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Dietary Risk Assessment for Pesticide Residues of Vegetables in Seoul, Korea®

Jang, Mira"

- Moon, Hyunkyung?® - Kim, Taerang' * Yuk, Donghyun' * Kim, Junghun' - Park, Scoggee!

!Gangnam Agro-marin Products Inspection Center, Seoul Metropolitan Government Research Institute of Public Health
and Environment, Seoul 138-701, Korea
Department of Food Science & Nutrition, Dankook University, Yongin 448-701, Korea

ABSTRACT

This paper specifically discusses the risk assessment on the pesticide residues in vegetables collected from traditional
markets, big marts and departments in the southern part of Seoul. Vegetable samples were 6,583 cases from January
to December in 2009. Monte-Carlo simulation was used to calculate the uncertainty for the risk index using pesticide
residues, average dietary intake for vegetables and acceptable daily intake. Deterministic risk indexes were 7.33% of
diethofencarb, 5.13% of indoxacarb, 3.96% of EPN, 3.92% of diniconazole and 3.09% of chlorothalonil, respectively.
And other pesticides were below 3%. Distributions of risk indexes obtained by the Monte-Carlo simulations were similar
to the deterministic values, even though the confidence intervals for 95% were very wide. We confirmed that health
risks caused by eating vegetables exceeded maximum residue limits of pesticide are very low and the population is
generally safe, judging from the risk indexes located between 0.07 to 9.49%. (Korean J Nutr 2010; 43(4): 404~412)

KEY WORDS: pesticide residues, dietary risk assessment, vegetables.
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Table 1. Analyzed pesticides in vegetables
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Detected by GC-ECD

Detected by GC-NPD

Detected by LC-UV (DAD)

Acetochlor lprodion
Acrinathrin Isoprothiorane
Alachlor Mefenacet
Aldrin Methoxychlor
BHC Metobromuron
Bifenox Metolachlor
Bifenthrin Metolachlor
Bromacil Nitrapyrin
Bromopropylate Norflurazon
Butachlor Novaluron
Captafol Nuarimol
Captan Ofurace
Chlorbenzilate Oxadiazon
Chlordane Oxyfluorfen
Chlorfenapyr Permethrin
Chlorfluazuron Phenothrin

Chlorothalonil

Probenazole

Cycloprothrin Prochloraz
Cyfluthrin Procymidone
Cyhalothrin Propanil
Cypermethrin Propisochlor
DDT Pyrethrin
Deltamethrin Pyridalyl
Dichlobenil Pyrimidifen
Dichlofluanid Quinalphos
Dichlofop-methyl Quintozen

Dichloran Spirodiclofen
Dicofol Tecnazene
Dieldrin Tetradifon
Diniconazole Thifluzamide

Dithiopyr Tolclofos-methyl
Diuron Tolylfluanid
Endosulfan Tetraconazole
Endrin Tiadinil
Ethalflurarin Triallate
Fthalide Triazamate
Fenamidone Triflumizole
Fenarimol Trifluralin
Fenoxanil Traromethrin
Fenpropathrin Tefluthrine
Fenbuconazole Vinclozolin
Fenvalerate Zoxamide
Fipronil

Flonicamid

Fluazihopbutyl

Flucythrinate

Flusulfamide

Flutolanil

Acephate
Anilofos
Azinphos-methyl
Bitertanol
Buprofezin
Cadusafos
Carbophenothion
Carboxin
Chinomethionate
Chlorfenvinphos
Chlorpyrifos
Chlorpyrifos-methyl
Cyproconazole
Cyprodinil
Diazinon
Dichlorvos (DDVP)
Diethofencarb
Dimepiperate
Dimethenamid
Dimethoate
Dimethylvinphos
Diphenamid
Diphenylamine
Disulfoton
Edifenphos

EPN

Esprocarb
Ethion
Ethoprophos
Etoxazole
Etrimfos
Fenamiphos
Fenazaquin
Fenitrothion
Fenothiocarb
Fenoxycarb
Fensulfothion
Fenthion
Fluazinam
Fludioxonil
Flusilazole
Formothion
Fosthiazate
Furathiocarb
Iprobenfos (IBP)
Isazofos
Isofenphos
Kresoxim-methyl

Monocrotophos
Myclobutanil
Napropamide
Omethoate
Oxadixyl
Paclobutrazole
Parathion
Parathion-methyl
Penconazole
Pencycuron
Pendimethalin
Penthoate
Phorate
Phosalone
Phosmet
Phosphamidone
Phoxim
Pirimicarb
Pirimiphos-ethyl
Pirimiphos-methyl
Pretilachlor
Profenofos
Prometryne
Propamocarb
Propiconazole
Prothiofos
Pyraclofos
Pyrazophos
Pyridaben
Pyridaphenthion
Pyriminobac-methyl
Simazine
Simetryn
Tebuconazole
Tebufenpyrad
Tebupirimfos
Tebutryne
Terbufos
Terbuthylazine
Thiazopyr
Thiobencarb
Thiometon
Thiophanate-methyl
Triadimefon

Triadimenol

Acetamiprid
Alanycarb
Azoxystrobin
Benomyl
Benzoximate
Boscalid
Carbendazim
Carbosulfan
Chlorpropham
Clothianidin
Cinosulfuron
Cyazofamid
Cyflufenamid
Cyhalofop-butyl
Cymoxanil
Diflubenzuron
Dimetomorph
Ethaboxam
Fenhexamid
Fenpyroxymate
Ferimzone
Fluacrypyrim
Flufenacet
Flufenoxuron
Fluacrypyrim
Flufenacet
Flufenoxuron
Flumioxazine
Fluguinconazole
Forchlorfenuron
Hexaflumuron
Imibenconazole
Imidacloprid
lprovalicarb
Lufenuron
Methabenzthiazuron
Methoxyfenazide
Oryzalin
Oxaziclomefone
Pentoxazone
Pymetrozine
Pyraclostrobin
Pyrazolate
Pyributicarb
Pyrimethanil
Pyriproxyfen
Pyroquilon
Simeconazole
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Table 1. Continued

Detected by GC-ECD

Detected by GC-NPD

Detected by LC-UV (DAD)

Fluvalinate Linuron
Folpet Malathion
Heptachlor Metconazole
Hexaconazole Methidathion
Imazalil Metribuzin
Indoxacarb Mevinphos
Indanofan Molinate

Tebufenozide
Teflubenzuron
Thenylchlor
Thiacloprid
Thiamethoxam
Trifloxystrobin
Triflumuron

Table 2. GC-NPD and GC- £ECD conditions used in the determination of the residual pesticides

Instrument Agilent 6890N
Detector Nitrogen-phosphorus detector Electiomn capture detector
Column DB-1701 14% cyanopropyl phenyl methyl (30 m X 320 ¢m ID X 0.25 zm film thickness)
HP-5 5% phenyl methyl sloxane (30 m X 320 ¢mID X 0.25 gm film thickness)
Oven temp. 100C (2 min) — 10C/min — 200C 150C (2 min) — 10C/min — 240C
(1 min) — 10C/min — 260C (9 min) (2 min) — 15C/min — 270C (25 min)
Injection femp. 210C 230C
Detector temp. 320C 280°C

Gas flow N> (1.5 mL/min)
Air (60 mL/min)

H, (4 mL/min)

N2 (1.5 mL/min)

Table 3. GC-MSD conditions used in the determination of the residual pesticides

Instrument Agilent 6890N
Column HP-5MS 5% phenyl methyl sloxane (30 m X 250 ¢m ID X 0.25 xm film thickness)
Oven temp. 100C (2 min) — 10C/min — 280C (10 min)

Injection temp. 230C

Carrier gas He (splitess, 1.0 mL/min)
MSD lonization method Electron impact at 70 eV
lon source temp. 230C
Transfer line temp. 280°C
Scanrange 50—550 m/z (2.91 scan/sec)
2FE TS B A s ZHVEER AlEY & REeREAl S 9 HPLCE-S ARSsISItE #4717
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Table 4. HPLC-UV conditions used in the determination of the re-
sidual pesticides

Instrument Agilent 1200 series
Column ZORBAX Eclipse XDB-C18
(5.0 #m, 4.6 X 150 mm)
Detector Diode arrary detector
(2: 254 nm, scan A: 190—400 nm)
Flow rate 1.0 mL/min
Column oven 30T
Injection vol. 10 pL
Mobile phase A (water), B (methanol)
Time (min) A (%) B (%)
0.00 70 30
5.00 50 50
10.00 20 80
15.00 5 95
20.00 0 100
23.00 50 50
25.00 70 30

Table 5. ADIs of pesticides from chronic dietary exposure

Pesticides ADI (mg/kg/day)
Azoxystrobin 0.18"
Carbendazim 0.03
Chlorothalonil 0.03
Chlorpyrifos 0.01
Diazinon 0.002
Diethofencarb 0.004”
Dimethomorph 0.2°
Diniconazole 0.002
Endosulfan 0.006
EPN 0.0014
Etoprophos 0.0004
Indoxacarb 0.0036"
Kresoxim-methyl 0.36
Procymidone 0.1
Tetfraconazole 0.004"

1) Japan, 2) EU, 3) CODEX

7h= 9984 &9l (hazard identification), =%%H7} (ex-
posure assessment), %45 37} (doseresponse as-
sessment) Y %= A7 (risk characterization) ©.%
ARE & QUek” 13Ade] ElE SRS mEg et
F-EB7HE E IRl Q] s At
L AEAFS S1EAS ESHA Fck i Agelx e %t
&<kl tigh o E’_}%J?ﬂrﬁ]# KFDA (Korea Food Drug
Administration) 752k dlo]ejulo]~Y 2] ADI (Acce-
ptable Dietary Intake) e AFE8FE AL ADIZke] A E
A ob= =48 dolul CODEX, EU AR E o]83i3itt

J
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(Table 5). ADI+= T=4 s &l ik gho= kA
7t aed s 94 %kOI A (k)& 387t
s #oE AARLE JQALZEFE T Atel ARgst = A
Q19 ¢t FHAIE 62.8 kg) o] &3 L, AT HE=
AR Ve mTdold AlFshs AR E HEOR tri-

angle distributions 7Pg3sISich webA vk 557 62.8
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Acceptable Daily Intake = ADI (mg/kg/day) X Body
Weight (62.8 kg) (1)
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Table 6. Vegetables violated Maximum Residue Limits (MRLs) for pesticides

Group Commodity No. of samples No. of violation (%) No. of detection (%)
Perilla leaves 931 37 ( 4.0) 227 (24.4)
Korean lettuce 581 5009 53 (9.1
Korean cabbage 510 6(1.2) 40 (7.9
Spinach 302 6 (20 49 (16.2)
Chicory 280 4(1.4) 21 (7.5
Radish leaves 259 3(1.2 9 ( 3.5
Chard 246 5(20) 28 (11.4)
Mustard green 208 28 (13.5) 64 (30.8)
Leaf Vegetables
Chamnamul 196 4 (20 40 (20.4)
Marsh mallow 185 1(0.5) 14 ( 7.6)
Crown daisy 183 9 (4.9 20 (10.9)
Romaine 86 1012 11 .(12.8)
Angelica gigas nakai 78 5( 6.4) 12 (15.4)
Vitamin 65 1(1.5 11 (16.9)
Pepper leaves 6 2 (33.4) 3 (50.0)
Others 856 13( 1.5 52 ( 6.1)
Subtotal 4,972 130 ( 3.3) 654 (13.2)
Stalk and stem Welsh onion 215 1(0.5 14 ( 6.5)
Vegetables Leek 100 2(1.8) 26 (26.0)
Sedum 87 1(23) 32 (36.8)
Water dropwort 57 1C1.7) 2 (3.5
Day lilly 5 1 (20.0) 1 (20.0)
Others 117 0 (0.0 6 (51)
Subtotal 581 6 (1.1 78 (13.4)
Root and tuber Beat 6 0 (0.0 1(16.7)
Vegetables Other 395 0 (0.0 0 ( 0.0
Subtotal 401 0 (0.0 1002
Fruiting Cucumber 144 0 (0.0 15 (10.4)
Vegetables Pepper 127 0 (0.0 32 (25.2)
Sweet pepper 56 0 ( 0.0 5(89
Others 302 0 (0.0 3(1.0
Subtotal 629 0 (0.0 55 ( 8.7)
Total 6,583 136 ( 2.1) 834 (12.7)
FORIE-S] &3 0.0001~0.01 mg/kgolaL, NPD  E3} 34715 Z3hgo] 71 Eahou A A3AE #
AR 78 0.005~0.01 mg/kg, HPLC #A444w° S8 9 AlH, 22l9bd 55 7As &9 o2l &
h 0 |

= Aol F5H ANaF 6,58370 disk
o TA] tHIE FHseF BUE Y A7 Table 63 20,
AXNF7F 4,9727 (75.5%) 0.2 7P wWkar 3571 o
=O% 6297 (9.6%)= Ao @7 ANF 5814
(8.8%), ZAF 40174 (6.1%) 01Tt AAl 27 = &
oko] HAZEH A|Ei= 8347107 12.7%2 2HA6l9laL o]F
oA A3 e7ES st AlEas 136708 AA| A

F 5 2192 ANSAT ALK F 5AA0] SO A%

o] 243)= 7P Wkt o= AA FAE 3 F 16.0%
= AA]5hH, T2 2 diniconazole 223], paclobutrazol
153], kresoxim-methyl 93], ethoprophos 83, diazinon
73], chlorpyrifos 53], carbendazim 53| 2 #-5335|87|%
= 29819tk o= sk HAxNT 587]0] tAA L

2 ThE wopurh e A9k Boton), ARHENEL



Table 7. Residual pesticides violated Maximum Residue Limits (MRLs)

S+t o oF 8L 3] %] (Korean J Nutr) 2010; 43 (4): 404~412 / 409

Classification Pesticides No. of samples violated No. of samples detected Range (mg/kg)
Carbofuran 1 1
Chlorfenapyr 1 46
Chlorpyrifos 5 5 0.133—-2.922
Cypermethrin 1 37
Diazinon 7 56 0.001-2.821
Endosulfan 24 100 0.010—6.453
Insecticide EPN 4 5 0.074—-1.417
Etoprophos 8 9 0.013-0.463
Fenpropathrin 1 3
Indoxacarb 4 12 0.075—10.925
Methidathion 2 4
Prothiofos 1 1
Pyridaben 2 1
Tebupirimfos 1 1
Azoxystrobin 4 59 0.191—-12.778
Carbendazim 5 32 0.205—8.641
Chlorothalonil 3 11 0.045-31.039
Cyprodinil 1 1
Diethofencarb 3 59 0.056—11.944
Dimethomorph 35 0.387—-7.038
Diniconazole 22 52 0.008—-2.471
Fludioxonil 12
Flutolanil 3
Fungicide lprodione 1 5
Kresoxim-methyl 9 14 0.045-3.856
Metalaxyl 1 20
Metconazole 2 2
Pencycuron 2 7
Procymidone 3 189 0.010—34.625
Tetraconazole 3 9 0.078—-3.117
Tolylfluanid 1 3
Trifloxystrobin 1 1
Vinclozolin 2 9
Herbicide Etoonzole . 1 1
Pendimethalin 1 2
Growth regulator Paclobutrazol 15 24 0.011-4.332
Total 150 841
23 2J5] 370 skl 40.7%= A9 Ankg A gck 7k oy B
% wol A9 5ok procymidone 0% 189719 AlRel RIS 98 AT wokS wok A B4
N AFHIT AR/ NES 2 SoRIREe FA H 33 o) ARGV 2 FOROR ALF
14% 623], 2tAl 19 7132 divkrE 2AFom Al A el oJaf QUAlel F2d fei7F e Zlow ddy=
ZAE 2% 23]0130tk A=A E A= paclobutrazol 1 AR WO 2 &SItk IA|w=E B7HA] A7 AFell ©
Folglom BE Ax oM FEE7EE 298 Ao F ok wER] Fgh Ao R Qe A £ Qe &
2 Ueht sok ARgAtel tidt w2 A vk Fesk sl e ARstely] flal Aol wok kel tigk
T gekenh s ek SuaddoEEAlela AR A YRS Ssielth B4 65837 ok F 4 5
o] EAfelA] glo} Slal B I = Allelteh oo] 5147158 Zukele A¢E BF 150802 vekt
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Table 8. Ranking distributions for selecting probability density func-
fion of endosulfan in perilla leaves

Distribution Anderson- Chi-square Komogorov-
darling smirnov
Lognormal 0.29" 0.40 0.15
Wibull 0.33 0.00" 0.13"
Pareto 0.55 1.60 0.19
Gamma 0.66 0.4 0.22
Student’s t 1.43 10.00 0.35
Max Extreme 1.98 4.80 0.33
Logistic 2.31 15.60 0.36
Normal 3.06 8.40 0.32
Beta 3.08 6.40 0.32
Exponential 3.42 7.60 0.40
Min Extreme 3.56 24.4 0.39
Uniform 14.09 24.4 0.69
Triangular 15.23 24.4 0.62
1) can be considered as the first
0.32 Mo
0.28 L 4
0.24 -
£ 020 3 3
2 I o
g 0.6 19
S on2] 2 3
@ ’ <
0.08 L1
0.00 ‘ ‘ . ‘ . : ‘ . 0

0.00 020 0.40 0.60 0.80 1.00 1.20 1.40 1.60

‘— Fit #1: Lognormal distribution [l Data values ‘

Fig. 1. Frequency and probability density function for measured
perilla leaves data.
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Fig. 2. Uncertainty analysis for endosulfan using Monte Carlo si-
mulation.

Table 9. Comparison between deterministic and stochastic re-
sults for the risk index

Monte-carlo

Fixed point . :

Pesticides = simulation
(ma/day/person) RI (%) 95 percentiles

Azoxystrobin 0.01623 0.14 0.12 0.18
Carbendazim 0.02900 1.54 1.27 1.94
Chlorothalonil 0.05822 3.09 2.54 3.91
Chlorpyrifos 0.00209 0.33 0.27 0.42
Diazinon 0.00123 0.98 0.81 1.24
Diethofencarb 0.01530 7.33 6.02 9.23
Dimethomorph 0.09875 0.79 0.65 0.99
Diniconazole 0.00493 3.92 3.23 4.94
Endosulfan 0.00994 2.64 0.60 9.49
EPN 0.00348 3.96 3.25 5.0
Etoprophos 0.00045 1.80 1.48 2.28
Indoxacarb 0.01161 5.13 4.22 6.49
Kresoxim-methyl 0.01849 0.08 0.07 0.10
Procymidone 0.04060 1.25 1.03 1.58
Tetraconazole 0.00229 0.91 0.75 1.15

oA FFILIIFS =93 T WIEEEZ 9 Lognor-
mal 35 olgste] UEhd FEUEETE ok 7t
AaFd dY AFHE TFEHAF F72 10%A 7H-
S 7Pdstal EDIE TslSith $H, ADIE skt A}
B3t AT AFAWIAR] =<l jéﬂ%rﬂl~ 62.8 kg
olm, o5 FEUEFrE 7P| Hlall HuS Bt
FAL 1.1, FHaba2 BEiAL] 0.920 428 (Trian-
gular) 325 AFHESIAATE

Fig. 2& endosulfan®] Y=ol o3t £X 5 LA ]Il
o2 24 39 IE AXtell AREEE dEjIAES] H
o] g3to] Arket A4 224 (deterministic) A& 2.64%0]
Ak, 2y JIEWHEES] B E o] g3t EHIER WO
T =SS BAT A3 B 2.71% TUEE 1.92%,
FH2t 0.25%, e 71.06% 2% LER w8

F-Ha o,

o>N



S A7 Hohe] A2 (worst case, or conservative
assumption) 100Ht} 22 Zto 2 e 2 A iafFol
ZHR3h= endosulfanel] &k $l8ll= §le Flos st 5
St} Table 9% AMATF AFA M W Hsoke] flsi=A]
TE 224 @ BHIER AlEde)del g% gE
E4 3o YeRd Fojth AYEZ vl o3t Y=
+ diethofencarb 7.33%, indoxacarb 5.13%, EPN 3.96%
diniconazole 3.92% chlorothalonil 3.09% 2 WERIL 7]
E} 5ok BT 3% olskE vElth EHTFER AlEH O]
A A8Y) sk YEls X AYEEY 2AE Y
o} vlsgt ghE JERgioH 95% AE T AEe] F2- ull-
WA el 28y S8 =X 0.07~9.49% H$ el
Slo] FokREEr]s 29 AR 7]k Q1A $3)

B e ow g,
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A ) AHgETHE HoA Aol
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Wehd SolN §EET Y= ALHE prow Ao

HEE BT, Aak £ ARILVES 2o v
o

£ FoF RS st AAT A g 7t s
oke] 1A P8-S Tetatat shlck A 218l H7t
(Qualitative risk assessment) = 93l A2 ADIS} 3
8 AR vlashks WHe] AR 1L 1ol EPACIA =
Mz g8f ek x]9=2 Reference Dose (RfD)Z ©]-8-3}
o] Hlwah= WS ARESEaL QT FujealE RS
BVl LA o] 24 2o] A% Antstel ADIS}
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