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A Study on the Risk of Pesticide Exposure by Food Intake

Ock-Kyoung Chun' and Yong-Wook Lee*
Seoul Metropolitan Government Research hnstitute of Public Health and Environment
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ABSTRACT - Limited information is available on the acceptability of Korean MRLs(maximum
residue limits) and the health risk based on the pesticide exposure by food intake. The aim of
this study was to evaluate TMDI(theoretical maximum daily intake) and EDI(estimated daily
intake) for Korean by using MRLs, food intake, residue data, and correction factors, and compare
with ADI(acceptable daily intake) in order to estimate the health risk based on the pesticide
exposure. The study was performed in three steps. In the first step, the residual pesticides in
each category of food were investigated using the pesticide residue analytical data(1995-96) from
officially approved organizations and the analytical data for poultry was adopted from Korean
food code method. In the second step, TMDI was estimated from MRLs and food factors, and
was compared with ADI. In the third step, the effectiveness of each culinary treatment (washing,
peeling, steaming, boiling, and salting) was evaluated and EDI was calculated using pesticide
residue data, food factor, and correction factor by treatment. TMDI obtained from MRLs and
food intake, and food intake was summed as 1,100.99 g, which was 79.1% of total consumption.
The percent ratio of TMDI to ADI for 156 pesticides was mostly below 80% and only 30 pesti-
cides exceeded the ADI. In particular, non-treated EDI from pesticide residue data and food
intake was summed up to about 43 ug/day/capita, and the rank was procymidone(8.6 ug) > maleic
hydrazide(8.2 ug) > EPN(3.7 ug) > deltamethrin(3.5 ug) > cypermethrin(3.0 ug). The treated EDI
calculated from pesticide residue data, food intake, and correction factor by culinary treatment
was summed up to 13.7 ug/day/capita. The percentage of ADI was TMDI(79.74%) > non-treated
EDI (0.17%) > treated EDI(0.04%), and the exposure level of Korean population to whole pesti-
cides was below the level to produce health risk. Oncogenic risk of five pesticides used in Korea
whose oncogenic potency(Q*) was known were assessed from TMDI and treated EDI. Dietary
oncogenic risk for Korean was estimated to be 2.0 10" on the basis of TMDI, 8.3 10" on the
basis of treated EDI. The oncogenic risk from TMDI exceeded the risk level(1x10°) of EPA,
whereas the oncogenic risk from treated EDI and real exposure level was lower than that of
EPA.

Key words [] Pesticides, Theoretical maximum daily intake(TMDI), Estimated daily intake(EDI), Acceptable
daily intake(ADI), Oncogenic risk.
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TMDI = 2 Fi Mi
Fi:average food consumption for the relevant com-
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national diet (kg food/ person/ day)
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EDI = 2 Fi Ri Ci

Fi:food consumption for the relevant commodity as
derived from a specific hypothetical
cultural or national diet (kg/ person/ day)

Ri:residue level in the edible portion of the com-
modity (mg pesticide/ kg food)

Ci: correction factor that takes into account the re-
duction or increase in the level of residue on

preparation or cooking of the food
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Dietary oncogenic risk (DOR: excess tumor incidence
for a 70-year human life span)
= dietary exposure(DE) X oncogenic potency(OP)
Dietary exposure(DE) = 2i(food factor X pesticide residue
data or Korea MRL)
= mg pesticide / person(55 kg bw)/ day
Oncogenic potency(Q*) (OP:excess tumor incidence for
a 70-year human life span per unit dose
= number of tumors/mg pesticide/kg bw/day
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Table 2. Comparison of food intake for each food group per
capita per day

Food groups Daily food intake, g (%)
cereals 306.41 (35.2)
potatoes 21.10 (2.4)
legumes 37.84 (4.3)
seeds and nuts 2.90 (0.3)
vegetables 286.41 (32.9)
mushrooms 2.10 (0.2)
fruits 148.30 (17.0)
meats 66.00 (7.6)
Total §71.06 (100.0)

source: ‘95 National nutrition survey report'”
pesticide residue data in 1995-96'""®"
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Table 1. Hazard identification of selected pesticides by EPA's classification system for carcinogens

Classification

EPA classification system

pesticides

human carcinogen (A)

probable human carcinogen (B)
Carcinogenic chemicals

possible human carcinogen (C)

Non-carcinogenic chemicals

none
alachlor, aldrin, chlorthalonil, dieldrin, folpet, carbofuran,
heptachlor, heptachlor epoxide

cypermethrin, dichlorvos, methidathion, permethrin, phos-
met, phosphamidone, procymidone, triadimenol

not classifiable as to human carcinogenicity (D) aldicarb, endrin

evidence of not-carcinogenicity for humans (E) captafol, carbofuran, chlorpyrifos, diazinon, EPN, lindane
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Table 3. Comparison of TMDI and ADI of pesticides according to Korean MRL as applied Korean food factors
(unit : £g/55kg person/day)

205

o Korean MRL . Korean MRL
Pesticide ADI TMDI % of ADI Pesticide ADI TVDI % of ADI
Acephate 1650 1476.010 89.46 Dichlobenil --- 16.695 ---
Acetochlor --- 4.188 --- Dichlofluanid 16500 5468.589 3314
Alachlor 110 21.670 19.70 Dichlorvos 220 243.394 110.63
Aldicarb 165 22.657 13.73 Diclofop-methyl --- 7.225 ---
Aldrin & Dieldrin 55 19.165 348.45 Dicloran 1650 1056.125 64.01
Aluminum phosphide 237" 34.114 143.94" Dicofol 110 403.814 367.10
Amitraz 165 57.370 34.77 Difenamid - 23.625 ---
Anilazine 5500 4412 0.08 Difenoconazole - 100.331 -
Azinphos-methy! 275 232.083 84.39 Diflubenzuron 1100 165.017 15.00
Azocyclotin 385 91.008 23.64 Dimethipin 1100 2.051 0.19
Dimethoate 550 243.322 4424
Benalaxyl 2750 4.149 0.15 Dinocap 55 9.240 16.8
Bendiocarb 220 10.954 4.98 Diphenylamine - 353.500 ---
Benomyl 1100 --- --- Diquat 110 140.930 128.12
Bensulfuron-methyl - 5.334 - Disulfoton 16.5 282.557 1712.47
Bentazone 5500 75.700 1.38 Dithiocarbamates 55000 270.480 0.49
BHC 4407 264.652 60.15 Diuron --- 88.430 -
Bifenox - 16.963 - Dodine 550 380.000 69.09
Bifenthrin --- 113.225 ---

Bioresmethrin 1650 28.100 1.70 Edifenphos 165 53.968 32.71
Bitertanol 550 55.909 10.17 Endosulfan 330 552.161 167.32
Bromacil --- 3.450 - Endrine 11 13.383 121.66

Bromopropylate 1650 843.310 51.11 EPN 1100 91.203 8.294)
Buprofezin 550 272920 49.62 Ethalfuralin 2310 3.263 0.14
Ethephon 2750 454.290 16.52
Cadusafos 16.5 0.248 1.50 Ethiofencarb 5500 2118.652 38.52
Captafol 5500" 500.218 9.09 Ethion 110 219.240 119.31
Captan 5500 1212.580 22.05 Ethofenprox 1650 545.669 33.07
Carbaryl 550 617.345 112.24 Ethoprophos 16.5 4.130 25.03
Carbendazim 550 622.899 113.25 Ethoxyquin 3300 212.100 6.43
Carbofuran 550 163.729 29.77 Ethylene dibromide - 158.45 -
Carbophenothion 275 36.648 133.27 Etrimfos 165 294.856 178.70
Carboxin - 68.230 -—-
Cartap 5500 369.510 6.72 Fenamiphos 275 31.149 113.27
Chinomethionat 330 214.939 65.13 Fenarimol 550 33.940 6.17
Chlordane 27.5 16.756 6.093 Fenbuconazole - 117.900 -
Chlorfenvinphos 275 93.507 340.03 Fenbutatin oxide 1650 1211.896 73.45
Chlormequat 2750" 438.750 15.95 Fenitrothion 275 352.045 128.02
Chlorobenzilate 1100 172.040 15.64 Fenoxaprop-ethyl - 16.557 -
Chlorpropham 5500(Jap) 655.519 11.92Y Fenpropathrin 1650 550.080 30.31
Chlorpyrifos 550 435.669 79.21 Fensulfothion 16.5 7.629 46.24
Chlorpyrifos-methyl 550 248.041 45.10 Fenthion 55 176.289 320.53

Chlorsulfuron - 3.611 - Fentin 27.5 14.535 52.85

Chlorothalonil 1650 296.329 17.96 Fenvalerate 1100 878.717 79.88
Clethodim 550 363.860 66.16 Fluazifop-buthy! --- 131.390 -

Glyphosate 16500 663.781 4.02
24-D 16500 203.270 1.23 Gluazatine 1650 203.351 12.32
Daminozide 27500 --- ---
DDT 1100 405.471 36.86 Heptachlor 5.5 19.099 347.25

Deltamethrin 550 444.385 80.80 Hexaconazole 275 6.490 2.36
Diazinon 110 153.615 139.65 Hexazinone -—- 0.100 -
Dicamba --- 20.262 - Hexythiazox 1650 29.880 1.81
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Table. 3. Continued
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Pesticide ADI Korean MRL Pesticide ADI Korean MRL
) TMDI % of ADI TMDI % of ADI
Imazalil 1650 696.892 4224 Phosphamidone 275 92.994 338.16
Imidacloprid --- 568.780 - Phoxim 55 38.677 70.32
Iprodione 11000 1661.608 15.11 Piperony! butoxide 1650 6145.000 37242
Isofenphos 55 29.580 53.78 Pirimicarb 1100 604.051 54.91
Isoprocarb 220 80.010 36.37 Pirimiphos-methyl 1650 993.655 60.22
Linuron - 76.322 - Pirimiphos-ethyl --- 1.820 -
Prochloraz 550 57.395 10.44
Malathion 1100 607.015 55.18 Procymidone 5500 677.300 12.31
Maleic hydrazide 275000 14101.750 5.13 Protenofos 550 427.122 77.66
MCPB - 26.700 - Prometryn - 19.860 -
Mecarbam 110 68.914 62.65 Propamocarb 5500 254.740 4.63
Metalaxyl 1650 105.983 6.42 Propanil - 60.562 -
Methacrifos 330 0.000 0.00 Propargite 8250 560.850 6.80
Methamidophos 220 191.966 87.26 Propiconazole 2200 34.601 1.57
Methidathion 55 41.379 75.23 Propoxur 1100 1103.140 100.29
Methiocarb 55 20.406 37.10 Pyrazophos 220 75.396 34.27
Methomyl 1650 244.495 14.82 Pyrethrin 2200 1385.680 62.99
Methoprene 5500 1528.930 27.80
Methoxychlor - 3414.620 -—- Quintozene 385 4277 1.11
Methyl bromide 55000 20883.500 37.97 Quizalofop-ethy] --- 2732 -
Metobromuron - 9.988 -
Metolachlor - 65.954 - Sethoxydim 7700 3471.880 45.09
Metribuzin 1375 200.347 14.57 Simazine 275 20.600 7.49
Mevinphos 82.5 59.594 72.24 Sulfur dioxide --- 51.000 -
Monocrotophos 33 84.038 254.66
Myclobutanil 1650 276435 16.75 2,45-T 1650 2.890 0.18
Tecnazene 1100 11.900 1.08
Napropamide - 33.541 - Tebuconazole 1650 11.970 0.73
Nitrapyrin - 2.880 - Terbufos 11 13.509 122.81
Norflurazon - 18.064 - Terbutryn --- 3.621 ---
Tetradifon --- 332400 -
Omethoate 16.5 33.526 203.19 Thiabendazole 5500 1258.382 22.88
Oxadiazon - 16.701 - Thiobencarb 495 123.446 24.94
Oxadixyl - 390.385 - Thiodicarb 1650 124.838 7.57
Oxamyl 1650 663.571 40.22 Thiometon 165 75.226 45.59
Oxyfluorfen - 9.907 - Thiophanate-methy! 4400 - -
Tolclofos-methyl 3850 2.420 0.06
Paclobutrazol 5500 29.400 0.53 Tolyfluanide 5500 355.500 6.46
Paraquat 220 156.645 71.20 Tralomethrin 412.5 224217 54.36
Parathion 275 159.248 57.91 Tri-allate - 1.821 -
Parathion-methyl 1100 481.804 43.80 Triadimefon 1650 59.785 3.62
Penconazole 1650 14.140 0.86 Triadimenol 2750 41.816 1.52
Pendimethalin 2365 90.342 382 Triazophos 55 44.183 80.33
Permethrin 2750 1889.642 68.71 Trichlorfon 550 324.496 59.00
Phenothrin 3850 99.090 2.57 Triclopyr --- 80.010 -
Phenthoate 165 49.125 29.77 Triflumizole 1100 623.820 56.71
ortho-Phenylphenol 1100 1307.100 118.83 Trifluralin --- 35.860 -
Phorate 275 8.983 32.67 Triforine 1100 129.190 11.74
Phosalone 55 653.630 1188.42 Vamidothion 440 145.282 33.02
Phosmet 550 1369.701 249.04 Vinclozoline 3850 150.600 391

U ADI postulated from NOEL by applying a safety factor of 100 © ADI of 7 -BHC
» ADI or MRL were withdrawn by CAC *' calculated from ADI other than WHO standards.
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Table 4. Distribution of the ratio of TMDI to ADI according to EokzlR 2ol ol F| 87|50 7% Fo|RE AA EZ
Korean MRL asapplied Korean food factors Zal= AlGEl zlo)7) Quby B 4 gloi) EAREY &
TMDI / ADI ratio (%) No. of pesticides (%) Asle] AAE 1AM LADNO] BEETN] Ajo)e}
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i - 30 29 (143) 7§R17ke] ztel, %*“}igl EEH:J*“&% e kA
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> 101 30 (148) delHos ol M 2wl wEsa 9X gens
No ADLor MRL MACLEY offl Qlrguel gloir fajuel B WA 194
1 203 (100.0 s
Tow ono #5182 ADDRT} Holok ehisitka 174 4 dleky)

Table 5. Non-treated EDI of pesticides and risk resources by food groups

(unit: z42/55kg person/day)

EDI risk  resources

Pesticide (% of ADI) Cereals Potatoes Legumes Nuts  Vegl  Veg2  Veg3 I:gg::; Fruitsl Fruits 2 Meats
Alachlor 0.0191 (0.02) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0191 0.0000 0.0000 0.0000 0.0000 0.0000
Aldicarb 0.2555 (0.15)  0.0542 0.0000 0.0462 0.0000 0.0010 0.0024 0.0000 0.0000 0.1461 0.0056 0.0000
Aldrin & Dieldrin ~ 0.0025 (0.05)  0.0000 0.0025 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Bendiocarb 0.0737 (0.03) 0.0223 0.0006 0.0006 0.0000 0.0000 0.0034 0.0086 0.0000 0.0345 0.0038 0.0000
BHC 0.0836 (0.02) 0.0000 0.0000 0.0723 0.0000 0.0000 0.0002 0.0000 0.0001 0.0000 0.0000 0.0110
Captafol 0.2679 (0.00) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 02679 0.0000
Carbaryl 0.0916 (0.02) 0.0167 0.0022 0.0023 0.0000 0.0000 0.0004 0.0619 0.0000 0.0078 0.0003 0.0000
Carbofuran 02129 (0.04) 0.1835 0.0013 0.0205 0.0000 0.0003 0.0068 0.0000 0.0000 0.0003 0.0003 0.0000
Chinomethionat 2.0967 (0.64) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 2.0967 0.0000 0.0000 0.0000 0.0000
Chlorpyrifos 1.7023 (0.31) 0.0000 0.0110 0.0000 0.0160 0.0291 0.7271 05573 0.0000 0.0240 03377 0.0000
Chlorothalonil 0.2264 (0.01) 0.0000 0.0000 0.0000 0.0000 0.0127 0.0046 0.0000 0.0004 0.0000 0.2087 0.0000
Cyfluthrin 1.1304 (0.10)  0.0000 0.0000 0.0000 0.0000 0.0000 0.0015 0.0000 0.0000 0.0000 1.1290 0.0000
Cyhalothrin 0.3388 (0.03) 0.0000 0.0000 0.0000 0.0000 0.0000 0.3168 0.0000 0.0000 0.0000 0.0219 0.0000
Cypermethrin 29593 (0.11) 0.0200 0.0000 0.1141 0.0000 0.0278 0.7602 1.4942 0.0000 0.0331 0.5099 0.0000
DDT 0.0028 (0.00) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0028
Deltamethrin 3.5054 (0.64) 2.4504 0.0000 0.0000 0.0000 0.0272 0.002]1 0.8766 0.0000 0.0000 0.1491 0.0000
Diazinon 0.0029 (0.00) 0.0000 0.0000 0.0000 0.0000 0.0014 0.0003 0.0000 0.0011 0.0000 0.0000 0.0029
Dichlofluanid 0.0636 (0.00) 0.0000 0.0000 0.0000 0.0000 0.0036 0.0600 0.0000 0.0000 0.0000 0.0000 0.0000
Dichlorvos 0.0339(0.02) 0.0000 0.0111 0.0000 0.0000 0.0027 0.0083 0.0000 0.0000 0.0000 0.0113 0.0000
Endosulfan 2.1511(0.65) 0.0000 0.0296 0.2281 0.0032 0.3405 1.2000 0.0721 0.0019 0.1638 0.1120 0.0000
Endrin 0.0012 (0.02) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0012 0.0000
EPN 3.6585(0.33) 0.0000 0.0000 0.0000 0.0000 0.0000 3.5473 0.0000 0.0000 0.1112 0.0000 0.0000
Ethalfluralin 0.0210 (0.00) 0.0000 0.0033 0.0000 0.0000 0.0056 0.0070 0.0000 0.0000 0.0050 0.0000 0.0000
Ethiofencarb 0.3020 (0.01) 0.0842 0.0048 0.0026 0.0000 0.0004 0.0083 0.0017 0.0000 0.1848 0.0153 0.3020
Ethoprophos 0.0212(0.13) 0.0000 0.0000 0.0000 0.0000 0.0206 0.0000 0.0000 0.0000 0.0006 0.0000 0.0000
Fenarimol 0.0018 (0.00) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0018 0.0000 0.0000 0.0000 0.0000 0.0000
Fenitrothion 0.4036 (0.15) 0.0000 0.0566 0.0000 0.0000 0.0055 0.0076 0.0000 0.0000 03292 0.0048 0.0000
Fluvalinate 0.0504 (0.02) 0.0000 0.0000 0.0000 0.0000 0.0005 0.0000 0.0000 0.0000 0.0000 0.0499 0.0000
Folpet 0.6350(0.12) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6350 0.0000
Heptachlor 0.0011 (0.02) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0011
Isoprocarb 0.1916 (0.09) 0.0538 0.0030 0.0003 0.0000 0.0005 0.0048 0.0549 0.0000 0.0730 0.0013 0.0000
Maleic hydrazide  8.2128 (0.00) 0.0000 0.0000 0.0000 0.0000 0.0000 82128 0.0000 0.0000 0.0000 0.0000 0.0000
Metalaxyl 1.1355(0.07) 0.0000 0.0000 0.0000 0.0000 1.1355 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Methidathion 1.4946 (2.72) 0.0000 0.0691 0.0000 0.0000 0.0049 0.0000 0.0000 0.0000 1.3872 0.0333 0.0000
Oxamyl 0.0690 (0.00) 0.0028 0.0000 0.0000 0.0000 0.0000 0.0249 0.0051 0.0000 0.0018 0.0343 0.0000
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Table 5. Continued (unit: £g/55kg person/day)

risk resources
Pesticide EDI Mush

(% of ADI) Cereals Potatoes Legumes Nuts veg 1 veg2  veg3 rooms Fruitsl Fruits2 Meats

Permethrin 0.3408 (0.01) 0.0000 0.0000 0.0000 0.0000 0.0257 0.2202 0.0000 0.0000 0.0872 0.0077 0.0000
Phenthoate 0.3378 (0.20) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 02575 0.0803 0.0000
Phosmet 0.5054 (0.09) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.5054 0.0000
Phosphamidone  0.0489 (0.18) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0489 0.0000 0.0000 0.0000 0.0000 0.0000
Pirimicarb 0.1794 (0.02) 0.0084 0.0000 0.0000 0.0000 0.0000 0.0865 0.0000 0.0000 0.0813 0.0032 0.0000
Pirimiphosmethyl 0.0764 (0.00) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0764 0.0000 0.0000 0.0000 0.0000
Procymidone 8.6464 (0.16) 0.0000 0.0000 0.0000 0.0000 32413 4.8133 0.1679 0.0000 0.0029 04210 0.0000

Profenofos 0.0065 (0.00) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0065 0.0000 0.0000

Tetradifon 0.0758 (---)  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0564 0.0194 0.0000
Triadimenol 0.0037 (0.00) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0037 0.0000 0.0000

Total 41.6405 2.8963 0.1951 04870 0.0192 4.8868 20.097 54735 0.0035 29977 45698 0.0149
( % ratio ) (100.0) (7.0) (0.5 (12) (.05 117y @4831) (13.1) (00D (7.2) (11.0) (0.04)

7 Veg 1 means the vegetable group which is usually eaten in raw after washing

? Veg 2 means the vegetable group which is usually eaten after the cooking of boiling

» Veg 3 means the vegetable group which is usually eaten after the salting process for kimchi
“ Fruit 1 means the fruit group which is usually eaten after peeling

* Fruit 2 means the fruit group which is usually eaten in raw after washing.
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Table 6. Distribution of pesticide intake by food groups

The Risk of Pesticide Exposure by Food Intake

Food group Pesticide intake, & (%)
cereals 2.8963 (7.0)
potatoes 0.1951 (0.5)
legumes 0.4870 (1.2)

nuts 0.0192 (0.0)
vegetables 304571 (73.1)
mushrooms 0.0035 (0.0)

fruits 7.5674 (18.2)

meats 0.0149 (0.0)

Total 41.6405(100.0)

Table 7. Treated EDI of pesticides by food intake
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(unit: 48/55kg person/day)

risk  resources

Pesticide total Cereals Potatoes Legumes Nuts Veg | Veg 2 Veg 3 rl\:;];r: Fruits 1 Fruits2 Meats
Alachlor 0.00437 0.00000 0.00000 0.00000 0.00000 0.00000 0.00437 0.00000 0.00000 0.00000 0.00000 0.00000
Aldicarb 0.00901 0.00428 0.00000 0.00365 0.00000 0.00016 0.00002 0.00000 0.00000 0.00000 0.00090 0.00000
Aldrin & Dieldrin 0.00106 0.00000 0.00106 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Bendiocarb  0.00361 0.00067 0.00002 0.00002 0.00000 0.00000 0.00001 000211 0.00000 0.00000 0.00078 0.00000
BHC 0.03479 0.00000 0.00000 0.03217 0.00000 0.00000 0.00005 0.00000 0.00002 0.00000 0.00000 0.00255
Captafol 0.09028 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.09028 0.00000
Carbaryl 0.01773 0.00155 0.00020 0.00021 0.00000 0.00000 0.00000 0.01572 0.00000 0.00000 0.00005 0.00000
Carbofuran  0.00709 0.00624 0.00004 0.00070 0.00000 0.00003 0.00005 0.00000 0.00000 0.00000 0.00003 0.00000
Chinomethionat 0.97497 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.97497 0.00000 0.00000 0.00000 0.00000
Chlorpyrifos  0.46769 (0.00000 0.00253 0.00000 0.00000 0.02057 0.00800 0.19784 0.00000 0.00000 0.23875 0.00000
Chlorothalonil  0.15520 0.00000 0.00000 0.00000 0.00000 0.00883 0.00121 0.00000 0.00011 0.00000 0.14505 0.00000
Cyfluthrin 0.81770 0.00000 0.00000 0.00000 0.00000 0.00000 0.00030 0.00000 0.00000 0.00000 0.81740 0.00000
Cyhalothrin ~ 0.10907 0.00000 0.00000 0.00000 0.00000 0.00000 0.09219 0.00000 0.00000 0.00000 0.01688 0.00000
Cypermethrin  1.96087 0.01516 0.00000 0.08649 0.00000 0.02032 0.17637 1.28949 0.00000 0.00030 0.37274 0.00000
bPDT 0.00055 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00055
Deltamethrin ~ 2.08469 1.47020 0.00000 0.00000 0.00000 0.01888 0.00036 0.49177 0.00000 0.00000 0.10348 0.00000
Diazinon 0.00180 0.00000 0.00000 0.00000 0.00000 0.00098 0.00006 0.00000 0.00021 0.00000 0.00000 0.00055
Dichlofluanid  0.00748 0.00000 0.00000 0.00000 0.00000 0.00202 0.00546 0.00000 0.00000 0.00000 0.00000 0.00000
Dichlorvos  0.00634 0.00000 0.00178 0.00000 0.00000 0.00073 0.00077 0.00000 0.00000 0.00000 0.00306 0.00000
Endosulfan  0.69768 0.00000 0.01222 0.09421 0.00002 0.22170 0.23760 0.05782 0.00038 0.00082 0.07291 0.00000
Endrin 0.00061 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00061 0.00000
EPN 0.68818 0.00000 0.00000 0.00000 0.00000 0.00000 0.68818 0.00000 0.00000 0.00000 0.00000 0.00000
Ethalfluralin ~ 0.00307 0.00000 0.00107 0.00000 0.00000 0.00150 0.00050 0.00000 0.00000 0.00000 0.00000 0.00000
Ethiofencarb  0.00575 0.00227 0.00013 0.00007 0.00000 0.00006 0.00002 0.00034 0.00000 0.00000 0.00226 0.00060
Ethoprophos  0.00690 0.00000 0.00000 0.00000 0.00000 0.00690 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Fenarimol 0.00043 0.00000 0.00000 0.00000 0.00000 0.00000 0.00043 0.00000 0.00000 0.0000 0.00000 0.00000
Fenitrothion  0.03466 0.00000 0.02541 0.00000 0.00000 0.00381 0.00212 0.00000 0.00000 0.00000 0.00332 0.00000
Fluvalinate  0.03478 0.00000 0.00000 0.00000 0.00000 0.00035 0.00000 0.00000 0.00000 0.00000 0.03443 0.00000
Folpet 0.14415 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.14415 0.00000
Heptachlor  0.00016 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00016
Isoprocarb  0.01018 0.00022 0.00001 0.00000 0.00000 0.00008 0.00000 0.00966 0.00000 0.00000 0.00021 0.00000
Maleic hydrazide 0.83771 0.00000 0.00000 0.00000 0.00000 0.00000 0.83771 0.00000 0.00000 0.00000 0.00000 0.00000
Metalaxyl 0.38380 0.00000 0.00000° 0.00000 0.00000 0.38380 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Methidathion  0.02733 0.00000 0.01430 0.00000 0.00000 0.00167 0.00000 0.00000 0.00000 0.00000 0.01136 0.00000
Oxamyl 0.00615 0.00005 0.00000 0.00000 0.00000 0.00000 0.00010 0.00085 0.00000 0.00000 0.00515 0.00000
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Table 7. Continued
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(unit: 1&/55kg person/day)

risk  resources

Pesticide total Cereals Potatoes Legumes Nuts Veg 1 Veg 2 Veg 3 ng ::s Fruits 1 Fruits2 Meats
Permethrin ~ 0.05108 0.00000 0.00000 0.00000 0.00000 0.01881 0.02532 0.00000 0.00000 0.00131 0.00564 0.00000
Phenthoate  0.05308 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.05308 0.00000
Phosmet 0.31335 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.31335 0.00000
Phosphamidone 0.00147 0.00000 0.00000 0.00000 0.00000 0.00000 0.00147 0.00000 0.00000 0.00000 0.00000 0.00000
Pirimicarb  0.00092 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00092 0.00000
Pirimiphos-methyl 0.03400 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.03400 0.00000 0.00000 0.00000 0.00000
Procymidone  3.54903 0.00000 0.00000 0.00000 0.00000 2.11010 1.01079 0.15396 0.00000 0.00011 0.27407 0.00000
Tetradifon ~ 0.01551 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00197 0.01354 0.00000
Total 13.65431.50064 0.05877 021752 0.00002 2.82i32 3.09346 3.22853 0.00072 0.00523 2.72440 0.00441

( % ratio ) (100.0) (11.0) 0.4 (1.6) 0.0 (20.7) 22.77) (23.6) 0.0 00 (200 (0.0

"Veg 1 means the vegetable group
“Veg 2 means the vegetable group

Veg 3 means the vegetable group which is usually eaten after the salting process for kimchi

which is usually eaten in raw after washing
which is usually eaten after the cooking of boiling

“Fruit | means the fruit group which is usually eaten after peeling

*Fruit 2 means the fruit group which is usually eaten in raw after washing.
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Table 8. Treated EDI of pesticide by food groups

Food group treated EDI, £ (%)
Cereals 1.5006 (11.0)
Potatoes 0.0588 (0.4)
Legumes 0.2175 (1.6)

Nuts 0.0000 (0.0)

Vegetables 9.1433 (67.0)

Mushrooms 0.0007 (0.0)

Fruits 2.7296 (20.0)
Meats 0.0044 (0.0)
Total 13.6543(100.0)
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Table 9. Comparison between ADI and TMDI or EDI of pesticides by Korean population (unit ; 18/55kg person/day)
Pesticide ADI TMDI ‘ EDI (non-treated) EDI (treated)
TMDI % of ADI EDI % of ADI EDI % of ADI
Alachlor 110 21.670 19.70 0.0191 0.02 0.00437 0.00397
Aldicarb 165 22.657 13.73 0.2555 0.15 0.00901 0.00546
Aldrin & Dieldrin 5.5 19.165 348.45 0.0025 0.05 0.00106 0.01927
Bendiocarb 220 10.954 4.98 0.0737 0.03 0.00361 0.00164
BHC 440 264.652 60.15 0.0836 0.02 0.03479 0.00791
Captafol 5500 500.218 9.09 0.2679 0.00 0.09028 0.00164
Carbaryl 550 617.345 112.24 0.0916 0.02 0.01773 0.00322
Carbofuran 550 163.729 29.77 0.2129 0.04 0.00709 0.00129
Chinomethionat 330 214.939 65.13 2.0967 0.64 0.97497 0.29545
Chlorpyrifos 550 435.669 79.21 1.7023 0.31 0.46769 0.08503
Chlorothalonil 1650 296.329 17.96 0.2264 0.01 0.15520 0.00941
Cyfluthrin 1100 732.642 66.60 1.1304 0.10 0.81770 0.07434
Cyhalothrin 1100 308.498 28.05 0.3388 0.03 0.10907 0.00992
Cypermethrin 2750 1675.687 60.93 2.9593 0.11 1.96087 0.07130
DDT 1100 405.471 36.86 0.0028 0.00 0.00055 0.00005
Deltamethrin 550 444.385 80.80 3.5054 0.64 2.08469 0.37903
Diazinon 110 153.615 139.65 0.0029 0.00 0.00180 0.00164
Dichlofluanid 16500 5468.589 33.14 0.0636 0.00 0.00748 0.00005
Dichlorvos 220 243.394 110.63 0.0339 0.02 0.00634 0.00288
Endosulfan 330 552.161 167.32 2.1511 0.65 0.69768 0.21142
Endrin I} 13.383 121.66 0.0012 0.02 0.00061 0.00555
EPN 1100 91.203 8.29 3.6585 0.33 0.68818 0.06256
Ethalfluralin 2310 3.263 0.14 0.0210 0.00 0.00307 0.00013
Ethiofencarb 5500 2118.652 38.52 0.3020 0.01 0.00575 0.00010
Ethoprophos 16.5 4.130 25.03 0.0212 0.13 0.00690 0.04182
Fenarimol 550 33.940 7.17 0.0018 0.00 0.00043 0.00008
Fenitrothion 275 352.045 128.02 0.4036 0.15 0.03466 0.01260
Fluvalinate 275 296.679 107.88 0.0504 0.02 0.03478 0.01265
Folpet 550 574.350 104.43 0.6350 0.12 0.14415 0.02621
Heptachlor 55 19.099 347.25 0.0011 0.02 0.00016 0.00291
Isoprocarb 220 80.010 36.37 0.1916 0.09 0.01018 0.00463
Maleic hydrazide 275000 14101.750 5.13 8.2128 0.00 0.83771 0.00030
Metalaxyl 1650 105.983 6.42 1.1355 0.07 0.38380 0.02326
Methidathion 55 41.379 75.23 1.4946 272 0.02733 0.04969
Oxamyl 1650 663.571 40.22 0.0690 0.00 0.00615 0.00037
Permethrin 2750 1889.642 68.71 0.3408 0.01 0.05108 0.00186
Phenthoate 165 49.125 29.77 0.3378 0.20 0.05308 0.03217
Phosmet 550 1369.701 249.04 0.5054 0.09 0.31335 0.05697
Phosphamidone 275 92.994 338.16 0.0489 0.18 0.00147 0.00535
Pirimicarb 1100 604.051 5491 0.1794 0.02 0.00092 0.00008
Pirimiphos-methy] 1650 993.655 60.22 0.0764 0.00 0.03400 0.00206
Procymidone 5500 677.300 12.31 8.6464 0.16 3.54903 0.06453
Profenofos 550 427122 77.66 0.0065 0.00
Tetradifon --- 332400 - 0.0758 - 0.01551 -
Triadimenol 2750 41.816 1.52 0.0037 0.00 -
Total 334,741 36727.674 41.6405 13.6543
Average (%)" 79.74 0.17 0.04

" The percentage of ADI for individual pesticide was averaged.
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Fig. 2. Comparison of ADI, TMDI, and EDIs in three major
pesticides.
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Table 10. Estimation of dietary oncogenic risk from TMDI of
pesticides used in Korea

Oncogenic  Dietary exposure  Dietary
Pesticide  potency'(tumors/ from TMDI”  oncogenic
mg/kg b.w/day) (mg/kg b.w./day) risk”

Alachlor 5.95%107 3.9x107 23X107
Captafol 25X 107 9.1x10° 23%10*
Chiorthalonil 24X10° 54x10° 1.3x10*
Cypermethrin 1.9x107 3.0X107 5.7%10"
Ethalfluralin 8.7x107 59x10° 5.1X10°
Folpet 35107 1.0X 107 3.5%10°
Permethrin 3.0x107? 34X107 1.0x 107
Total 8.9X 107 2.0%107

" Q* : tumors/mg pesticide/kg body weight/day

* calculated from Korean MRLX food intake

¥ Excess tumor incidence for a 70-year human life span,
calculated from Q*Xdietary exposure.
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Table 11. Estimation of dietary oncogenic risk from EDI of
pesticides used in Korea

Oncogenic  Dietary exposure  Dietary
Pesticide potency”(tumors/ from TMDI? oncogenic
mg/kg b.w/day) (mg/kg b.w./day)  risk”

Alachlor 5.95 X107 7.9%10F 47X10°
Captafol 25X 107 1.6x10° 4.0x 10"
Chlorthalonil 2.4%107 28X 10° 6.7x10°
Cypermethrin 1.9X 107 3.6%10° 68107
Ethalfluralin 8.7 X107 5.6x10" 4.9x10°
Folpet 3.5%10° 26X 10° 9.1 107
Permethrin 3.0x 107 9.3x107 2.8X% 10"
Total 4.4X107 8.3x107

D Q* : tumors/mg pesticide/kg body weight/day

? calculated from Korean MRLXfood intake

" Excess tumor incidence for a 70-year human life span,
calculated from Q*Xdietary exposure.
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Table 12. Comparison of total oncogenic risk by pesticide
residues in Korea and USA

Country Data resource Total oncogenic risk
Korea TMDI 2.0%107
treat EDI 8.3x107
USA TMDI 23%X10°
Total diet study data 9.8 107
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