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ABSTRACT - In this study, we investigated the concentrations of pesticide residues in agricultural products mar-
keted in northern Seoul and assessed their potential health risks. A total of 1,737 samples were collected using the
QuEChERS method, followed by LC-MS/MS and GC-MS/MS. Pesticide residues below the MRLs were detected in
560 samples of 72 items (32.2%), but 38 samples of 22 items had pesticide residues above the MRLs. Residual pesti-
cides were detected in 53.8% of fruits, 33.0% of vegetables, 28.6% of herbs, 15.4% of beans, and 10.5% of rice sam-
ples. Most of the samples that exceeded the MRLs were vegetables, especially leafy, stalk, stem, and root vegetables;
herbs and mushrooms also exceeded the permitted MRLs. Of the 105 pesticides investigated, dinotefuran, fluxamet-
amide, chlorfenapyr, azoxystrobin, and carbendazim were the most frequently detected, whereas 23 pesticide residues,
including terbufos, carbendazim, and fluxametamide, were detected above the MRL values. The hazard indices were cal-
culated as 0.00003—1.31406%, which suggests that the investigated pesticide residues in the samples were within safe levels,
but continuous monitoring of pesticides in agricultural products is needed to ensure the safety of consumers.
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Table 1. Analytical condition of LC-MS/MS
Thermo Scientific TSQ Altis

Instrument

Hypersil gold™

Column (100 mm x 2.1 mm, 1.9 pm)

Ionization mode Electrospray ionization (H-ESI)

A : 0.1% formic acid,
5 mM ammonium acetate in water

B : 0.1% formic acid,
5 mM ammonium acetate in methanol

Mobile phaase

Time

Gradient _ (Min)
program A (%) 90 90 60 5 5 90

B (%) 10 10 40 95 95 10

0.00 1.00 250 9.00 12.00 12.10

Flow rate 0.3 mL/min
Injection volume 2 ulL
Runtime 15 min
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Table 2. Analytical condition of GC-MS/MS
Tracer1310, TSQ Duo

Instrument (Thermo Scientific)
Column TG-5MS (30 mx0.25 mm, 0.25 um)
Flow rate Carrier gas He, 1.2 mL/min
Injection volume 1yl
Splitmode Splitless mode
60°C (0 min, 20°C/min)
Oven temp. N ISTC © “?i“’ 5°0C /mifl)
— 300°C (0 min, 20°C/min)
— 310°C (4 min)
Runtime 35 min
Inlet temperature 300°C
MS Source temp. 260°C
MS transfer line temp. 260°C

Fisher Scientific Inc., San Jose, CA, USA)Z, 248% 524
EL& GC-MSMS (TSQ Duo GC-MS/MS, Thermo Fisher
Scientific)® #4135} B4 2742 Table 1 2 29 72t}
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Table 3. Parameters for analysis of the pesticides

Pesticide Matrix Recovery LOD LoQ Lineazrity Matix effect
0.02 mg/kg 0.1 mg/kg (mg/kg) (mg/kg) (R%)

, Spinach 101.7£7.0 95.0£0.0 0.003 0.010 0.999 246.59
B‘(’éccaild Strawberry 118.3+4.9 86.7+6.4 0.002 0.008 0.992 158.82
Rice 96.7+7.9 110.7+3.8 0.003 0.009 0.999 172.08
- Spinach 103.346.8 97322 0.001 0.004 0.999 54.62
Dm‘("(‘i’g‘;z‘)le Strawberry 90.6:4.5 91.5+1.7 0.003 0.010 0.997 29.73
Rice 103.348.8 97.343.6 0.001 0.004 0.999 54.83
, Spinach 106.7+3.3 100.3+0.7 0.001 0.005 0.999 270.34
D‘fe“(oég‘;az"le Strawberry 120.0+7.2 91.0+4.0 0.002 0.007 0.997 140.35
Rice 95.0+5.3 114.3+6.1 0.003 0.008 0.999 179.85
. Spinach 105.046.7 96.7£0.7 0.002 0.005 0.998 61.56
Ep""(‘é"cn)az"le Strawberry 116.746.5 93.045.7 0.003 0.009 0.996 33.88
Rice 103.345.6 115.7+4.1 0.003 0.010 0.998 39.72
, Spinach 110.0£3.2 103.3+0.7 0.002 0.007 0.999 47.68
FluQuElg}Cg?aZOIe Strawberry 116.746.5 86.33.7 0.002 0.006 0.998 50.80
Rice 93.3+6.2 117.3+4.3 0.003 0.009 0.999 1220
_ _ Spinach 101.7+3.5 97.0£1.6 0.003 0.010 0.998 40.18
Pend‘gghah“ Strawberry 105.0£9.5 88.045.7 0.002 0.006 0.991 42.15
S Rice 106.745.4 97.3+4.9 0.002 0.006 0.998 10.73
_ Spinach 112.3£1.9 93.0£2.9 0.003 0.008 0.999 2239
P rOC(YGHé‘)d"“e Strawberry 113.342.5 101.0+9.4 0.001 0.004 0.999 7.16
Rice 98.3+2.9 112.3+1.9 0.002 0.007 0.999 4.40
, Spinach 107.542.7 103.3£1.5 0.003 0.009 0.999 -19.93
CarbeL“CdaZ‘m Strawberry 105.043.9 99.341.7 0.002 0.008 0.999 9.18
O Rice 98.8+2.5 97.8+0.5 0.001 0.004 0.999 -1.82
B Spinach 118.3%6.5 119.3%1.3 0.002 0.007 0.997 1655
Cyam(“LmCl;‘pmle Strawberry 113.39.2 104.043.5 0.001 0.005 0.998 -1031
Rice 120.0+4.2 116.5+2.3 0.003 0.009 0.989 -16.27
, Spinach 108.82.3 105.042.9 0.002 0.006 1.000 -4.62
sz’{ecf;“an Strawberry 107.5:4.7 99.543.1 0.003 0.009 1.000 5.09
Rice 106.344.5 102.342.2 0.003 0.009 0.999 3.96
Spinach 93.3£6.0 92.3£6.0 0.002 0.006 0.996 88.35
F I“(aLZg)am Strawberry 91.743.1 76.049.2 0.003 0.009 0.995 32.87
Rice 110.0+6.4 119.7+1.3 0.003 0.010 0.996 18.98
o Spinach 118.3:2.4 115326 0.002 0.007 0.995 16.05
Fl“be(idcl")‘m‘de Strawberry 91.7+8.3 102.327.1 0.002 0.006 0.998 -14.26
Rice 110.07.9 108.043.3 0.003 0.006 0.995 454
_ Spinach 103374 85.0+3.5 0.003 0.009 0.991 27.89
F luxazlﬁg?m‘de Strawberry 100.0+8.7 93.0+1.1 0.003 0.010 0.996 -6.22
Rice 113.326.7 103.0£6.3 0.002 0.008 0.999 -19.03
, Spinach 116.346.5 111.743.7 0.002 0.008 1.000 -4.79
LR“C“)’“ Strawberry 118.82.1 97.846.5 0.002 0.006 0.999 6.57
Rice 115.044.3 104.542.3 0.003 0.008 0.999 7.63
Spinach 116,322 115.551.8 0.003 0.009 0.999 6.71
P ?frca‘)te Strawberry 103.345.6 91.8+5.5 0.002 0.006 0.999 2.18
Rice 113.822.2 109.32.2 0.002 0.007 0.999 2.81
Spinach 116.744.9 110.0:2.4 0.003 0.009 1.000 1837
Te(ri’g‘)s Strawberry 106.322.4 99.0+4.3 0.001 0.005 0.998 -6.85
Rice 115.043.5 104.0+1.8 0.002 0.005 0.999 -16.41
Spinach 118.32.4 118.0£0.0 0.002 0.008 0.998 2872
Thi?flcofrid Strawberry 108.8+2.3 100.5+2.4 0.002 0.008 0.999 -16.99
Rice 107.542.7 104.8+1.6 0.003 0.009 0.997 348
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Table 4. Results of detected and violated pesticides in products by year

2022 2023
Type Sub type Classification No. of No. of No. of No. of
violation (%) detection (%) ! violation (%) detection (%) O
Flowerhead brassicas 0(0.0) 12(14.8) 81 0(0.0) 4(10.5) 38
Radish (root) 1(6.7) 5(33.3) 15 1(7.1) 6(42.9) 14
Root and tuber Others 0 5(7.9) 63 0 2(7.4) 27
vegetables
Sub total 1(1.3) 10(12.8) 78 1(2.4) 8(19.5) 41
Fruiting vegetable, Cucurbits 0(0.0) 23(26.1) 88 0(0.0) 1(3.7) 27
Fruiting vegetable (except Cucurbits) 0(0.0) 54(44.6) 121 0(0.0) 22(51.2) 43
Leek 2(3.7) 17(31.5) 54 1(2.8) 12(34.3) 35
Chinese chive 0(0.0) 20(62.5) 32 2(7.1) 18(64.3) 28
Stalk and stem Celery 1(10) 4(40) 10 1(8.3) 9(75.0) 12
vegetables Waterdropwort 0(0.0) 0(0.0) 0 1(14.3) 6(85.7) 7
Others 1 5 53 0 1 60
Sub total 42.7) 46(30.9) 149 5(3.5) 46(32.4) 142
Spinach 2(5) 19(47.5) 40 0(0.0) 13(41.9) 31
Ssam cabbage 0(0.0) 10(35.7) 28 1(3.2) 19(61.3) 31
Vegetables
Radish (leaves) 2(9.1) 5(22.7) 22 2(8.7) 8(34.8) 23
Chwinamul 0(0.0) 2(15.4) 13 2(6.5) 22(71.0) 31
Chamnamul 0(0.0) 1(14.3) 7 1(3.2) 9(29.0) 31
Chinese mallow 0(0.0) 0(0.0) 11 3(11.5) 10(38.5) 26
Crown daisy 0(0.0) 1(25) 4 1(3.0) 13(49.4) 33
Leafy vegetables Perilla leaves 1(10) 5(50) 10 0 14(66.7) 21
Chicory 0(0.0) 2(33.3) 6 3(12.0) 12(48.0) 25
Chard 1(16.7) 3(50) 6 2(8.7) 15(65.2) 23
Danggwi 0(0.0) 1(50) 2 1(25.0) 3(75.0) 4
Waterconvolvulus 0(0.0) 0(0.0) 0 1(33.3) 1(33.3) 3
Mustard leaf 0(0.0) 1(100.0) 1 1(50.0) 2(100) 2
Others 0 19 106 1 57 150
Sub total 6(2.3) 69(27.0) 256 19(4.4) 199(45.9) 434
Sub total 11(1.4) 214(27.7) 773 25(3.4) 280(38.6) 725
Mandain 0(0.0) 2(25.0) 8 0(0.0) 4(80.0) 5
Citrus Orange 0(0.0) 0 0 0(0.0) 1(100.0) 1
Sub total 0(0.0) 2(25.0) 8 0(0.0) 5(83.3) 6
Assorted tropical fruit 0(0.0) 2(33.3) 6 0 1(20.0) 5
Apple 0(0.0) 3(75.0) 4 0(0.0) 6(85.7) 7
Pome fruits Others 0 3 8 0 1 2
Sub total 0(0.0) 6(50.0) 12 0 7(77.8) 9
Fruit Strawberry 0(0.0) 3(25.0) 12 0(0.0) 4(50.0) 8
Berries and other Grape 0(0.0) 6(46.2) 13 0(0.0) 6(100.0) 6
small fruits Others 0 1 1 0 0 1
Sub total 0(0.0) 10(38.5) 26 0(0.0) 10(66.7) 15
Jujube 0(0.0) 3(100.0) 3 0(0.0) 2(100.0) 2
Stone fruit Others 0 5(71.4) 7 0 3(60.0) 5
Sub total 0(0.0) 8(80.0) 10 0(0.0) 5(71.4) 7

Sub total 0(0.0) 28452) 62 0(0.0) 28(66.7) 42
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Table 4. (Continued) Results of detected/violated pesticides in products by year

2022 2023
Type Sub type Classification No. of No. of No. of No. of
C . Total L. . Total
violation (%) detection (%) violation (%) detection (%)
Herbs Herbs Coriander 0(0.0) 0(0.0) 1 1(16.7) 2(33.3) 6
Mushrooms 1(5.3) 2(10.5) 19 0(0.0) 0(0.0) 14
Tree nuts and Seeds 0(0.0) 0(0.0) 14 0(0.0) 0(0.0) 6
Cereal grains 0(0.0) 1(11.1) 9 0(0.0) 3(10.3) 29
Pulses 0(0.0) 1(20.0) 5 0(0.0) 1(12.5)
Potatoes 0(0.0) 0(0.0) 15 0(0.0) 0(0.0) 6
Soybean sprouts 0(0.0) 0(0.0) 0 0(0.0) 0(0.0) 3
Total 12(1.3) 246(27.4) 898 26(3.1) 314(37.4) 839
600 32.2%, 560 Table 5. List of most detected pesticide residues by year
500 No. of Pesticide residues
Rank
400 2022 2023
37.4%, 314
300 27 4% 248 1 Dinotefuran(36) Fluxametamide(36)
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w0 R 3.1% 26 2.2%, 38
. 1.3%, 12 - o 4 Fluxametamide(20) Metaflumizone(23)
2022 2023 total 5 Flonicamid(15) Dinotefuran(22)
B rno. of viclation W no. of detection 6 Metaflumizone(15) Chlorantraniliprole(22)
Fig. 1. Annual detection and violation rates. 7 Etofenprox(14) Flufenoxuron(20)
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Table 6. List of pesticide residues violated by year

Year No. of pesticide residues

2022 Fluxametamide(1), Procymidone(1), Phorate(1),

Carbendazim(2), Terbufos(2), Pendimethalin(2), Cyantraniliprole(1), Fluazinam(1), Dinotefuran(1), Fluquinconazole(1),

Terbufos(6), Carbendazim(3), Fluxametamide(2), Linuron(2), Alachlor(1), Boscalid(1), Buprofezin(1), Carbaryl(1),
2023 Etofenprox(1), Diazinon(1), Difenoconazole(1), Dimethoate(1), Epoxiconazole(1), Flubendiamide(1), Flusulfide(1),
Iprobenfos(1), Methidathion(1), Thiacloprid(1), Phorate(1), Pyridalyl(1)

Table 7. Number of various pesticide residues in agricultural products

No. of pesticide residues

2 3 4 5

6 7 8 10

138(24.8%) 66(11.9%) 34(6.1%) 10(1.8%)

5(1.8%) 3(0.5%) 3(0.5%) 1(0.2%)
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Table 8. Risk assessment of pesticides detected in agricultural products

Average Food daily ADI? EDIY

Classified Pesticides MRL conc? intake %ADIY
(mg/kg) (¢/day) (mg/kgbw/day)

Mushroom (dry) Carbendazim 0.13 0.691 0.31 0.03 3.5715E-06 0.01190
Radish (root) Terbufos 0.05 0.021 2242 0.0006 7.8844E-06 1.31406
Salt sandspurry Fluquinconazole 0.01 0.031 0.02 0.002 1.025E-08 0.00051
Water dropwort Iprobenfos 0.01 0.006 1.04 0.035 1.0754E-07 0.00031
) Dimethoate 0.05 0.008 2.76 0.002 3.5447E-07 0.01772
Chives Terbufos 0.05 0.017 0.0006 7.7253E-07 0.12875
Dinotefuran 0.01 0.038 0.28 0.02 1.759E-07 0.00088
Celery Etofenprox 0.05 0.022 0.03 1.0285E-07 0.00034
Pendimethalin 0.05 0.006 10.77 0.13 1.1274E-06 0.00087
Welsh Onion Phorate 0.05 0.016 0.0007 2.8801E-06 0.41144
Procymidone 0.15 0.012 0.1 2.0733E-06 0.00207
Mustard green Flusulfide 0.01 0.068 0.06 0.001 6.8E-08 0.00680
Kangkung Flubendiamide 0.01 0.460 0.01 0.017 7.6611E-08 0.00045
Epoxiconazole 0.01 0.010 0.17 0.007 2.7649E-08 0.00039
Chard Fluxametamide 0.01 0.007 0.0085 1.8466E-08 0.00022
Terbufos 0.01 0.024 0.0006 6.927E-08 0.01155
Korean angelica Linuron 0.01 0.060 0.01 0.0077 9.9444E-09 0.00013
Perilla leaves Pendimethalin 0.01 0.006 2.31 0.13 2.4839E-07 0.00019
Cyantraniliprole 2.0 0.079 1.79 0.057 2.3449E-06 0.00411
Radish (leaves) Terbufos 0.05 0.014 0.0006 4.079E-07 0.06798
Thiacloprid 0.2 0.016 0.01 4.7679E-07 0.00477
Carbendazim 0.01 0.006 6.23 0.03 5.996E-07 0.00200
Spinach Fluazinam 0.01 0.006 0.01 6.1276E-07 0.00613
Phorate 0.01 0.021 0.0007 2.1586E-06 0.30837
Crown daisy Diazinon 0.01 0.013 0.48 0.002 1.0724E-07 0.00536
Marsh mallow Fluxametamide 0.01 0.016 0.34 0.0085 9.3423E-08 0.00110
Terbufos 0.01 0.015 0.0006 8.4081E-08 0.01401
Ssam cabbage Diniconazole 0.3 0.031 0.02 0.0023 1.0295E-08 0.00045
Chamnamul Methidathion 0.01 0.011 0.25 0.001 4.5175E-08 0.00452
Chwinamul Alachlor 0.01 0.007 0.88 0.01 1.04E-07 0.00104
Carbaryl 0.01 0.021 0.0075 3.09E-07 0.00412
Chicory Carbendazim 0.01 0.031 0.11 0.03 5.5946E-08 0.00019
Terbufos 0.01 0.007 0.0006 1.2833E-08 0.00214
Boscalid 0.03 0.122 0.005 0.04 1.0125E-08 0.00003
Castor Beanleaves Buprofezin 0.03 0.256 0.009 2.1333E-08 0.00024
(dry) Carbendazim 0.03 0.099 0.03 8.25E-09 0.00003
Difenoconazole 0.03 0.051 0.01 4.2083E-09 0.00004
Coriander (leaves) Linuron 0.01 0.072 0.005 0.0077 6.0357E-09 0.00008

a) Average conc. (mg/kg)={(number of sample below LODx1/2 LOD)+)’ (detected concentration) }/number of total sample.

b) ADI: acceptable daily intake.
¢) EDI: estimated daily intake=average concentration (mg/kg)=daily dose of food (kg/day)/60 (kg).

d) %ADI=(EDI/ADI)x100.
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