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Runoff and Erosion of Alachlor, Ethalfluralin, Ethoprophos and Pendimethalin by

Rainfall Simulation

Chan-Sub Kim*, Yang-Bin Thm, Young-Deuk Lee”, and Byung-Youl Oh (Pesticide Safety Division, National
Institute of Agriculture Science and Technology Rural Development Administration, Suwon, 441-707, Korea,
UDivision of Life and Environmental Science, Daegu University, Kyungsan, 712-714, Korea)

ABSTRACT: Two different experiments, adsorption/desorption and runoff by rainfall simulation of four
pesticides, such as alachlor, ethalfluralin, ethoprophos and pendimethalin were undertaken their runoff and
erosion losses from sloped land and to assess the influence of their properties and environmental factors on
them. The mobility of four pesticides and which phase they were transported by were examined in adsorption
study, and the influence of mainfall pattem and sloping degree on the pesticide losses were evaluated in
simulated rainfall study. Freundlich adsorption parameters (K) by the adsorption and desomption methods were
1.2 and 2.2 for ethoprophos, 1.5 and 2.6 for alachlor, respectively. And adsorption distribution coefficients
(Kd) by the adsorption and desomption methods were 56 and 94 for ethalfluralin, and 104 and 189 for
pendimethalin, respectively. K or Kd values of pesticides by the desorption method which were desorbed
from the soil after thoroughly mixing, were higher than these ones by the adsorption method which pesticides
dissolved in water were adsorbed to the soil. Another parameter (1/n), representing the linearity of adsorption,
in Freundlich equation for the pesticides tested ranged from 0.96 to 1.02 by the desorption method and from
0.87 to 1.02 by the adsorption method. Therefore, the desorption method was more independent from pesticide
concentration in soil solution than the adsomption method. By Soil Survey and Land Research Center (SSLRC)'s
classification for pesticide mobility, alachlor and ethoprophos were classified into moderately mobile (75 <
Koc < 500), and ethalfluralin and pendimethalin were included to non-mobile class (Koc > 4000). Runoff
and erosion loss of pesticides by three rainfall scenarios were from 1.0 to 6.4% and from 0.3 to 1.2% for
alachlor, from 1.0 to 2.5% and from 1.7 to 10.1% for ethalfluralin, from 1.3 to 2.9% and from 3.8 to 10.8%
for pendimethalin, and from 0.6 to 2.7% and from 0.1 to 0.3% for ethoprophos, respectively. Distribution
of pesticides in soil profile were investigated after the simulated rainfall study. Alachlor and ethoprophos
were leached to from 10 to 15 cm of soil layer, but ethalfluralin and pendimethalin were mostly remained
at the top 5 cm of soil profile. The losses of the pesticides at 30% of sloping degree were from 0.2 to 1.9
times higher than those at 10%. The difference of their ranoff loss was related with their concentration in
runoff water while the difference of their erosion loss must be closely related with the quantity of soil eroded.
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Fig. 1. Changes of concentration of alachlor, ethalflura-
lin, ethoprophos and pendimethalin adsorbed to soil
with shaking time.
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Fig. 2. Freundlich adsorption isotherms of alachlor at -
25T in the soil used in runoff study by two sorption
methods.
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Fig. 3. Freundlich adsorption isotherms of ethoprophos
at 25°C in the soil used in runoff study by two sorption
methods.
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Table 1. Adsorption and desorption coefficients of the pesticides used on the soil

Initial Adsorption Desorption
Pesticide CO?C'. n
50 uth? Kd Koc Kd Koc
(mgkg™)
Alachlor 0.1~10 1.2~2.0 (1.5)" 140 22~28 (2.6) 240
Ethalfiuralin 0.1 56 5200 94 8700
Pendimethalin 0.1 104 9600 189 17500
Ethoprophos 0.1~10 08~1.7 (1.2) 110 21~2.6 (2.2) 200

DA Value in parenthesis is average.
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Table 2. Losses of alachlor through runoff and erosion from soil surface by rainfall simulation and its residue distribution

in soil profile after the third rainfall event

Residue in soil

Rainfall Slope Loss by rainfall
scenario (%) Event Runoff (%)  Erosion (%) Depth (cm)  Residue (%)
Total 3.94 0.28 Total 11.8
10 1st 1.31 0.04 0~5 8.4
2nd 242 0.22 5~10 3.0
Scenario] 3rd 021 0.02 10~15 0.4
Total 4.81 0.60 Total 6.2
20 1st 1.84 0.04 0~5 39
2nd 262 0.48 5~10 14
3rd 0.35 0.08 10~15 0.8
Total 3.90 0.38 Total 12.9
10 1st 1.25 0.05 0~5 8.6
2nd 241 0.32 5~10 39
Scenario Il 3rd 0.24 0.02 10~15 0.4
Total 6.37 1.23 Total 6.5
%0 1st 1.98 0.38 0~5 46
2nd 4,01 0.75 5~10 15
3rd 0.38 0.11 10~15 04
Total 1.04 0.26 Total 9.3
10 1st - - 0~5 8.9
2nd 0.69 017 5~10 05
. 3rd 0.36 0.10 10~15 .
Scenariolll Total 314 0.68 Total 6.0
30 Ist - - 0~5 5.6
2nd 2.64 0.50 5~10 0.4
3rd 0.50 0.18 10~15 -
Scenario Range Total 1.04~6.37 0.26~1.23 Total 6.0~129
total Average Total 3.87 0.54 Total 8.8
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Table 3. Losses of ethalfluralin through runoff and erosion from soil surface by rainfall simulation and its residue

distribution in soil profile after the third rainfall event

Rainfall Slope (%) Loss by rainfall Residue in soil
scenario pe L Event Runoff (%) Erosion (%) Depth (cm) Residue (%)
Total 1.68 3.23 Total 215
10 Ist 0.24 0.48 0~5 21.2
2nd 0.53 2.45 5~10 0.2
: 3rd 0.91 0.30 10~15 -
Scenario 1
Total 1.79 7.31 Total 21.2
30 Ist 0.24 0.54 0~5 20.5
2nd 0.53 5.31 5~10 0.5
3rd 1.02 1.45 10~15 02
Total 1.72 3.73 Total 29.6
10 Ist 0.15 0.32 0~5 28.8
2nd 0.84 3.20 5~10 0.6
Scenario Il 3rd 0.74 0.21 10~15 0.2
Total 2.45 10.19 Total 10.1
30 Ist 0.21 1.14 0~5 10.1
2nd 0.96 7.39 5~10 -
3rd 1.28 1.67 10~15 -
Total 0.95 1.69 Total 20.8
10 Ist - - 0~5 20.7
2nd 0.10 1.09 5~10 0.1
. 3rd 0. 85 0.59 10~15 -
Scenariolll
Total 1. 61 3.43 Total 104
30 1st - 0~5 10.2
2nd 0.39 194 5~10 0.1
3rd 122 148 10~15 -
Scenario Range Total 0.95~2.45 1.69~10.19 Total 10.1~29.6
total Average Total 1.70 493 Total 189
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obfralaol| ogk 7107 MZE T Table 4).

Ethoprophos
739 AUl 29 ethoprophos 42 & 2% &+
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°] 0.1~0.3% F=olgon, BAEe Rz vlwsld FE5l o
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o} v R 44357t 23 FAo] AL okAle] EAE
2 LRIt 28] alachlor, ethalfluralin %! pendime-

thalin 3= 2] ethoprophos® 13} f-4%0] 23} F-A4%
of vjsled tiEdlA Ukt o ethoprophos o E%
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Table 4. Losses of pendimethalin through runoff and erosion from soil surface by rainfall simulation and its residue

distribution in soil profile after the third rainfall event

Residue in soil

Rainfail Slope (%) Loss by rainfall
scenario Event Runoff (%) Erosion (%) Depth (cm)  Residue (%)
Total 203 4.67 Total 255
10 1st 0.28 0.45 0~5 255
2nd 0.54 3.31 5~10 -
3rd 1.22 091 10~15 -
Scenario I ............... o JUR
Total 1.99 8.94 Total 20.0
30 1st 041 0.48 0~5 20.0
2nd 0.53 5.40 5~10 -
3rd 1.05 3.06 10~15 -
Total 2.80 3.77 Total 36.9
10 1st 0.33 0.28 0~5 36.9
2nd 1.36 2.87 5~10 -
3rd 111 0.63 10~15 -
Scenario [
Total 2.90 10.81 Total 16.9
30 1st 0.37 122 0~5 169
2nd 1.35 6.79 5~10 -
3rd 1.18 2.80 10~15 -
Total 1.32 3.80 Total 15.3
10 1st - - 0~5 15.3
2nd 0.16 1.31 5~10 -
3rd 1.16 249 10~15 -
SCenariOHI ..............
Total 1.54 5.05 Total 215
30 1st - - 0~5 21.5
2nd 0.35 2.01 5~10 -
3rd 1.19 3.04 10~15 -
Scenario Range Total 1.32~2.90 3.80~10.81 Total 15.3~369
total Average Total 2.10 6.17 Total 227
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Table 5. Losses of ethoprophos through runoff and erosion from soil surface by rainfall simulation and its residue

distribution in soil profile after the third rainfall event

Rainfall Loss by rainfall Residue in soil
. Slope (%) -
scenarnio Event Runoff (%) Erosion (%) Depth (cm)  Residue (%)
Total 1.51 0.09 Total 2.8
10 1st 0.79 0.01 0~5 11
2nd 0.70 0.07 5~10 1.3
. 3rd 0.02 0.01 10~15 04
Scenario 1
Total 1.61 0.30 Total 37
30 1st 097 0.02 0~5 11
2nd 0.61 0.23 5~10 1.2
3rd 0.03 0.05 10~15 14
Total 1.90 0.15 Total 5.3
10 1st 0.89 0.02 0~5 13
2nd 0.61 0.12 5~10 2.1
. 3rd 0.03 0.01 10~15 1.9
Scenarioll -
Total 2.73 0.32 Total 43
30 1st 1.28 0.07 0~5 1.2
2nd 0.90 0.24 5~10 1.9
3rd 0.04 0.02 10~ 15 7 1.2
Total 0.60 0.12 Total 2.6
10 1st - - 0~5 22
2nd 0.56 0.08 5~10 0.3
. 3rd 0.04 0.04 10~15 0.1
Scenariolll
Total 1.10 0.25 Total 22
30 1st - - 0~5 1.8
2nd 1.07 0.17 5~10 0.2
3rd 0.03 0.08 10~15 0.1
Scenario Range Total 0.60~2.73 0.09~0.32 Total 22~53
total Average Total 1.58 0.21 Total 35
2 < =T SSLRCY] 5] ¥-H7 102 sl alachlor$} ethop-
rophost= moderately mobile(75 < Koc<500) 55l 3]
Aol A% A B ZRE ] woF fEPNS 301, ethalfluralin ¥ pendimethalin Koc 40002
ofstal ol vt Foke]l B4, ¥4 Q9 9 g T z3}519] non-mobile Tl 3T
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i
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