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ABSTRACT 
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the validation statuses of the pesticide leaching models PRZM-1, LEACHP, GLEAMS, and 
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4 Tables; 39 Refs. 

The validation statuses of the pesticide leaching models PRZM-1, LEACHP, GLEAMS and 
PELMO were assessed by literature study. The required range of validity included all the situ­
ations in which pesticides are applied in Dutch agriculture and horticulture. The models should 
predict pesticide leaching to groundwater at concentration levels of some 0.1 ug/1 based on labora­
tory-measured sorption and transformation rate parameters. All the available model tests were 
reviewed and their soundness and relevance classified. If the test was sound, model performance 
was analysed. Validation statuses of the models were low to very low, considering the required 
range of validity and the results of the available tests. 
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Preface 

This literature study was carried out in the framework of the project 'Validation of 
PESTLA', carried out as a combined effort of the DLO Winand Staring Centre (SC-
DLO) and the National Institute of Public Health and Environmental Protection 
(RIVM) by order of and for account of the Dutch Ministry of Agriculture, Nature 
Management and Fisheries and the Dutch Ministry of Housing, Physical Planning 
and Environment. The study was actuated by the question whether other models than 
PESTLA would be useful for the assessment of pesticide leaching to groundwater, 
as described by the Long-term Crop Protection Plan of the Dutch government. 

This report is one of a series of reports that evolved from the project. The other 
reports present (i) definitions and the objectives of the project and the selection of 
the procedure used to assess the validation status of PESTLA (Boekhold et al., 199-
3a), (ii) tests of PESTLA against results of field experiments (Boekhold et al., 1993b; 
Van den Bosch and Boesten, 1994), (iii) a comparison of results of calculations with 
PESTLA against results of calculations with other pesticide leaching models (Beusen 
et al., 1995) and (iv) a final report that summarizes all previous reports (Van der 
Linden et al., 1995). 

The authors like to thank Dr. M. Leistra for his useful critical comments on the 
manuscript and S. Broerse for reviewing a number of model tests that were included 
in this report as a personal communication. 



Summary 

This study attempts to assess the validation status of a number of models for pesticide 
leaching. The status is assessed in the context of their possible use in the registration 
in the Netherlands as described in the Long-term Crop Protection Plan. This implies 
that a model should be able to simulate accurately pesticide leaching to groundwater 
at concentration levels in the order of 0.1 ug dm" using laboratory data on pesti­
cide/soil interactions. The required range of validity embraces all pesticide applica­
tions in Dutch horticulture and agriculture. 

Validation status is defined as the extent to which a model has successfully been 
validated within its range of validity. The concept of validation status is operational-
ized by linking it to the probability that the model will result in successful predictions 
within its range of validity. So to assess the validation status we need a population 
of model tests from which estimates for this probability can be derived. 

Firstly, a number of existing leaching models were briefly reviewed. Based on this 
review and on the availability of model tests, the models PRZM-1, LEACHP, 
GLEAMS and PELMO were selected for further study. The validation status of each 
model was assessed by considering all available model tests. To evaluate the model 
tests the concepts 'soundness' and 'relevance' were introduced. At low leaching levels 
all models considered are very sensitive to the half-life (DT50) and the organic-
matter/water distribution coefficient (Kom). Therefore a model test was defined to 
be sound only if site-specific values for these parameters were obtained from 
laboratory experiments. The relevance of a particular study was assessed by 
comparing soil properties, hydrological conditions, crops and weather to those in 
the Netherlands and by checking whether all important processes were included in 
the test. Another aspect of the relevance is the concentration level at which the 
models were tested. In view of the importance of this aspect it was treated separately. 
The concentration of the pesticide in the solution deeper in the soil should be in 
the order of 0.1 to 1 jag dm"3, because in the Netherlands the critical concentration 
level for groundwater is 0.1 ug dm for a single pesticide and 0.5 ug dm for the 
total concentration of all pesticides. If a model test was sound, the model performance 
was analyzed using the criteria that the penetration depth of the calculated peak 
concentration and the calculated peak concentration should be within a factor of 2 
of the measured values. 

Twelve tests of PRZM-1 were found, nine of which are described in detail (the three 
not considered in detail were either not sound or not relevant). Five of the nine tests 
were not sound. Two tests were moderately sound (implying that either Kom or DT50 

was derived from site-specific measurements in the laboratory) and two tests were 
sound. Three of the four sound and moderately sound tests were relevant or 
moderately relevant. In these three tests the concentration level ranged between 10 
and 200 fig dm"3 which is much higher than the critical level of 0.1 ug dm"3. In all 
cases the depth of the peak concentration was overestimated by PRZM-1, but the 
calculated values were within a factor of two of the measured values. The calculated 
height of the peak concentration was always within a factor of two of the measured 



value. Based on the above information the validation status of PRZM-1 is considered 
to be low in the context of our study. 

Three tests of LEACHP were found. Two tests were sound and one was moderately 
sound. One test was relevant, one moderately relevant and one not relevant. In the 
studies the concentration level ranged between 10 and 5000 ug dm . In two tests 
the calculated depth of the peak concentration was within a factor of two of the 
measured depth. In all cases the calculated height of the peak concentration was 
within a factor of two of the measured value. So LEACHP explained well the 
movement of pesticides in two (moderately) sound and (moderately) relevant tests 
conditions. The evaluations were carried out at concentration levels that were much 
higher than the critical level. Therefore it is concluded that LEACHP has a low 
validation status in the context of our study. 

Six tests of GLEAMS were found. Two were was sound and the remaining four were 
not sound. One sound test was moderately relevant and the other sound test was 
not relevant. In the sound and moderately relevant test the concentration level was 
in the range 10-100 ug dm" . The depth of the peak concentration was overestimated 
and the height of the peak concentration was underestimated. Both the calculated 
depth and height differed more than a factor of two from the measured values. The 
conditions in this test were suitable for GLEAMS simulations, because the model 
focuses on processes in the root zone and because the pesticides were retained in 
the top 15 cm of the profile. Therefore the poor model performance in this test is 
remarkable. Based on these results it is concluded that the validation status of 
GLEAMS is low in the context of our study. 

One test of PELMO was found which was not sound. Moreover, the concentration 
level was in the order of 100 ug dm . Therefore the validation status of PELMO 
is considered to be very low in the context of our study. 
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1 Introduction 

PESTLA is a simulation model to assess the potential of pesticides to leach to 
groundwater and to be persistent in the plough layer (Boesten and Van der Linden, 
1991). It has been used since 1989 in the Dutch pesticide registration procedure as 
one of the tools to assess pesticide leaching to groundwater. The Dutch Long-term 
Crop Protection Plan (Ministerie LNV, 1991, p.87) states that PESTLA be validated 
before 1994. The project 'Validation of PESTLA' was initiated to assess and enlarge 
the validation status of PESTLA. This study was part of this project. 

Boekhold et al. (1993a) described a number of definitions to be used in the project 
'Validation of PESTLA'. However, for the purpose of this study we need to add 
the following definitions: 
validation status is defined as the extent to which a model has been successfully 
validated within its range of validity; 
range of validity is defined as that part of reality to which the validation of a model 
applies; 
test domain is defined as that part of reality that is considered in a test of the model. 

The aim of this study is to assess the validation status of other pesticide leaching 
models. If another model would have a much higher validation status than PESTLA, 
it could be appropriate to use this model instead of PESTLA. If the concepts in a 
model with a higher validation status would be practically identical to those in 
PESTLA, this would enlarge the validation status of PESTLA itself. 

If a model is tested against results of field experiments, not only the computer model 
itself is tested: the method used for estimating input parameters is included. 
Moreover, it is important that this method is consistent with the intended use of the 
model. The approach in the Dutch Long-term Crop Protection Plan implies that the 
model considered should predict pesticide concentrations in groundwater on the basis 
of laboratory data on sorption and transformation. When testing a model for this 
intended use, it is not acceptable to use field-calibrated values of the sorption and 
transformation parameters. Therefore we will pay special attention to the procedure 
used to estimate parameters in the model tests. 

Firstly, the concepts used in existing pesticide leaching models are briefly reviewed. 
Based on this review four models (PRZM-1, LEACHP, GLEAMS and PELMO) are 
selected for further study. Published tests of these models are reviewed. The 
usefulness of the test and its relevance to Dutch conditions are determined, using 
predefined criteria. If the test is sound and relevant the abilities of the model to 
simulate reality are assessed. After considering all tests the validation status of a 
model is determined. 

Chapter 2 describes the method used in this study. In chapter 3 the characteristics 
of six widely used models are briefly described and four models are selected for 
assessment of their validation status. Each of the following chapters 4 to 7 deals 
with one model. These chapters are divided into four sections. The first section 
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describes the background of the model. The second section describes the concepts 
in the model and the third section gives a review of the studies in which the model 
has been tested. In the fourth section the overall evaluation result for each model 
is discussed and conclusions are drawn for each model. Finally, in chapter 8, a brief 
general discussion is given together with the overall conclusion. 
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2 Method for evaluation of model tests and for assessment of 
validation status 

Required range of validity 
The approach in the Dutch Long-term Crop Protection Plan implies that the model 
considered should be able to accurately predict pesticide concentrations in 
groundwater down to a level of about 0.1 ug dm " , on the basis of laboratory data 
on sorption and transformation. The required range of validity is only bound by the 
restriction that the application of any pesticide in Dutch agriculture and horticulture 
is involved. So the range of substances to be considered includes about 300 parent 
compounds and probably a similar number of transformation products. The soils 
to be considered range from sand to heavy clay and also peaty soils should be 
included. The range of depths of the groundwater table is roughly between 0.5 and 
10 m. Crop/tillage systems to be considered include e.g. potatoes, sugar beet, wheat, 
maize and flower bulbs. The range of weather conditions to be considered implies 
a range of annual rainfall roughly between 400 and 1000 mm. So the required range 
of validity is very wide in view of the intended use of the model as described in 
the Dutch Long-term Crop Protection Plan. 

Method and criteria for evaluation of model tests 
A standard procedure is used to review model tests. Firstly the study is described 
considering the following elements: (i) background of the study, (ii) test domain 
(soil type and pesticide), (iii) collection of input data, (iv) monitoring of 
concentrations, (v) calibration, (vi) indices of comparison and criteria and (vii) results 
and conclusions of the authors. After this description the study is evaluated as 
follows. Firstly the soundness of the study is assessed considering whether the 
adsorption coefficients Kom or Koc and the half-life of the pesticide due to 
transformation, DT50, were determined for the specific pesticide/soil combination 
in laboratory experiments. Secondly, the relevance of the study is assessed by 
checking whether the test domain is within the required range of validity. This means 
that soil type, hydrological conditions, crop/tillage system and weather should be 
comparable to those in the Netherlands and that the system tested includes all 
important processes (e.g. a test performed on bare soil does not include plant growth 
and is therefore less relevant; similarly a study in which only pesticide behaviour 
in the top 30 cm is studied is less relevant because we are interested in leaching 
of low concentrations to groundwater). So relevance includes both the check whether 
the test domain is within the required range of validity and whether the most 
important processes were included in the test. Thirdly, the range of the concentration 
level of the pesticide in the soil solution at which the test took place is estimated. 
Because the range of validity implies that prediction of concentrations of 0.1 ug dm"3 

in the upper groundwater should be accurate, it seems necessary that the concentration 
in the liquid phase deeper in the soil profile is below 5 ug dm"3 for a test to be 
relevant. In view of the importance of this aspect we consider the concentration level 
separately from the relevance aspect. 
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The need for site-specific Kom and DT50 (which was introduced via the definition 
of soundness) is justified as follows. Reliable model input is essential to accurately 
simulate pesticide behaviour in soils. This is particularly true for input parameters 
to which the model output is sensitive. Boesten and Van der Linden (1991) found 
that PESTLA is very sensitive to both Kom and DT50 at low leaching levels: changing 
Kom or DT50 by a factor 2 changes the concentration in groundwater typically by 
about a factor of 10. Models with similar concepts for sorption and transformation 
processes have a similar sensitivity to these parameters (Beusen et al., 1995). Kom 

and DT50 may differ considerably between soil types. This means that studies without 
site-specific measurements of Kom and DT50 are of little value for testing a model. 
The outcome of the test then may be influenced to a large extent by the accidental 
choice of these parameters: the test may become more or less like a lottery. This 
is illustrated by the Figure which shows that the uncertainty in Kom and DT50 for 
metamitron and simazine results in an enormous uncertainty in the percentage 
leached. Therefore we consider a test without site-specific Kom or DT50 value to 
be not sound in the context of the present study. 

Often the DT50 values are directly derived from dissipation of the pesticide in the 
field. This means an indirect use of measured values to reproduce these values by 
simulation. In this way the calculated total amount in the soil profile is fitted to the 
measured total amount. If DT50 values are obtained and used this way, the calculated 
residual mass and the height of peak concentrations are of little value. In these cases 
the study is considered to be not sound because this way of estimating this parameter 
does not comply with the intended use of the model. 

If a study is classified as sound, a simple evaluation of model performance is done 
using the following criteria: 

calculated (peak) concentrations should be within a factor of 2 of the measured 
concentrations; 
calculated depth of peak concentration should be within a factor of 2 of the 
measured depth of peak concentration. 

Thus model performance in different studies and in different situations can be roughly 
compared. The factor-of-f approach, which was used by Boekhold et al. (1993a) and 
applied to other model tests carried out in the framework of this project, will not 
be applied here. 

When evaluating the model tests we will use qualifications for soundness, relevance 
and performance specified as follows. 

Soundness: 
sound: both Kom and DT50 used are site-specific; 
moderately sound: one of these two parameters is site-specific and/or other 

constraints; 
not sound: none of these two parameters is site-specific. 
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Relevance: 
relevant: the soil, the weather and the crop do not differ substantially 

from situations occurring in the Netherlands and the system 
includes all important processes; 

moderately relevant: either the soil, the weather or the crop are not relevant to 
situations occurring in the Netherlands or the system does not 
include all important processes; 

not relevant: the soil, the weather and the crop do differ notably from 
situations occurring in the Netherlands or the system does not 
include most important processes. 

Model performance: 
good: both the calculated (peak) concentration and the calculated 

depth of the peak concentration are within a factor of 2 of the 
measured values; 

moderate: one of the two criteria was met; 
poor: none of the two criteria was met. 

Method and criteria for assessment of validation status 
The definition of validation status implies that it reflects the probability (called P) 
that the model will give successful predictions within the range of validity. We 
propose the following nomenclature for the validation status: 
low if P is below 25% 
moderate if P is between 25 and 75% 
high if P is above 75%. 

So we need a population of model tests to estimate P. Conclusions on the validation 
status of each model will be drawn after considering all relevant and sound tests of 
the model. 

15 



Kom (L/kg) 
200 

100 

100 

half-life (d) 

Fig. The fraction of pesticide dose leached below 1 m depth as a function of the organic-
matter/water distribution coefficient, Konû and the half-life due to transformation. The 
lines are contour lines calculated with PESTLA for the Dutch standard scenario by 
Boesten and Van der Linden, 1991; the corresponding figures are fractions in per cent. 
The squares are combinations of Kom and half-life measured for metamitron by Allen and 
Walker (1987); the asterisks are combinations measured for simazine by Walker and 
Thompson (1977); the half-lives for simazine were multiplied by 1.5 to correct for the 
incubation temperature of 25°C. 
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3 Review of existing models and selection 

3.1 Model classification criteria 

In several reviews of modelling approaches (e.g. Addiscott and Wagenet, 1985) 
distinction is made between deterministic and stochastic models, between mechanistic 
and functional models and between rate and capacity models. Deterministic models 
presume that a system operates such, that the occurrence of a given set of events 
leads to a uniquely defined outcome, whereas stochastic models assume the outcome 
to be uncertain so they are structured to account for these uncertainty. Mechanistic 
models incorporate the most fundamental mechanisms of the processes (as much as 
possible), whereas the term functional is used for models that incorporate simplified 
treatments of water flow and solute transport. Rate models describe water flow based 
on Darcy's law, whereas capacity models define changes in water content by using 
capacity factors for water flow, such as the water contents at field capacity and 
wilting point. 

Another possible distinction is based on the intended use of the models. Research-
orientated models are developed to aid the testing of hypotheses; management-
orientated models are used by decision-makers as a tool for management of 
agricultural resources. Research models are mostly complicated mechanistic models 
with a Darcian approach for water flow, whereas the less demanding (in terms of 
input and execution) functional models with a capacity approach serve as management 
models. 

We will classify the models using the above characteristics. We will also consider 
briefly the most important processes included in the models. 

3.2 Characteristics of selected pesticide leaching models 

The following models are selected for this brief review: 
1 PRZM-1 (Pesticide Root Zone Model - 1) was developed to evaluate pesticides 

leaching threats to groundwater for different crops under varying conditions; the 
model is widely used by the US-EPA and other users to predict chemical 
concentration profiles throughout and below the root zone (Carsel et al., 1985); 

2 CALF (CALculates Flow) (Walker, 1987) is a combination of a model designed 
to simulate solute flow in structured soil (Addiscott, 1977) and a model for 
herbicide persistence (Walker and Barnes, 1981); 

3 PELMO (PEsticide Leaching MOdel) was developed in Germany and was based 
on PRZM-1, but the concepts for transformation and sorption were modified 
(Klein, 1993); 

4 GLEAMS (Groundwater Loading Effects of Agricultural Management Systems) 
is a management-orientated model to evaluate the effects of agricultural 
management systems (Leonard et al., 1987); 

5 LEACHP (Leaching Estimation And CHemistry - Pesticide) is a research-

17 



orientated model, developed by Hutson and Wagenet (1992); 
6 MACRO is a deterministic model of non-steady water flow and solute transport 

in a macroporous soil which allows assessment of the role of macropores on 
transport in field soils (Jarvis, 1991). 

Table 1 lists the most important characteristics of these models. In this table the 
characteristics of PESTLA (Version 2.3) are included as well as a reference. 

3.3 Selection of models for assessment of the validation status 

The following review of the validation status is restricted to PRZM-1, GLEAMS, 
PELMO and LEACHP. CALF was not taken into account because a realistic 
simulation of the water balance of a cropped soil is not possible with this model: 
it does not include water uptake by plants. MACRO was not included because only 
one model test was available when this study was conducted. This was also the case 
for PELMO which was nevertheless included because it is already being used for 
registration purposes in Germany. 
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4 The Pesticide Root Zone Model - 1 (PRZM-1) 

4.1 Background 

The Pesticide Root Zone Model (PRZM-1) was developed by the Environmental 
Research Laboratory of the United States-Environmental Protection Agency (US-EPA) 
in Athens, Georgia. The model was developed to evaluate the risk of pesticide 
leaching to groundwater for different crops under divergent climatic conditions, soil 
characteristics and cropping practices. Its major intention is to provide a tool for 
environmental decision-makers. Recently, a new version (PRZM-2) has become 
available. We consider only the first version (PRZM-1), because we could only find 
tests for this version. 

Carsel et al. (1984) described the background of the development of PRZM-1 as 
follows: 'Evaluation models should conform to the maximum possible extent to 
known theory but must be structured to enable efficient analysis of field situations 
with minimal requirements for specialized field data. The goal is to integrate the 
essential chemical-specific processes for leaching with reasonable estimates of water 
movement through soil systems. Data input requirements are to be reasonable in 
spatial and temporal requirements and generally available from existing data bases'. 
The model is intended to develop technical evaluations that can provide (Carsel et 
al., 1984): 
— leaching potential, e.g. for new chemicals; 
— frequency distributions of leaching potential that may be used in risk assessment; 
— information for selecting alternative land management practices to reduce leaching. 

4.2 Description of the conceptual model 

Water Flow 
The total évapotranspiration and water infiltration are calculated by using a simple 
capacity model, based on two soil moisture holding characteristics: field capacity 
and wilting point. The main items of the water balance equation are run-off, 
évapotranspiration and infiltration. 

Run-off is calculated by a modification of the USA Soil Conservation Service 'curve 
number approach'. In this approach run-off is calculated as a function of soil type, 
soil drainage properties, slope, crop type and management practices (Haith and Loehr, 
1979). The sum of rainfall and snow melt is partitioned in a canopy intercepted 
component, a run-off component and an infiltration component. 

Evapotranspiration is calculated from pan-evaporation. The actual évapotranspiration 
is reduced if soil water is not sufficient to meet the demand. The reduction takes 
place before dividing the demand into soil evaporation and plant transpiration. So 
soil evaporation and plant transpiration are reduced following the same concept. The 
demand of evaporation is extracted sequentially from crop canopy storage and from 
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soil moisture content of the layers within the user-defined depth of evaporation, until 
wilting point is reached or total demand is met. The transpiration demand is extracted 
sequentially from the layers of the root zone, until wilting point is reached or total 
demand is met. 

For the calculation of the infiltration rate from a layer into a lower layer two options 
can be chosen (Carsel et al., 1985). Using option 1 (free drainage) the infiltration 
rate is calculated from the actual soil moisture content, the infiltration into this layer 
and the soil moisture content at field capacity. If the calculated soil moisture content 
is higher than field capacity, the excess of water drains to the next layer. It is 
assumed that water redistribution takes place within one day. Using option 2 a layered 
soil is considered in which permeability varies with depth. Conditions may prevail 
that raise the soil moisture levels in a layer above field capacity for periods of time, 
because water flow stagnates above a relatively impermeable layer. To accommodate 
these conditions two adaptations have to be made. Firstly, the assumed drainage of 
each layer to field capacity within a period of one day period is substituted by a 
kinetic drainage rule with a specific drainage rate parameter for each layer. Relatively 
impermeable layers drain their access of soil moisture over periods of more than 
one day. This means that at the end of the time step (one day) soil moisture content 
in these layers may exceed field capacity. Secondly a soil moisture content in access 
of storage capability may occur in a low permeable layer underlying a fast draining 
high permeable layer. To account for this, at the end of each day the profile is 
searched for this situation. Soil moisture in access of storage capability is 
redistributed into overlying layers as if the percolation of additional water beyond 
that necessary to saturate the low permeable layer had not occurred. 

One consequence of the assumed 'drainage rules' is that the soil layers below the 
root zone quickly reach field capacity and remain at that value. When this condition 
is reached, all water percolated below the root zone will displace the water in the 
lower soil layer and so on. There is no allowance for lateral water movement. Water 
balance accounting in this manner should be most accurate for sandy soils and least 
accurate for clay soils. 

Pesticide Behaviour 
Pesticide transport by advection takes place in the aqueous phase. Dispersion and 
diffusion are combined, using Fick's law and assuming a combined constant 
coefficient. Transformation in soil is described by first-order kinetics. Transformation 
of adsorbed pesticide as well as pesticide in solution is taken into account. The 
lumped rate constant for the solid and liquid phases is assumed to be constant with 
temperature and moisture content, but variable with depth. Adsorption and desorption 
of the pesticide is simplified by assuming these processes instantaneous and 
reversible. A linear sorption isotherm is assumed. For each soil horizon a sorption 
coefficient has to be specified. If the sorption coefficient is not available, the model 
can estimate it from water solubility. Plant uptake of pesticide is proportional to the 
transpiration rate using an uptake efficiency factor. Loss by run-off is calculated as 
the pesticide removed from the soil system via the liquid phase of the run-off. Loss 
by erosion is calculated as the pesticide removed from the soil system while adsorbed 
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to suspended soil particles in the run-off. The pesticide applied to the field may be 
intercepted by the canopy. The amount intercepted is proportional to the so-called 
herbage areal density. The intercepted pesticide is subject to volatilization, foliar 
transformation and foliar wash-off. Transformation and wash-off are combined into 
a first-order 'dissipation' process, with a lumped rate constant for both processes. 

4.3 Review of reported studies 

PAPER 1 : THE PESTICIDE ROOT ZONE MODEL (PRZM): A PROCEDURE FOR EVALUATING 
PESTICIDE LEACHING THREATS TO GROUNDWATER (CARSEL ET AL., 1985). 

Description 
Background: After the development of PRZM-1 a first evaluation of model 
performance was carried out, using data from a study of aldicarb movement in soil. 
The authors did not consider this test to be a rigorous test of model performance, 
because no hydrological data of the site were available. The study gives a first 
impression of model performance only. 
Test domain: Movement of aldicarb and its transformation products was followed 
in a loamy sand. No information is available on the crop grown during the 
experiment. The field site is situated in New York state with weather conditions 
roughly comparable to those in the Netherlands. 
Collection of input: No site-specific data on soil organic matter content, soil texture 
and hydrological data were used for the simulations. Aldicarb and its sulfoxide and 
sulfone were modelled as a total toxic residue. Literature-based values for the 
distribution coefficient (Koc) and half-life (DT50) were used. 
Monitoring: About one year after application of the pesticide, two soil columns were 
taken and analyzed to a depth of 2.5 m for total toxic residue (aldicarb + sulfone 
+ sulfoxide). 
Calibration: After a calibration-free application of the model, calibration was done 
by adapting the values for Koc and DT50. The calibrated model parameters were all 
within the range of measured values reported in the literature. 
Indices of comparison and criteria: The calculated concentration profile was 
graphically compared to an average profile, calculated from the two concentration 
profiles measured in the columns. 
Results and conclusions of the authors: In the 'calibration-free mode' the shape of 
the concentration profile was simulated well but downward movement of the pesticide 
was overestimated. The measured depth of peak concentration was 60 cm, whereas 
the model calculated the peak concentration to be at a depth of 110 cm. Calibration 
of the model by adjusting Koc and DT50 values, as described before, made it possible 
to describe the measured concentration profile accurately. 
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Evaluation 
Soundness: As the authors already stated, this study is not a sound test for model 
performance. Literature-based values of Koc and DT50 were used instead of site-
specific values. 
Test domain: The soil used in the experiment is a sandy loam which occurs in the 
Netherlands as well. No information is available on the crop grown and on the 
weather conditions during the experiment. This test is moderately relevant. 
Concentration level: Comparison of measured and calculated concentration profiles 
was carried out at concentrations roughly between 10 and 100 ug dm , which is much 
higher than the critical concentration level in the Dutch registration procedure. 

PAPER 2. COMPARISON OF PESTICIDE ROOT ZONE MODEL PREDICTIONS WITH OBSERVED 
CONCENTRATIONS FOR THE TOBACCO PESTICIDE METALAXYL IN UNSATURATED ZONE 
SOILS (CARSEL ET AL., 1986). 

Description 
Background: This test was part of the development and testing program of PRZM-1 
and was carried out to evaluate model performance under field conditions, to indicate 
the predictive capability and utility of the model as a screening tool in evaluating 
new or existing pesticides. 
Test domain: Metalaxyl was applied to two field sites, one in Florida (sand) and one 
in Maryland (sandy loam). 
Collection of input: The Kom and the soil hydraulic properties were obtained from 
the literature. The DT50 was obtained from the rate of dissipation of the pesticide 
in the field. Meteorological data were estimated from annual average values. 
Monitoring: In Florida, soil columns of 90 cm were taken at regular intervals up 
to 154 days after application. In Maryland similar columns were taken up to 219 
days after application. 
Calibration: The pan-factor for evaporation was obtained by calibration of the model 
to hydrological data. 
Indices of comparison and criteria: Calculated and measured pesticide concentration 
profiles were compared graphically. The coefficient of determination, CD, was used 
to compare calculated and measured concentration profiles. 
Results and conclusions of the authors: Measurements showed that at the end of the 
experiment (154 days after application) metalaxyl had moved to a maximum depth 
of 0.6 m in the Florida soil, whereas the pesticide did not move below 0.15 m in 
the Maryland site (219 days after application). Therefore, in the Florida experiment 
the calculated and measured concentration profiles were compared, whereas in the 
Maryland experiment the calculated and measured residual mass was compared. 
The authors concluded that: 
- although PRZM-1 greatly underestimated spreading of the front by hydrodynamic 

dispersion, the model effectively simulated the concentration profile of the 
pesticide in the Florida site (coefficients of determination ranging from 0.33 to 
0.95). 
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- the model calculated the total residual mass with an overall coefficient of 
determination of 0.75. 

Evaluation 
Soundness: The DTgo was obtained from the rate of dissipation in the field and the 
Kom was not based on site-specific data. Therefore the study is not sound. 
Test domain: The soils are comparable to Dutch soils. Tobacco was grown on both 
sites; tobacco is not grown in the Netherlands. The annual rainfall on both 
experimental sites was about 1000 mm, which is high in the range to be expected 
in the Netherlands. 
Other remark with respect to relevance: Metalaxyl did not move below 15 cm depth 
in the Maryland site. It is concluded that this test is not relevant. 
Concentration level: Comparison of measured and calculated concentration profiles 
was at levels roughly between 10 and 200 ug dm , which is much higher than the 
critical concentration level in the Dutch registration procedure. 

PAPER 3. COMPARISON OF COMPUTER MODEL PREDICTIONS WITH UNSATURATED ZONE 
FIELD DATA FOR ALDICARB AND ALDOXYCARB (JONES ET AL., 1986). 

Description 
Background: Movement of residues simulated by PRZM-1 were compared with data 
from 34 plots under a wide range of conditions. The emphasis of this study was to 
examine the accuracy of the predictions of transport velocity. Measured and calculated 
maximum depth of leaching, defined as the depth below which the average 
concentration does not exceed 5 ug kg"1, were compared. 
Collection of input: Field measured values of soil characteristics, meteorological data 
and time of application were used as input for the simulations. Soil hydraulic 
properties (field capacity and wilting point) were usually obtained from reported 
values for the particular soil class. Occasionally these parameters were obtained from 
laboratory measurements. First-order transformation rate coefficients were calculated 
from the dissipation in the field. The Koc value was derived from literature to be 32 
dm3 kg*1. Crop interception, loss due to erosion and plant uptake of pesticide were 
set to zero, since no input data were available to calculate these items. 
Calibration: No calibration was carried out. 
Indices of comparison and criteria: Measured and calculated maximum depth of 
leaching were compared. 
Results and conclusions of the authors: The simulated maximum depth of leaching 
generally corresponded within a factor of two with the measured data, but the model 
is often less accurate in predicting the concentration profiles, especially without 
calibration of parameters. Often the movement of pesticides is overpredicted by 
PRZM-1. This may have the following causes: (i) the model ignores upward 
movement of residues with upward movement of water resulting from soil evaporation 
losses; (ii) less desorption occurs than calculated due to hysteresis in the adsorption-
desorption isotherm, and (iii) desorption may be slow enough to affect downward 
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movement during a rainfall event. 
The authors concluded that PRZM-1 should be limited to assessing whether a 
pesticide will reach groundwater in a specific situation and how long it will take for 
the pesticides to reach the groundwater table, and what percentage of the applied 
material will enter groundwater under the specified circumstances. PRZM-1 should 
not be used for assessment of concentrations of pesticides as function of time and 
depth. 

Evaluation 
Soundness: Using DT50 values, derived from the decline of total residue in the field 
studies is a way of curve-fitting, regulating the height of peak and the residual mass 
in the profile. In such cases no conclusions can be drawn from comparison of 
calculated and measured residual mass. Because the authors were only interested in 
the 'maximum' depth of leaching, and they also used this quantity for model 
performance assessment, this is not the major restriction of this study. The use of 
a single Koc value for different field sites, with divergent soil physical conditions, 
is a rough approximation. Bromilow et al. (1980) reported Koc values for aldicarb 
ranging between 3 and 5 dm3 kg"1 for different soil types, which is much lower than 
the Koc value of 32 dm3 kg"1 used in this study. If the authors would have used a 
Koc value of for instance 3 dm3 kg"1 the calculated depth of penetration would have 
been considerably deeper. As no site-specific independent input data were used, these 
model tests are not sound. 
Test domain: Little information is available on the crops, the soils and the climatic 
conditions in the field studies. 
Concentration level: In most cases the measured and calculated pesticide 
concentrations ranged between 1 and 1000 ug dm"3; so the concentration was mostly 
much higher than the concentration level which is critical in the Dutch registration 
procedure. 

PAPER 4. EVALUATION OF FIVE SIMULATION MODELS FOR PREDICTING ALDICARB AND 
BROMIDE BEHAVIOUR UNDER FIELD CONDITIONS (PENNELL ET AL., 1990). 

Description 
Background: The purpose of this study was to test and compare five pesticide 
simulation models, namely (listed in order of increasing complexity): CMLS, 
MOUSE, PRZM-1, GLEAMS, and LEACHP. We only describe the test of PRZM-1. 
Data collected from a field study involving bromide and aldicarb were used to 
evaluate the models. 
Test domain: The study was conducted for a deep, sandy, well-drained soil in Florida 
with low organic carbon content and high saturated hydraulic conductivity. During 
the 218-day simulation period aldicarb leached to considerable depths (> 7.9 m). The 
authors consider these data to be useful for a rigorous test for the models, because 
discrepancies between model calculations and measured data are likely to be more 
pronounced as the solute pulse leaches to a greater depth. 
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Collection of input: Daily meteorologie data were collected during the field study. 
Sorption and transformation parameters were measured in soil samples taken from 
the experimental site at several depths both for aldicarb and its transformation 
products aldicarb sulfoxide and sulfone. Because PRZM-1 does not consider 
transformation products, aldicarb, aldicarb sulfoxide and aldicarb sulfone were treated 
as a single solute, referred to as Total Carbamate Residue (TCR). The K of the TCR 
was assumed to be equal to that of aldicarb which ranged from 11 dm kg"1 in the 
upper part of the profile to 36 dm3 kg"1 at a depth of 3 m. TCR half-life ranged from 
63 days in the surface layer to 128 days in the deeper layers. Soil hydraulic 
characteristics were obtained from a soil from a neighbouring site with expected 
similar characteristics. 
Monitoring: Soil cores were taken to a depth of 7.9 m at several times up to 154 
days after application. Concentration profiles of the parent compound aldicarb and 
the two transformation products aldicarb sulfoxide and sulfone were measured. 
Calibration: The Soil Conservation Service curve number for calculation of run-off 
and erosion was obtained by calibration. The curve number was set to such a value 
that no run-off was calculated because no run-off was observed in the field. 
Indices of comparison and criteria: Model evaluation was based on graphical methods 
and statistical functions, e.g the root mean square error. Comparison was made 
between measured and calculated values of (i) the solute centre of mass, defined as 
the depth above and below which 50 % of the total residual mass was located, (ii) 
the residual mass in the root zone, (iii) the residual mass in the soil profile and (iv) 
the shape of the concentration profiles. 
Results and conclusions of the authors: Leaching velocity, characterized by the depth 
of centre of mass, was simulated reasonably well early in the simulation period (until 
30 days). After 249 days depth of leaching was underestimated: depth of centre of 
mass was calculated to be at 3.5 m, whereas measured values showed a centre of 
mass at 7 m. Overestimation of actual évapotranspiration is mentioned as a possible 
reason for underestimation of leaching. Total residual mass in the root zone was 
simulated accurately, whereas the residual mass in the total soil profile was slightly 
overestimated. Dispersion was underestimated in the beginning of the simulation 
period (50 days after application); later in the simulation period (100-150 days after 
application) the shape of the concentration profile was simulated well. 

Evaluation 
Soundness: The values of DT50 and Koc, and the soil hydraulic properties used for 
the simulations were site-specific. Therefore this field study provides a complete 
dataset. The study is a sound test for the assessment of model performance. 
Model performance: Because this study is sound, the performance of the model in 
this test is roughly assessed using the criteria described in chapter 2 of this report. 
In this study, the calculated total residual mass and the centre of mass were both 
within a factor of two of the measured values during the whole experiment. 
According to this rough evaluation, model performance was good in this test. 
Test domain: The crop on the field site was citrus, which was grown on a sandy soil 
with extremely low organic matter content and water retention. The very low water 
retention resulted in extremely deep infiltration of the water. The low organic matter 
content resulted in hardly any retardation of the pesticide. Cumulative rainfall was 
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about 800 mm in the first 200 day; about 150 mm fell on one day. Therefore soil, 
crop and weather conditions are not comparable to those in the Netherlands. 
Other remarks on relevance: Note that the authors stated that discrepancies between 
measurements and calculations are likely to be very pronounced in this field test, 
because the solute pulse leached to a depth of 7.9 m in one season so the test is a 
severe one for model performance. But this is only true for the part of the model 
that describes convection and dispersion. Moreover, sorption is very low in this soil 
so the sorption part of the model was only tested to a limited extent. In this field 
test the pesticide pulse leached quickly below 30 cm depth. The transformation of 
TCR was slow below 30 cm, so the transformation part of the model was not 
thoroughly tested. It is concluded that the test is not relevant. 
Concentration level: Measured and calculated concentration profiles were compared 
at concentrations of 10-500 ug dm"3 for aldicarb and of 500-5000 ug dm"3 for TCR, 
which is high compared to the critical level in the Dutch registration procedure. 

PAPER 5. COMPARISON OF THE PESTICIDE ROOT ZONE MODEL SIMULATED AND 
MEASURED PESTICIDE MOBILITY UNDER TWO TILLAGE SYSTEMS (SAUER ET AL., 1990). 

Description 
Background: In this study the performance of PRZM-1 was tested using a limited 
dataset. If no site-specific data were available, they were estimated using the 
techniques suggested in the PRZM manual. Off-site literature data were excluded. 
The authors consider this test to be a realistic test of the model's practical utility, 
because regulators and resource managers mostly do not have access to site-specific 
input parameters. A column study and a field study on the behaviour of four 
pesticides were used for the assessment of model performance. The two studies are 
described separately. 

Column-study 
Test domain: Carbofuran and chlorpyrifos were applied to undisturbed soil columns 
(length 0.9 m and diameter 0.2 m) filled with a sandy soil containing 5% organic 
matter in the top soil and about 2% organic matter at 1 m depth. Four columns were 
used (two from a no-tillage plot and two from a mouldboard-plough plot) which were 
exposed to natural weather conditions. 
Collection of input: Soil samples were collected during excavation of the columns 
for determination of soil bulk density. The pesticides were applied under controlled 
greenhouse conditions. Corn was grown on the columns and they were irrigated. The 
Koc was estimated from the octanol-water partition coefficient (Kow) as described 
in the PRZM manual. The DT50 value was determined from the dissipation rate 
measured in the columns. Moisture content at field capacity was measured for this 
soil type by other researchers (not site-specific) and moisture content at wilting point 
was estimated from soil texture information. Other input parameters (such as the pan-
factor for evaporation, maximum rooting depth, crop interception etc.) were not 
measured but were obtained from the estimation methods described in the PRZM 
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manual. 
Monitoring: Soil temperature, soil matric potential, drainage rate and pesticide in 
the leachate were monitored for 106 days. At the end of the study the columns were 
sectioned and organic matter and pesticide concentrations were determined for each 
layer. Evapotranspiration was measured by weighing the columns. 
Calibration: The water flow part of the model was calibrated using the matric 
potentials measured in the soil profiles. 
Indices of comparison and criteria: Depth of peak concentration at the end of the 
experiment and the cumulative amount of pesticide leached from the columns were 
target quantities in this experiment. The peak concentration was defined as the 
maximum of the concentration with depth. Model performance was considered to 
be acceptable if the simulated depth of pesticide penetration was within the same 
depth increment of 5 cm as the measured depths. The amount that was calculated 
to leach out of the column had to be within 20% of the measured amount. 
Results: Detectable levels of carbofuran throughout the column were both measured 
and calculated. PRZM-1 simulated reasonably well the more or less uniform 
distribution of carbofuran measured throughout the column at the end of the 
experiment. The measured high peak concentration near the soil surface was not 
calculated by the model. This is explained by the authors by hysteresis in the sorption 
isotherms, which is not included in the model. The measured and calculated 
cumulative amounts of carbofuran leached from the columns showed poor agreement: 
the measured amounts were 3 to 10 times the calculated amounts. Chlorpyrifos did 
not move below 10 cm depth. The depth of the peak concentration was well 
simulated, whereas the residual amount in the columns was underestimated by a factor 
of 2 to 3. 

Field study 
Background: See column study. 
Test domain: Atrazine and metolachlor were applied to a sandy soil with 5% organic 
matter in the top soil and about 2% organic matter at 1 m depth. Field plots with 
two tillage systems were used (mouldboard plough tillage and no tillage). 
Collection of input: Soil samples were collected for determination of soil bulk den­
sity. Literature values of Koc were used, whereas DT50 was determined from the 
dissipation rates in the field. Field capacity was measured for this soil by other 
researchers (not site-specific) and wilting point was estimated. Other input parameters 
were not measured but were estimated with methods described in the PRZM manual. 
Monitoring: The plots were sampled immediately before and at 14, 53 and 168 days 
after application. Samples were taken in five increments to a depth of 1 m. Daily 
precipitation was measured on the site and potential évapotranspiration was obtained 
from a weather station. 

Calibration: The water flow part of the model was calibrated to a certain extent by 
using the fact that no run-off occurred in the field. 
Indices of comparison and criteria: The depth of peak concentration and the height 
of the peak concentration were used as target quantities for model performance 
assessment. Model performance was considered acceptable if the simulated and 
measured depth of peak concentration were within the same depth increment. 
Calculated height of peak concentration had to be within 20% of the measured 
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concentration. 
Results: For both tillage systems and both pesticides the authors found close 
agreement (within one standard deviation) between the simulated and measured data 
after 14 days. PRZM-1 calculated deeper penetration and lower peak concentration 
than measured on the later sampling dates (53 and 168 days after application). 

Column study and field experiment: 
Conclusions of the authors: 'This study indicates that PRZM can make reasonable 
predictions ... under both ... tillage systems early in the growing season.... However, 
the accuracy of the model predictions would likely have been improved by the 
increased use of site-specific input parameters, including pesticide adsorption 
coefficients and moisture retention characteristics ...' 

Evaluation 
Soundness: No site-specific Koc values were used, neither in the column study nor 
in the field study. The DT50 values were simply derived from the results of the 
column and field experiments. So the tests with both the column and field studies 
are not sound. 
Test domain: The soils in both the field and column experiments are comparable to 
Dutch soils and the crop (maize) is widely grown in the Netherlands. So the studies 
are relevant. 
Concentration levels: Calculated and measured concentration profiles of carbofuran 
were compared at a concentration of the order of 10 ug dm"3. 
Other comments: The residual mass of chlorpyrifos was underestimated by about a 
factor 2 at the end of the column study. This can be explained by an overestimation 
of the transformation rate. However, according to the authors the DT50 value for 
chlorpyrifos was derived from the residual mass at the end of the study. 

PAPER 6. FIELD TESTING AND COMPARISON OF THE PRZM AND GLEAMS MODELS 

(SMITH ET AL., 1991). 

Description 
Background: In this study results of calculations with PRZM-1 and GLEAMS were 
compared mutually and the calculated results were also compared to measured data. 
The simulations were performed in a screening mode, which means that no calibration 
was carried out and unknown parameters were estimated using the recommendations 
in the user manuals. 
Test domain: In the field experiment atrazine and alachlor were applied to a sandy 
soil. The soil was low in organic carbon: 0.5% in the top soil and 0.05% in the layer 
between 1 and 2 m. 
Collection of input: Literature values of Kom and DT50 were used. In previous studies 
soil parameters like organic matter content, dry bulk density and texture of the soil 
were determined. Water contents at wilting point and at field capacity and saturated 
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hydraulic conductivity were measured in this experiment. Daily records of 
precipitation, temperature and potential évapotranspiration were obtained from a 
nearby weather station. Crop parameters, like rooting depth, soil cover and leaf area 
index were estimated following the recommendations in the user manuals. 
Monitoring: Up to 100 days after application concentration profiles to a depth of 2 
m were measured. The soil solution was sampled at 0.6 m depth. Groundwater was 
sampled using a grid of piezometers and analyzed for the pesticides. 
Calibration: No calibration was carried out. 
Indices of comparison and criteria: Simulated peak concentrations and depth of peak 
concentrations were compared to measured values. For screening applications the 
model should be able to simulate measured concentrations within a factor of 10. 
Results and conclusions of the authors: Calculated peak concentrations of atrazine 
were within a factor of 2 of the measured values. After about 20 days the 
concentration in the soil solution at 0.6 m depth reached its maximum, whereas the 
calculations resulted in a maximum after about 80 days.The authors attribute this 
to the Koc value of 163 dm3 k g 1 which may have been too high. At the end of the 
study the calculated residual mass in the soil profile was much higher than measured. 
This implies that the selected DT50 was too high. 

The results for alachlor were not presented in detail. PRZM-1 calculated a far more 
rapid decrease in concentrations than was measured. The calculated penetration rate 
of alachlor was much higher than was measured. Apparently the values of Kom and 
DT50 were underestimated. 
In all cases, the measured and predicted peak concentrations differed less than a 
factor 10 and in most cases they differed no more than a factor of 2 or 3. So for use 
in the screening mode the PRZM-1-model had met the adopted criteria for acceptance. 

Evaluation 
Soundness: The DT50 and Kom values were obtained from the literature for both 
chemicals. Therefore the test is not sound. 
Test domain: The sandy soil is comparable to Dutch soils. During the experiments 
grass was grown, with a rooting depth of about 1 m. The pesticides were sprayed 
onto the grass in November. Such a pesticide application is not common in the 
Netherlands. So the test is moderately relevant. 
Concentration level: Concentration levels ranged roughly between 10 and 300 ug 
dm" , which is considerably higher than the critical level in the Dutch registration 
procedure. 
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PAPER 7. TEST OF THE PESTICIDE ROOT ZONE MODEL AND THE AGGREGATE MODEL 
FOR TRANSPORT AND TRANSFORMATION OF ALDICARB, METOLACHLOR, AND BROMIDE 
(PARRISH ET AL., 1992). 

Description 
Background: The authors work at the Environmental Research Laboratory of the US-
EPA in Athens, Georgia, United States. At this laboratory PRZM was developed. 
Model performance of the Aggregate Model is left out of consideration in this report. 
Test domain: Aldicarb and metolachlor were applied under normal agricultural 
practices. Application was repeated each year over a four year period (1984 to 1987). 
The soil is a sandy soil, with a clay subsoil at 2.5 m depth (personal communication, 
P.S.C. Rao, 1993). A tracer experiment with bromide ion was conducted in the same 
period. Bromide ion was applied once at the beginning of the first growing season. 
Collection of input: Sorption and transformation studies were carried out and sorption 
coefficients and half-lives were measured for each horizon (Kd for aldicarb: 0.07 to 
0.04 dm3 kg"1; Kd for metolachlor: 0.72 to 0.25 dm3 kg"1; DT50 for aldicarb (total 
carbamate residue): 42 to 62 days; DT50 for metolachlor: 18 to 43 days). 
Meteorological data were obtained on a daily basis. Soil physical characteristics were 
measured for each of the four horizons and water contents at field capacity and 
wilting point were estimated. 
Monitoring: Pesticide behaviour was monitored up to about 100 days after 
application. Bromide behaviour was monitored during the whole experimental period. 
Soil cores with a length of 1 to 3 m were taken. 
Calibration: Estimates of the transformation rates for the upper horizon, based on 
dissipation in the field, tended to be significantly different from the laboratory data. 
For the simulations, field data for the upper horizon were used and the values for 
the other horizons were derived from the field data of the upper horizon and adjusted 
by depth in proportion to the results from the laboratory studies. 
Indices of comparison and criteria: The indices for comparison were the shape of 
the concentration profile and the depth of peak concentration. Several statistical 
functions were used to assess model performance. 
Results and conclusions of the authors: Metolachlor moved to a depth of about 0.35 
m during the period of sampling (about 100 days after application). The shape of 
the concentration profiles of metolachlor and the depth of peak concentration were 
simulated well. PRZM-1 calculated concentrations that were within a factor of two 
of the measured concentrations for at least 90% of the sampling events. The total 
carbamate residue (TCR) resulting from aldicarb moved to a depth of 1.2 m in the 
same period. The shape of the concentration profiles of TCR and the depth of peak 
concentration were simulated less accurate than for metolachlor. The calculated 
concentrations of TCR were within a factor of two of the measured concentrations 
for about 75% of the sampling events. 
As described, simulations for metolachlor were better than for TCR. The higher 
sorption of metolachlor results in a lower fraction in the liquid phase. Therefore errors 
in the transport part of the model are less significant for metolachlor than for aldicarb. 
The authors attribute the better results with metolachlor to a possible weakness in 
the hydrologie part of the model. They conclude: 'These results suggest that the 

32 


