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Development and Validation of Simulation Model for Predicting

Pesticide Behavior in Paddy Rice Environment
Keiya Inao

Summary

Recently, public concern has been growing over the adverse effects of pesticide use on human health and ecosys-
tems. In Japan, half of all agricultural land is paddy fields, and pesticides are used extensively in paddy fields to con-
trol fungi, insects and weeds which negatively affect on rice yield and quality. It is possible that some of applied
paddy pesticides are transported into public surface waters such as rivers and lakes, so it is important to predict both
toxicity and exposure of pesticides to humans and ecosystems. In assessing risk to aquatic organisms and the environ-
ment, EU and US routinely use simulation models for estimating pesticide concentrations in natural water bodies.
However, only a few models have been developed for evaluating pesticide behavior in paddy fields because the major
agricultural lands are upland fields in those countries.

In this study, we developed and validated a simulation model for predicting the pesticide concentrations in a
paddy field and the amount of pesticides runoff to adjacent water bodies (PADDY). This model focuses particularly on
granule formulation because this formulation has been widely used in paddy rice herbicides in Japan. The pesticide
behavior in paddy fields was assessed by considering the major processes of pesticide fate and transport on the basis
of a compartment system: dissolution of pesticide from granules into paddy water, adsorption and desorption between
paddy water and soil solids, runoff, leaching, volatilization from paddy water, and degradation in paddy water and
soil solids. The mass balance equations of pesticides in the compartments were expressed in terms of the Kinetics of
fate and transport processes. The model program was coded using Microsoft Visual Basic based on Windows by
numerical solution techniques. Methods for measuring the pesticide parameters were also developed for the model sim-
ulation. To validate this model, a field experiment was carried out in a paddy field using molinate and simetryn and
the concentrations of these pesticides were measured in paddy water and surface soil. The experimental results were
in reasonably good agreement with predicted results by the model. The PADDY model can also estimate the contribu-
tion of the fate and transport processes. The major disappearance process of molinate was runoff and volatilization,
and that of simetryn was runoff.

An improved version of the PADDY model was evaluated to estimate the behavior of pesticides more accurately
by considering water balance in paddy field (PADDY-2). To validate the PADDY-2 model, field studies were per-
formed under two different water management conditions using molinate and simetryn. One was water-holding man-
agement, meaning water depth was maintained at about 4 cm only by supplying irrigation water. The other was con-
tinuous irrigation management in which the outlet of the paddy field was adjusted at 4 cm of water level and irrigation
water was supplied at a fixed flow rate. Then excess water overflowed from outlet. Calculated depth of water in the
field with water-holding management agreed well with the trend of measured values. For both pesticides, concentra-
tions in paddy water were the same during the first day after the application under both water management condi-
tions. From the second day, pesticide concentrations in the field with continuous irrigation management were lower
than those in the field with water-holding management. Good fits between measured and simulated values were

obtained for the two pesticides by considering the water management condition and rainfall. Runoff loss of pesticides



76 Oo0OoOO0oOODOOooODOODOD 230020040

was also calculated by the PADDY-2 model. The estimated runoff of pesticides was great under continuous irrigation
management. From the viewpoint of reducing the environmental pollution of pesticides due to surface runoff, it is
important to regulate the water depth by the water-holding management.

A landscape-scale simulation model (PADDY-Large) based on the PADDY and PADDY-2 model was developed
for predicting pesticide concentrations in main drainage canals and rivers due to runoff from paddy fields. Depending

on the irrigation systems, each rice-producing area was classified into four levels as a "individual field plot", "farm
block comprised of twenty field plots and branch canals”, "district with a main drainage canal”, and "river basin" and
pesticide behavior was estimated focusing on the main drainage canals. To validate the model, a monitoring of pesti-
cide residues was carried out in a rice-producing area. Herbicide concentrations in a main drainage canal in the area
increased in early May, reached a maximum in mid May, and declined to below detection limits by early July.
Agreement between simulated and measured concentrations of the herbicide mefenacet in the main canal was obtained
by considering actual pesticide use and environmental conditions in the rice-producing area. Therefore, the PADDY-
Large model has potential to predict pesticide concentrations in rivers accurately and to be applicable to ecological risk
assessment.

The PADDY model was applied to evaluate the amount of environmental release and ecological risk related to
pesticide use in paddy fields. The fact of pesticide applications was investigated in both young rice seedling trans-
planting culture under tilled paddy condition (YSTC) and direct seeding culture of paddy rice under non-tilled upland
condition (DSC) in Okayama Prefecture. The runoff amount of pesticides was calculated by the PADDY model. The
risk to carp (Cyprius carpio) and water flea (Daphnia pulex) due to runoff of pesticides from paddy fields was evaluated
by the ratio of predicted environmental concentration (PEC) and median lethal concentration (LCso). Application
amount of pesticides in DSC was more than that in YSTC. On the contrary, the runoff amount in YSTC was almost
same as that in DSC. As a result of calculating the ratios (PEC/LCxso), it was estimated that the adverse effect to aquatic
organisms was small by an exposure of pesticides derived from paddy fields.

In discussion, it was mentioned that some of important factors should be investigated for more accurate predic-
tion of pesticide concentration using the PADDY, PADDY-2 and PADDY-Large model and that these models have
potential to be a beneficial tool for exposure assessment in paddy rice environment in assessing risk to aquatic organ-

isms.
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