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Abstract This study was implemented to evaluate food safety on residual pesticides in agricultural products
of Korea and to use as a data base for the establishment of food policy. A total of 196 pesticide upon these
products were analyzed using multi class pesticide multiresidue methods of Korean Food Code, and 232
samples of 15 agricultural products collected from 9 regions were supplied for this study. In the results, 64
kinds of pesticides were detected in 53 samples, chlorpyrifos and procymidone of them were shown a high
frequency of detection in the analyzed pesticides. Among them, two samples (chlorpyrifos in perilla leaves
and picoxystrobin in peach) were detected over Maximum Residue Limits (MRLs). The levels of the detected
pesticide residues were within safe levels. Also, the intake assessment for pesticide residues including
chlorpyrifos at multi pesticide residue monitoring were carried out. The result showed that the ratio of EDI
(estimated daily intake) to ADI (acceptable daily intake) was 0.001~0.902% which means that the detected
pesticide residues were in a safe range so that residual pesticides in the agricultural products in Korea are

properly controlled.

Key words agricultural commodities, monitoring, residual pesticide, exposure assessment
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Table 1. List of agricultural products collected

o2 A ATHMSPA, 2012). B4 5ok Bol A}
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5k 196502 51 TH(Table 2).
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Type Commodity No. of sample
Cereal grains Rice 16
Potatoes Potato 15
Beans Soybean 15
Apple 16
Pear 15
. Orange 15
Fruits
Peach 15
Strawberry 19
Banana 15
Watermelon 15
. Tomato 16
Fruiting vegetables Squash 15
Vegetables
Cucumber 15
Leafy vegetables Perilla leaves 15
Root and stem vegetables Radish (root) 15
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Table 2. Pesticides for GC-MS/MS analysis
No. Pesticide No. Pesticide No. Pesticide
1. Acrinathrin 46.  Deltamethrin 92. Flutolanil
2. Aldrin 47.  Diallate 93. Fluvalinate
3. Dieldrin 48.  Diazinon 94. Folpet
4. Allidochlor 49.  Dichlofluanid 95. Fonofos
5. Ametryn 50.  Dichlorvos(DDVP) 96.  Fosthiazate
6.  Anilofos 51.  Dicloran 97.  Fthalide
7.  Atrazine 52.  Dicofol 98.  Furathiocarb
8. Azaconazole 53.  Diethofencarb 99.  Heptachlor
9.  Azinphos-ethyl 54.  Diflufenican 100.  Heptachlor-epoxide
10.  Azinphos-methyl 55. Dimepiperate 101.  Hexachlorbenzene
11.  BHC (a, B, 0-) 56.  Dimethachlor 102.  Imazalil
12.  Bifenthrin 57.  Dimethenamid 103.  Indanofan
13.  Binapacryl 58.  Dimethoate 104.  Indoxacarb
14.  Bromacil 59.  Dimethylvinphos 105.  Iprobenfos
15. Bromobutide 60.  Diniconazole 106.  Iprodione
16.  Bromophos-methyl 61. Diphenamid 107.  Iprovalicarb
17.  Bromopropylate 62.  Diphenylamine 108.  Isazofos
18.  Bupirimate 63.  Dithiopyr 109.  Isofenphos
19.  Butafenacil 64.  Edifenphos 110.  Isofenphos-methyl
20.  Cadusafos 65.  Endosulfan (o, B, sulfate)  111.  Isoprothiolane
21.  Captafol 67.  Endrin 112.  Isoxanthion
22.  Captan 68. EPN 113.  Kresoxim-methyl
23.  Carbophenothion 69.  Esprocarb 114.  Lactofen
24.  Chinomethionat 70.  Ethion 115.  Lindane (r-BHC)
25.  Chlordane 71.  Ethoprophos 116.  Malathion
26.  Chlorfenapyr 72.  Etoxazole 117.  Mecarbam
27.  Chloridazon 73.  Etrimfos 118.  Mefenacet
28.  Chlorobenzilate 74.  Fenamidone 119.  Mefenpyr-diethyl
29.  Chlorothalonil 75.  Fenarimol 120.  Mepronil
30.  Chlorpyrifos 76.  Fenazaquin 121.  Metconazole
31.  Chlorpyrifos-methyl 77.  Fenbuconazole 122.  Methidathion
32.  Chlorthal-dimethyl 78.  Fenitrothion 123.  Methoxychlor
33.  Cinmethylin 79.  Fenobucarb 124.  Metrafenone
34.  Clomeprop 80.  Fenothiocarb 125.  Molinate
35. Cyanazine 81.  Fenoxanil 126.  Myclobutanil
36.  Cyanophos 82.  Fenoxycarb 127.  Nitrapyrin
37.  Cycloate 83.  Fenpropathrin 128.  Nitrothal-isopropyl
38.  Cyflufenamid 84.  Fenthion 129.  Nonachlor (cis, trans-)
39.  Cyfluthrin 85.  Fenvalerate 130.  Nuarimol
40.  Cyhalofop-butyl 86.  Fipronil 131.  Ofurace
41.  Cyhalothrin 87.  Flonicamid 132.  Oxadixyl
42.  Cypermethrin 88.  Fludioxonil 133.  Oxydemeton-methyl
43.  Cyproconazole 89.  Flumiclorac-pentyl 134.  Paclobutrazol
44.  Cyprodinil 90.  Flumioxazine 135.  Parathion-ethyl
45.  DDT(o,p-DDT, p,p-DDD, p,p-DDE, p,p-DDT) 91.  Fluthiacet-methyl 136.  Parathion-methyl
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Table 2. continued
No. Pesticide No. Pesticide No. Pesticide
137.  Pebulate 157. Propazine 177.  Terbufos
138.  Penconazole 158. Propham 178.  Terbuthylazine
139.  Pendimethalin 159. Pripisochlor 179.  Tetrachlorvinphos
140.  Pentoxazone 160. Propyzamide 180.  Tetradifon
141.  Permethrin 161. Prothiofos 181.  Thiazopyr
142.  Phenthoate 162. Pyraclofos 182.  Thifluzamide
143.  Phosalone 163. Pyrazophos 183.  Thiometon
144.  Phosmet 164. Pyridaben 184.  Tolclofos-methyl
145.  Phosphamidone 165. Pyridaryl 185.  Tolfenpyrad
146.  Picolinafen 166. Pyrifenox 186.  Tolylfluanid
147.  Picoxystrobin 167. Pyrimidifen 187.  Tralomethrin
148.  Piperophos 168. Pyriminobac-methyl 188.  Triadimefon
149.  Pirimicarb 169. Quinalphos 189.  Triazophos
150.  Pirimiphos-ethyl 170. Quintozene (Methyl pentachlorophenyl sulfide, Pentachloroaniline) 190.  Tribufos
151.  Pirimiphos-methyl 171. Simeconazole 191.  Triflumizole
152.  Probenazole 172. Sulprofos 192.  Triflumuron
153.  Prochloraz 173. TCMTB 193.  Uniconazole
154.  Procymidone 174. Tebufenpyrad 194.  Vernolate
155.  Profenofos 175. Tebupirimfos 195.  Vinclozolin
156.  Propachlor 176. Tefluthrin 196. Zoxamide
Table 3. GC/MSMS operating conditions for the analysis of pesticides
Column BR-5MS (30 m x 0.25 mm x (.25 pm)
Detector 1200L quadrupole MS/MS (Varian, USA)
Rate (°C/min) Temp. (°C) Hold (min) Time (min)
Initial 70 3 3
Oven temperature
20 180 0 8.5
5 300 7.5 40
Inject temperature 280°C
Injection volume 2 uL
Source temperature 200°C
Transfer line temperature 250°C
Carrier gas Helium
Filament-multiplier delay 4 min
Flow rate 0.8 mL/min
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Table 4. Detection rate of pesticides residue in agricultural products

.7\%0&.

g - O A8l HER -

Y A7 Xl

Sample No. of No. of samples with % samples with residues Nq. of samples with % samples with
sample  residues below or at MRL below or at MRL residues above MRL  residues above MRL
Rice 16 2 12.5 0 0.0
Potatoes 15 0 0.0 0 0.0
Beans 15 0 0.0 0 0.0
Apple 16 6 40.0 0 0.0
Pear 15 2 13.3 0 0.0
Orange 15 7 46.7 0 0.0
Peach 15 13 86.7 1 6.7
Strawberry 19 5 26.3 0 0.0
Banana 15 8 533 0 0.0
Watermelon 15 3 20.0 0 0.0
Tomato 16 4 25.0 0 0.0
Cucumber 15 3 20.0 0 0.0
Squash 15 1 6.7 0 0.0
Perilla leaves 15 8 533 1 6.7
Radish (root) 15 0 0.0 0 0.0
Total 232 62 26.7 2 0.9

1.0 mghkg)Z #A4ste] AFAS 2dsidon, A4 RY
2 0.99 oo FAFIIM Sttt AZE3H(LOD)
SN ratio”} 3173, A=SHA(LOQ)= S/N ratio} 10°]
Fe 712 ZA38I9th. 1 A3} binapacryl, captan,
fluvalinate, isoxanthion> AZ¢H 0.01 mg/ke, & HH
0.02 mg/kgeloH, 1 99 FoEES BEFTH 0.01
mg/kg °J3= UERTH £ 3] 3582 o/l TR,
T, =, 325, A, =EREADE gideR sl
(0.05, 0.1, 0.5 mg/kg) 39HE4 Fef3lgl o tjFEo] 5oF
ZdHo] 60~130% HLZ UERITE.

> r
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A= 97 Ao A 1555 232749 FAES o
Ao ZEeF RUEYS AASt 2 A3 53719
AFA 64TE AEH FF 23hHE] o] HEHA
th AZE 5 F 625(26.7%) AF587)F o]t oF
Adt FFolon, 2F(0.9%)> 38710l AT
(Table 4). o] AEH F52 T2 JFMA3.2%)9F o
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HalaL F8fo] ALHA 0 R o]Fofx]7] wjite] Fo3 2F
afo] AEE Fofo] ZFalaly] o R AlsEh 23
& 7lEe] 239 s 5 AYLS chlorpyrifos7} 0.39
mg/kg (MRL, 0.01 mgkg)®] HAEE oM Bzol= picoxy-
strobin®] 0.4 mg/kg (MRL, 0.3 mgkg) HZ=31T}. Chlorpy-
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Pyridaben
Methidathion
Kresoxim-methyl
Iprobenfos

Fludioxonil

Fenpropathrin

Chlorpyrifos-methyl
Picoxystrobin
Indoxacarb
Fenobucarb
Diniconazole
Cypermethrin
Acrinathrin

Flonicamid

Bifenthrin

Iprodion
Procymidone

Chlorpyrifos

¥ No of samples detected

F FATE AFC U~ 13PN FAT B} =
oF 5 vhiio) algAEe NERE Fol A%

Fig. 1. Most frequently found pesticides in samples.
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Table 5. List of pesticides detected from agricultural products

.. Amount
Pesticide Class Uses Sample MRLs
P (mg/kg)
Acrinathrin Pyrethroids Insecticide Peach 0.07~0.08 0.2
Apple 0.03 0.5
Bifenthrin Pyrethroids Insecticide Banana 0.03~0.07 0.1
Peach 0.03~0.03 0.3
Apple 0.03~0.04 0.1
Banana 0.03~0.05 0.25
. . Orange 0.03~0.08 0.3
Chlorpyrifos Oranophosphate Insecticide
Peach 0.04~0.08 0.5
Pear 0.03~0.05 1.0
Perilla leaves 0.39 0.1
Chlorpyrifos-methyl ~ Oranophosphate Insecticide Perilla leaves 0.01 0.1
Cypermethrin Pyrethroids Insecticide Perilla leaves 0.08~0.28 5.0
Diniconazole Triazole Fungicide, Plant growth regulator ~ Perilla leaves 0.07~0.1 0.3
o Apple 0.02 0.5
Fenobucarb Carbamate Insecticide .
Rice 0.03 0.5
Fenpropathrin Pyrethroids Insecticide Orange 0.08 5.0
L o . Peach 0.08~0.08 1.0
Flomicamid Niacin Insecticide
Strawberry 0.06 1.0
Fludioxonil Cyanopyrrole Fungicide Tomato 0.09 0.7
.. .. Apple 0.05 0.1
Indoxacarb Oxadiazin Insecticide .
Perilla leaves 0.58 20
Iprobenfos Oranophosphate Fungicide, Plant growth regulator ~ Rice 0.04 0.2
Apple 0.37 10.0
Banana 0.3~2.4 5.0
Iprodione Dicarboximide Fungicide Cucumber 0.09 5.0
Tomato 0.04 5.0
Watermelon 0.04 0.2
Kresoxim-methyl Strobilurim Fungicide Perilla leaves 0.08 0.1
Methidathion Oranophosphate Insecticide Peach 0.09 0.2
. . . .. Cucumber 0.03 0.3
Picoxystrobin Strobiluron Fungicide
Peach 0.44 0.3
Cucumber 0.03 2.0
Perilla leaves 0.03 5.0
. . o . Squash 0.03 1.0
Procymidone Dicarboximid Fungicide
Strawberry 0.01~0.06 10.0
Tomato 0.02 5.0
Watermelon 0.01~0.03 2.0
Pyridaben Pyridazinone Insecticide Tomato 0.05 1.0

AR B Beln = 3AC113) wike T HASEe AR ols F

ZAE s webd HAEEEE AvEA, BAE ofe] HAe} RIwvt 28 A fARE AS Bk g
19659 5 T $5 AEH TS AQsto] 185 wF & T Bl o 2004~2008 7HERE FAbEE A
o] A&HNeH chlorpyrifos (1971), procymidone (1071) oA FE5e ] HRsoks #4138 43 organo-
2 iprodione (771)°] &2 HIEZ AZEAthFig. 1, Table phosphate”|, organochlorine”ll 2 dicarboximideA| ¥ &2F

5). ol2lgk A= 201495 AFPA A AR (2 9FA)e] H o] AEEo] A ] sl e FAE BoARE 943
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Table 6. Exposure assessment of pesticides in agricultural products

.7\%(5.

HUZ - O - 20 SR - ZHR - HEY - 2 - I

No. Pesticide ADI' (mg/person/day)  EDI™ (mg/person/day) EDI/ADI (%)
1 Acrinathrin 0.55 1.22E-03 0.221
2 Bifenthrin 0.55 3.10E-04 0.056
3 Chlorpyrifos 0.55 7.95E-04 0.145
4 Chlorpyrifos-methyl 0.55 2.38E-04 0.043
5 Cypermethrin 1.10 2.42E-03 0.220
6 Diniconazole 1.10 1.21E-03 0.110
7 Fenobucarb 0.66 7.91E-04 0.120
8 Fenpropathrin 1.65 2.87E-04 0.017
9 Flonicamid 1.38 3.21E-04 0.023
10 Fludioxonil 22.00 2.36E-04 0.001
11 Indoxacarb 0.55 2.51E-03 0.457
12 Iprobenfos 1.93 8.28E-04 0.043
13 Iprodione 3.30 2.49E-03 0.076
14 Kresoxim-methyl 22.00 1.19E-03 0.005
15 Methidathion 0.06 4.96E-04 0.902
16 Picoxystrobin 2.37 3.73E-04 0.016
17 Procymidone 5.50 1.36E-03 0.025
18 Pyridaben 0.55 1.18E-03 0.215

*acceptable daily intake
" estimated daily intake

T2 Fo| vlg] A& Hivs B Yehdtly Rusie
o], & A1 Ao F71¢1A19F dicarboximideAlE <k

F

o

I AZE T AF FAEA0l =2 AEE Bl

=419l methidathion 153 A|9)sle BF A5A
e BEEA FEA 2 methidathion®] &S 7]
A olake] kg FEolAThFERSARAZIA, g2t
ER593]). 5 AME B4 uje} BFE9S wole 4
A A=A F2 AZSEASY ol A f-Evet
A 5 H Y T ATA(G45%), At (284%)7F =
< HFS AAEAL 7] e R AETEENSA,
2013).

a2 2 A7eM FHE Y ARREAE 1965
% 7% (diniconazole. metconazole, iporbenfos, paclobutrazol,
pendimethalin, propham, tribufos)°]™ RUEH A3} AY
of|A] diniconzole 27, 2ol A1 iprobenfos 1710] ZHE =T}
A X ZHEH diniconazoleS W3}, wjFo AAIAE
208 AREHA R Al FH2EFHH, uje] ey
U, HF2E5HE, 2, vhse] S g AdAEE
AREE I ATt Bol A Z1EE iprobenfose T2 W =9H
ol 9@ X5E {8l AHS-=3L At SFAI%F metconazoleZ}
iprobenfos HAE AHSEE 3¢ HO] oA ES A E
EaHl st 2 F-HAA] A stal Sl o] A=E AYs)
FoRA =ES APANA HEAZZEARAY] SHE

T QIPHFHERIAAYA, A2 R E]). 1 9
o] A EAYAZA A (paclobutrazol, pendimethalin, propham
2 tribufosye AZE A 29Ut} Pendimethalin® F2 A%
A2 AREEW, propham3} tribufos= o] 5E5=A] 2
FIEeBR AZEHE 7FsAol A9 fltkal £t

AAEIAT. Foko] AEH 185 (TH AE T4 Ae)S o
Fo g Fobd dYd3794]F F(estimated daily intake: EDI)

Aot oAl ek, RUE Y A3 g A= 7}
Wit FREEE kL o] Fholl Aol FH =T =

A et AF 55kgs elste] YA FH F(estimated
daily intake: EDIyS AFEste]l YU/ #3818 (acceptable
daily intake: ADI)¥} H]aatich. 2 A= Table 83 72
o, AEVNE7F 7 =3 Ao)A FAF o] Mg 5
oFol chlorpyrifos®] 73-%- EDI/ADI (%) Ztol <F 0.145%=
Ueht fEles o wEst FEAS & AT 2E
A 52k methidathion ADIE &g 4% 7F4 9=
7b & Ao 2 Yoy EDIVADI (%) w4 <F 0.902%
2 o} un|et USRI T 5 A Ed FE S
7155 33} chlorpyrifos®} picoxystrobin®] 7%= EDI/
ADI (%) %ol ZH2F 0.145%9}F 0.016%2] P7|gt TS
ol & 4 Uk B Aol AEE 5 18F EF

off o
[

w

1o,

f:

|
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EDI/ADI (%) %kl 0.001~0.902%% ZAt=]o] s =7} v

TR RS I AATK(Table 6). A1H B 222
59 7k A= ARE A AL flalEs Hs veld A
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o
i)
D)
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off

FARE Ao AE ALSE Zom WRET B8 /)
A AR MES /1 el AR e Ak, 3 5 &
B g s 93 9ot BalE A Ak
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2h] FRSolr) Bt RS FAEE A - FFA) G

A 2 48N U 5 5949l B} B, of
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