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Abstract Safe animal feed is important for the health of animals, the environment and for the safety of
foods of animal origin. Therefore, the aims of this study were: 1) to validate simultaneous analytical method
and 2) to investigate the amount of pesticide residues in animal feed from Republic of Korea as a part of
official control. A total of 126 samples were collected in 2015 and analyzed for 105 pesticides. According to
pesticides monitoring result, no residue was found in 84.1% of the samples, whereas 15.9% of samples
contained pesticide residues below the maximum residue limits (MRLs). Pirimiphos-methyl and cyproconazole
were the two most frequently found pesticides. The results show that all commercial feed monitored in 2015
were safe under the Korean MRL and occurrence of pesticide residues in animal feed could not be considered
serious threats to human and animal health. However, continuous monitoring with tighter regulation for pesticide
residues in animal feed is recommended.

Key words Animal feeds, monitoring, pesticide residues.
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Table 1. Status of pesticide MRL establishment in animal feeds
Year 1996 2004 2015
No. of pesticides 17 27 121
» Complete feed
» Complete feed * Feed ingredient-fibrous feed

Commodity * Feed ingredient-fibrous feed

* Feed grains (wheat, barley, rye, corn, oats, sorghum)
* Feed pulse
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Fig. 1. Share of individual examined samples of animal feeds.
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Table 2. Grouping of 105 pesticides by analytical instruments

Pesticide
Aldrin+Dieldrin, Azoxystrobin, BHC, Boscalid, DDT, Endrin, Fipronil, Heptachlor, Indoxacarb, Lindane

Instrument- Detector

ECD 1 (16) (t-BHC), Prochloraz, Quintozene, Triadimefon, Trifloxystrobin, Imidacloprid, Tebuconazole
Dichlorvos, Cyanazine, Pendimethalin, Captan, Triadimenol, Imazalil, Kresoxim-methyl, Chlorobenzilate,
ECD 2 (20) Propiconzole, Bifenthrin, Fenpropathrin, Cyhalothrin, Permethrin, Cyfluthrin, Cypermethrin, Deltamethrin,
Ge Fenvalerate, Difenoconazole, Esfenvalerate, Famoxadone
Azinphos-methyl, Chlorpyrifos, Chlorpyrifos-methyl, Diazinon, Dimethenamid-P, Dimethoate, Disulfoton,
FPD (17) Edifenphone, Fenitrothion, Fenthion, Isofenphos, Methidathion, Phenthoate, Phosmet, Pirimiphos-methyl,
Terbufos, Thiacloprid
MSMS (9) Bitertanol, Chlorfenvinphos, Cyproconazole, Cyprodinil, Fenpropimorph, Fludioxonil, Flutriafol, Propargite,

Pyrimethanil

Acephate, Alachlor, Aldicarb, Aminopyralid, Atrazine, Carbaryl, Carbendazim, Carbofuran, Chlorantranilip-
role, Chlorpropham, Clethodim, Clothianidin, Diflubenzuron, EPN, Ethion, Fenbuconazole, Fenobucarb,
Flubendiamide, Fluopicolide, Flusilazole, Fluxapyroxad, Isoprocarb, Isopyrazam, Malathion, Methiocarb,
Methomyl, Methoprene, Methoxyfenozide, Oxamyl, Oxydemeton-methyl, Parathion, Phorate, Piperonylbu-
toxide, Pirimicarb, Prothioconazole, Pyraclostrobin, Saflufenacil, Simazine, Spinozad/Spinosad, Spirotetra-
mat, Sulfoxaflor, Thiabendazole, Tricyclazole

LC  MSMS (43)

Table 3. Instrumental condition of GC-ECD, GC-FPD, and GC-MS/MS

Instrument GC- ECD GC-FPD GC- MSMS
Column Agilent DB-5 Agilent DB-5 Agilent DB-5MS

(30 m x 0.25 mm, 0.25 pm) (30 m x 0.25 mm, 0.25 pm) (30 m x 0.25 mm, 0.25 pm)
Carrier N,, 1.0 mL/min N,, 1.0 mL/min He, 1.5 mL/min
Injector 250°C, 1 uL, split 50:1 250°C, 1 uL, splitless 260°C, 1 uL, split 50:1

130°C (1 min) — 7°C/min — 200°C
— 2°C/min — 220°C (4 min)
— 10°C/min — 300°C (6 min)

130°C (1 min) — 7°C/min — 200°C
Oven — 2°C/min — 220°C (4 min)
— 10°C/min — 300°C (6 min)

90°C (3 min) — 20°C/min — 120°C
— 8°C/min — 300°C (3 min)

Ionization : Electron lonization
Electron energy : 70 eV
Source temperature : 280°C

Detector 320°C 320°C
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Table 4. Instrumental condition of LC-MSMS
Parameter Condition
Column Unison UK-C18, Imtakt 100 mm x 4.6, 3 um)
A : 4 mM ammonium formate, 0.1% formic acid in Water
B : 4 mM ammonium formate, 0.1% formic acid in MeOH
Mobile phase Gradient
Time (min) A (%) B (%) Flow rate (mL)
0.0 30 70 0.3
35 30 70 0.3
Column temp. (°C) 40
Run time (min) 35
Injection vol. (uL) 10
Ion source ESI (Electro spray ionization)
Polarity Positive / negative
Nebulizer gas N,
Nebulizer gas flow 11 L/min
Detector . .
Nebulizer gas pressure 45 psi
Ion spray voltage 3500 V
Source temp. 300°C
Resolution QI (unit) Q3 (unit)

Table 5. Multiple reaction monitoring (MRM) transitions for the pesticides sought validated by LC-MSMS

Compound Name Retention time Exact Precursor ion Production  Collision energy Polarit
P (min) mass (m/z) (m/z) (eV) Y
184 125 15 +
Acephate 4.29 183.0
184 95 33 +
270 238 15 +
Alachlor 17.58 269.1
270 162 15 +
. 207.7 115.8 10 +
Aldicarb 6.14 190.1
207.7 88.9 15 +
) . 206.7 106.7 15 +
Aminopyralid 9.93 205.9
206.7 161 15 +
216.2 174.1 15 +
Atrazine 9.67 215.1
216.2 96.1 20 +
202.1 127 20 +
Carbaryl 7.36 201.1
202.1 145 15 +
) 192.1 160 15 +
Carbendazim 5.24 191.1
192.1 132 30 +
222.1 123.1 15 +
Carbofuran 6.80 221.1
222.1 165.1 5 +
. 484.2 286 5 +
Chlorantraniliprole 9.23 481.0
4842 453.1 10 +
214.1 172.1 5 +
Chlorpropham 14.36 213.1
214.1 154.1 10 +
. 360.2 164.1 15 +
Clethodim 13.18 359.1
360.2 268.3 10 +
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Table 5. Continued
Retention time Exact Precursor ion Production  Collision energy .
Compound Name (min) mass (m/z) (m/z) (V) Polarity
L 250 132 10 +
Clothianidin 4.87 249.0
250 169.1 +
. 311 158.1 +
Diflubenzuron 18.99 310.0
311 141 30 +
324 156.5 15 +
EPN 3.20 323.0
324 295.6 5 +
337.1 70.1 15 +
Fenbuconazole 16.71 336.1
337.1 125 30 +
208.2 152.1 5 +
Fenobucarb 10.93 207.1
208.2 94.9 15 +
L. 683.2 256.1 65 +
Flubendiamide 19.07 682.0
683.2 273.9 25 +
Lo 383.1 173 20 +
Fluopicolide 12.87 382.0
383.1 145 40 +
. 316.2 165.1 25 +
Flusilazole 17.93 315.1
316.2 247.1 10 +
382.0 314.8 15 +
Fluxapyroxad 12.37 381.1
382.0 361.8 5 +
362.0 315.6 10 +
Haloxyfop 20.29 361.0
362.0 287.6 20 +
194.0 94.8 10 +
Isoprocarb 8.62 193.1
194.0 136.9 5 +
360.0 243.8 15 +
[sopyrazam 8.00 359.2
360.1 319.8 15 +
) 331.0 126.8 10 +
Malathion 13.23 330.0
331.0 98.7 20 +
. 226.1 169.1 5 +
Methiocarb 12.14 225.1
226.1 121.1 15 +
163.0 105.9 10 +
Methomyl 28.39 162.0
163.0 87.9 10 +
311.2 190.9 +
Methoprene 22.80 310.2
311.2 278.9 +
) 369.3 91.1 50 +
Methoxyfenozide 12.98 368.2
369.3 149.1 10 +
236.8 72 10 +
Oxamyl 437 219.1
236.8 89.9 10 +
247.0 108.8 20 +
Oxydemeton-methyl 437 246.0
247.0 168.7 5 +
. 291.1 107.4 35 +
Parathion 15.71 291.0
291.0 261.5 25 +
261.0 75.1 5 +
Phorate 30.19 260.0
261.0 142.9 15 +
. ) 356.3 177.1 5 +
Piperonyl butoxide 7.24 338.2
356.3 119.1 35 +
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Table 5. Continued

Compound Name Retention time Exact Precursor ion Production  Collision energy Polarit
P (min) mass (m/z) (m/z) V) Y

L 239.2 72.1 20 +
Pirimicarb 7.95 238.1

239.2 182.1 10 +

. 343.8 101.8 15 +
Prothioconazole 25.08 343.0

343.8 325.7 5 +

. 388.3 163.1 20 +
Pyraclostrobin 28.40 387.1

388.3 194.2 5 +

. 501.2 349.2 20 +
Saflufenacil 9.13 500.1

501.2 459.3 5 +

) ) 201.9 103.8 25 +
Simazine 7.71 201.0

201.9 131.8 15 +

. 732.8 98.2 55 +
Spinosad 26.48 7314

732.8 142.2 20 +

. 374.3 302.4 10 +
Spirotetramat 14.79 373.2

3743 330.4 5 +

278.1 174.2 +
Sulfoxaflor 5.02 277.0

278.1 154.1 25 +

. 202.1 131.1 35 +
Thiabendazole 5.79 201.0

202.1 175.1 25 +

. 190.1 136 15 +
Tricyclazole 5.95 189.0

190.1 163 20 +

Table 6. Multiple reaction monitoring (MRM) transitions for the pesticides sought validated by GC-MSMS

Compound Name Retention time

Exact mass

Precursor ion

Product ion

Collision energy

(min) (m/z) (m/z) eV)
] . 198 118 5
Pyrimethanil 12.13 199.1
198 183 10
. 135 107 10
Propargite 13.50 350.2
135 95 10
F i h 14.40 303.3 128 110 10
en . .
PrOpIMOTP 128 702 10
. 224 208 20
Cyprodinil 15.08 225.1
224 197 20
. 323 267 15
Chlorfenvinphos 15.50 358.0
295 267 5
. . 248 127 30
Fludioxonil 16.38 248.0
248 154 30
. 219 123 20
Flutriafol 16.80 301.1
219 95 40
222 125 15
Cyproconazole 17.56 291.1
139 111 15
i 170 115 25
Bitertanol 23.48 337.2
170 141 20
BMH A= CAC 2003, EC 2015)°]l w2} Ats 5 S Fod%
Tl R A AR A Ol SEIMEDS 2013, ojstel AREERAMHE AREF ChREARA
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Table 7. The summary of validation results of 105 pesticides in animal feeds (complete feed)

- Spiked level Recovery (%) RSD LOQ )
Pesticid R
e (mg/ke) Ave. SD (%) (mg/kg)
0.01 70.35 2.74 3.89
Acephate 0.01 0.9997
0.1 71.08 3.99 5.61
0.02 72.14 3.12 432
Alachlor 0.02 0.9999
0.2 70.55 426 6.04
) 0.02 83.84 7.45 8.89
Aldicarb 0.02 0.9977
0.2 84.97 8.08 9.51
) ) 0.01 113.79 5.38 4.73
Aminopyralid 0.01 0.9918
0.1 116.26 6.48 5.57
. 0.01 101.89 447 439
Atrazine 0.01 0.9970
0.1 103.97 6.02 5.79
0.01 115.14 6.58 5.71
Carbaryl 0.01 0.9975
0.1 101.07 7.39 7.31
) 0.01 78.39 5.82 7.42
Carbendazim 0.01 0.9900
0.1 71.86 7.19 10.01
0.01 104.14 429 4.12
Carbofuran 0.01 0.9977
0.1 104.52 5.86 5.61
. 0.01 99.74 3.88 3.89
Chlorantraniliprole 0.01 0.9960
0.1 102.67 542 5.28
0.02 110.19 5.07 4.60
Chlorpropham 0.02 0.9998
0.2 110.66 6.22 5.62
. 0.01 107.04 6.14 5.74
Clethodim 0.01 0.9893
0.1 113.11 5.82 5.15
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Table 7. Continued
. Spiked level Recovery (%) RSD LOQ 2
Pesticide R
(mg/kg) Ave. SD (%) (mg/kg)
Lo 0.01 98.74 5.82 5.89
Clothianidin 0.01 0.9970
0.1 101.07 6.12 6.06
. 0.01 102.04 5.68 5.57
Diflubenzuron 0.01 0.9962
0.1 104.07 6.07 5.83
0.01 100.34 445 443
EPN 0.01 0.9997
0.1 95.22 5.06 531
. 0.01 92.24 3.94 427
Ethion 0.01 1.0000
0.1 83.47 3.82 4.58
0.01 112.24 6.16 5.49
Fenbuconazole 0.01 0.9987
0.1 110.96 6.43 5.79
0.01 110.19 5.80 5.26
Fenobucarb 0.01 0.9992
0.1 110.71 6.16 5.56
L 0.01 81.64 391 4.79
Flubendiamide 0.01 0.9995
0.1 82.67 4.09 495
L 0.01 96.79 4.34 448
Fluopicolide 0.01 0.9911
0.1 104.97 4.86 4.63
) 0.01 99.24 4.97 5.01
Flusilazole 0.01 0.9975
0.1 100.72 6.19 6.15
0.01 100.94 5.31 5.26
Fluxapyroxad 0.01 0.9954
0.1 103.87 6.17 5.94
0.01 109.99 6.32 5.75
Isoprocarb 0.01 0.9992
0.1 107.77 7.19 6.67
. 0.01 104.44 5.89 5.64
Malathion 0.01 0.9962
0.1 107.02 6.20 5.79
. 0.025 106.84 6.65 6.22
Methiocarb 0.025 0.9973
0.25 107.77 8.89 8.25
0.01 97.19 3.91 4.02
Methomyl 0.01 0.9995
0.1 92.97 5.88 6.32
) 0.01 100.24 4.58 4.57
Methoxyfenozide 0.01 0.9968
0.1 103.07 5.38 522
0.01 81.24 4.35 5.35
Oxamyl 0.01 0.9999
0.1 78.47 5.49 7.00
0.01 81.74 4.57 5.59
Oxydemeton-methyl 0.01 0.9999
0.1 81.72 4.78 5.85
0.01 78.24 5.61 7.17
Phorate 0.01 0.9997
0.1 90.67 6.11 6.74
) ) 0.05 82.99 4.95 5.96
Piperonylbutoxide 0.05 0.9961
0.5 76.08 5.60 7.36
L 0.02 101.34 6.27 6.19
Pirimicarb 0.02 0.9997
0.2 103.97 6.87 6.61
. 0.01 83.44 5.26 6.30
Prothioconazole 0.01 0.9906
0.1 74.83 5.27 7.04
. 0.01 78.39 4.01 5.12
Pyraclostrobin 0.01 0.9995
0.1 72.13 3.46 4.80
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Table 7. Continued
. Spiked level Recovery (%) RSD LOQ 2
Pesticide R
(mg/kg) Ave. SD (o) (mg/kg)
. 0.01 70.34 3.85 5.47
Saflufenacil 0.01 0.9999
0.1 91.22 5.57 6.11
L. 0.02 106.09 6.06 5.71
Simazine 0.02 0.9968
0.2 103.82 6.34 6.11
) 0.01 71.60 3.10 433
Spinosad 0.01 0.9990
0.1 71.63 4.57 6.38
) 0.01 99.44 6.06 6.09
Spirotetramat 0.01 0.9979
0.1 93.82 439 4.68
0.01 114.04 7.31 6.41
Sulfoxaflor 0.01 0.9989
0.1 110.41 10.34 9.37
. 0.01 99.04 445 4.49
Thiabendazole 0.01 0.9999
0.1 97.92 4.08 4.17
. 0.01 92.79 6.69 7.21
Tricyclazole 0.01 0.9992
0.1 96.87 5.79 5.98
. 0.01 74.34 5.33 7.17
Aldrin 0.01 0.9891
0.1 77.14 3.43 4.45
. 0.05 82.29 3.06 3.72
Azinphos-methyl 0.05 0.9941
0.5 86.24 6.13 7.11
. 0.05 88.51 3.52 3.98
Azoxystrobin 0.05 0.9955
0.5 89.19 5.11 5.73
0.05 90.00 6.90 7.67
BHC 0.05 0.9934
0.5 91.44 5.58 6.10
. . 0.05 84.02 423 5.03
Bifenthrin 0.05 0.9901
0.5 82.05 3.06 3.73
. 0.02 78.23 3.49 4.46
Bitertanol 0.02 0.9977
0.2 81.15 4.02 495
) 0.05 88.51 491 5.55
Boscalid 0.05 0.9941
0.5 86.11 5.36 6.22
0.05 72.05 5.24 7.27
Captan 0.05 0.9891
0.5 70.34 4.96 7.05
. 0.02 72.03 2.74 3.80
Chlorfenvinphos 0.02 0.9972
0.2 73.58 3.47 4.72
. 0.01 77.22 3.85 4.99
Chlorobenzilate 0.01 0.9955
0.1 80.53 3.34 4.15
. 0.05 76.04 4.89 6.43
Chlorpyrifos 0.05 0.9942
0.5 82.21 421 5.12
. 0.05 72.86 433 5.94
Chlorpyrifos-methyl 0.05 0.9953
0.5 77.47 4.76 6.14
. 0.05 81.99 4.80 5.85
Cyanazine 0.05 0.9934
0.5 79.27 3.59 4.53
. 0.05 80.03 3.56 4.45
Cyfluthrin 0.05 0.9941
0.5 84.25 6.22 7.38
. 0.05 84.09 3.39 4.03
Cyhalothrin 0.05 0.9972
0.5 85.50 5.32 6.22
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Table 7. Continued
. Spiked level Recovery (%) RSD LOQ )
Pesticide R
(mg/kg) Ave. SD (%) (mg/kg)
. 0.05 76.89 4.95 6.44
Cypermethrin 0.05 0.9942
0.5 75.64 4.98 6.58
0.05 88.51 4.85 548
Cyproconazole 0.05 0.9979
0.5 84.25 6.13 7.28
. 0.05 70.13 3.30 4.71
Cyprodinil 0.05 0.9957
0.5 73.26 6.40 8.74
0.05 76.96 347 4.51
DDT 0.05 0.9949
0.5 77.74 4.83 6.21
. 0.05 81.99 4.16 5.07
Deltamethrin 0.05 0.9953
0.5 88.22 4.62 5.24
L 0.05 89.51 4.62 5.16
Diazinon 0.05 0.9975
0.5 88.14 5.54 6.29
. 0.05 75.01 3.90 5.20
Dichlorvos 0.05 0.9975
0.5 78.11 4.55 5.83
L 0.01 74.34 5.33 7.17
Dieldrin 0.01 0.9891
0.1 77.14 343 445
) 0.05 80.22 522 6.51
Difenoconazole 0.05 0.9948
0.5 78.60 5.20 6.62
. . 0.01 70.34 4.75 6.75
Dimethenamid-P 0.01 0.9948
0.1 73.16 4.98 6.81
. 0.02 76.87 5.57 7.25
Dimethoate 0.02 0.9979
0.2 78.50 4.25 541
) 0.02 75.48 2.97 3.93
Disulfoton 0.02 0.9979
0.2 74.72 3.23 432
. 0.05 85.12 3.82 4.49
Edifenphos 0.05 0.9977
0.5 80.26 5.31 6.62
. 0.01 86.32 4.10 4.75
Endrin 0.01 0.9946
0.1 87.25 5.16 591
0.05 84.43 4.25 5.03
Esfenvalerate 0.05 0.9979
0.5 88.64 3.87 437
0.05 76.21 5.10 6.69
Famoxadone 0.05 0.9979
0.5 74.27 3.65 491
. . 0.05 81.70 5.39 6.60
Fenitrothion 0.05 0.9886
0.5 84.14 5.37 6.38
. 0.05 78.74 4.72 5.99
Fenpropathrin 0.05 0.9977
0.5 74.14 5.11 6.89
. 0.05 80.80 3.73 4.62
Fenpropimorph 0.05 0.9898
0.5 82.21 5.26 6.40
. 0.05 70.21 4.26 6.07
Fenthion 0.05 0.9944
0.5 73.54 5.59 7.60
0.05 84.43 5.13 6.08
Fenvalerate 0.05 0.9886
0.5 88.64 5.32 6.00
. . 0.01 78.40 3.03 3.86
Fipronil 0.01 0.9944
0.1 74.07 7.78 10.50
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Table 7. Continued
. Spiked level Recovery (%) RSD LOQ 2
Pesticide R
(mg/kg) Ave. SD (%) (mg/kg)
. . 0.03 86.40 5.30 6.13
Fludioxonil 0.03 0.9950
0.3 84.05 5.24 6.23
) 0.05 72.80 6.02 8.27
Flutriafol 0.05 0.9955
0.5 78.40 4.37 5.57
0.01 72.64 3.42 4.71
Heptachlor 0.01 0.9940
0.1 73.04 4.96 6.79
0.05 83.21 5.97 7.17
Hexaconazole 0.05 0.9978
0.5 86.58 448 5.17
) 0.05 70.23 4.59 6.54
Imazalil 0.05 0.9975
0.5 72.07 5.31 7.37
) ) 0.05 74.44 3.42 4.59
Imidacloprid 0.05 0.9979
0.5 71.45 5.79 8.10
0.05 70.45 3.28 4.66
Indoxacarb 0.05 0.9873
0.5 70.10 4.77 6.80
0.05 82.04 5.04 6.14
Isofenphos 0.05 0.9940
0.5 84.50 3.60 4.26
. 0.05 86.98 4.53 5.21
Isoprothiolane 0.05 0.9874
0.5 85.29 4.93 5.78
. 0.05 72.39 454 6.27
Kresoxim-methyl 0.05 0.9948
0.5 73.19 4.77 6.52
. 0.05 89.81 3.79 422
Lindane 0.05 0.9950
0.5 90.84 5.56 6.12
o 0.01 86.21 3.70 4.29
Methidathion 0.01 0.9978
0.1 82.05 4.40 5.36
. ) 0.05 77.17 4.06 5.26
Pendimethalin 0.05 0.9970
73.84 3.48 4.71
. 70.23 5.11 7.28
Permethrin 0.05 0.9959
74.17 9.16 12.35
88.46 4.19 4.74
Phenthoate 0.05 0.9873
83.22 3.25 3.91
0.02 71.94 5.09 7.08
Phosmet 0.02 0.9950
0.2 78.51 4.96 6.32
o 0.05 72.74 4.79 6.59
Pirimiphos-methyl 0.05 0.9942
0.5 74.43 5.45 7.32
0.05 71.41 5.49 7.69
Prochloraz 0.05 0.9951
0.5 73.23 433 591
. 0.05 78.55 3.06 3.90
Propargite 0.05 0.9880
0.5 80.92 6.32 7.81
) 0.05 70.55 3.47 4.92
Propiconazole 0.05 0.9969
0.5 75.39 4.95 6.57
) . 0.05 90.71 6.91 7.62
Pyrimethanil 0.05 0.9957
0.5 88.14 3.89 441
) 0.01 71.30 3.97 5.57
Quintozene 0.01 0.9977
0.1 79.17 3.35 423
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Table 7. Continued
. Spiked level Recovery (%) RSD LOQ 2

Pesticid R

estiende (mg/kg) Ave. SD (%) (mg/kg)
0.05 72.03 3.34 4.64

Tebuconazole 0.05 0.9979
0.5 75.70 523 691
0.05 74.65 4.65 6.23

Terbufos 0.05 0.9891
0.5 71.52 5.13 7.17
0.05 88.51 5.51 6.23

Thiacloprid 0.05 0.9938
0.5 83.86 3.77 4.50

oo 0.05 85.60 3.42 4.00

Triadimefon 0.05 0.9972
0.5 81.99 3.72 4.54

oo 0.05 76.56 2.87 3.75

Triadimenol 0.05 0.9966
0.5 74.23 4.21 5.67

. . 0.05 80.92 3.93 4.86

Trifloxystrobin 0.05 0.9975
0.5 80.40 4.66 5.80
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Fig. 2. GC-ECD group 1 chromatograms: standard (A), control (B), and spiked (C) in complete feed.
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Fig. 3. GC-ECD group 2 chromatograms: standard (A), control (B), and spiked (C) in complete feed.
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Fig. 4. GC-FPD group chromatograms: standard (A), control (B), and spiked (C) in complete feed.

Table 8. Summary of the Animal Feed Samples Analyzed for Pesticides

.. ifiabl R Median MRL
Pesticide Use Qgir;tlplzts) ¢ Feeds (mz/ll%;) (p?;in?) (ppm)
Azoxystrobin Fungicide 2 Oat, Roughage 0.66~1.05 0.86 15
Chlorpyrifos-methyl Insectcide 2 Barley, Oat 0.41~0.84 0.63 6
Cyproconazole Fungicide 5 Corn 0.58~0.95 0.65 2
Piperonyl butoxide Insectcide synergist 1 Complete feed 0.30 0.30 24
Pirimiphos-methyl Insectcide 5 Complete feed 0.12~0.30 0.14 5
Propiconazole Fungicide 3 Roughage 0.10~1.48 0.12
Tricyclazole Fungicide 2 Roughage 0.11~0.32 0.22 5

Aol =W, 12679 AHR F 1068 (84.1%)°] B7AZ0] 3} cyproconazole® 17+ AFR 530X AZEE Q). o] wol
AL, 208 (15.9%)014 7dEe] FUAF3E71E o= % propiconazole, azoxystrobin, tricyclazole 5°] &%)
AZHJT AESNETt 52 O 2= pirimiphos-methyl T}H(Table 8).
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Fig. 5. Chromatograms of standard mixture (GC-ECD group) (A) and the real roughage samples with propiconazole (1.48 mg/kg)

(GC/ECD) (B).

Pirimiphos-methyl- acetylcholine esterase A1 S 2871
207 3= {7107 ASAR A gk 44530l o
AR UARE WY, A S B QA thelf S-oll
ZH A A= BALE ] ZUTHFAO/WHO 1992, MFDS
2016). Pirimiphos-methyl> =Wl AlE & /2, B, &
4, &5, A, 7)), ArEF 2 dAEe 47t 5
mg/kg® & ZHF5]-87]Ee] A E =], ol HRde
ZAPIA WAL 5E0A 0.12~0.30 mgkg FEOE
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Cyproconazole U A X229 ergosterol S 7]
ato] Al P4 Al g L7707 ke EolEA A&
FAR Al gk A543 F454 0] Bilx vt
(MFDS 2016, EFSA 2010). Cyproconazole =] AlE &
SR(E, 2, 39, A, )8t AEF AkEe 475
mg/kg, 22|13 FF(EFF)N 2 mgkgo® 1HF5]87]%0]
AR =] S, ol JRAHRALIN S5 AR 53
A4 0.58~0.95 mgkg 02 HAEHN oY BF 273
471F olsltt. Propiconazole cyproconazoleZ}t w17k
A& ergosterol®] A3 A E 27140 R sl= Eglo}
Z7| AA| o)A T cyproconazoled}t B2 o1A|of thet A4
ZAqto] By Eo] QITHMFDS 2016, EFSA 2015). Propi-
conazolee] ¥t =] MFSE71ES IR, B, 3Y)
of 22} 2 mgkgt &7l 5mgkeol AAE A St} o

A ZAIA RS E7IF] A EA] e ArEAt
8 34ol|lA propiconazole®] 0.10~1.48 mgkg 502 4
Z5 U th(Fig. 5). CodexelA= S-Eluvetel vsaAl I+
o] ZAF(straw)ol 3l 2 mgkg FFol el 5 mgkgl =
propiconazole®] #HFd]-&7|0] AR =] )31 (Codex 2016),
u]=te] 749 7o s propiconazole®] 10~40 mg/kgo.
2 7]30] A= o] ATHUSA EPA 2016). WA, o] <
TollA 71ZE¥E propiconazole = 7]FoA A 7]591
2 mg/kgelt} codextt Hl=¢] =A71EE AESlE 71EA
oJste] kMg o2t AekETh

n|= A3E0] ok (Food and Drug Administration,
FDA) 2¥5}2] F5 2] 2F=AIE] (Center for Veterinary Medicine,
CVM)pIM & Atgto]l M she S4HEe A s
A wid f-E At tigh RsoF RUHES AAlE)
o Slth 7PE FHel| BaE 201299] FEeF FUE
% A3 (USA FDA 20155 A¥EH, ml=golx A4ke
1734°] Al AE F 34.1%7t ZFE871E ol8lE A&
HAL, 23%7F 2 E7ES 2HAT Y AR 110
el AE F 27.1%7F ZR8871E oletE AEEUL,
1.9%7} 773187152 233199t Ethoxyquins} malathion
o] 7P AEWET} H2 FolU Y, St EUEE
oAl &% pirimiphos-methyl, piperonyl butoxide, azoxy-
strobin, propiconazole, chlorpyrifos-methyl= 72 ko]
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