (%))

Number of detection

Detection range
(mg/kg)

Dinotefuran 14 0.0095-0.3570
Sulfoxaflor 12 0.0099-0.0914
Acetamiprid 9 0.0098-0.5880
Etofenprox 7 0.0101-0.1282
Chlorantraniliprole 6 0.0106-0.2820
Imidacloprid 4 0.0108-0.0841
Indoxacarb 3 0.0168-0.0405
Thiamethoxam 3 0.0148-0.0589
Flubendiamide 2 0.0626-12.980
Metaflumizone 2 0.0277-0.9068
Insecticide Teflubenzuron 2 0.0077-0.0393
(75, 46.0) Acephate 1 0.0127
Chlorfluazuron 1 0.0994
Cyantraniliprole 1 0.0187
Deltamethrin 1 0.1294
Diflubenzuron 1 0.0127
Emamectin benzoate 1 0.0246
Ethoprophos 1 0.0115
Fenitrothion 1 0.0256
Flonicamid 1 0.0215
Fluxametamide 1 0.0645
Thiacloprid 1 0.0142
Carbendazim 11 0.0104-6.0960
fgzg;;ig‘; Tebuconazole 8 0.0086-0.0899
Azoxystrobin 7 0.0104-2.2218
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Table 6. (Continued) Type and detection range of residual pesticides

Functional class

Detection range

(Numbe.r of detection, Pesticide Number of detection (me/ke)
detection rate (%))
Trifloxystrobin 6 0.0159-0.6056
Pyraclostrobin 6 0.0108-0.0599
Procymidone 3 0.0136-0.0200
Pydiflumetofen 3 0.0243-0.1135
Amisulbrom 2 1.5000-5.3400
Cyprodinil 2 0.0535-0.1135
Flutriafol 2 0.0073-0.0078
Propamocarb 2 0.0839-0.1096
. Boscalid 1 0.0184
fg‘;g;;‘gf)’ Cyazofamid 1 0.0220
Cymoxanil 1 0.0076
Diethofencarb 1 0.2243
Ethaboxam 1 0.2410
Fluazinam 1 0.0184
Fludioxonil 1 0.0400
Fluopyram 1 0.0150
Fluquinconazole 1 0.3760
Isopyrazam 1 0.0898
Myclobutanil 1 0.0555
Buprofezin 4 0.0004-3.2304
Chlorfenapyr 4 0.0173-0.0977
Flufenoxuron 3 0.0155-0.4620
I“S“tig‘é‘j’gg‘;armde Lufenuron 2 0.0161-0.267
Bifenthrin 1 0.0591
Methomyl 1 0.1910
Spiromesifen 1 0.2445
Acaricide Cyenopyrafen 2 0.0229-0.0401
(3,1.8) Tebufenpyrad 1 0.0946
Nematic(igf”lll;;“ﬁdde Terbufos 2 0.0433-1.9193
N‘zrlrja(fzi)de Imicyafos 1 0.0296
Nematicide, Acaricide,
Insecticide Phorate 1 0.0142
(1,0.6)
Plant gr("l‘,”g? gfgma“’r Paclobutrazol 1 0.0297

AglA AEERY BT 7]F oldt HEH AT
Carbendazim benomyl¥} thiophanate-methyl2] THAF:F BenzimidazoleAl A#A IFA &
&5 = R AAoA] Bk st 2% carbendaziml 2 o] g = vehic) 7k ZEH], 1Y, &

7HEEE o] AEA UM olFseg AFAEA 2 EvlEdM AZHUL BF 7=

2 iR carbendazimol] 93 Aoz e i,
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2 A5 T, Methomyl> 71 28 Al methomyl

3} thiodicarb®] S methomylZ FHFES] Ael7l Fof
ATE Methomyl 2011d7H 55 FHAE o] oA A
AHFEEA] o) o Aol HEE /E-2 thiodicarb
o] 2z A= R ERIEATE AF 254 T2 ARt
Aol A5 Foke] ARgo] s FAolY sy F

ko] AEF & 55 FHAo gk AFrh 53]
of & Aoz Holt}

B Ao HUE-S buprofezin, <EH|E buprofezin,
dinotefuran, 3= terbufos, 2= fluquinconazole &5l
A 7)1EA] ode] ZHFseke] AEH A

HAYUE2] buprofezine 7|E=x]9] oF 3238 %3} HEF
3, 22 9] buprofezin F 2478), dinotefuran ©] 44l
AZ=H e, A9 fluquinconazole 38H %3} A&

ol HA

Atk HAv=, 2EH], A FAY sk A
2 PLS 713¢! 0.01 mgkegs 2 &atTh

9] terbufos (7155 : 0.05 mg/kg)= 715EX2] 38.441 H
Z5 A} 71 AL A terbufos?] FHFE A 27} terbufos
9} terbufos®] oxygen analogue, sulfoxide ¥ sulfone & E|
o] oz Hof A} o|H AFNM = terbufos7 1.1%,
terbufos oxon sulfoxide 56.3%, terbufos oxon sulfone
10.0%, terbufos sulfoxide 24.7%, terbufos sulfone®] 7.8%
o] Bl &R AZHU.

FHUE D)= buprofezin, dinotefuran, trifloxystrobin,
acetamiprid &&o] FE5Ho 2 AESHUY. 72 AkA}
AFoz 72 & ool A= %ﬁ"k"] FrAFskaL
A%l Bl w n| =2 ZEF A 2AFFE 7|59 Oqo]
PLSl <]3ll 0.01 mg/kg ©l3= &%é} ok webs A4
B b A8 W AT £4E 98 3§ 9 4o
Gos) woln) oleje Al HRE Fo BAT 5
ArEe]l S Y F US Ao=E ddEn
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o[n

= 22

F

o

=

o
soFe] W+ zHF %k(mg/kg)ﬂr 74 FAE
A2 FAH FHg/dayyS w3t FUAZFSF=AL 4
wPE‘r &%01 s Jﬂ&zﬂ 2l 55 kg Wyol o

S o s sl =(%ADD =7
Fobd SlElw BrE AAsk] SIsiE 0.01% )<l

3
£28 Ho)3 A Table 77} 2 AEe|oREMIA
AAHEAE 518 B7H FEATA D =R e 5
B 12 /1F0E | o4 A% s B | of
SR ohdsitha e, daA s WEg R B
F 3 RS 100% oI5k eHsikn Bk,

Table 7. Exposure assessment of residual pesticides in agricultural products

Aver: o
Sample Pesticide COHC\;TI';‘EEOH Food(g/a(;;};;ntake (m g/kzlil\l; /day)  (mg /]fn]z:/) day) %ADI”
(mg/kg)
Acetamiprid 0.067 33.91 0.071 0.00004131 0.0582
Carbendazim 0.017 3391 0.03 0.00001042 0.0347
Dinotefuran 0.010 33.91 0.02 0.00000586 0.0293
Apple Etofenprox 0.122 3391 0.03 0.00007510 0.2503
Tebuconazole 0.012 33.91 0.03 0.00000715 0.0238
Teflubenzuron 0.024 33.91 0.01 0.00001480 0.1480
Apricot Fluquinconazole 0.376 0.2 0.002 0.00000137 0.0684
Carrot Fenitrothion 0.026 8.51 0.005 0.0000040 0.0792
Corn Deltamethrin 0.129 6.11 0.01 0.00001438 0.1438
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Table 7. (Continued) Exposure assessment of residual pesticides in agricultural products

Average

Sample Pesticide concentration Food(;lzg/;ntake (m g/kl;DbI;:] /day)  (mg /ilz:/) day) %ADIY
(mg/kg)
Azoxystrobin 0.420 4.51 0.2 0.0000344 0.0172
. Chlorfenapyr 0.098 4.51 0.026 0.0000080 0.0308
Chili pepper .

Metaflumizone 0.907 451 0.1 0.0000744 0.0744

Tebuconazole 0.090 451 0.03 0.0000074 0.0246

Acetamiprid 0.588 0.83 0.071 0.0000089 0.0125

Chwinamul Buprofezin 3.230 0.83 0.009 0.0000488 0.5417
Trifloxystrobin 0.606 0.83 0.04 0.0000091 0.0228

Imicyafos 0.030 17.6 0.0005 0.0000095 1.8944

Cucumber Pydiflumetofen 0.084 17.6 0.092 0.0000268 0.0291
Sulfoxaflor 0.076 17.6 0.05 0.0000243 0.0485

Azoxystrobin 1.204 10.85 0.2 0.0002375 0.1188

Etofenprox 0.019 10.85 0.03 0.0000038 0.0126

Green onion Fluxapyroxad 0.019 10.85 0.021 0.0000038 0.0181
Tebuconazole 0.017 10.85 0.03 0.0000033 0.0111

Terbufos 1.919 10.85 0.0006 0.0003786 63.104

Narrow head ragwort ~ Buprofezin 2.465 0.02 0.009 0.0000009 0.0100
Boscalid 0.018 13 0.04 0.00000435 0.0109

Carbendazim 0.041 13 0.03 0.00000962 0.0321

Peach Chlorfenapyr 0.017 13 0.026 0.00000409 0.0158
Pyraclostrobin 0.019 13 0.03 0.00000444 0.0148

Trifloxystrobin 0.037 13 0.04 0.00000863 0.0216

Pear Buprofezin 0.015 8.87 0.009 0.00000242 0.0269
Amisulbrom 3.42 3.06 0.1 0.0001903 0.1903

Azoxystrobin 1.202 3.06 0.2 0.0000669 0.0334

Chlorfluazuron 0.099 3.06 0.033 0.0000055 0.0168

Perilla leaf Flubendiamide 12.98 3.06 0.017 0.0007222 4.2480
Fluxametamide 0.065 3.06 0.0085 0.0000036 0.0422

Myclobutanil 0.056 3.06 0.03 0.0000031 0.0103

Spiromesifen 0.245 3.06 0.03 0.0000136 0.0453

Tebufenpyrad 0.095 3.06 0.01 0.0000053 0.0526

Carbendazim 0.149 9.64 0.03 0.00002612 0.0871

Persimmon Dinotefuran 0.185 9.64 0.02 0.00003239 0.1620
Fluazinam 0.013 9.64 0.01 0.00000235 0.0235

Lufenuron 0.016 9.64 0.015 0.00000282 0.0188

Cyprodinil 0.083 3.17 0.03 0.00000481 0.0160

Plum Methomyl 0.191 3.17 0.02 0.00001101 0.0550
Bifenthrin 0.059 3.17 0.01 0.00000341 0.0341

Radish Metaflumizone 0.028 20.8 0.1 0.0000105 0.0105
Carbendazim 0.023 14.6 0.03 0.0000060 0.0200

Tomato Dinotefuran 0.049 14.6 0.02 0.0000130 0.0650
Ethaboxam 0.241 14.6 0.055 0.0000640 0.1163

D ADI : Acceptable daily intake (mg/kg b.w/day).

Y EDI : Estimated daily intake, average concentration (mg/kg)xfood daily intake (kg/day)/55 kg/1000.

9 %ADI : %Acceptable daily intake (hazard index)=(EDI/ADI)*100.
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