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Abstract

This survey was done to investigate the pesticide residues and to assess their risk

on agricultural products on the markets in the northern area of Seoul from 2015 to

2016. The total number of samples were 5,733 for agricultural products and these were
analysed by multi-residue methods for 285 pesticides using GC-ECD/NPD, GC-MS and
HPLC-DAD/FLD. The violation rates of the samples over maximum residue
limits(MRLS) of pesticide residues established by Korean Food and Drug Administration
in the survey of 2015 and 2016 were 0.39% and 0.44%, respectively. The most
frequently detected samples of 2015 and 2016 were chamnamul(55.6% and 54.8%),
leek(52.4% and 46.5%), sedum(50.0% and 16.7%), perilla leaves(44.4% and 29.3%) and
green & red pepper(38.3% and 19.4%). The pesticides detected yearly over during two

years were procymidone, chlorfenapyr and cypermethrin. As a tool of risk assessment

through the consumption of pesticide detectable agricultural products, the ratio of

estimated daily intake(EDI) to acceptable daily intake(ADI) was calculated into the range
of 0.009~0.38%. The results suggested that there was no health risk through dieting

commercial agricultural products detected with pesticide residues.
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Table 1. List of target pesticides monitored in this survey

Classification

Pesticide

Insecticide
(136)

Acephate, Acetamiprid, Acrinathrin, Alanycarb, Aldicarb, Aldrin, Azinphos-Methyl,
Benfuracarb, Benzoximate, BHC, Bifenthrin, Bromopropylate, Buprofezin, Cadusafos,
Carbaryl, Carbofuran, Carbophenothion, Carbosulfan, Carboxin, Chlorantraniliprole,
Chlordane, Chlorfenapyr, Chlorfenvinphos, Chlorfluazuron, Chlorobenzilate, Chlorpyrifos,
Chlorpyrifossmethyl, Chromafenozide, Clothianidin, Cycloprothrin, Cyfluthrin, Cyhalothrin,
Cypermethrin, DDT, Deltamethrin, Diazinon, Dichlorvos, Dicofol, Dieldrin, Diflubenzuron,
Dimethoate,  Dimethylvinphos,  Disulfoton, Endosulfan, Endrin, EPN, Esprocarb,
Ethiofencarb, Ethion, Ethoprophos, Etoxazole, Etrimfos, Fenamiphos, Fenazaquin,
Fenitrothion, Fenobucarb, Fenothiocarb, Fenoxycarb, Fenpropathrin, Fenpyroxymate,
Fensulfothion, Fenthion, Fenvalerate, Fipronil, Flonicamid, Fluacrypyrim, Flubendiamide,
Flucythrinate,  Flufenoxuron,  Fluvalinate, = Formothion, = Fosthiazate, = Heptachlor,
Hexaflumuron, Imidacloprid, Indoxacarb, Isazofos, Isofenphos, Isoprocarb, Lufenuron,
Malathion, Mecarbam, Metaflumizone, Metamidophos, Methidathion, Methiocarb, Methomyl,
Methoxychlor,  Methoxyfenozide, Metolcarb, = Mevinphos,  Monocrotophos,  Novaluron,
Omethoate, Oxamyl, Parathion, Parathion-Methyl, Permethrin, Phenothrin, Phenthoate,
Phorate, Phosalone, Phosmet, Phosphamidone, Phoxim, Pirimicarb, Pirimiphos-ethyl,
Pirimphos-methyl, Profenofos, Propoxur, Prothiofos, Pymetrozine, Pyaclofos, Pyrethrines,
Pyridaben, Pyridaryl, Pyridaphenthion, Pyrimidifen, Pyriproxyfen, Quinalphos,
Simeconazole, Spirodiclofen, Spiromecifen, Tebufenozide, Tebefenpyrad, Tebupirimfos,
Telfubenzuron, Tefluthrin, Thiacloprid, Thiamethoxam, Thiodicarb, Thiometon, Tralomethrin,
Triazmate, Triaophos, Vamidothion

Herbicide
(57)

Acetochlor, Alachlor, Anilofos, Bendiocarb, Bifenox, Bromacil, Bromobutide, Butachlor,
Cinosulfuron, Cyhalofop-butyl, Dichlobenil, Diclofop-methyl, Dimepiperate, Dimethenamid,
Diphenaimd, Dithiopyr, Diuron, Ethalfluralin, Fluazifop-butyl, Flufenacet, Flumioxazine,
Indanofan,  Linuron, Mefenacet,  Metamifop, = Methabenzthiazuron, = Metobromuron,
Metolachlor, Metribuzin, Molinate, Napropamide, Norflurazon, Oryzalin, Oxadiazon,
Oxaziclomefone, Oxyfluorfen, Pendimethalin, Pentoxazone, Pretilachlor, Piperophos,
Prometryne, Propanil, Propisochlor, Pyrazolate, Pyribenzoxim, Pyributicarb,
Pyriminobac-methyl, Quinoclamine, Simazine, Simetryn, Tebutryne, Tebuthylazine,
Thenylchlor, Thiazopyr, Thiobencarb, Tri-allate, Trifluralin

Fungicide
(87)

Amisulbrom, Azoxystrobin, Benomyl, Benthiavalicarb-isopropyl, Bitertanol, Boscalid,
Captapol, Captan, Carbendazim, Chinomethionat, Chlorothalonil, Cyazofamid, Cyflufenamid,
Cymoxanil, Cyproconazole, Cyprodinil, Dichlofluanid, Dicloran, Diethofencarb, Dimetomorph,

Diniconazole, Diphenylamine, Edifenphos, Ethaboxam, Fenamidone, Fenarimol,
Fenobuconazole, Fenhexamid, Fenoxanil, Ferimzone, Fluazinam, Fludioxonil,
Fluquinconazole, Flusilazole, Flusulfamide, Flutolanil, Folpet, Fthalide, Furathiocarb,
Imazalil, Imibenconazole, Iprobenfos, Iprodione, Iprovalicarb, Isoprothiolane,

Kresoxim-methyl, = Mepanipyrim,  Mepronil, = Metalaxyl, = Metconazole, = Metrafenone,
Myclobutanil, NItrapyrin, Nuarimol, Oxadixyl, Ofurace, Penconazole, Pencycuron,
Probenazole, Prochloraz, Procymidoen, Propamocarb, Propiconazole, Pyaclostrobin,
Pyrazophos, Pyrimethanil, Pyroquilon, Quintozene, Tebuconazole, Tecnazene, Tebusof,
Tetraconazole, Tetradifon, Thifluzamide, Thiophanate-methyl, Tiadinil, Tolclofos-methyl,
Tolyfoluanid, = Triadimefon,  Triadimenol,  Trichlorfon,  Tricylazole,  Trifloxystrobin,
Triflumizole, Triflumuron, Vinclozolin, Zoxamide

Plant growth
regulator (5)

Chlorpropham, Forchlorfenuron, Hexaconazole, Paclobutrazole, Uniconazole
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Table 2. Results of pesticide residues detected in agricultural products(2015~2016)

Type

Group

Commodity

Samples analyzed

No. of sample detected(%)

2015 2016 2015 2016

Total 2,806 2,927 351 (12.51) 282 (9.63)
Lettuce(leaf) 176 230 4 (7.95) 20 (8.70)

Spinach 108 92 4 (22.22) 14 (15.22)

Ssam cabbage 77 82 5 (19.48) 1 (13.41)

Perilla leaves 36 75 6 (44.44) 22 (29.33)

Lettuce(head) 74 39 4 (5.41) 2 (5.13)

Radish leaves 54 49 3 (5.56) 2 (4.08)

Crown daisy 24 39 1(4.17) 4 (10.26)

Leafy Chicory 38 54 6 (15.79) 1 (1.85)
vegetables Kale 24 35 1(4.17) 3 (8.57)
Mustard green 15 24 2 (13.33) 10 (41.67)

Chamnamul 18 31 10 (55.56) 17 (54.84)

Chard 29 24 7 (24.14) 2 (8.33)

Marsh mallow 32 18 3 (9.38) 0 (0.00)

Chwinamul 22 36 7 (31.82) 6 (16.67)

Mustard leaf 11 13 4 (36.36) 1 (7.69)

Others 214 380 3 (20.09) 42 (11.05)

Subtotal 952 1,221 160 (16.81) 157 (12.86)

Welsh onion 118 79 26 (22.03) 18 (22.78)

Leek 105 43 55 (52.38) 20 (46.51)

Water dropwort 84 72 1(1.19) 5 (6.94)

Stalk and Celery 30 32 3 (10.00) 4 (12.50)
stem vogetables Green garlic 9 7 2 (22.22) 1 (14.29)
Vegetables Wild garlic 5 5 1 (20.00) 1 (20.00)
Sedum 4 6 2 (50.00) 1 (16.67)

Others 117 86 12 (10.26) 14 (16.28)

Subtotal 472 330 102 (21.61) 64 (19.39)

Carrot 23 7 0 (0.00) 0 (0.00)

Radish(root) 19 41 0 (0.00) 0 (0.00)

Root and Onion 35 22 0 (0.00) 2 (0.00)
tuber vegetables Garlic 14 12 0 (0.00) 0 (0.00)
Others 93 62 0 (0.00) 0 (0.00)

Subtotal 184 144 0 (0.00) 0 (0.00)

. Cucumber 42 43 5 (11.90) 1(2.33)
Vfg;‘;gegs Squash 45 61 4 (8.89) 2 (3.28)
cucurbits‘ Others 46 27 5 (10.87) 2 (7.41)
Subtotal 133 131 14 (10.53) 5 (3.82)

Green & Red pepper 47 119 18 (38.30) 23 (19.33)

Fruiting Sweet pepper 31 34 7 (22.58) 1(2.94)
vegetables other Eggplant 48 17 5 (10.42) 0 (0.00)
than cucurbits LOmAto 27 26 3 (11.11) 0 (0.00)
Others 25 5 5 (20.00) 2 (40.00)
Subtotal 178 201 38 (21.35) 27 (13.43)

Broccoli 70 45 2 (2.86) 0 (0.00)

Flowerhead  Korean cabbage 42 84 2 (4.76) 1(1.19)
brassicas Cabbage 17 21 0 (0.00) 0 (0.00)
Subtotal 129 150 4 (3.10) 1 (0.67)
Subtotal 2,048 2,177 314 (15.33) 254 (11.67)
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Table 2. (Continued)

No. of sample

No. of sample detected(%)

Type Group Commodity 2015 2016 2015 2016
Jujube 12 13 2(16.67) 2(15.38)
Peach 9 1(11.11) 0(0.00)
Stone fruits Cherry 6 3(50.00) 4(57.14)
Others 11 17 0(0.00) 1(58.88)
Subtotal 38 46 6(15.79) 7(15.22)
Apple 37 26 3(8.11) 2(7.69)
Pome fruits Persimon 16 18 0(0.00) 0(0.00)
Others 27 39 1(3.70) 1(2.56)
Subtotal 80 83 4(5.00) 4(4.82)
Mandarin 23 21 13(56.52) 6(28.57)
Orange 11 19 6(54.55) 4(44.44)
) Citrus fruits Lemon 5 6 1(20.00) 1(16.67)
Fruits
Others 27 19 0(0.00) 1(5.26)
Subtotal 66 65 20(30.30) 12(21.82)
Grape 18 19 1(5.56) 4(21 05)
Berries and other  Strawberry 22 14 0(0.00) 0(0.
small fruits Others 2 4 0(0.00) 0(0.
Subtotal 42 37 1(2.38) 4(10 81)
Kiwifruit 17 19 2(11.76) 0(0.00)
) Banana 18 26 4(22.22) 1(3.85)
Assorted tropical and /. 5 5 0(0.00) 0(0.00)
sub-tropical fruits
Others 0(0.00) 0(0.00)
Subtotal 44 51 6(13.64) 1(2.44)
Subtotal 270 282 37(13.70) 28(10.69)
Mushrooms Oyster mushroom 16 29 0(0.00) 0(0.00)
King oyster mushroom 29 41 0(0.00) 0(0.00)
Others 105 85 0(0.00) 0(0.00)
Subtotal 150 155 0(0.00) 0(0.00)
Potatoes Potato 31 27 0(0.00) 0(0.00)
Sweet potato 29 19 0(0.00) 0(0.00)
Others 9 17 0(0.00) 0(0.00)
Subtotal 69 63 0(0.00) 0(0.00)
Chestnut 10 12 0(0.00) 0(0.00)
N;t:dfl Gingko nut 61 50 0(0.00) 0(0.00)
Subtotal 71 62 0(0.00) 0(0.00)
Cereal grains Rice 107 107 0(0.00) 0(0.00)
Barley 7 12 0(0.00) 0(0.00)
Subtotal 114 119 0(0.00) 0(0.00)
Beans Soybean 12 13 0(0.00) 0(0.00)
Subtotal 12 13 (0.00) (0.00)
Sprout products Soy bean sprouts 28 37 0(0.00) 0(0.00)
Mung bean sprouts 44 19 0(0.00) 0(0.00)
Subtotal 72 56 (0.00) (0.00)
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Table 3. Detailed results about pesticides exceeding MRL in various vegetables(2015~2016)

Vegetables Pesticides exceeding MRL Cone. of detection(me/ke) MRLs"
2015 2016 (mg/kg)
Iprodione 2.69 - 0.1
Leek(105”/43)" Procymidone 11.52/10.06 7.21 5.0
Fludioxonil - 2.32 0.5
Dimethomorph 5.13 - 3.0
Welsh onion(118/79) Chlorpyrifos - 0.08 0.01
Iprodione 0.34 - 0.1
Spinach(108/92) Boscalid - 2.60 0.3
Chamnamul(18/31) Chlorpyrifos 0.24 - 0.01
Water dropwort(84/72) Iprobenfos - 0.44 0.2
Celery(30/32) Ethoprophos - 0.99 0.02
Korean cabbage(42/84) Kresoxim-methyl - 0.76 0.03
Dandelion(2/3) Fludioxonil - 1.01 0.05
Lettuce(head) (74/39) Flutolanil 4.63 - 0.7
Stem of garlic(9/7) Iprodione 1.78 - 0.1
Seam cabbage(T7/82) Metc?nazole. - 0.19 0.05
Pendimethalin - 0.20 0.07
Mustard leaf(11/33) Diazinon 0.56 - 0.1
Chicory(38/54) Diniconazole - 1.31 0.3
Chinese vegetables(39/42) Diazinon 0.59 - 0.1
Chwinamul(22/36) Pendimethalin 0.39 - 0.2
Gyeojachae(15/24) D%a.zmon i 0.54 0.05
Diniconazole - 0.46 0.3

a) MRLs @ Maximum Residue Limits.
b) 2015 sampes
¢) 2015 sampes
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Table 4. Frequency of detectable pesticide residues found in the monitoring survey(2015)

Cilassi.fication.by Pesticide Frequency of detection  Detection range MRLs
biological action < MRLY > MRL” (mg/kg) (mg/kg)
Acetamifrid 1 - 0.053 10
Bifenthrin 7 - 0.010~0.138 0.05~20
Chlorfenapyr 43 - 0.010~3.805 0.5~5.0
Chlorpyrifos 5 1 0.010~0.076 0.01~0.7
Cyhalothrin 3 - 0.016~0.095 0.5~3.0
Cypermethrin 23 - 0.007~1.480 0.5~5.0
Diazinon 9 1 0.026~0.836 0.05
Diniconazole 20 2 0.020~1.313 0.3~0.7
o Endosulfan 1 - 0.015 0.1
Insecticide
Ethoprophos 1 1 0.436 0.2
Fenitrothion 1 - 0.045 5.0
Fenazaquin 1 - 0.078 0.7
Fenvalerate 4 - 0.107~0.374 0.5~1.0
Phenthoate 3 - 0.021~0.080 0.1~1.0
Pyridaben 1 - 0.375 3.1
Pyridalyl 1 - 0.394 10
Tebufenpyrad 13 - 0.039~0.670 0.5~5.0
Subtotal 137 4
Azoxystrobin 15 - 0.229~3.941 3.0~20
Boscalid 2 1 0.113~2.600 0.0~5.0
Captan 1 - 0.281 5.0
Chlorothalonil 9 - 0.116~2.095 0.5~5.0
Diethofencarb 9 - 0.107~0.565 5.0~20
Dimethomorph 12 - 0.233~2.423 3.0~20
Fludioxonil 13 2 0.071~2.317 0.5~7.0
Flutolanil 4 - 0.066~0.131 0.7~5.0
Imazalil 5 - 0.047~0.900 5.0
Fungicide Iprodione 5 - 0.070~0.999 10
Iprobenfos 1 1 0.436 0.2
Kresoxim-methyl 4 1 0.171~1.018 0.03~30
Metconazole 2 1 0.010~0.138 0.056~20
Procymidone 5 1 0.003~7.271 2.0~5.0
Pyrimethanil 2 - 0.167~0.566 3.0~5.0
Tolyfluanid 2 - 0.017~0.244 1.0~2.0
Triflumizole 1 - 1.455 2.0
Vinclozolin 1 - 0.64 1.0
Subtotal 163 7
Herbicide Pendimethalin 2 1 0.111~0.198 0.07~0.7
Plant growth regulator  Paclobutrazole 14 - 0.045~3.518 0.5~5.0
Total 314 13

a) < MRL : detectable pesticide residues below and at maximum residue limit.
b) > MRL: detectable pesticide residues over maximum residue limit.
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Table 5. Frequency of detectable pesticide residues found in the monitoring survey(2016)

C.lassi.fication.by Pesticide Frequency of detection  Detection range MRLs
biological action < MRL? > MRLY (mg/kg) (mg/kg)
Acetamifrid 1 - 0.053 10
Bifenthrin 7 - 0.010~0.138 0.05~20
Chlorfenapyr 43 - 0.010~3.805 0.5~5.0
Chlorpyrifos 5 1 0.010~0.076 0.01~0.7
Cyhalothrin 3 - 0.016~0.095 0.5~3.0
Cypermethrin 23 - 0.007~1.480 0.5~5.0
Diazinon 9 1 0.026~0.836 0.05
Diniconazole 20 2 0.020~1.313 0.3~0.7
Endosulfan 1 - 0.015 0.1
Insecticide Ethoprophos 1 1 0.436 0.2
Fenitrothion 1 - 0.045 5.0
Fenazaquin 1 - 0.078 0.7
Fenvalerate 4 - 0.107~0.374 0.5~1.0
Phenthoate 3 - 0.021~0.080 0.1~1.0
Pyridaben 1 - 0.375 3.1
Pyridalyl 1 - 0.394 10
Tebufenpyrad 13 - 0.039~0.670 0.5~5.0
Subtotal 137 4
Azoxystrobin 15 - 0.229~3.941 3.0~20
Boscalid 2 1 0.113~2.600 0.0~5.0
Captan 1 - 0.281 5.0
Chlorothalonil 9 - 0.116~2.095 0.5~5.0
Diethofencarb 9 - 0.107~0.565 5.0~20
Dimethomorph 12 - 0.233~2.423 3.0~20
Fludioxonil 13 2 0.071~2.317 0.5~17.0
Flutolanil 4 - 0.066~0.131 0.7~5.0
Imazalil 5 - 0.047~0.900 5.0
Fungicide Iprodione 5 - 0.070~0.999 10
Iprobenfos 1 1 0.436 0.2
Kresoxim-methyl 4 1 0.171~1.018 0.03~30
Metconazole 2 1 0.010~0.138 0.05~20
Procymidone 75 1 0.003~7.271 2.0~5.0
Pyrimethanil 2 - 0.167~0.566 3.0~5.0
Tolyfluanid 2 - 0.017~0.244 1.0~2.0
Triflumizole 1 - 1.455 2.0
Vinclozolin 1 - 0.64 1.0
Subtotal 163 7
Herbicide Pendimethalin 2 1 0.111~0.198 0.07~0.7
Plant growth regulator  Paclobutrazole 14 - 0.045~3.518 0.5~5.0
Total 314 13

a) < MRL : detectable pesticide residues below and at maximum residue limit.
b) > MRL : detectable pesticide residues over maximum residue limit.

- 111 -



ikl

(ADI) "i®] 1 443 ZF(EDI
2 RE A O bR A
7} At

oA Hrb dd w5 %ADIE AEEY
oA FEEERY (.380%, AUl Aol |
Ed 0.235%, F-FoA F2Edyu9l Z2A}
oluE 0.046%% EF 1%°lstE wth E3
7 5159 AT For] ZzAalolu]Eo]
2.734% 2 =PAE B Ao M= o)A ZzA}
olnl=o] 0.065%% olF WA YERith o9
191 1Y A% i) 1Y AP He] 25
1% wwroz AAe] gt flajgde ofF v A
o2 dAdHc

A

o OfF
=L =
20159 1959 20169 12€ 7H4 M= H5A
© w4k 5,733(159 2,806, 161
A
o

A olQom, 3FHEIE oldo® HEH AT

2015 11(0.39%)7 20161 13(0.44%) 72
vehgth AME BRo wekds 20159
AT 21.6%, wratole] FAF 21.4%, FAF
16.8%, 2016\ Q4747 19.4%, "tzto]9] x|
T 13.4%, SAF 12.9%9) o7 HEEo| =9
ok M AR SolA RE HEEC] B F
2o 90159 FUE 55.6%, W3 52.4%, BUE
50.0%, Q) 44.4%, 3115 38.3%, 20163 b=
54.8%, - 46.5%, AXA 41.7%, A< 29.3%,

3 22.8% wolldt. FAGEC] w3H FES

ke

Table 6. Risk assessment of pesticides frequently found in agricultural products showing high

occurrence of pesticide residues

. Pesticide Daily food Average MRL ADI”  EDI

Commodity detected intake(g/day)  conc.”  (mg/kg) me/ke - bw/day %ADI"
Chlorfenapyr 1.64 0.474 3.0 0.026  0.00078 0.046

Leek Fenvalerate 0.113 0.5 0.02 0.00019 0.014
Procymidone 1.821 5.0 0.1 0.00299 0.046

Cypermethrin 3.89 0.783 5.0 0.02 0.00305 0.235

Perilla leaves Azoxystrobin 2.294 20 0.2 0.00892 0.069
Diniconazole 0.112 0.3 0.02 0.00044 0.034

Chlorfenapyr 6.21 0.118 0.7 0.026  0.00073 0.043

Green & red pepper  Chlorpyrifos 0.026 0.7 0.01 0.00016 0.025
Procymidone 0.280 5.0 0.1 0.00174 0.027

Fludioxonil 14.20 0.158 7.0 0.4 0.00224 0.009

Welsh onion Chlorothalonil 0.347 2.0 0.02  0.00493  0.380
Procymidone 0.296 5.0 0.1 0.00420 0.065

a) > (detected concentration)/number of total sample

b) ADI(mg/man/day)*64.8kg(Average body of Korea adults)
¢) Estimated daily intake(mg/ke-bw/day) ={mean of conc. of pesticide(mg/kg)*daily food intake

(g-bw/day)}/1000
d) % Acceptable daily intake (EDI/ADI)x100
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