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Abstract This study was conducted to estimate the uptake and translocation of the soil residual pesticides
into crops for evaluating the influence of pesticides to the environment. The representative pesticides including
endosulfan, chlorfenapyr, chlorpyrifos, ethoprofos, isoprothiolane, procymidone and fthalide were applied to
Chinese cabbages, spinaches, lettuces, radishes, potatoes, carrots, cucumbers, red peppers, egg plants and
tomatoes. In pot experiments for leafy vegetables, the uptake ratio of residual pesticides of leafy vegetables
were in the following order: ethoprophos > chlorpyrifos > endosulfan > fthalide in the loam soil, and
ethoprophos > endosulfan > chlorpyrifos > fthalide in the sandy loam soil. In open field experiments for root
vegetables, it was observed that the half-life of residues was prolonged with the following orders as
chlorfenapyr (13 days) < procymidone (20 days) < isoprothiolane (25 days) < endosulfan (45 days) in the loam
soil, and chlorfenapyr (16 days) < procymidone (23 days) < isoprothiolane (30 days) < endosulfan (65 days) in
the sandy loam soil, respectively. In vinyl mulching tests for fruit vegetables, the half-life of residues was
prolonged with the following orders as chlorfenapyr (25 days) <isoprothiolane (40 days) < procymidone (50
days) < endosulfan (100 days) in the loam soil. The adsorption of the residual pesticides in soil to crops was
in the following order Chineses cabbage > spinach > lettuce in leaf vegetables, carrot > potato > radish in root
vegetables, and cucumber >red pepper >egg plant>tomato in fruit vegetables. In the case of endosulfan
application, additional caution is required since the residual amount in vegetables might be exceeded with the
maximum residue limit (MRL).
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Table 1. Physicochemical properties of the soils for field study
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1 Soil particle distribution (%) oM>? CEC?
Texture (USDA)® Sand Sit Clay PR (me/100 g)
Clay laom 37.2 32.6 30.2 6.40 1.74 13.7
Sandy clay loam (a) 553 18.2 26.5 5.99 1.27 11.0
Sandy clay loam (b) 65.1 23.6 11.3 5.50 1.54 8.0
1) Soil Taxonomy (USDA, 1975); 2) Organic matter; 3) Cation Exchange Capacity
Table 2. Physicochemical properties of the pesticides used
Pesticides Log Kow" Water solubility (ppm) ADI (ng/kg) Half life (days)
Chlorfenapyr 4.83 insoluble - 0.88 (in air) 4.8~7.5 (in H,0)
Chlorpyrifos 4.70 1.4 10 10~40
Endosulfan 4.74~4.79 0.32~0.33 6 23~29
Ethoprophos 4.59 700 0.3 4~17
Fthalide 3.01 2.5 - 5~32
Isoprothiolane 3.30 54 - 76
Procymidone 3.14 4.5 100 11~26

* Sources: The Pesticide Manual (CABI, 15 ed., 2011)
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Table 3. GLC conditions for residue analysis of the pesticides used
Instrument Hewlet Packard 5890 II with 7673 auto-sampler

ECD : Chlorfenapyr, Chlorpyrifos, Endosulfan, Ethoprophos, Fthalide, Isoprothiolane, Procymidone
NPD : Chlorpyrifos, Ethoprophos

Column DB-5 (0.25 mm L.d. x 30 m x 0.25 um film thick)

Injector : 250°C
Oven : 60°C (2 min) — 20°C/min — 120°C — 5°C/min — 270°C (15 min)
Detector : NPD 270°C, ECD 300°C

Detector

300

Oven temp.
250 -
o
LB 5 °C/ min
200 A
Temperature
150 -
=
100 -
20 °C/ min
50 :
0 5 10 15 20 25 30 a5 40 45 50
min
Gas flow Carrier N2, 1.0 mL/min.
Injection ECD 1 ul, NPD 2 pul

Splitless mode (purge on : 1 min after injection)

Table 4. Solvent composition of eluates for purification of soil extract

Solvent composition of eluates (%) Total Vol.
Solvent - —

Hexane Dichloromethane Acetonitrile (mL)
Cl 80 20 0 100
C2 49.65 50 0.35 100
C3 48.5 50 1.5 100
C4 45 50 5 100
C5 0 50 50 100

Table 5. Recoveries and limits of quantitation for the pesticides used

Pesticide Fortification Limit of detection Recovery (%)
level (mg/kg) (mg/kg) Clay loam Sandy clay loam (a) Sandy clay loam (b)
Chlorfenapyr 0.001 95+3.8 96+3.8 97+53
Chlorpyrifos 0.002 93+5.8 94 +5.6 96 +4.2
Endosulfan 0.001 96 £3.8 97£3.8 98 £5.1
Ethoprophos 1 0.003 89+5.9 91+58 93+52
Fthalide 0.001 90+5.6 93+5.7 95+5.4
Isoprothiolane 0.001 91+£3.7 93+£3.8 94 +£4.6
Procymidone 0.001 92+39 95+42 93+£59
A 247t A3F 5L nhexane SmLE Agsistel @l 4l pEk
Table 33 72+ A0 = 7]7] BA59it},
g8 2 By
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Fig. 1. Comparison of crop residues to soil residues ratio of pesticides in Chinese cabbage.

Table 6. The crop residues and soil residues ratios of pesticides classified by crops and estimation on tolerance residue levels in leafy

vegetable cultivation soils

Crop Pesticides Crop residues / soil residue  Tolerance residues level in soil MRL
(%) (mg/kg) (mg/kg)
Chlorpyrifos 10~20 5~10 1
Chinese Endosulfan 10~20 10~20 2
cabbage Ethoprophos 25~30 0.05~0.08 0.02 (cabbage)
Fthalide 5~9 10~25 1 (rice)
Chlorpyrifos 5~12 05~25 0.1 (cabbage lettuce)
Endosulfan 5~10 10~20 1 (cabbage lettuce)
Lettuce
Ethoprophos 10~20 0.10~0.25 0.02
Fthalide 3~8 10~30 1 (rice)
Chlorpyrifos 3~30 0.05~0.15 0.01
. Endosulfan 10~ 15 5~10 1
Spinach
Ethoprophos 24 ~40 0.05~0.10 0.02 (red pepper leaf)
Fthalide 4~6 5~10 1 (rice)
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Fig. 2. Comparison of crop residues to soil residues ratio of pesticides in lettuce.
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Fig. 3. Comparison of crop residues to soil residues ratio of pesticides in spinach.

739 ethoprophos 0.05~0.08 mg/kg, chlorpyrifos 5~10 mg/
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Fig. 6. Pesticides residues in root vegetables at harvesting time. (a) radish leaf, (b) radish, (c) potato, (d) carrot.
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