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Monitoring of Residual Pesticides in Commercial Agricultural Products
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Abstract Pesticide residues were monitored in agricultural products purchased at Gyeongin and Jeolla-do provinces. Total
245 pesticides were analysed by GC-MS and LC-MS/MS, and residual pesticides were detected in 70 samples (19.7%),
with spinach and chard showing high detection frequency of 35%. Fifteen samples (4.2%) exceeded Korea Maximum
Residue Limits (MRLs), and 30 types of pesticides were detected in samples with azoxystrobin, procymidine, endosulfan
showing considerably high frequencies in respectively 14, 13, and 13 samples. The amount of 11 pesticide including
chlorpyrifos, indoxacarb among them were detected over Korea MRLs. No residual pesticides were detected in 285
(80.3%) samples, and residual pesticides levels of 55 samples (15.5%) were lower than Korea MRLs, indicating 95.8%
samples were relatively safe.
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Table 1. Five cities and kinds of samples purchased at the markets

Purchased area (No. of sample)

Commodity Total
Incheon Tksan Jeonju Gwangju Suwan
Carrot 4 4 4 4 4 20
Chamnamul 8 8 8 8 6 38
Chard 4 4 4 4 4 20
Chwinamul 8 9 8 8 5 38
Chrowndaisy 4 4 4 4 4 20
Cucumber 4 4 4 4 4 20
Dropwort 6 8 8 8 6 36
Green hot pepper 4 4 4 4 4 20
Leek 4 4 4 4 4 20
Lettuce 4 4 4 4 4 20
Perilla leaves 4 4 4 4 4 20
Red mustard 4 5 5 5 4 23
Spinach 4 4 4 4 4 20
Sweet pepper 4 4 4 4 4 20
Tomato 4 4 4 4 4 20

Petroleum ether(RA grade, Merck, Germany), sodium sulfate
anhydrous(GR grade, Duksan, Korea) 12|31 sodium chloride
(GR grade, Duksan, Korea)E AME-3I9IOH, 552 AU4E5E7]
(VV2011, Heidoph , Germany)Z ©]43}4th wof AELS GC-
MS(Table 2) ¥ LC-MS/MS(Table 3)°A AR o] 7153k 245
F9 FUS BAWECE Aok, woF EFEEFE &EUF €19
Chem Service, Inc{USA), Dr. Ehrenstorfer GmbH(Germany) =+
Accu Standard(USA)S] AF-& AMESIATE T5YY 2 HF8H
2 74z7te] ok FFEZFS acetonedl] 1,000 ppmOE Eo] EFY
dog ZAG, o] EFLHE FE/t 5ppmo] HEE 343}
o] ARg-EtTh BEsE B2 93t WE-E A7 Hretention time)

o] AAA WEF 72FCE o] ARSI

Aol Hx2|

A& homogenizer2 #2388 T 1 F 40gZ acetone 100
.mLe} Ao 327F AEs] Rl ofstete] o EL EElskH
o E8E oMMES EHoFol %A petroleum ether 50 mL,
dichloromethane 50 mL, 3]G4 20 mLE gol JYsty &
A 2L HE F, fF7)80 2& FF sodium sulfae® 5 2
oA 2sth GC-MS 45 flsf oiad {718 F& 35-40°C
oA ZEFEA acetoneol] Fod HF FH7L 4ml7t HES
sttt LC-MSMSEAS eire 4y 558 #7189 &
mMebgo) ol HFRH7F 4mLrt HEE

721718 =A

GC-MS: CP8400 autosampler®} CP1177 injector’} 2+d
CP3800(Varian, USA) EdE AME-38l9 246 2l CP 8132
Rapid-MS ZF&(10mx0.53 mm, DF 025 pm, 5%-Ph/95%-MeSi,
Wide- Bore, Varian, USA)YS AFE3131t). Wide-Bore A& AME
AN E (=107 oS FXI8H7] 9t GCol T+ Z
& Aol Restrictor (Narrow Bore Fused Silica Tubing, 0.6 mX
0.1 mm, Varian, USAYE AHE-SIt) FUT 2%+ 280°C, Y
2o | uL(Split ratio 20: )E 8l o] FAC ZE Helium
(99.9995 + %)y AH-SIAN FE5S 2T 12mLE 3 o8

SR 60°CAM 12 302 FQF FAEHAL 280°C7HA] £ 18°C

&5 12 SR2A7E 248 AREE . Ge
AAH Mass Spectrometric DetectorMSD)E Varian(USA )]
Satumn2200=2492 ARME-SFSITE Ton trap, manifold, transfer line®]
25 7H7F 230, 120, 220°CE &kt

LC-MS/MS: ProStar(Varian, AU) ®49-& AF-31%t}. Cadenza
CD-C18 ZH(ID 2mm, Length 75 mm, Imtakt)S AM&-}31om
O|FANLEE 0.1% formic acid® 20mM ammonium acetate”}
A7k 85% MleES ARESIGITE 452 B3 025 mLel o
ddreiE stk Lee A% tandem-mass spectrometric
detector(MS/MS)= Varian(USAYFS] 1200L R9-& ARE-3t9 )
Drying gas®t collision gasZ+ ZH2; 20 psie] Ax9F 2.0 torre] o}
2318 A EM tuber= 1,800 V2 &Rt

o
r

3]
132%2] 35-8& JeEQY). 3 05 HorEgds B3 2
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Table 2. List of pesticides analyzed by GC-MS
No." Group” Pesticide Retentiontime ~ No. Group Pesticide Retention time
39 1 methamidophos 3.279 174 3 formothion 7.394
21 2 dichlorvos 3.446 265 5 dimethenamid 7.457
24 3 dichlobenil 4.079 177 3 phosphamidone 7.488
34 5 mevinphos 4.832 132 1 chlorpyrifos methyl 7.515
73 3 acephate 4.844 187 2 propanil 7.528
6 1 nitrapyrin 4.846 72 4 acetochlor 7.535
269 4 metolcarb 5.031 44 3 metribuzin 7.551
272 3 molinate 5.491 202a 6 heptachlor 7.587
104 5 isoprocarb 5.534 139 4 tolclofos-methyl 7.588
136 6 tecnazene 5.777 155 1 parathion-methyl 7.589
93 1 omethoate 5.837 62 5 vinclozolin 7.590
216 2 fenobucarb 5.974 78 2 alachlor 7.618
191 3 propoxur 5.997 11 3 carbaryl 7.655
27 4 diphenylamine 6.055 38 4 metalaxyl 7.723
224 1 cymoxanil 6.056 184 5 prometryn 7.775
86 5 ethoprophos 6.134 120¢ 7 methyl pentachlorophenylsulfide 7.809
84 2 ethalfluralin 6.300 266 1 dithiopyr 7.813
130 1 chlorpropham 6.306 162 5 fenitrothion 7.882
52 3 bendiocarb 6.408 196 2 pirimiphos-methyl 7.892
148 1 trifluralin 6.415 134 3 terbutryn 7.896
110 4 cadusafos 6.439 304 1 probenazole 7.898
58a 6 BHCalpha- 6.449 36 4 methiocarb 7.906
173 5 phorate 6.464 22 S dichlofluanid 7.910
47 2 monocrotophos 6.519 30 2 linuron 7.926
108 1 thiometon 6.575 217 3 dimethylvinphos 7.945
23 3 dicloran 6.620 250 3 esprocarb 7.948
256 4 fluoroimide 6.644 76a 6 aldrin 7.951
14 5 dimethoate 6.657 56 4 bromacil 7.962
120a 6 quintozene 6.754 40 2 metolachlor 8.000
114 2 carbofuran 6.788 178 4 phoxim 8.023
58b 7 BHC beta- 6.789 32 5 malathion 8.035
64 4 simazine 6.802 298 3 thiazopyr 8.039
58¢ 6 BHC,gamma- 6.831 131 1 chlorpyrifos 8.043
222 1 mepanipyrim 6.890 168 4 fenthion 8.097
294 2 terbuthylazine 6.901 153 5 parathion 8.130
135 3 terbufos 6.948 307 4 fthalide 8.149
313 5 pyroquilon 6.957 220 2 diethiofencarb 8.164
125 5 chlorothalonil 7.038 142 1 triadimefon 8.179
177 3 phosphamidone 7.076 310 3 flufenacet 8.197
8 4 diazinon 7.102 297 1 tetraconazole 8.233
15 5 disulfoton 7.137 28 4 diphenamid 8.277
58d 7 BHC,delta- 7.198 235 5 fosthiazate 8.292
289 2 isazofos 7.206 197 1 pirimiphos-ethyl 8.333
144 1 triallate 7.216 202b 6 heptachlor epoxide 8.379
88 3 etrimfos 7.261 163 3 pendimethalin 8.388
120b 6 pentachloroaniline 7.284 225 4 cyprodinil 8.395
205 4 iprobenfos 7.310 169 5 penconazole 8.459
333 2 tebupirimfos 7.332 138 1 tolylfluanid 8.459
195 5 pirimicarb 7.350 103 2 isofenphos 8.502
41 1 metobromuron 7.362 118 4 captan 8.520
82 2 ethiofencarb 7.393 129 3 chlorfenvinphos 8.524

"Registration number in Korea Food Code.
“Group was classified into 7 group according to retention time in order not to be overlapped each other.
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Table 2. Continued
"No. IGroup Pesticide Retention time ~ No. Group Pesticide Retention time
170 1 phenthoate 8.555 192 5 propiconazole 9.875
322 2 dimepirerate 8.559 314 3 pyriminobac-methy| 9.897
37 5 mecarbam 8.565 199 4 hexazinone 9.931
179 4 folpet 8.574 295 2 thenylchlor 9.934
185 3 procymidone 8.582 241 1 nuarimol 9.958
141 1 triadimenol 8.605 133 3 tebuconazole 10.003
126a 7 chlordane,-trans 8.623 117 5 captafol 10.028
107 4 chinomethionat 8.631 25 4 diclofop-methyl 10.059
45 S methidathion 8.670 189 2 propargite 10.064
149 2 triflumizole 8.677 316 1 pyributicarb 10.230
12¢ 7 DDE,2,4'- 8.704 258 1 pyridaphenthion 10.289
90a 6 endosulfan,alpha- 8.739 176 3 phosmet 10.290
126b 7 chlordane,-cis 8.752 106 1 EPN 10.345
156 3 paclobutrazol 8.765 57 2 bromopropylate 10.359
275 1 butachlor 8.820 274 3 benzoximate 10.372
4 2 napropamide 8.903 61 5 bifenthrin 10.414
211 5 prothiofos 8.972 19 4 dicofol 10.423
159 1 fenamiphos 8.980 43 3 methoxychlor 10.437
309 4 flutolanil 9.012 240 5 fenoxycarb 10.455
76b 6 dieldrin 9.018 251 1 etoxazole 10.479
306 1 pretilachlor 9.019 171 2 fenpropathrin 10.500
204 2 isoprothiolane 9.032 282 4 anilofos 10.520
190 3 profenofos 9.034 210 1 fenazaquin 10.532
238 5 fludioxonil 9.037 60 5 bifenox 10.541
200 3 hexaconazole 9.039 208 3 tebufenpyrad 10.545
12d 7 DDE 4.4"- 9.048 330 3 indanofan 10.551
12a 6 DDD,2.4'- 9.107 137 2 tetradifon 10.601
94 1 oxadiazon 9.131 175 1 phosalone 10.664
115 2 carboxin 9.147 75 2 azinphos-methyl 10.684
31 3 myclobutanil 9.153 300 3 pentoxazone 10.721
180 4 flusilazole 9.189 270 4 mefenacet 10.800
97 1 oxyfluorfen 9.215 279 5 cyhalofop-butyl 10.873
91 6 endrin 9217 158 1 fenarimol 10.938
230 2 kresoxim-methyl 9.237 68 2 cyhalothrin 10.967
226 3 cyproconazole 9.263 193 3 pyrazophos 11.021
206 4 chlorfenapyr 9.286 285 5 acrinathrin 11.114
340 5 fenoxanil 9.327 213 3 pyraclofos 11.162
124 4 chlorbenzilate 9412 157 3 permethrin 11.337
167 5 fensulfothion 9.449 59 2 bitertanol 11.344
314 3 pyriminobac-methyl 9.461 214 S pyridaben 11.376
13a 7 DDT,2,4'- 9470 186 4 prochloraz 11.412
12b 6 DDD.4.4'- 9472 67 3 cyfluthrin 11.645
95 1 oxadixyl 9.481 119 1 quizalofop-ethyl 11.881
83 2 ethion 9.515 182 2 flucythrinate 11.922
244 3 mepronil 9.680 66 5 cypermethrin 11.985
143 1 triazophos 9.685 315 3 pyrimidifen 12.198
90c 6 endosulfan sulfate 9.741 164 4 fenvalerate 12.266
113 4 carbophenothion 9.742 181 5 fluvalinate 12.434
80 5 edifenphos 9.748 290 4 indoxacarb 12.675
5 1 norflurazon 9.802 9 2 deltamethrin 12.678
301 3 fenhexamid 9.815 234 5 fenpyroximate 12.811
13b 7 DDT,4,4'- 9.834 253 5 imibenconazole 13.094

PRegistration number in Korea Food Code.
JGroup was classified into 7 group according to retention time in order not to be overlapped each other.
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Table 3. List of pesticides analyzed by LC-MS/MS
No." Pesticide Retention time No. Pesticide Retention time

96 oxamyl 0.836 259 pyrimethanil 1.735
337 thiamethoxam 0.919 325 cyazofamid 1.754
35 methomyl 0.932 165 fenbuconazole 1.758
332 clothianidin 0.936 308 flusulfamide 1.825
227 acetamiprid 0.957 207 tebufenozide 1.834
48 vamidothion 0.967 29 diflubenzuron 2.004
338 thiacloprid 1.011 26 difenoconazole 2.067
232 tricyclazole 1.018 263 fenothiocarb 2.146
280 cinosulfuron 1.024 345 pyraclostrobin 2.328
77 aldicarb 1.058 344 pyrazolate 2.534
151 thiodicarb 1.149 335 trifloxystrobin 2.632
342 flumioxazine 1.228 262 hexaflumuron 2.769
327 azafenidin 1.240 329 oxaziclomefone 3.210
303 forchlofenuron 1.334 123 clofentezine 3.030
112 cabendazim 1.355 239 fluazinam 3.721

16 diuron 1.356 242 lufenuron 4.151
243 methabenzthiazuron 1.378 231 chlorfluazuron 4313
323 boscalid 1.455 209 teflubenzuron 4.581
218 dimethomorph 1.494 236 pyriproxyfen 4.736
100 imazalil 1.653 212 flufenoxuron 5.660
215 fipronil 1.658 11 dinocap 6.591

PRegistration number in Korea Food Code.

Table 4. Overview of pesticide residues in agricultural products

Residue profile

. No. of
Commodity No. of detected Th No. of resid
samples anlyzed No. of detecte . B ree or more o. of residues over
residues One residue only - Two residues residues Korea MRLS".

Carrot 20 18 2 0 0 1

Cham-na-mul 38 27 8 2 1 2

Chard 20 13 7 0 0 !

Chwi-na-mul 38 25 12 1 0 4

Chrowndaisy 20 17 2 1 0 1

Cucumber 20 17 3 0 0 1

Dropwort 36 35 1 0 0 0

Green hot pepper 20 16 3 1 0 0

Sweet pepper 20 17 2 0 1 0

Leek 20 17 3 0 0 1

Lettuce 20 17 3 0 0 0

Red mustard 23 17 5 1 0 4

Perilla leaves 20 19 1 0 0 0

Spinach 20 13 6 0 1 1

Tomato 20 17 2 1 0 0

Total 355 285 60 7 3 15

(100%) (80.3%) (16.9%) (2.0%) (0.8%) (4.2%)
YMRLS: maxium residue limits.
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e woF dEnlne AleEeh 27t 77E 77 (35%)2.2 7 cli7F 2 1R F 3556 = 15740] *Fvlz"hﬂ%ﬂ%ﬂ%
SHIETE P =, FHUE 1374(34.2%), FUHE117(28.9%), ZI3IT). Kim 5(8)2] SR A2 (28%), 443(16.7%),
A 610610, FAR 4000, F Dol R R AT FAYE] £ AOR depgon @ A
W EobRE 247 30(15%), B 20(10%), SALT mdE] 7 Adel AN dRsels 81N 28 o) a7
= 7zt 174(5%, 8%)elM FoFo] AEHAL). ol#fdt A EoglRlen AleAle & dgte] dFsekslgrlEAE 2t
Kim S(®)¢] AR SoPdEgo] A 60%, A 202%, 3 Zew et B9 999 e $03, EvkE 45t

A 20.8%%} Bl RS W =
2ol bz}

e A wEe #
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Table 5. Pesticide residues detected in agricultural products

. No.of samples  No. of samples . No.of detected Detection Value  Korea MRLS
Commodity with residues violative Pesticides samples (mg/kg) (mg/kg)

Triadimenol 1 1 0.07 0.05
Carrot 2 1 Fenazaquin 1 0 0.01 0.05
Procymidone 8 0 0.004-1.21 5.0

Endosulfan 3 0 0.008-0.99 1.0

Diazinon 1 0 0.03 0.1

Cham-na-mul 1 2 Chlorpyrifos ] 1 0.24 0.1
Terbufos 1 1 0.25 0.05

Cyhalothrin 1 0 0.05 0.2

Azoxystrobin 1 0 0.10 3.0

Chard 7 | Endosulfan 3 0 0.02-0.04 1.0
Cypermethrin 2 0 0.43-0.67 1.0
Phoxim 1 1 0.36 0.05

Procymidone 1 0 0.49 5.0

Azoxystronbin 8 0 0.03-0.78 3.0

Bifenthrin 1 1 0.79 0.5

Chwi-na-mul 13 4 Chlorpyrifos 1 1 0.20 0.1
Fentrothion 1 1 0.43 0.2

EPN 1 1 0.23 0.1

Tebufenpyrad 1 0 0.03 2.0

Azoxystrobin 2 0 0.34-0.34 3.0

Chrowndaisy 3 0 Chlorothalonil 1 0 2.17 5.0
Diphenylamine 1 0 0.01 5.0

Metalaxyl 1 0 0.04 1.0

Cucumber 3 1 Chlorothalonil 1 0 0.14 1.0
Methidathion 1 1 0.11 0.05

Dropwort 1 0 Procymidone 1 0 0.72 5.0
Azoxystrobin 1 0 0.01 2.0

Metalaxyl 1 0 0.01 1.0

Green hot pepper 4 0 Tetraconzole 2 0 0.02-0.06 1.0
Diphenylamine 1 0 0.01 5.0

Azoxystrobin 1 0 0.04 2.0

BHC | 0 0.14 0.2

Sweet pepper 3 0 Chlofenapyr 1 0 0.05 0.7
Triallate 1 0 0.02 0.05

Pendimethalin i 0 0.02 0.05

Procymidone 1 0 0.13 5.0

Leek 3 1 Endosulfan 1 0 0.62 1.0
Parathion 1 1 0.30 0.3

Endosulfan 1 0 0.03 1.0

Lettuce 3 0 Bifenthrin 1 0 0.20 0.5
Indoxacarb 1 0 127 2.0

Endosulfan 2 0 0.02-0.03 1.0

Metalaxy 1 0 0.03 0.1

Red mustard 6 4 Diazinon 2 2 0.26-0.33 0.1
Indoxacarb 2 2 1.74-3.26 1.0

Perilla leaves 1 0 Fenvalerate 1 0 0.02 0.5
Procymidone 1 0 0.59 5.0

Azoxystrobin 1 0 0.48 3.0

Spinach 7 1 Endosulfan 2 0 0.02-0.08 1.0
pinac Bifenthrin 3 0 0.02-0.23 0.5
Flucythrinate 1 0 023 0.5
Phorate 1 1 0.08 0.05

Procymidone 1 0 042 5.0

Endosulfan 1 0 0.19 0.5

Tomato 3 0 BHC 1 0 0.12 0.2
Diethiofencarb i 0 0.22 0.3

Iprobenfos 1 0 0.03 0.2

Totals 70 15 15

YMRLS: maxium residue limits.



Table 6. Distribution of detected pesticides in agricultural products
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Pesticides Commodity No.of samples with detection ~ No. of samples over korea MRLS"
Chard 1 0
Chwi-na-mul 8 0
. Chrowndaisy 2 0
Azoxystrobin (14) Green hot pepper 1 0
Sweet pepper 1 0
Spinach 1 0
BHC (2) Sweet pepper 1 0
Chwi-na-mul 1 1
Bifenthrin (5) Lettuce 1 0
Spinach 3 0
Chlofenapyr (1) Sweet pepper(pimento) 1 0
. Cham-na-mul 1 1
Chlorpyrifos (2) Chwi-na-mul 1 1
. Chrowndaisy 1 0
Chlorothalonil (2) Cucumber 1 0
Cyhalothrin (1) Cham-na-mul 1 0
Cypermethrin (2) Chard 2 0
- Cham-na-mul 1 0
Diazinon (4) Red mustard 2 2
Diethiofencarb (1) Tomato 1 0
. . Chrowndaisy 1
Diphenylamine (2) Green hot pepper 1 0
Cham-na-mul 3 0
Chard 3 0
Leek 1 0
Endosulfan (15) Lettuce 1 0
Red mustard 2 0
Spinach 2 0
Tomato 1 0
EPN (1) Chwi-na-mul 1 1
Fenazaquin (1) Carrot 1 0
Fentrothion (1) Chwi-na-mul 1 1
Fenvalerate (1) Perilla leaves 1 0
Flucythrinate (1) Spinach 1 0
N Lettuce 1 0
Indoxacarb (3) Red mustard ) 5

"MRLS: maxium residue limits.

7t 6%, A 5%, F25, 2, Bk, AARAI 47 4%, &
2 o), B A 27 3%, @ 2%, ALY vk 44
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H, I2vS 22 procymidones endosulfand 24zt 1384 HEH
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Table 6. Continued

Pesticides Commaodity No.of samples with detection ~ No. of samples over korea MRLS"

Iprobenfos (1) Tomato 1

Cucumber 1 0

Metalaxyl (4) Sweet pepper 1 0

Red mustard 1 0

Methidathion (1) Cucumber 1 1

Parathion (1) Leek 1 1

Pendimethalin (1) Sweet pepper 1 0

Phorate (1) Spinach 1 1

Cham-na-mul 8 0

Chwi-na-mul 1 0

. Dropwort 1 0

Procymidone (13) Leck : 0

Spinach 1 0

Tomato | 0

Phoxim (1) Chard 1 1

Tebufenpyrad (1) Chwi-na-mul 1 0

Tetraconzole (2) Green hot pepper 2 0

Triadimendo 1(1) Carrot 1 0

Turbufos (1) Cham-na-mul 1 1

YMRLS: maxium residue limits.
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