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Study on the Behavior and Fate of Pesticides in Aquatic Environment

Satoshi Maru

Summary

Paddy field 1s closely related with aquatic environment. And in the paddy field, pesticides are
ordinarily applied under flooded condition. From those situations in the paddy field, pesticides
are apt to runoff to water system compared with upland field. Moreover, in the paddy field,
like such as aerial applied pesticides and herbicides, the same pesticide tends to applied to ex-
pansive area and between limited time. Therefore, the pesticide concentrations in aquatic system
are apt to increased by runoff from paddy field.

In order to prevent beforehand the occurrence of dangerous damage by runoff of pesticides
applied to paddy field, the behavior and fate by runoff of pesticides were investigated. With
monitoring research on the present status of river water contamination by pesticides applied to
paddy field, the factors concerning pesticide runoff to river water investigated, and the multi-
regression equation was made to predict pesticide runoff. The outlines of this were as follows.

1. The necessary sample numbers for measurement of pesticides concentrations in river
water were estimated. As for the sample numbers should be taken, molinate was 1 to 3,
DEP applied by aeroplane was 9 to 27 (allowable error 259%, probability 95%). The sample
numbers of pesticide use meaningly at all of basin was allow to less. But, many samples were
necessary for the pesticides applied by aeroplane to the limited area.

2. The variations of flow water volumes and the pesticides concentrations in paddy
field drainages in the rainy times were investigated. The basin area of the researched drainage
was 260ha and the area of the paddy field was 25ha. The pesticide concentration applied to pad-
dy field as granule decreased when water volume increased. However, when fast flashed it is
observed the pesticide concentration increased between short times. After rain the pesticide con-
centration increased with decreasing of the flow water volume. The pesticide concentration applied
by aeroplane not decreased rather than increased rapidly when water volume increased. The
runoff amount of pesticides per unit time was influenced by the variation of flow water volume
rather than the variation of pesticide concentration. When rainfall, in the case of if the pesticide
concentrations and flow water volumes could not be measured, the increasing of pesticide runoff
amounts could not catched, if the variation of flow water volumes could be understand, the cor-
rected calculation was enabled.

3. The change of pesticide concentration for main river in Chiba prefecture researched
in 1980, 1981 and 1984. The concentrations of the early stage applied herbicides were generally
low. But, among of them, the detected concentrations of butachlor was high, and followed by
dymron, In spite of a large amounts used, the detected concentration of CNP was low. Among
the middle stage used herbicides, molinate, simetryn and thiobencarb were found at high concen-
tration levels between long term. The concentration and frequency detected of herbicides used in
upland field except paddy field, was low. The runoff percentages of herbicides used in paddy field
were estimated based on the active ingredient amounts shipped forward to Chiba prefecture.
A significant correlation was obtained between the runoff percentages and the water solubilities
of herbicides. A high concentration of insecticides and fungicides were found more than 10 ppb

in the case of aerial application. The insecticides concentratione in river water were decreased
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relatively rapid after aerial application. But, those concentrations were persistenced for long
term when their application in rainy season. Fungicides tend to found for more long term and
higher than insecticides. But, the EDDP concentration decreased rapidly. The pesticides in river
water are not presumed to be influenced on human health.

4. The outflow of pesticides due to runoff or leaching by rainfall and irrigation water
was investigated with lysimeters with Chiba muck paddy soil from an alluvial plain of the Tone
River. Runoff or leaching of pesticides was closely related to the water solubility. For six years
from 1983 to 1988, runoff and leaching of 21 pesticides were measured with lysimeters. The run-
off percentages and the water solubility were significantly related statistically (r =0.872, P<0.01,
n =18). Maximum concentrations of pesticides in runoff and leaching water were closely corre-
lated with the water solubility. Furthermore the runoff percentages of pesticides from lysimeters
and those from actual paddy fields to river were also related significantly (1 =0.870, P <C0.01,
n=38) We have found that runoff percentages of pesticides from actual paddy fields are pre-
dictable.

5. For the purpose of runoff analysis of pesticide, the variations of 27 pesticides con-
centrations in surface water were investigated in the paddy fields and the model paddy fields.
As the parameters related with runoff, the maximum concentrations of pesticides in surface
paddy water, necessary times for decrease and the concentration days due to multiply the conce
ntrations and research terms were summarized.

The maximum concentrations and concentration days corrected with the application amounts
were closely related with the water solubilities. The mean values of each parameters divided
based on the sizes of the research fields were estimated and compared mutually.

A significant difference in parameters recognized among the research fields. The correlation
in the maximum concentrations the necessary times for decrease and concentration days were
searched between each research fields. From the research results on the model paddy fields, the
maximum concentrations and the concentration days were able to predict by the date from the
spot of paddy fields.

6. In order to estimate the pesticide runoff amounts in the certain area on the spot,
the Tank-Model was applied to estimate the flow water volumes of drainage by using the rainfall
data. In 1989, the flow water volume of drainage in Misyou area of Nagaratown measured 153
times, and the Tank-Model was made from rainfall volumes by SIMPLEX method (non-linear
least squares method). A significant correlation obtained between the flow water volumes esti-
mated by Tank-Model and that measured volumes{ T =0.898). The adaptation results of this Tank-
Model to the other years was also good.

7. The runoff percentages of pesticides from the spot paddy fields to river were inves-
tigated, the parameters related with runoff searched and multi-regression equation were made
for prediction of runoff. Runoff variations of pesticides concentrations in the drainage water in
the spot paddy fields were investigated during five ycars. The runoff percentages of 25 pesticides
were calculated with the estimated flow water volumes and results on the used amounts of pesti-
cides by the farmers in these area. The runoff percentages of pesticides calculated were more
higher than that on the general river, near that of the model paddy fields. A significant with
95 probability recognized between the runoff percentages of upland used pesticides and their

water solubilites.
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8. The parameters related with pesticide runoff from the spot paddy fields in the cer-
tain area were investigated, and the multi-regression equation was made for prediction of the
runoff percentages. The runoff percentages of the aerial applied pesticides were increased by rain
during 10 days before and 3 days after application. Rain is not clearly influenced on the runoff
percentages of upland applied pesticides. Each parameters related with pesticides runoff in sur-
face paddy water were investigated. On the aerial applied pesticides, the 95% decrease terms and
the water solubilities were explained on the runoff percentages. The runoff percentages of aerial
applied pesticides were lower than upland applied pesticides. The runoff percentages of pesticides
of herbicides applied during before and after rice transplanting tend to lower than the middle
stage applied herbicide and aerail applied pesticides.

The multi-regression equation containing the factors as previous mentioned was explained on
the variation of runoff percentages of pesticides from the spot of paddy fields, and was able pre-
dict the runoff percentages from actual paddy fields.

The countermeasures for the present evaluation of pesticides runoff and environmental preser-

vation proposed based on the above study results.
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