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ABSTRACT - Pesticide residues were monitored in dried red pepper and pepper powder samples purchased in North-
ern Gyeonggi-do and from domestic online markets. The QUuEChERS method was used to prepare 88 samples. GC-MS/MS
and LC-MS/MS were used to analyze 338 pesticide residues. In the study, pesticide residues were detected in 70 samples
(79.5%), with residues exceeding the maximum residue limits (MRL) in 4 samples (4.5%). Pesticide levels exceeded the
MRL in imported samples, with two samples of dried red pepper and two samples of pepper powder showing elevated lev-
els. Among the 61 pesticides detected, tebuconazole, a fungicide was most frequently detected (52 times). Tricyclazole,
which is used to control the main disease affecting rice, exceeding the MRL in 3 of 12 Vietnam-origin samples. Ethion
exceeded the MRL in one Indian-origin sample. Both tricyclazole and ethion are banned for use in pepper products in Korea
and are regulated under the positive list system (PLS). Conversely, pesticides detected in domestic samples were within the
MRLs. Therefore, authorities should monitor pesticide residues in imported red pepper products.
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Table 1. The list of collected agricultural products

No. of sample ~ No. of sample

Commodity Origin (market) (internet)

China - 7

Dried pepper Korea 7 8(3)*
Vietnam 3 3
China 7 6
India - 1
Pepper powder Italy - 1

Korea 26(3)* 13(7)*
Vietnam - 6

*Figures in parenthesis mean results including environment-
friendly products.
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Table 2. Analytical conditions of GC-MS/MS

Parameters Conditions
Column TG-5SILMS

(30 mx0.25 mm, 0.25 pum)

Flow rate 1.0 mL/min (He 99.999%)

Injection volume & 1 L, splitless

Ge mode
(TRACE Inlet temp. 280°C
1310) Rate Temperature Hold
(°C/min) (°C) (min)
Oven temp. initial 70 3
15 160 0
5 300 3
Ionization mode Electron ionization (EI)
MS/MS . 0
(TSQ9000) Transfer line temp. 280°C
Ion source temp. 280°C
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Table 3. Analytical conditions of LC-MS/MS

Parameters Conditions
Column CAPCELL CORE C18 (2.1 mmx150 mm, 2.7 um)
Column oven temp. 35°C
Injection volume 2 uL
Flow rate 0.3 mL/min
Detector MSD (MRM)
Mobile phase A:0.1% forr.nic a.cid, SmM Ammo.nium forma‘@ inDW
LC B: 0.1% formic acid, 5SmM Ammonium formate in MeOH
(Nanospace Time (Min.) A (%) B (%)
NASCA) 0 95 5
1 95 5
Gradient condition 1> 70 30
12 2 98
16 2 98
16.1 95 5
20 95 5
Ionization mode Electrospray ionization (ESI)
Spray voltage 5.50kV
(l\éli/ll{leSP Capillaljy temp. 450°C.
4500) Curtain gas 25 psi
Nebulizer gas (gas 1) 50 psi
Heater gas (gas 2) 55 psi

TSQ9000, Thermo Fisher Scientific), LC-MS/MS (QTRAP
4500, AB-SCIEX, Framingham, MA USA)E AR&-3lom 7]
7] 4] Z71& Table 2, Table 33} 7t}

- 1
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Table 4. Parameters of LOD, LOQ, Recovery and Linearity

Pesticides Detection type LOD (mg/kg) LOQ (mg/kg) Concentration (mg/kg) Recovery+RSD(%) (n=5)  Correlation coeffeicient (R?)
e 0.05 100.8+3.8
Acetamiprid LC-MS/MS 0.0018 0.0054 0.9965
0.5 84.2+13.3
. 0.05 102.8+1.8
Azoxystrobin LC-MS/MS 0.0030 0.0091 0.9973
0.5 82.0+£9.5
0.05 105.0+£5.9
Bifenthrin GC-MS/MS 0.0023 0.0071 0.9999
0.5 101.6+2.2
L. 0.05 106.5+2.3
Bistrifluron LC-MS/MS 0.0009 0.0028 0.9981
0.5 104.2+2.8
R 0.05 108.7+5
Boscalid GC-MS/MS 0.0024 0.0074 0.9999
0.5 102.6+2.5
. 0.05 97.9£3.9
Carbendazim LC-MS/MS 0.0013 0.0040 0.9975
0.5 76.6£13.9
. 0.05 87.6+4.0
Chlorantraniliprole LC-MS/MS 0.0019 0.0056 0.9943
0.5 85.6+8.8
0.05 106.2+6.4
Chlorfenapyr GC-MS/MS 0.0028 0.0084 0.9999
0.5 103.5+2.8
0.05 100.8+3.0
Chlorfluazuron LC-MS/MS 0.0023 0.0069 0.9977
0.5 91.5£7.3
. 0.05 104.546.0
Chlorpyrifos GC-MS/MS 0.0008 0.0025 0.9999
0.5 100.0+1.3
» 0.05 92.348.1
Cyantraniliprole LC-MS/MS 0.0024 0.0072 0.9960
0.5 83.1+12.8
0.05 104.8+7.2
Difenoconazole GC-MS/MS 0.0008 0.0023 0.9997
0.5 96.2+4.0
0.05 83.4+3.5
Diflubenzuron LC-MS/MS 0.0014 0.0042 0.9960
0.5 97.4+12.0
) 0.05 105.0+7.7
Dimethoate LC-MS/MS 0.0010 0.0031 0.9974
0.5 84.9+10.9
0.05 100.6+3.0
Dinotefuran LC-MS/MS 0.0022 0.0066 0.9972
0.5 79.5+12.0
X 0.05 105.8+5.6
Epoxiconazole GC-MS/MS 0.0009 0.0027 0.9999
0.5 98.7£2.4
0.05 95.7£5.1
Ethaboxam LC-MS/MS 0.0032 0.0098 0.9960
0.5 81.0£9.4
0.05 105.546.1
Ethion GC-MS/MS 0.0023 0.0070 0.9999
0.5 100.1+1.8
0.05 80.4+9.1
Etofenprox LC-MS/MS 0.0032 0.0097 0.9972
0.5 87.8+11.8
0.05 76.5+5.7
Famoxadone LC-MS/MS 0.0032 0.0097 0.9945
0.5 82.7+£3.4
0.05 96.1£2.5
Fenazaquin LC-MS/MS 0.0014 0.0041 0.9972
0.5 89.6+9.5
0.05 82.9+2.9
Fenoxanil GC-MS/MS 0.0021 0.0064 0.9999
0.5 86.6+8.0
. . 0.05 107.6+£6.9
Flonicamid LC-MS/MS 0.0029 0.0088 0.9971
0.5 79.9£11.0
0.05 114.6x1.9
Fluazinam LC-MS/MS 0.0015 0.0044 0.9985
0.5 100.9+6.4
0.05 91.849.0
Flubendiamide LC-MS/MS 0.0044 0.0134 0.9932
0.5 91.5+11.5
0.05 112.1£5.8
Flufenoxuron LC-MS/MS 0.0048 0.0145 0.9990
0.5 87.5+£14.3
0.05 107.5+6.5
Fluopyram GC-MS/MS 0.0010 0.0031 0.9998
0.5 100.5+3.1
. 0.05 107.7+8.5
Flupyradifurone LC-MS/MS 0.0010 0.0032 0.9951
0.5 80.5+11.6
. 0.05 104.746.1
Flusilazole GC-MS/MS 0.0012 0.0036 0.9999
0.5 99.242.1
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Table 4. (Continued) Parameters of LOD, LOQ, Recovery and Linearity

Pesticides Detection type LOD (mg/kg) LOQ (mg/kg) Concentration (mg/kg) Recovery+RSD(%) (n=5)  Correlation coeffeicient (R?)
. 0.05 78.449.3
Fluxametamide LC-MS/MS 0.0033 0.0100 0.9968
0.5 85.4+11.9
0.05 108.0+5.7
Fluxapyroxad GC-MS/MS 0.0009 0.0028 0.9999
0.5 100.3+£3.7
. .849.
Hexaconazole LC-MS/MS 0.0039 0.0117 0.05 86.849.0 0.9933
0.5 95.2+7.9
. . 0.05 103.4+6.9
Imidacloprid LC-MS/MS 0.0015 0.0045 0.9962
0.5 82.2+14.9
0.05 83.1£6.7
Indoxacarb GC-MS/MS 0.0021 0.0065 0.9998
0.5 83.1+6.7
0.05 104.9+6.0
I thiol. -MS/M 0.0001 0.0004 0.9999
soprothiolane GC-MS/MS 05 100.842.1
0.05 107.1£2.3
Lufenuron LC-MS/MS 0.0024 0.0073 0.9953
0.5 104.3+7.0
. 0.05 74.249.1
Metaflumizone LC-MS/MS 0.0035 0.0105 0.9964
0.5 93.0+£7.6
0.05 105.4+3.8
Metalaxyl -MS/M .0014 .004 .99
etalaxy! GC-MS/MS 0.00 0.0043 0.5 1013432 0.9999
. 0.05 80.9+10.8
Methamidophos LC-MS/MS 0.0040 0.0121 0.9971
0.5 74.512.0
. 0.05 95.9£6.9
Methoxyfenozide LC-MS/MS 0.0016 0.0049 0.9943
0.5 86.8+15.7
0.05 102.0+4.0
ixyl -MS/M .0012 . .99
Oxadixy GC-MS/MS 0.00 0.0036 0.5 1027254 0.9999
. . 0.05 101.5+7.7
Pendimethalin GC-MS/MS 0.0006 0.0017 0.9997
0.5 96.7+2.8
. 0.05 106.1£5.6
Penthiopyrad GC-MS/MS 0.0008 0.0023 0.9999
0.5 100.1£2.9
0.05 105.3+£5.7
Pi i -MS/M . .0022 .99
icoxystrobin GC-MS/MS 0.0007 0.00. 0.5 1021423 0.9999
. 0.05 104.7+4.9
Procymidone GC-MS/MS 0.0009 0.0028 0.9998
0.5 103.7+2.7
0.05 90.9+13.2
Profenofos GC-MS/MS 0.0008 0.0025 0.9999
0.5 95.3£3.0
0.05 88.4+7.2
Propamocarb LC-MS/MS 0.0027 0.0081 0.9989
0.5 104.7£10.7
. 0.05 104.3+4.9
Propiconazole GC-MS/MS 0.0006 0.0020 0.9999
0.5 99.9+1.9
. 0.05 82.9+12.8
Pydiflumetofen LC-MS/MS 0.0041 0.0125 0.9953
0.5 105.3£12.7
Pyraclostrobi LC-MS/MS 0.0038 0.0114 0.05 87.241.2 0.9982
T robin - . . .
yraclostro 05 88.6+133
. 0.05 98.3+4.2
Pyridaben LC-MS/MS 0.0046 0.0139 0.9954
0.5 88.9+£8.3
. . 0.05 106.8+4.9
Pyrimethanil GC-MS/MS 0.0009 0.0029 0.9998
0.5 97.34£2.2
0.05 109.3+4.6
Sulfoxaflor LC-MS/MS 0.0023 0.0069 0.9955
0.5 85.6+15.7
0.05 106.6+6.7
Tebuconazole GC-MS/MS 0.0016 0.0048 0.9998
0.5 98.3+2.4
. 0.05 85.3£8.9
Tebufenozide LC-MS/MS 0.0026 0.0079 0.9969
0.5 91.5+12.4
0.05 106.8+5.1
Tebufe -MS/M . .002 .99
ebufenpyrad GC-MS/MS 0.0009 0.0027 0.5 1027426 0.9999
. 0.05 109.1£1.0
Tetraniliprole LC-MS/MS 0.0023 0.0071 0.9944
0.5 102.3+4.6
. . 0.05 104.5+5.8
Thiacloprid LC-MS/MS 0.0019 0.0058 0.9961
0.5 82.6+13.4
0.05 103.9+4.8
Thiamethoxam LC-MS/MS 0.0021 0.0062 0.9969
0.5 80.5+13.1
. 0.05 95.6+4.7
Tricyclazole LC-MS/MS 0.0017 0.0050 0.9977
0.5 78.9+12.7
. . 0.05 107.3£6.0
Trifloxystrobin GC-MS/MS 0.0012 0.0038 0.9999

0.5 102.5+1.8
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Table 5. Pesticides detected in dried pepper and pepper powder
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Type No. of sample ~ No. of sample detected No. of sample above MRLs  Detection rate (%)  Violation rate (%)
Dried pepper 25(28)" 22 2 88.0(78.6)" 8.0(7.1)
Pepper powder 50(60)" 48 2 96.0(80.0)" 43.3)"
Total 75(88)" 70 4 93.3(79.5)" 5.3(4.5)

* Figures in parenthesis mean: results including environment-friendly products.

Table 6. Pesticides detected samples from different origin

Origin No. of sample ~ No. of sample detected  No. of sample above MRLs  Detection rate (%) Violation rate (%)
China 20 17 0 85.0 -
India 1 1 1 100.0 100.0
Ttaly 1 1 0 100.0 -
South Korea 41(54) 39 0 95.0(72.2) -
Vietnam 12 12 3 100.0 25.0

* Figures in parenthesis mean: results including environment-friendly products.



Table 7. Class, Detection frequency and Origins of sample detected
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Pesticides Class Detection frequency (N=88) Detection rate (%) No. of sample above MRLs  Origins of sample detected**
Acetamiprid Insecticide 24 27.3 - 1t,K,V,
Azoxystrobin Fungicide 45 51.1 - C,In,It,K,V
Bifenthrin Insecticide 16 18.2 - C,It,K,V
Bistrifluron Insecticide 2 2.3 - K
Boscalid Fungicide 20 22.7 - K,V
Carbendazim Fungicide 28 31.8 - C,In K,V
Chlorantraniliprole Insecticide 16 18.2 - K
Chlorfenapyr Insecticide 43 48.9 - CK\V
Chlorfluazuron Insecticide 1 1.1 - v
Chlorpyrifos Insecticide 12 13.6 - K,V
Cyantraniliprole Insecticide 4 4.5 - K,V
Difenoconazole Fungicide 43 489 - C,It,K,V
Diflubenzuron Insecticide 3 3.4 - K
Dimethoate* Insecticide 1 1.1 - \%
Dinotefuran Insecticide 24 27.3 - C,K
Epoxiconazole* Fungicide 1 1.1 - C
Ethaboxam Fungicide 1 1.1 - K
Ethion* Insecticide 1 1.1 1 In
Etofenprox Insecticide 28 31.8 - K
Famoxadone Fungicide 3 34 - \%
Fenazaquin Insecticide 2 2.3 - K
Fenoxanil* Fungicide 7 8.0 - \%
Flonicamid Insecticide 34 38.6 - K,V
Fluazinam Fungicide 1 1.1 - K
Flubendiamide Insecticide 15 17.0 - K
Flufenoxuron Insecticide 1 1.1 - K
Fluopyram Fungicide 2 2.3 - I,V
Flupyradifurone Insecticide 1 1.1 - K
Flusilazole Fungicide 1 1.1 - \Y%
Fluxametamide Insecticide 7 8.0 - K
Fluxapyroxad Fungicide 3 34 - InIt,V
Hexaconazole Fungicide 5 5.7 - \Y%
Imidacloprid Insecticide 35 39.8 - C,In K,V
Indoxacarb Insecticide 5 5.7 - K
Isoprothiolane* Fungicide 1 1.1 - C
Lufenuron Insecticide 25 28.4 - C,It,K,V
Metaflumizone Insecticide S 5.7 - K
Metalaxyl Fungicide 13 14.8 - CK\V
Methamidophos Insecticide 3 34 - K
Methoxyfenozide Insecticide 1 1.1 - K
Oxadixyl Fungicide 2 2.3 - K
Pendimethalin Herbicide 7 8.0 - C,K
Penthiopyrad Fungicide 2 2.3 - K
Picoxystrobin Fungicide 5 5.7 - K
Procymidone Fungicide 1 1.1 - K
Profenofos Insecticide 16 18.2 - CK,V
Propamocarb Fungicide 21 23.9 - CK\V
Propiconazole Fungicide 14 15.9 - CK,V
Pydiflumetofen Fungicide 2 2.3 - K,V
Pyraclostrobin Fungicide 50 56.8 - C,In K,V
Pyridaben Insecticide 1 1.1 - K
Pyrimethanil Fungicide 6 6.8 - CcVv
Sulfoxaflor Insecticide 32 36.4 - K,V
Tebuconazole Fungicide 52 59.1 - C,It,K,V
Tebufenozide Insecticide 2 2.3 - K
Tebufenpyrad Insecticide 2 2.3 - K
Tetraniliprole Insecticide 1 1.1 - K
Thiacloprid Insecticide 1 1.1 - K
Thiamethoxam Insecticide 23 26.1 - CK,V
Tricyclazole* Fungicide 10 11.4 3 \%
Trifloxystrobin Fungicide 34 38.6 - K,V

*: pesticide residues regulated under PLS, **C: China, In: India, It: Ttaly, K: South Korea, V: Vietnam.
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Table 8. Pesticides detected in dried pepper and pepper powder

Distribution channels No. of sample No. of sample detected No. of sample above MRLs

Detection rate (%)  Violation rate (%)

Offline

Online

40(43)" 38
35(45)" 32

- 95.0(88.4) -
4 91.4(71.1) 11.4(8.9)"

* Figures in parenthesis mean: results including environment-friendly products.

M Herbicide MInsecticide

B Fungcide

Fig. 1. Ratio of the type classification in detected pesticide resi-
dues.
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Table 9. Result of samples above MRL

Type Origin Pesticides Conc. (mg/kg)
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Pepper powder . .
India Ethion 0.03
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Vietnam Tricyclazole 0.03
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