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ABSTRACT - Pesticide residues were investigated in 16 commodities (rice, foxtail millet, buckwheat, kidney
bean, peanut, sesame, orange, grapefruit, kiwifruit, spinach, perilla leaves, leek, garlic stem, garlic, ginger and oak mush-
room) collected from 22 provinces (Seoul, Busan, Incheon, Daegu, Daejeon, Gwangju, Ulsan, Suwon, Seongnam, Goy-
ang, Bucheon, Yongin, Cheongju, Jeonju, Jeju, Cheonan, Changwon, Pohang, Gumi, Jinju, Wonju and Yeosu) in 2009.
Pesticides (172 kinds) were analyzed using multiresidue method by GC/MS/MS from 510 samples, and phenthoate in
kiwifruit was violated by exceeding MRL. The intake assessment for 24 kinds of pesticide residues including the
detected pesticides at multi pesticide residue monitoring (bifenthrin ete.) were carried out. The result showed that the
ratio of EDI (estimated daily intake) to ADI (acceptable daily intake) was 0.000007-0.458% which means that the
detected pesticide residues were in a safe range so that residual pesticides in the agricultural products in Korea.

Key words: pesticide residue, multiresidue method, GC/MS/MS, EDI
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Table 1. Classification of samples by type and group

Daily intake

Type Grou Commodity
YPp Y ) (&
B Rice 236.61
Cereal grains - Foxtail millet 0.9
N Buckwheat 1.42
Beans - Kidney bean 0.17
Nuts Peanut 0.39
Nuts and Seeds
Seeds Sesame 4.27
Orange
Citrus fruits N
Grapefruit 0.02
Fruits Assorted tropical
and sub-tropical  Kiwifruit 03
fruits
Spinach 7.40
Perilla leaves 2.20
Leek 1.77
Vegetables .
Garlic stem 5.49
Garlic 5.49
Ginger 1.02
Mushrooms - Oak mushroom 2.75
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Table 2. Number of analyzed samples from the whole country

Sample No.  Seoul Incheon Gyeong-gi Dagjeon Chung Gwang-ju Jeolla Jeju Daegu Gyeon Gang Busan Ulsan
-cheong -sang  -won
Rice 43 8 4 11 1 2 I 2 1 2 6 1 3 1
Foxtail millet 34 7 2 7 l 2 ] 3 1 ] 5 1 3 0
Buckwheat 18 3 2 3 1 2 0 | 1 2 2 0 0 1
Kidney bean 29 7 2 7 1 2 0 2 i 2 1 1 2 1
Peanut 15 4 0 6 0 0 1 0 0 1 2 1 0 0
Sesame 26 8 1 5 1 2 1 2 0 1 3 1 1 0
Orange 33 6 2 8 [ 3 [ 2 ! 2 3 0 3 1
Grafefruit 31 6 2 7 1 2 1 3 i 2 3 1 2 0
Kiwifruit 36 7 2 6 1 3 1 3 1 2 5 1 3 1
Spinach 36 7 2 8 1 3 1 2 i 2 4 1 3 1
Perilla leaves 35 7 2 6 1 2 1 3 1 3 4 1 3 1
Garli¢ 34 7 2 8 1 2 1 2 1 2 3 1 4 0
Garlic stem 35 6 2 6 1 3 2 5 1 2 3 1 2 1
Leek 38 7 2 8 1 3 1 2 1 3 4 2 3 1
Ginger 34 7 1 9 1 2 1 2 1 2 2 2 3 1
mu;iEOIn 33 7 2 7 ! 2 I 2 I ! 5 o2
Total 510 104 30 112 15 35 15 36 14 30 55 16 37 11
xOF Wamzx ol Ajo} acetone, n-hexanels MerckAt (USA)S] #Hi-5eF ¥48 &
U B ol 17289) 5ok 35352 Dr. Ehrenstofer HA] 2 (pesticide residue analysis gradey@ AREEIH T} A&
(Germany), Wako (USA) 2 Chem. ServiceA} (USA)EFE o] A FAHE 98] variantl (USA)Y AE<l F22]4 7}

Fgated AMgslEgoem Table 391 YEREITH Al AA

2 A F F& L ZAE 98] ARE-SF {718l (acetonitrile,

Table 3. Pesticides for GC/MS/MS analysis

EZ}A(Bond Elut FL, 1 g/6 ml)?} 71 71E2]A](Bond Elut
Carbon, | g/6 m)& AME-83iTh.

No. Pesticide No. Pesticide No. Pesticide
1. Acetochlor 21. Chlorobenzilate 41. Dimepiperate
2. Acrinathrin 22. Chlorothalonil 42, Dimethenamid
3. Alachlor 23. Chlorpyrifos 43, Dimethoate
4. Aldrin 24. Chlorpyrifos-methyl 44, Dimethylvinphos
5. Anilofos 25, Cyflufenamid 45. Diniconazole
6 Azinphos-methyl 26. Cyfluthrin 46. Diphenamid
7 BHC (a,3,y,6-) 27. Cyhalothrin 47. Diphenylamine
8 Bifenthrin 28. Cypermethrin 48. Disulfoton
9. Bromacil 29. Cyproconazole 49, Dithiopyr
10. Bromobutide 30. Cyprodinil 50. Edifenphos
11. Bromopropylate 31 ;g%g)g—ggg[};%—DDD’ 51. Endosulfan (o,B, sulfate)
12 Butachlor 32, DDVP 52. Endrin
13. Cadusafos 33. Deltamethrin 53. EPN
14. Captafol 34, Diazinon 54. Esprocarb
15. Captan 35. Dichlofluanid 55. Ethalfturalin
16. Carbophenothion 36. Diclofop-methyl 56. Ethion
17. Carboxin 37. Dicloran 57. Ethoprophos
18. Chinomethionat 38. Dicofol 58. Etoxazole
19. Chlorfenapyr 39. Dieldrin 59. Etrimfos
20. Chlorfenvinphos 40. Diethofencarb 60. Fenamidone




Table 3. (Continued)
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No. Pesticide No. Pesticide No. Pesticide
61, Fenamiphos 98. Metalaxyl 135. Profenofos
62. Fenarimol 99. Metconazole 136. Propanil
63. Fenazaquin 100. Methidathion 137. Propisochlor
64. Fenbuconazole 101. Methoxychlor 138. Prothiofos
65. Fenitrothion 102. Metobromuron 139. Pyraclofos
66. Fenobucarb 103. Metolachlor 140. Pyrazophos
67. Fenothiocarb 104. Metrafenone 141. Pyridaben
68. Fenoxanil 105, Metribuzin 142. Pyridaphenthion
69. Fenoxycarb 106. Mevinphos 143. Pyridalyl
70. Fenpropathrin 107. Molinate 144. Pyrimidifen
71. Fenthion 108. Myclobutanil 143. Pyriminobac-methyl
72. Fenvalerate 109. Nitrapyrin 146. Quinalphos
Quintozene
73. Fipronil 110. Novaluron 147, (Methyl-pentachiorophenyl
sulfide, Pentachloroaniline)
74. Fludioxonil 111. Nuarimol 148. Simazine
75. Flusilazole 112. Ofurace 149. Simeconazole
76. Flutolanil 113, Omethoate 150. Tebufenpyrad
77. Fluvalinate 114, Oxadiazon 151. Tebupirimfos
78. Folpet 115. Oxadixyl 152. Tefluthrin
79. Fosthiazate 116. Oxyfluorfen 153. Terbufos
80. Fthalide 117. Paclobutrazol 154. Terbuthylazine
81. Furathiocarb 118. Parathion-ethyl 155. Terbutryn
82. Heptachlor(-epoxide) 119. Parathion-methyl 156. Tetradifon
83. Hexaconazole 120. Penconazole 157. Thiazopyr
84. Imazalil 121. Pendimethalin 158. Thifluzamide
85. Imibenconazole 122. Permethrin 159. Thiobencarb
86. Indanofan 123. Phenthoate 160. Thiometon
87. Indoxacarb 124. Phosalone 161. Tolclofos-methyl
88. Iprobenfos 125. Phosmet 162. Tolylfluanid
89. Iprodione 126. Phosphamidone 163. Tralomethrin
90. [sazofos 127. Phoxim 164, Triadimefon
91. [sofenphos 128. Piperophos 165. Triadimenol
92. Isoprothiolane 129. Pirimiphos-ethyl 166. Triazamate
93. Kresoxim-methyl 130. Pirimiphos-methyl 167. Triazophos
94. Malathion 131. Pretilachlor 168. Triflumizole
9s5. Mecarbam 132. Probenazole 169. Triflumuron
96. Mefenacet 133. Prochloraz 170. Trifluralin
97. Mepronil 134. Procymidone 171. Vinclozolin
172. Zoxamide
EEUN Y EESY BAP| Y EA
z}y7}kel B5E 002 4% 5ted acetone GC/MS/MS+ CP-3800 (Varian, USA), 1200L quadrupole
20 mioll = 000 pg/ml 73] ZA 8k o, MS/MS (Varian, USA), Z VF-5MS (30 m x 0.25 mm x
A o A8 1725 7Zhzte < YA F 0.25 um, Varian, USA)E AME3S1 3, o549 #&%&
TF acetonel E B Ele] Te¢H Al zsk ) 0.8 mI/min ©1%t}. GC/MS/MSE] segmenti= £ 15708
Frdda gEgde 5z o] Bash o] £2493519 01 MRM (multiple reaction monitoring) ion
of 41 2] gl sle] ALEstTh o] dwell time2 0.15~0.292 ¥43}51, 717184 =de

Table 4o eERY ST
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Table 4. Analytical condition of GC/MS/MS

Column VF-5MS (30 m x 0.25 mm % 0.25 um, Varian, USA)
Detector 1200L quadrupole MS/MS (Varian, USA)
Rate(*C/min) Temp.(°C) Hold{min) Time(min)
Oven Temp. Initial 70 3 ’3
20 {80 0 8.5
5 300 7.5 40
Inj. Temp. 280°C
Inj. Vol. 2ul
Source Temp. 200°C
Transfer line Temp. 250°C
Carrier gas Helium
Flow rate 0.8 ml/min
A2 =Z g9 My iz 7] 2 ghqte] sl oflof] sodium chloride 10~15 g
ME HAEE AFFAY AF T AT AW S WAL AA £ Herh oF 117 A Ak
EEseFuh B B (Multi class pesticide multiresidue acetonitrile®} ¥ &5 E¥iAZ -, A5 (acetonitrile &
methods)-A 2% Vel wheb Al ekl om o # -2 Flg 1% ol acetonitriles H71ste] 100 mlE F&skal 128 3 &k
Ak AR S0g (FF R TR A 40°C 0]‘6}«1 T8 FoA AESotel gulE duuE
AlZE DOl acetonitrile 100 mlb He o}, ZHRE-S 20% acetone/n-hexane 4 miol] = o] & #]g]
7NE 2-387F A sy, o 0:‘2]7} iy 5 mi9] n-hexane®} 5 mlel 20% acetone/n-hexane@ % ¥4

} Sample 50 g ‘

- Homogenize for 3 min

} Filteration {
{ - Add 15 g of NaCl

f ..
§ Partition ’

|

I Organic phase l

[ - Upper layer 1/2

{ Concentration 1

4 ml

Purification
(Florisil cartridge)

- Add 100 ml of acetonitrile

- Dissolve with acetone/hexane (20/80)

- Activate with hexane 5 ml and
acetone’hexane (20/80) 5 mi
- Elute with acetone/hexane (20/80) 5 ml

F2e4 AEIAe] NS

>
o

Bl o A 20% acetone/n-hexane 5 miE
2] 5ml9 n-hexane2} 5 mi®] 20% acetone/n-hexanel &
szl 7R TlER A9
2] 20% acetone/n-hexaneL 2 FEA1A
oz A mol oJAEFo g T oW

)
& AR HER §3407 WETh A=A Hojsle

o F
45 umE Asto] Al edo g sl

1l £ 7, ,zrbl ;Nzﬁok

o“"’)E]O
[e]

NELNS P F7FE 15 ml

=
Punf;catle.n % Y :
(Carbon cartridge) o
. . R 8¢ vehigl o) o 5875 olgte] &0 g 7
- Activate with hexane 5 ml and f > % HM Ir 1 © ] v'-_ | “} ] ‘V i o
acetone/hexane (20/80) 5 ml ZE UL o] o %:}{}—éfoﬂ uis) Ao A
- Elute with acetone/hexane (20/80) 15 ml o] ylo] ok Ay A] Fofe] A 9l AEuko] WA
} Concentration f oF ok AEEo] mA VeI Hoew o Hibs A%
- Dissolve with acetone kol Aol A =3 sh Ak 513 7he] ?j:rLA}?j‘ A ohie

| GC/MS/MS |

Fig. 1. Schematic diagram for residual pesticide analysis. &

- Filter by membrane filter
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Table 5. Result of pesticide residues by sample type

No. of samples
with residues

No. of samiples % samples with- % samples with No. of samples % samples with

No. of samples

Sample analyzed without QCtect— out dc}ectablc below or at residues below  with residues  residues above
. able residues residues MRL or at MRL above MRL MRL

Rice 43 42 97.7 | 23 0 0.0
Foxtail millet 34 34 100.0 0 0.0 0 0.0
Buckwheat 18 18 106.0 0 0.0 0 0.0
Kidney Bean 29 29 100.0 0 0.0 0 0.0
Peanut 15 14 93.3 ] 6.7 0 0.0
Sesame 26 24 92.3 2 7.7 0 0.0
Orange 33 32 97.0 | 3.0 0 0.0
Grapetruit 31 31 100.0 0 0.0 0 0.0
Kiwifruit 36 26 722 9 25.0 I 2.8
Spinach 36 33 91.7 3 8.3 0 0.0
Perilla Leaves 35 25 71.4 10 28.6 0 0.0
Leek 38 25 658 13 342 0 0.0
Garlic stem 35 28 80.0 7 20.0 0 0.0
Garlic 34 34 100.0 0 0.0 0 0.0
Ginger 34 31 912 3 8.8 0 0.0
Oak mushroom 33 33 100.0 0 0.0 0 0.0
Total 510 459 90.0 50 9.8 1 0.2

z
o

S

S

e resicues

i at WRL

F i Table 63F ek S| B-71 S 2ok 71919 s, AR R Q0] AR Bl el ARSEYh organo-
735~ phenthoate”} 61-6-715% 0.2 mg/kg I 0.6 mg/kg ©1 71 phosphate”] 2-5A19] A5, ofA] 23 & spalol} 71E}
2 f.8lof 25 ’ ‘ o]

= organophosphate®] 4% A %
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Table 6. Concentration of determined pesticides and its MRL

Sample Pesticide Amount (mg/kg) MRL (mg/kg)
Rice Fenobucarb 0.1 0.5
EPN 0.1 0.1
Peanut Endosulfan sulfate 0.01 0.05
Sesame Metalaxyl 0.1 0.1
Parathion-ethyl 0.03 0.05
Orange Chlorpyrifos 0.1 0.3
Deltamethrin 0.01 0.05
Fenitrothion 0.01 0.05
Iprodione 0.1~1.7 5.0
Kiwifruit Methidathion 0.03 0.05
Pendimethalin 0.01 0.05
Phenthoate 0.6 0.2
Procymidone 0.1~0.2 7.0
Bifenthrin 0.1 2.0
Cyhalothrin 0.4 0.5
Spinach Deltamethrin 0.2 0.5
Procymidone 0.2 5.0
Tralomethrin 0.2 0.5
Isoprothiolane 0.1 0.2
Metalaxyl 0.1 0.5
. Myclobutani} 0.2~0.7 1.0
Perilla leaves Oxyfluorfen 0.01 0.05
Procymidone 0.1~0.3 5.0
Tebufenpyrad 0.1 5.0
Chlorothalonil 0.2 1.0
Cyhalothrin 0.1 2.0
Diethofencarb 0.1 20.0
Diniconazole 0.04 0.05
Leek .
Parathion-ethy! 0.1 0.3
Procymidone 0.1~4.8 5.0
Pyridalyl 0.2 0.5
Tebufenpyrad 0.04 0.05
Chlorothalonil 0.1 1.0
Iprodione 0.1 0.1
Garlic stem Pendimethalin 0.04 0.05
Prochloraz 0.04 0.05
Procymidone 0.1 5.0
Garlic Endosulfan sulfate 0.1 0.1

)

Jof whe} Aol A5E F4 dbe Ea% vk B A9
oA A%8 phenthoateys =221 3 F 9| FUAEA]
K00 ;srg_o] TEHEA & 7190M 71EA o1 A
29 Aow FEF e UEY =dAF WAAE
F88lo] AlgE Alom F=dr) 7199 phenthoates 7|
9,]:_

3 AEFE ] AR FEE S187E oY Hw
Z o
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BEAA 9 172% 5 procymidone ¥ 25719 &oF
o] AZHAor(Table 7), #E FA4S) X Fig. 390

ekl 1EE 59 £ iprodioned procymidone: 3
25 2k 71909 rhedelA
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Table 7. Result of samples by pesticide

. No. . 9 ith No.of L % ples with
% Sample with no No. of samples %s samples wi 0. of samples o sampies wi

No. Pesticide esidue detected with residues  detected residues  with residues residues above
residue detecte below or at MRL  below or at MRL above MRL MRL
] Bifenthrin 99.8 ] 0.2 0 0.0
2 Chlorothalonil 99.4 3 0.6 0 0.0
3 Chlorpyrifos 99.8 ] 0.2 0 0.0
4 Cyhalothrin 99.6 2 0.4 0 0.0
5 Deltamethrin 99.4 3 0.6 0 0.0
6 Diethofencarb 99.8 1 0.2 0 0.0
7 Diniconazole 99.8 | 0.2 0 0.0
8 Endosulfan sulfate 992 4 0.8 0 0.0
9 EPN 99.8 1 0.2 0 0.0
10 Fenitrothion 99.8 I 0.2 0 0.0
11 Fenobucarb 99.8 | 0.2 0 0.0
12 Iprodione 98.6 7 1.4 0 0.0
13 Isoprothiolane 99.8 1 02 0 0.0
14 Metalaxyl 99.6 2 0.4 0 0.0
15 Methidathion 99.6 2 0.4 0 0.0
16 Myclobutanil 99.6 2 0.4 0 0.0
17 Oxyfluorfen 99.8 1 02 0 0.0
18 Parathion-ethyl 99.6 2 04 0 0.0
19 Pendimethalin 99.6 2 0.4 0 0.0
20 Phenthoate 100.0 0 0.0 i 0.2
21 Prochloraz 99.8 1 0.2 0 0.0
22 Procymidone 96.5 18 33 0 0.0
23 Pyridalyl 99.8 1 02 0 0.0
24 Tebufenpyrad 99.6 2 04 0 0.0
25 Tralomethrin 99.8 1 0.2 0 0.0
3.5%
3.0%
2.5%
20%
15%
10%
05%
NI manninImnr
TP SRR - BN N & D N A N )
py &‘\( ‘@00&4@%0&{0 & \é‘&o ,g.f’(\ ‘,e\@ Q%:\ o‘(\iﬁﬁ(‘io&o}\ﬁ b\’bi _55\\050\)@0\\) 2\; AN %@&é(\o“v;‘\o@@bo& Q 'S\:QQ"‘}Q&&(\
o;‘@@\" & &00\\;&06‘@;&% S T E S $ P T o 0 €
&
B % samples with residues below or at MRL m % samples with residues above MRL

Fig. 3. Result of samples by pesticide.
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o residue
11 residue
# 2 residue
3 residue
x4 residue

Fig. 4. Multiple residue samples, number of different pesticides detected per sample.

Table 8. Detected pesticides of unregistered commodity

Pesticide Use Detected commodity Applied commodity
Chlorothalonil Fungicide Garlic stem, Leek Tangerine, Apple, Pepper, Potato, Garlic etc
Cyhalothrin Insecticide Spinach, Leek -
Deltamethrin Insecticide Spinach Tangerine, Apple, Pepper, Cucumber, Korean cabbage ete
Diethofencarb Fungicide Leek Strawbetry, Grape, Cucumber
Diniconazole Fungicide Leek Apple, Pear, Lawn

Endosulfan sulfate  Insecticide Peanut, Ginger Tobacco, Mulberry tree
EPN Insecticide Rice Apple, Pear, Tobacco
Fenitrothion Insecticide Kiwifruit Apple, Pear, Persimmon, Grape, Tangerine, Tea cte

Kiwifruit,

Iprodione I ungicidc . Apple, Pear, Persimmon, Strawberry, Pepper, Cucumber etc
Garlic stem

Isoprothiolane Fungicide Perilla leaves -
Metalaxyl Fungicide Perilla leaves Sesame, Korean cabbage, Pepper, Lawn etc
Methidathion Insecticide Kiwifruit Tangerine, Apple, Cucumber, Eggplant, Tea
Myclobutanil Fungicide Perilla leaves Apple, Water melon, Cucumber, Welsh onion, Korean melon, Pepper ete
Oxyfluorfen Herbicide Perilla leaves Apple, Pear, Tangerine, Grape, Garlic, Lawn etc
Parathion-cthy! Insecticide Leek, Sesame Apple, Rice, Garlic, Onion, Peanut
Pendimethalin Herbicide Kiwifruit Barley. Korean cabbage, Pepper, Potato, Garlic, Strawberry etc
Phenthoate Insecticide Kiwifruit Chestnut, Rice, Apple, Cucumber, Tangerine ctc
Prochloraz Fungicide Garlic stem Apple, Water melon, Strawberry etc

Perilia leaves,
Procymidone Fungicide Garlic stem, Strawberry, Pepper, Cucumber, Tomato, Leek etc

Spinach, Kiwifruit

Pyridalyl Insecticide Leek Korean cabbage, Pepper, Welsh onion, Tangerine etc
Tebufenpyrad Acaricide Perilia leaves, Leek  Apple, Tangerine, Pear, Grape, Tea etc
Tralomethrin [nsecticide Spinach Apple, Tangerine, Korean cabbage. Plum, Chestnut ete
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Table 9. Exposure assessment of pesticides in agricultural products

No. Pesticide ADI* (img/person/day)  EDI** (mg/person/day) EDI (%)
1 Bifenthrin 1.100 6.37E-06 0.001
2 Chlorothalonil 1.650 1.19E-05 0.001
3 Chlorpyritos 0.550 1.93E-05 0.004
4 Cyhalothrin 1.100 7.59E-05 0.007
5 Deltamethrin 0.550 1.98E-06 0.0004
6 Diethofencarb 7.700 4.03E-06 0.0001
7 Diniconazole 0.110 1.81E-06 0.002
8 Endosulfan 0.330 6.32E-06 0.002
9 EPN 0.077 3.52E-04 0.458
10 Fenitrothion 0.330 1.04E-07 0.00003
1 Fenobucarb 0.660 3.52E-04 0.053
12 Iprodione 3.300 2.52E-03 0.001
13 Isoprothiolane 0.880 7.92E-06 0.001
14 Metalaxy] 4.400 1.57E-05 0.0004
15 Methidathion 0.055 4.84E-07 0.001
16 Myclobutanil 1.650 5.60E-03 0.003
17 Oxyfluorfen 0.165 3.90E-07 0.0002
18 Parathion-ethyl 0.011 9.14E-06 0.083
19 Pendimethalin 5.500 4.02E-07 0.000007

20 Prochloraz 0.550 345E-07 0.0001
21 Procymidone 5.500 7.95E-04 0.014
22 Pyridalyl 1.540 8.22E-06 0.001
23 Tebufenpyrad 0.110 6.37E-06 0.006
24 Tralomethrin 0.413 3.31E-05 0.008

*acceptable daily intake
**estimated daily intake
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