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Abstract

This study was conducted to monitor the residual pesticides on red pepper powder produced in five regions, which are
the major producers of red pepper in Korea, such as Ham-pyeong, An-dong, Yeong-yang, Yeong-gwang, and Cheongyang
from 2015 to 2016. Residual pesticides were detected on all samples. Among the 286 pesticides tested, 58 pesticides were
detected, with the most frequently detected being chlorfenapyr (93.7%). Twelve types of pesticides (chlorfenapuyr,
cypermethrin, chlorpyrifos, pyraclostrobin, cyhalothrin, tebuconazole, bifenthrin, deltamethrin, fenvalerate, lufenuron,
azoxystrobin, and indoxacarb) were detected in all regions, and 14 types of pesticides were used only in certain regions. An
analysis of the residual pesticides showed that none of the pesticides detected exceeded the MRL (Maximum Residue
Limits). The Positive List System (PLS) requirements were applied to eight pesticides that had no set MRLs. 0.01 mg/kg (PLS
requirements) was exceeded in 12 cases. A comparison of the estimated daily intake (EDI) of pesticides with the acceptable
daily intake (ADI) to access their risk revealed %ADI values of 0.001-0.756. Carbofuran showed the highest (0.756%), but
most pesticides were below 1%. The results show that residual pesticides in red pepper powder are at safe levels.
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<Table 1> Detection rate and classification of detected pesticides

Pesticides Detection frequency (N=739) Detection rate (%) Class Type
Chlorfenapyr 693 93.78 Pyrazole insecticide
Pyraclostrobin 576 77.94 Strobilurin germicide
Tebuconazole 556 75.24 Triazole germicide
Cypermethrin 527 71.31 Pyrethroids insecticide
Cyhalothrin 527 71.31 Pyrethroids insecticide
Chlorpyrifos 470 63.60 Oranophosphate insecticide
Fenvalerate 289 39.11 Pyrethroids insecticide
Deltamethrin 268 36.27 Pyrethroids insecticide
Iprobenfos 268 36.27 Oranophosphate germicide
Profenofos 242 32.75 Oranophosphate insecticide
Lufenuron 236 31.94 Benzoylurea insecticide
Metconazole 219 29.63 Pyrethroids insecticide
Indoxacarb 174 23.55 Neonicotinoid insecticide
Chlorothalonil 109 14.75 Organochlorine germicide
Difenoconazole 106 14.34 Triazole germicide
Procymidone 101 13.67 Dicarboximide germicide
Etofenprox 86 11.64 Pyrethroids insecticide
Carbendazim 76 10.28 Carbamates germicide
Azoxystrobin 72 9.74 Strobilurin germicide
Bifenthrin 70 9.47 Dicarboximide germicide
Chlorpyrifos-methyl 64 8.66 Dicarboximide germicide
Chlorfluazuron 62 8.39 Benzoylurea insecticide
Trifloxystrobin 45 6.09 Strobilurin germicide
Spiromesifen 37 5.01 Tetramic acid insecticide
Prochloraz 29 3.92 Imidazole germicide
Picoxystrobin 25 3.38 Acetanilide germicide
Chlorantraniliprole 19 2.57 Diamides insecticide
Diazinon 16 217 Oranophosphate insecticide
Pyridaryl 15 2.03 Unclassified insecticide
Flubendiamide 11 1.49 Diamides insecticide
Fenitrothion 11 1.49 Organophosphate insecticide
Tolclofos-methyl 10 1.35 Organophosphate germicide
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<Table 2> Detected pesticides and their MRL in red pepper powder in 5 regions
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Ham-pyeong (N=154)

An-dong (N=158)

Yeong-yang (N=165) Yeong-gwang (N=148) Cheong-yang (N=114)

Pesticides (mg/kg) Detection MeantSD Detection MeantSD Detection MeantSD Detection Mean+SD Detection Mean+SD
N)  (mgke) N) (mgke N) (mgke) N) (mgke) (N)  (mghky)
Chlorfenapyr 5 154 0.16+0.11 144 0.11+0.04 154 0.13+0.10 130 0.10+0.14 112 0.17+0.14
Cypermethrin 2 154 0.37+0.25 43 0.10+0.08 77 0.25+0.14 148 0.26+0.12 105 0.28+0.16
Chlorpyrifos 1 148 0.12+0.07 64 0.08+0.06 40 0.04:£0.03 118 0.05+0.03 100 0.14+0.12
Pyraclostrobin 3 129 0.47+0.45 73 0.36+0.13 157 0.66+0.26 126 0.51+0.40 91 0.46+0.3
Cyhalothrin 2 122 0.06+0.03 100 0.06+0.04 92 0.05+0.02 120 0.05+0.04 93 0.08+0.05
Tebuconazole 5 109 0.85+0.39 145 0.28+0.26 151 1.53+0.68 93 0.96+0.48 58 0.40+0.25
Fenvalerate 14 107 0.1140.08 1 0.02 74 0.15+0.08 21 0.20+0.11 86 0.14+0.09
Bifenthrin 3 75 0.06+0.04 11 0.05+0.01 56 0.07+0.04 12 0.03+0.01 65 0.07+0.04
Profenofos 14 71 0.06+0.06 ND - ND - 88 0.06+0.06 83 0.13+0.13
Iprobenfos - 70 0.02+0.02 63 0.17+£0.14 ND - 93 0.03+0.01 42 0.01£0.01
Procymidone 15 51 0.06+0.03 ND - ND - 31 0.1+0.053 19 0.12+0.09
Deltamethrin 1.4 46 0.03+0.02 62 0.05+0.03 32 0.02+0.01 68 0.05+0.03 60 0.04+0.02
Etofenprox 14 28 0.30+0.19 ND - 12 1.97+1.07 36 0.46+0.30 10 0.44+0.16
Chlorothalonil 35 28 0.18+0.13 18 0.21+0.14 ND - 47 0.22+0.16 16 0.15+0.15
Indoxacarb 5 23 0.08+0.05 58 0.18+0.07 50 0.05+0.08 29 0.30+0.25 14 0.09+0.03
Lufenuron 20 0.08+0.03 73 0.15+0.09 89 0.12+0.13 47 0.26+0.17 0.10+0.09
Azoxystrobin 17 0.12+0.11 21 0.05+0.03 19 0.04+0.02 13 0.07+0.01 0.07+0.01
Diazinon 0.3 13 0.02+0.01 ND - ND - ND - 0.02+0.01
Difenoconazole 7 12 0.11£0.05 19 0.10+0.06 45 0.11+0.08 ND - 30 0.11+0.17
Trifloxystrobin 12 10 0.11£0.07 6 0.13+£0.04 25 0.19+0.08 4 0.47+0.04 ND -
Fenitrothion 3.5 7 0.03+0.02 ND - ND - ND - 4 0.01+0.01
Flonicamid 14 4 0.01+0.01 ND - ND - ND - ND -
Metconazole 7 4 0.31+0.08 ND - ND - ND - ND -
Prochloraz 21 4 0.01+0.00 3 0.06+0.06 7 0.05+0.02 15 0.07+0.03 ND -
Spiromesifen 21 4 0.10+0.00 ND - ND - 29 0.07+0.03 4 0.14+0.04
Chlorfluazuron 3.5 4 0.02+0.01 ND - ND - 58 0.09+0.19 ND -
Fenoxanil - 4 0.02+0.01 ND - ND - ND - ND -
Iprodione 15 3 0.11£0.09 ND - 59 0.65+£0.32 2 0.05+0.04 6 0.08+0.02
Picoxystrobin 7 2 0.97+1.32 ND - ND - ND - 4 1.93+0.33
Terbufos 0.35 2 0.01+0.00 ND - ND - ND - ND -
Phenthoate: PAP - 2 0.07+0.04 ND - ND - ND - 4 0.04+0.01
Thiamethoxam 7 1 0.30 ND - ND - ND - ND -
Chlorantraniliprole 7 1 0.62 ND - 4 0.27+0.21 13 0.25+0.05 1 0.5
Chlorpyrifos-methyl - 1 0.01 40 0.08+0.03 ND - 23 0.01+0.00 ND -
Novaluron 49 1 0.03 ND - ND - ND - ND -
Cabaryl: NAC - 1 0.06 ND - ND - ND - ND -
Fluopyram 21 1 0.01 ND - ND - ND - 5 0.08+0.12
Buprofezin 21 1 0.10 ND - 5 0.09+0.01 3 0.04+0.01 ND -
Tolclofos-methyl - 1 0.02 ND - ND - 8 0.01+0.00 1 0.07
Captan 35 1 0.03 ND - ND - 4 0.02+0.00 ND -
Fluopicolide 7 1 0.03 ND - ND - ND - ND -
Carbendazim 15 ND - 18 0.51+0.33 58 1.90+0.99 ND - ND -
Boscalid 21 ND - ND - 25 1.28+0.37 ND - ND -
Propiconazole 7 ND - ND - 5 0.23+0.01 ND - ND -
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<Table 2> Detected pesticides and their MRL in red pepper powder in 5 regions (continued)

Ham-pyeong (N=154)

An-dong (N=158)

Yeong-yang (N=165) Yeong-gwang (N=148) Cheong-yang (N=114)

Pesticides (mg/kg) Detection MeantSD Detection MeantSD Detection MeantSD Detection Mean+SD Detection Mean+SD
N gk N) (mgke) N) (mgke) N) (mgky N) (mgkg)
Kresoxim-methyl 10 ND - ND - 3 0.01+0.03 ND - ND -
Fluquinconazole 49 ND - ND - 1 0.34 ND - ND -
Pyridaryl 14 ND - ND - ND - 13 0.10+0.04 2 0.08+0.03
Flubendiamide 7 ND - ND - ND - 11 0.81+0.31 ND -
Chlorfenvinphos - ND - ND - ND - 9 0.02+0.01 ND -
Amisulbrom 7 ND - ND - ND - ND - 6 0.06+0.00
Pyriminobac-methyl - ND - ND - ND - 4 0.03+£0.20 ND -
Pyraclofos 5.0 ND - ND - ND - ND - 3 0.12+0.07
Tebufenpyrad 3.5 ND - ND - ND - ND - 2 0.10+0.00
Bitertanol 49 ND - ND - ND - 4 0.33+0.17 1 0.05
Fenpropathrin 32 ND - ND - ND - ND - 1 0.05
Carbofuran 0.35 ND - ND - ND - 4 0.25+0.06 ND -
Parathion-methyl 7 ND - ND - ND - 5 0.02+0.02 ND -
Metrafenone 14 ND - ND - ND - ND - 2 0.03+0.02
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=8| 7P =39 chlorfenapyre] 4% %ADIE 0.015%
2 Uehson, AEE°] 50% ol’FelAd pyraclostrobin,

tebuconazole, cypermethrin, cyhalothrin, ~22]3Z chlorpyrifos
& %ADIZ} ZFZF 0.051, 0.087, 0.042, 0.009, 0.027%= 1+
Ebytth 2 9] bifenthrin, deltamethrin, fenvalerate, lufenuron,
azoxystrobin, 22| indoxacarb®] %ADI= 2}z 0.018,
0.012, 0.021, 0.030, 0.001, 0.042%= Y EFTE FAO/
WHOA = %ADIL 10% VvHd wle 184S 4488 2
871 AL, 10%5 =3 75 LAl HAAIE 28
2 3l ADI®] 30% FF =2 Al 9IAALE sof He
Zo7 B QtkLee & Lee 1997). 52Fe] Hit WFHo]
=4 carbendazim¥} picoxystrobin®] %ADEI= 712} 0.158%

<Table 3> Risk assessment of pesticides detected from red pepper powder

Pesticides Average concentration (mg/kg)  EDI" (mg/man/day) ADI? (mg/man/day) %ADIY
Chlorfenapyr 0.13 0.0003 1.7108 0.015
Pyraclostrobin 0.51 0.0010 1.9740 0.051
Tebuconazole 0.86 0.0017 1.9740 0.087
Cypermethrin 0.28 0.0006 1.3160 0.042
Cyhalothrin 0.06 0.0001 1.3160 0.009
Chlorpyrifos 0.09 0.0002 0.6580 0.027
Fenvalerate 0.14 0.0003 1.3160 0.021
Deltamethrin 0.04 0.0001 0.6580 0.012
Iprobenfos 0.06 0.0001 2.3030 0.005
Profenofos 0.09 0.0002 1.9740 0.009
Lufenuron 0.15 0.0003 0.9870 0.030
Metconazole 0.06 0.0001 0.6580 0.018
Indoxacarb 0.14 0.0003 0.6580 0.042
Chlorothalonil 0.2 0.0004 1.3160 0.030
Difenoconazole 0.11 0.0002 0.6580 0.033
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<Table 3> Risk assessment of pesticides detected from red pepper powder (continued)

Pesticides Average concentration (mg/kg) EDI" (mg/man/day) ADIP? (mg/man/day) %ADI?
Procymidone 0.08 0.0002 0.3290 0.048
Etofenprox 0.62 0.0012 1.9740 0.063
Carbendazim 1.57 0.0031 1.9740 0.158
Azoxystrobin 0.07 0.0001 13.160 0.001
Bifenthrin 0.56 0.0011 3.9480 0.028
Chlorpyrifos-methyl 0.06 0.0001 0.6580 0.018
Chlorfluazuron 0.09 0.0002 2.1714 0.008
Trifloxystrobin 0.19 0.0004 2.6320 0.014
Spiromesifen 0.08 0.0002 1.9740 0.008
Prochloraz 0.06 0.0001 0.6580 0.018
Boscalid 1.28 0.0025 2.6320 0.097
Chlorantraniliprole 0.28 0.0006 131.6000 0.000
Diazinon 0.02 0.0000 0.0132 0.302
Pyridaryl 0.1 0.0002 1.8424 0.011
Flubendiamide 0.81 0.0016 1.1186 0.144
Fenitrothion 0.03 0.0001 0.3290 0.018
Tolclofos-methyl 0.02 0.0000 6.5800 0.001
Chlorfenvinphos 0.02 0.0000 4.6060 0.121
Buprofezin 0.08 0.0002 0.0329 0.027
Boscalid 1.61 0.0032 0.5922 0.113
phenthoate 0.05 0.0001 2.8294 0.050
Fluopyram 0.07 0.0001 0.1974 0.021
Amisulbrom 0.05 0.0001 0.6580 0.002
Chlorpyrifos-methly 0.02 0.0000 6.5800 0.020
Picoxystrobin 0.23 0.0005 0.1974 0.010
Captan 0.02 0.0000 4.6060 0.001
Carbofuran 0.25 0.0005 6.5800 0.756
Bitertanol 0.33 0.0007 0.0658 0.100
Pyriminobac-methyl 0.2 0.0004 0.6580 0.030
Bifenthrin 031 0.0006 1.3160 0.023
Fenoxanil 0.02 0.0000 2.6320 0.009
Flonicamid 0.01 0.0000 0.4606 0.001
Pyraclofos 0.12 0.0002 1.6450 0.012
Kresoxim-methyl 0.04 0.0001 1.9740 0.001
Terbufos 0.01 0.0000 6.5800 0.050
Tebufenpyrad 0.1 0.0002 0.0395 0.030
Metrafenone 0.03 0.0001 0.6580 0.000
Fluquinconazole 0.34 0.0007 16.4500 0.514
Carbaryl 0.06 0.0001 0.1316 0.024
Thiamethoxam 0.3 0.0006 0.4935 0.011
Novaluron 0.03 0.0001 5.2640 0.009
Fenpropathrin 0.05 0.0001 0.6580 0.005
Fluopicolide 0.03 0.0001 1.9740 0.001

YEDI=Average concentration (mg/kg)xDaily food intake (g/man/day)/1000
P ADI=Acceptable daily intake (mg/kgbw/day)x65.8 kg
396 ADI=EDI/ADI*100
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9} 0.113%% Yelgton, %ADI} 714 =3d Tk
carbofuran® 2 0.756%% WERSITE Carbofuran] %ADI
7F =A U A& ADI (mg/kgb.w./day)7} ThE F<fol| H]
3 Aoz v A o] 7] wiieltt SAIRE %ADI
7 1% oltelH, AE357t & 43]0|B 2 QPHg 50
2} Ak} Lee et al(2019b)2] FFAY §-5 AxFo}
IFTERe] 2R BUEE B Qe ke A A
FolM e 72717 Yl (%ADIVF 0.065-1.300%2 LEk
o, Kim et al(2006)2] A7ZIel= I37HE] 93]
Z(%ADI)= 0.009-1.568%Z WAl UeRtth 137152 <F
ARZAL A3 AED 5k 25 MRL ©)3k2 Uehton
e} Yo} obdd o7 SRR, AFEL7)E
o] AAElo] YA ¥ Fo] N&HoE AEH 7FsAel
Aom sk oy FR Foo] U AEHe FoE B
o], a57He] 7HR-Eek ebdAddl tigh 2|44 At da
g Zog dAdEr)

AHHSEFHADDS] ¥l %ADIE °]&3te] Slei=s ¥
7FldTh. B AlBOIA Fere]l HAEHOH 28659 &
o T A, 58F9] Fofo] AEHULE 7HE HEE
°o] ¥

’di-2 chlorfenapyrid &M HAEE-2 93.78%A T
= F71AE (125 )0] 7P Bron frof w
2 AEEL A5A7) 56%= 7P BT RE A A
35O =2 chlorfenapyr, cypermethrin, chlorpyrifos, pyraclostrobin,
cyhalothrin, tebuconazole, bifenthrin, deltamethrin, fenvalerate,
lufenuron, azoxystrobin, ~Z2] 3. indoxacarb’} AE= UL,
54 AGeMt HEE ke 14F0]em AFHE
o 18F2] Fefo] AZH AUt

7RO zhREek kY =AM, HEE o F
MRLE Z#ste 22 gllon 1is]8r]Ee] AR =R
& FoRE 8Tl AZFHUt. FHFEE7IFe] AP &
Sl PLSAI=S A8 3%, A9 HEd 5]
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