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Risk Assessment on Carcinogenic Pesticides of Vegetables in Korea

JTae Hong Yoon, Jong-Tae Lee®, Yong Chung®, Dongchun Shin"

Institute for Environmental Research, Yonset University
Department of Preventive Medicine and Public Health, College of Medicine, Yonsei University”

Objectives: The study was conducted to estimate the
carcinogenic risks from the ingestion of some carcinogenic
pesticides (CPs) in vegetables sampled at a local agricultural
product market in Seoul.

Methods: After applying a hazard identification step, we
selected four pesticides, such as DDT, dieldrin, folpet, and
heptachlor epoxide, for this risk assessment. Concentrations. of
each pesticide were measured from randomly sampled
vegetables. In order to estimate the human exposure levels, we
combined the concentration of pesticides in the vegetables with
consumption rate of those vegetables. Three scenarios were
hypothesized for human exposure assessment. Scenario | was the
most conservative which supposed the undetected CPs would be
the detection limit values. Scenario 1l was assumed that the
undetected CPs would be a half of the detection limit values, and

detection limit values. We finally presented the estimated
carcinogenic risks on the basis of the traditional risk assessment
procedure suggested by U.S. EPA.

Results: Pesticides including DDT, dieldrin, folpet and
heptachlor epoxide were detected in 9 samples (6%) in the range
of 0.0006~0.09ppm. The daily intake levels of carcinogenic
pesticides were estimated in the range of 0.0009~0.0079ug/day.
As we expected, excess cancer risks based on scenatio | was also
the highest (1.1 x 10"*~B.5X107%).

Conclusions: We found that the estimated risks from the
pesticides we investigated were not serious. We, however,
propose that a continuos monitoring is needed to make sure for
the protection of public health.
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Table 1. Hazard classification for pesticides of concem

Classification
Pril;?glﬁ or;;?an Pocszﬁ:i : ; ézan Not classifiable Under review
Aldrin Parathion Endrin Alachlor
T-BHC Captan
Chlorobenzilate Chlorothalonil
Chlordane Dicofol
DDT Daminozide
Dieldrin Endosulfan
Folpet Lindane
Heptachlor Mirex
Heptachlor epoxide
Toxaphene
Table 2. Analytical conditions of GC/ECD
ltems Conditions
GC . Star 3400CX by Varian Co.(USA)
Column RTx-5 by Rescek Co.(USA)
(cross-bond 5% Dipheny! silicon
30m X 0.25mm ID. X 0.25um df)
Detector Electron capture detector
Integrator Varian 4400
Carrier gas flow N, 20psi
Split ratio Splitless
Injection port temp 1830C
Detector temp 300TC
Oven Temp Program
Initial temp. 145, 0.5min
Rate 3.5 /min
Final temp. 245¢C
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Table 3. Calibration equations, 95% confidence intervals, detection limits,
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retention time and recovery rates of standard carcinogenic pesticides

CPs' Calibration Equation 95% CI' Det.L'(ppm)  Ret. T'(min)  Rec. R'(%)
Aldrin Y=24247.40x + 5514.75 0.998 0.0005 1345 82.6
a-BHC Y=7827.62x + 333.25 0.998 0.005 775 79.68
S-BHC Y=1851.07x + 395.37 0.997 0.005 8.83 86.87
y-BHC Y=7759.30x + 243.98 0.998 0.005 9.01 78.54
J-BHC Y=6182.54x - 2242.64 0.999 0.005 10.07 90.10
DDT Y=127429.0x - 6879.59 0.996 0.005 22.35 88.67
Dieldrin Y=204794.20x + 20994.04 0.996 0.0005 18.44 92.45
Folpet Y=21961x + 3154.93 0915 0.003 16.3 89.64
Heptachlor Y=244226.40x + 31121.84 0.996 0.001 11.9 76.54
Heptachlore  Y=199793.70x + 33050.39 0.994 0.001 16.3 98.01

'CPs, carcinogenic pesticides; CI, confidence intervals; Det. L, detection limit; Ret. T, retention time; Rec. R, recovery rate

Table 4. Average consumption of vegetables (Food Factor)*

(unit: g/day/person)

Vegetables Intake Supply Adjusted intake
Chinese 12.5 (the raw) 121.1 94.8
cabbage 82.3 (kimchee)
Lettuce 45 38 45
Green onion 113 23.6 17.5
Onion 10.9 23.6 173
Garlic 5.1 14.9 10.0
Korean 29.3 (the raw) 722 66.8
radish 37.5 (kimchee)
Carrot 2.1 4.7 34
Cucumber 44 10.0 72
Red pepper 5.8 50 58
Soybean sprout 19.9 - 19.9
Others - - -
Total 249.8 3029 300.2
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Table 5. Residues of carinogenic pesticides in each vegetable

(unit: ugkg)
Pesticide Camot  Garlic Korgan Chinese - Lefluce Omon Cucumber Soybean Green
Pepper radish cabbage sprout  onion
DDT — — 2.248 - 9.255 - 16.581 - — —
Dieldrin  1.545 - - - - - 0.6169 - —
1.056
Folpet = - - - 91895 - -
Heptachlor — 35236  75.735 - — — - - -
epoxide

— : Below the detection limit (Aldrin, @, 8, 7, 6 —BHC % heptachlor)

Table 6. Average residues (mg/kg) in analyzed vegetables and estimated daily
intake (ug) of carcinogenic pesticides

DDT Dieldrin Folpet Heptachlor Epoxide
AR' EDV AR AR EDI AR EDI
Red pepper  — - 0.000103  0.000598 - - - -
Carrot - — - - — 0.002349  0.007987
Garlic 0.000150  0.001499 — — - 0.005049  0.050490
Chinese  0.000617  0.058492 — - — — —
cabbage
Onion 0.001105 0.019123 - 0.003098  0.053602 - —
Cucumber - — 0.000041  0.000296 - - — -
Total 0.001872 0.079114 0.000144 0.000894 0.003098 0.053602 0.007398 0.058477

'AR: Average Residues; EDI: Estimated Daily Intake
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Table 7. Lifetime daily exposure of carcinogenic pesticides in each exposure scenario

Scenatio' DDT Dieldrin Folpet Heptachlor epoxide

Red pepper | — 5.5 X 107® — —

I - 32X 107 - _

Il - 9.0 X 107 - -
Carrot I — - - 1.9 x 107

I - - - 1.6 x 1077

It - - - 1.3 X 1077
Garlic I 8.0 x 1077 - - 1.0 X 107

I 4.1 x 1077 - - 92 X 1077

il 24 X 107# - - 84 X 1077
Chinese cabbage I 83 X 10 — — —

I 47 x 107 — - -

il 9.7 X 1077 - - -
Onion I 1.7 X 107¢ — 1.6 X 107 -

I 9.9 x 1077 - 13 x 10°° -

I 32 X 107 - 8.9 x 1077 —
Cucumber I - 6.0 x 107* — —

I — 32 x 107 - —

m - 40 x 107 - -
Others 1 1.1 X 107° 20 X 107° 14 X 107¢ 4.8 X 107

I 56 X 107¢ 1.0 X 107° 70 X 1077 24 x 107¢
Total I 22 X 1073 21 x10°¢ 3.0 X 107° 6.0 X 107¢

i 12 % 107 LI X 107 2.0 X 107 35 % 107

I 13 % 107 13x10°* 89 x 1077 9.7 X 107

'scenario I, substitution of the undetected data to the detection limit; scenario I, substitution of the undetected data to a half of the detection limit; scenario III, treatment of
the undetected data to a missing

Table 8. %apncer potency and virtual safety dose (VSD) of carinogenic pesticides o} ulal Al 1982), AE ] 348 & ZA}
S
(CPs) % 23 ok e 29l 200 £ 49
o A4 Qe FPe Bt Hazt 9
DODT Dieldrin Folpet Heptachlor epoxide th(o]#4, 1981). SeFE4 % 3(1980) A
Cancer potency 34x10" 1.6x10 35x10° 9.1 24 .46]— - 1979‘47]]_;(] A7t D4ES
Red - 6.5 10" - -
Camot N 0 _ loxie  AHEE RALE AZE. mey £ o
Garlic 1.8x 10? ~ - 6.6 X 10 ;oﬂ,q A9 HAF Hd o49F
Chinese—— VSD <
1.9%10° - - — 0.0007ppme EY ZHFoA 71303 A
Abbage (mg/kg/day) o ip;gﬂq- ¥ el 7 A
Onion 1.0x10? — 9.9x 10! — == TeaM-
Cucumber - 52x10* — - A e AEA dEd =24
Others 9.9x10* 13x10° 6.5x10? 23x10°
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Table 9. Lifetime excess cancer risk due to carcinogenic pesticides exposure in each scenario and possible risk ranges

Scenario’ DDT Digldrin Folpet Heptachlor epoxide
Red pepper I - 88 X 1077 - -
I - 51 %1077 - _
I - 14 x 107 — -
Carrot I - — — 1.7 X 107¢
I - - - 1.5 x 107
il - - - 12 x 107
Garlic I 27 x 107 - — 9.1 x 107
I 1.4 x 1077 — - 84 x 107°
i 82 x 107 - - 7.6 X 107
Chinese cabbage [ 28 x 107 - - -
I 1.6 x 107 — — _
I 33 x 1077 — — _
Onion | 58 x 1077 - 56 x10°° -
I 34 x 107 - 46 X 107° —
Il 1.1 x 1077 - 3.1 x 107 —
Cucumber | - 9.6 X 1077 — -
I - 5.1 x 1077 — -
I - 64 x 107 - -
Others [ 37 x 107¢ 32 x 107 49 x 107 44 x 107
1 1.9 x 107 1.6 x 1073 25 x107° 22 x 107
Total I 7.5 x 107 34 x 107 1.1x 10 55 x 1073
I 4.1 x 107 1.8 x 107 70 X 107 32x10°°
I 44 x 1077 2.1 x 107 31 x107° 8.8 x 107¢
Risk range 44x1077~ 21X 107~ 31X107°~ 8.8x 107~
75%10°¢ 34x%107° 1.1x107® 55x%10°°

'scenario I: substitution of the undetected data to the detection limit; scenario II: substitution of the undetected data to a half of the detection limit; scenario III: treatment of

the undetected data to a missing
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