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Introduction 
 
Exposure modeling to evaluate potential fate and transport of pesticides in the 
environment has been adopted by regulatory agencies as a tool to assist in the evaluation 
of pesticide product registration. Models predict the expected environmental 
concentration of a specific chemical using data collected on their physiochemical 
properties, application rates and methods, and the use environment. For regulatory 
purposes, models often run under hypothetical conditions of weather, soil and crop 
(standard scenarios) that are determined as representative of the regulated area. For 
example, in order to aid in the evaluation of surface runoff potential, the U.S. 
Environmental Protection Agency (U.S. EPA) has developed a procedure using the 
PRZM-EXAM model to evaluate standard scenarios that  are representative for a national 
assessment (U.S. EPA, 2009).  
 
The U.S. EPA procedure may not be suitable for evaluating runoff potential under 
California’s regulatory system and agronomic conditions. With respect to regulatory 
concerns, current water quality regulations in California are based on instantaneous water 
sampling designed to reflect the peak concentrations. These concentrations are compared 
to water quality criteria to determine if a violation has occurred. Therefore, a model must 
be able to predict peak pesticide concentrations at field edge that occur soon after rainfall 
or irrigation events. The PRZM-EXAM model may not be appropriate because 
predictions are averaged over a daily time step and, consequently, may fail to mimic peak 
concentrations.  
 
With respect to agronomic conditions, the standard scenarios used by U.S. EPA are not 
representative of California’s unique combination of climate and cropping patterns, many 
of which are not found in the rest of the nation. Also, wide-spread use of irrigation for 
California crops presents a challenge for exposure modeling because existing models 
may not have valid mechanisms that simulate irrigation water applications and 
subsequent runoff from a field.  
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A few models have been preliminarily selected according to their capabilities of 
predicting expected environmental concentrations of pesticides at field edge: the PRZM 
model, RZWQM (Root zone water quality model) and the OPUS model.  All the models 
predict pesticide concentrations in dissolved and adsorbed forms and allow degradation. 
But they differ in many aspects, especially the hydrology component. PRZM simulates 
soil water movement based on a tipping-bucket approach and predicts daily runoff based 
on the curve number method. The most recent version of PRZM (PRZM3.12.3) uses 
Richard’s equation based approach for water flow in deeper soil layers (Carsel et al., 
1998). RZWQM solves the Richard’s equation to simulate soil water movement and 
predicts runoff as the part of rainfall/irrigation exceeding soil infiltration capacity (Ahuja 
et al., 1999). The OPUS model has the flexibility of simulating soil moisture using both 
tipping-bucket and Richard’s type approaches depending on the availability of break-
point rainfall data (Smith, 1992). Both PRZM and OPUS simulate sediment transport 
while RZWQM currently does not. The differences of the three models in hydrology as 
well as other components result in their relative strength and weakness while applied for 
predicting pesticide runoff in California conditions. 
 
Objectives 
 
The objective of this study is to evaluate the usefulness of the three models in predicting 
pesticide concentrations in runoff water under California climatic and agronomic 
conditions. The specific goals are threefold. 
 

1) Calibrate the models using experiment data from California agricultural fields; 
2) Simulate a list of pesticides with a wide range of physiochemical properties; 
3) Investigate the usefulness of the three models for simulating pesticide transport 

and fate under California conditions.  
 
 
Personnel 
 
This study will be conducted by Environmental Scientist Xuyang Zhang under the 
supervision of Senior Environmental Scientist Sheryl Gill and the guidance of Research 
Scientists III Frank Spurlock, John Troiano and Bruce Johnson. 
 
Project Leader: Xuyang Zhang 
 
Research Scientist III: Frank Spurlock, John Troiano, Bruce Johnson 
 
 
Study Plan 
 
(1) Scenario description 

 
This study will use data from two field experiments conducted in Fresno and Winters of 
California.  
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Experiment 1: Pre-emergent herbicide application in a citrus grove with rainfall 
simulator; conducted in Fresno, CA in August1995 (Troiano and Garretson, 1998)  

 
 
Experiment 2: Dormant organophosphate (OP) application in a peach orchard with 
nature rainfall; conducted in Winters, CA in January1996 (Ross et al., 1997). 

 
Detailed information on the designs of the two experiments is summarized in Table 1.  
 
 
 
Table 1: Experimental design and site information of the two datasets used for model 
calibration 
 

 Experiment 1: Fresno site Experiment 2: Winters site 
Crop Citrus Peach 
Plot / field size 0.00167 ha 0.89 ha 

Water application 
Simulated rainfall: 2 events 
22 mm/hr for 1.5 h totally 32 
mm 

Natural rainfall: 2 events 
38 mm in 15h, 15 mm in 
10h 

Hanford sandy loam, sand 
(73%), silt (19%), clay (8%) 

Yolo silty loam, sand (37%), 
silt (38%), clay (25%) 

Organic carbon content: 0.4% Organic carbon content: 
1.2% 

Bulk density: 1.71 g/cm3 Bulk density: 1.42 g/cm3 
Soil 

Infiltration rate: 0.0024 mm/s, 
Slope: 1-2 % 

Slope: 1-2 %  

Pesticide application Simazine: 2.2 kg/ha AI 

Diazinon, chlorpyrifos and 
methidathion 1.12 kg/ha AI 
using a mini air-blast 
sprayer 

Management 
practices 

Mechanical incorporation vs. 
conventional 

Cover crop with clover mix 
and oats 

                            
 
(2) Data preparation 
 
Input data such as daily/hourly meteorological data, soil properties and management 
practices will be prepared and formatted according to specific requirements for each of 
the three models.  
 
(3) Sensitivity analysis and calibration 
 
Sensitivity analysis and calibration will potentially be carried out using PEST shell 
(Doherty, 2002). Simulated results on runoff flow, sediment and pesticide concentration 
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will be compared with measured data from field experiments. Parameters will be 
modified until the best set was found that simulates the closest results to the field 
measurements.  
 
(4) Simulation of pesticides with varying physiochemical properties  
 
The calibrated model will be used to simulate a list of pesticides with a wide range of 
variations in physiochemical properties. The predicted runoff concentration will be 
evaluated to determine whether the differences in model prediction are comparable with 
observation. 
 
(5) Model comparison 
 
The models will be compared on the basis of (1) ease of use including data preparation, 
documentation of model, ability to retrieve, display and analyze output (2) 
reasonableness of output in terms of simulating pesticides with different physicochemical 
properties (3) sensitivity of model to various inputs (4) ability to be calibrated to the 
monitored field data. The models will be compared using statistical measures such as 
Root Mean Square Error, Coefficient of Efficiency, Index of Agreement, and other 
measures as deemed appropriate (Legates and McCabe, 1999).  
 
 
Time Table 
 
 

 
 

 

Task Tentative Schedule 

Task 1:Model setup and test run September, 2009 – November, 2009 
Task 2: Input data preparation December, 2009 – January, 2009 
Task 3: Sensitivity analysis and 
calibration February, 2010 – April, 2010 

Task 4:  Simulation of pesticides with 
varying physiochemical properties May, 2010 – June, 2010 

Task 5:  Data analysis July, 2010 – August, 2010 

Task 6:  Report writing September, 2010 – October, 2010 
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