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FOREWORD BY THE FOCUS STEERING COMMITTEE

Since its beginning in 1993, FOCUS (FOrum for the Co-ordination of pesticide fate models
and their USe) has established a number of work groups to develop procedures for
estimating concentrations of plant protection products and their metabolites in various
environmental compartments (ground water, surface water, soil, sediment, and air) and for
performing kinetic analyses. The procedures for assessing potential movement to ground
water became effective in December 2000 and have been used since then as part of the EU
registration process. A few years after the release of the scenarios, scientific progress in the
field of leaching models as well as experience with the use of the scenarios resulted in
guestions being raised regarding changes to the scenarios, harmonization of the different
leaching models, the role of more advanced assessment approaches (for example, graphical
information systems and non-equilibrium sorption), how to use the results of simulations and
experimental studies (lysimeter and field studies) in the assessment, and the coverage of
new EU member states by the FOCUS scenarios. Therefore FOCUS established a work
group of experts from regulatory authorities, research institutes, and industry to develop
revised scenarios and an overall framework for assessing leaching potential. This FOCUS
group met as a whole 16 times between February 2004 and June 2008 and also many times
in various subgroups. This report is the result of extensive deliberation on the numerous
issues that arose after conducting a survey of the opinions of the member states. The output
of the work group also includes a completely revised set of models, input and output shells,
and scenarios which will become available at the FOCUS web site after approval of this

report.

The version control process does not allow access to the models for regulatory use prior to
their official release date. Therefore, the FOCUS Steering Committee recommends the
revised models can be used for leaching assessments immediately after release, but that
registrants may use the models released in 2000 for submissions up to one year following

the release of these models on the FOCUS web site.

One of the specific details in the remit of the work group was that the revision of the
scenarios would include harmonisation of the models (dispersion length, water balance, etc.).
This effort was largely successful and the Steering Committee recommends that the ground
water assessments can now be performed with any of the models (PEARL, PELMO, and

PRZM) and there is no need to perform the assessments with more than one model.
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EXECUTIVE SUMMARY

Why is the work of the FOCUS Ground Water Work Group important?

The EU and national registration processes under Directive 91/414/EEC require the
assessment of the potential of an active ingredient and its metabolites to move to ground
water. An earlier FOCUS work group developed a series of ground water leaching
scenarios, which were the basis for the first tier of the EU assessment procedure beginning
in 2000. Since that time a number of questions had arisen concerning these scenarios. Also
this earlier work group did not provide overall guidance for higher tiers of the entire
assessment scheme (field and monitoring studies, lysimeter studies and higher tier modelling

approaches).

The current work group has developed a tiered approach for conducting these assessments,
which includes the relative roles of modelling, field experiments, and monitoring and
incorporates higher tier modelling approaches such as geographical information systems

(GIS) and non-equilibrium sorption.

The work group also has carefully assessed the original scenarios and made changes to
harmonize differences between models and to make processes as realistic as possible. For
example, soil parameters have been adjusted for two of the original locations, crop kc factors
changed for all scenarios, runoff eliminated in all scenarios, and new irrigation schedules

generated for all irrigated crops.

Finally the EU has significantly grown in size since the original scenarios were issued in
2000. Therefore, whether new scenarios were required to cover the agricultural areas in the

new member states needed to be assessed.
To which registration processes are the recommendations directed?

The remit of the work group included developing guidelines for assessing potential
movement to ground water under both the EU and member state registration processes. The
revised scenarios are directly applicable to EU registration. Some of member states also use

these scenarios in their national registration process or may do so in the future.
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What are the objectives of the EU and national ground water assessments?

The assessment objectives are different for EU registration of the active ingredient
(placement on Annex I) and product registrations in the member states. Although there is no
official ground water decision scheme for Annex | inclusion, the current practice is to
demonstrate at least one safe use on a representative crop in a significant area of Europe.
For national assessments, all crops and the entire potential use area must be considered. If
the compound cannot be used safely throughout the country, then the registration may be
limited to the subset of conditions under which the compound can be used safely.

What are the desired characteristics of the ground water assessment scheme?

The FOCUS work group objective was to develop a scheme in which the initial (or earlier)
tiers are quick, simple, and cheap to undertake and allow the compounds that clearly do not
cause any concern to be passed. Conceptually earlier tiers are more conservative than later
tiers, which is ensured by the choice of validated models (default assumptions) and choice of
parameters (laboratory) and conservative nature of the scenarios in earlier tiers. The later
(or higher) tiers are more complex and expensive but should provide a more realistic (less
conservative) result. Therefore, results of higher tier assessments supersede results from

lower tier assessments.

What is the work group proposing as a ground water assessment scheme?

The work group proposes the following basic scheme with four tiers. This tiered approach is
applicable to both EU and member state evaluations, even though the objectives are

different.
Where there are a number of options for a given tier, undertaking all options is not

necessary. Any single option is sufficient. However, any approaches should be justified

using all appropriate data available.
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Tier 1 1)
Standard scenarios with lab or field degradation data

| l

2a) 2b)
Modelling with Modelling with
refined parameters refined scenarios
w ¥ ¥
- 3a) 3b) 3c) 3d)
Combined modelling Advanced spatial Higher tier leaching Other modelling
refined parameters modelling experiments set into approaches
& scenarios context by modelling

5

Ground water monitoring

* Mitigation possible at all iers

Proposed Generic Tiered Assessment Scheme for Ground Water

Tier 1

Tier 1 in the EU consists of the FOCUS 2000 standard scenarios, which will eventually be
replaced by revised scenarios developed by the current work group. In the member state
evaluations, a subset of the FOCUS standard scenarios or national scenarios are used.
Degradation rates may be from either laboratory or normalised degradation rates from field
dissipation studies.

Tier 2

Tier 2 consists of more refined modelling approaches. Tier 2a consists of modelling with
refined parameters. This includes providing data on specific processes (for example, sub-
surface degradation or non-equilibrium sorption) or particular conditions (such as soil-specific
degradation rates) relevant to a particular crop or member state. Tier 2b consists of
modelling with refined scenarios. This approach is appropriate when the standard Tier 1
scenarios are not representative of a specific crop or use area. The work group report

presents two different methods in detail for determining refined scenarios.
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Tier 3

Tier 3 consists of four options consisting of different modelling approaches and modelling
combined with experiments. When relevant to the proposed use pattern, Tier 3a combines
the refinements detailed in Tiers 2a and 2b to provide an assessment based on both
approaches. In Tier 3b spatially-distributed leaching models provide the user with maps of
the predicted leaching concentrations in the intended use area or in a climatic zone.
Frequency distributions and percentiles of the leaching concentration can be directly inferred
from these maps. The quality of such assessments is very much dependent on the quality
and coverage of the underlying soil profile and climatic information. Currently the uncertainty
of the soil profile information on a European scale is too high for detailed EU-wide
assessments. However, in some countries high quality data are available. Any of the
FOCUS models could be incorporated into a spatially distributed modelling framework. Tier
3c combines information from experimental studies such as lysimeter experiments and field
leaching studies. While field study measurements do not have the limitation of the
assumptions used in leaching models, the results may only be directly relevant to the
climatic, pedological and agronomic (crop, timing, application rate etc) conditions in which the
studies were conducted. The work group recommends that lysimeter studies be incorporated
into the assessment scheme by using inverse modelling to develop estimates of input
parameters such as degradation rates and sorption constants. The parameters are then
combined with measurements from other sources (for example, for degradation rates the
lysimeter results are averaged with a weight of three with the results of field dissipation
studies). Then the standard scenarios are re-run with the revised parameter. Tier 3d
includes other modelling approaches (for example, stochastic and 3-D modelling). At this
time the view of the FOCUS work group is that other modelling approaches are not
sufficiently developed for regulatory use at a high tier of the risk assessment scheme.
However the work group expects that the science will develop in the future and that current

research applications may, in time be usable for regulatory purposes.
Tier 4

Tier 4 consists of ground water monitoring data. Ground water monitoring data are seen as
the highest tier of assessment since the actual concentrations in ground water are directly
measured rather than being estimated by modelling approaches or approximated from small
scale lysimeter or field studies. For existing pesticides monitoring data can be useful at both
the EU level and the national level. For instance, representative data from one member state

could demonstrate a safe use for the EU evaluation. For new active substances historical
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monitoring data are clearly not available, but post-registration monitoring programs may be
possible. Monitoring data can include the results of dedicated analyses of ground water by
notifiers or other agencies (i.e. water companies, environment agencies etc) where there
may be a detailed initial assessment of the relevance of the monitoring points (for example,
by knowledge of historical compound usage in the area and characteristics of the aquifer)

and certain minimum quality criteria are demonstrated.
Mitigation

At any tier of the assessment process, mitigation (measures taken to adjust or restrict the
use of a pesticide to reduce the risk of leaching to an acceptable level) is possible. Mitigation
measures often relate to the Good Agricultural Practice (GAP), and include crops to which a
compound can be applied, the timing/crop stage for uses on each specific crop, the
application rate, the number of applications, and the timing between applications. Other
potential mitigation measures include preventing applications on soils with certain properties
(through soil or geographical restrictions), restricting applications in hydrogeologically

vulnerable areas, and limiting applications to certain times of the year.

How have the Tier 1 scenarios been revised?

The revisions to the scenarios consisted of:

* Changes to the soil profiles in Porto and Piacenza

* A new procedure for calculating the leaching concentration (PECgw)

» Source of potential reference evaporation data for five locations

* Adding irrigation to some crops grown in Porto.

* Harmonisation between models

0 Harmonisation of the dispersion length

Limiting the maximum rooting depthto 1 m
Implementation of common crop kc factors for different crop periods
Standardising the prediction of evaporation from bare soll

Harmonising runoff by eliminating runoff in Tier 1 scenarios

O O O o o

Generating crop specific irrigation schedules with PEARL and PELMO
What was the basis for the changes to the soils properties for Porto and Piacenza?

At the time that the FOCUS 2000 scenarios were established, there was a lack of high quality
and harmonised EU-wide data bases. For this reason, the original scenarios were selected
by a combination of approaches including expert judgement, locations in major agricultural
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areas, and distribution of sites to cover all European climatic zones. Research conducted
after the issuing of the original scenarios indicated that scenarios at Piacenza and Porto may
not have met the desired vulnerability criteria for leaching. To revise the scenarios, the
current work group had to decide the precise vulnerability criteria for revision of these
scenarios. The criterion selected was the 80™ percentile soil and 80™ percentile weather for
the climatic zone represented by the respective locations. The climatic zone was defined on
the basis of the EU area with 15 member states so that the addition of member states did not
require the whole set of scenarios to be revised. In addition, the basic spatial unit for
leaching was defined as the soil mapping unit and the basic temporal unit was an annual

average for annual applications.
What were the changes to the soil properties for Porto and Piacenza?

A spatial analysis of the climatic zones represented by the Porto and Piacenza locations
indicated that a change in the organic matter was appropriate to make them fit the
vulnerability concept. The organic matter in the surface soil at Porto was decreased from 6.6
to 2.45 percent, resulting in changes to the bulk density, hydraulic properties, and the organic
matter in the deeper soil layers. The organic matter in the surface soil at Piacenza was
increased from 1.72 to 2.17 percent, along with changes to the organic matter in the deeper

soil layers.
How is the weather percentile for PECgw determined?

The previous FOCUS work group decided that the PECgw corresponding to a reasonable
worst case for leaching assessments would be approximated by an 80" percentile soil and
an 80" percentile weather. The current work group also reviewed several approaches for
determining specific percentile values and decided that the 80" percentile weather is
represented by the average of the 16™ and 17" of the 20 ranked values from the simulation.
In the previous Tier 1 scenarios, the 17" ranked value was used. For applications made
every second or third year, FOCUS 2000 calculated the flux weighted averages for each of
the 20 two or three year periods and then selected the 80™ percentile of these 20 values.
The current work group investigated taking the 80™ percentile of the 40 or 60 yearly values.
Because the two methods gave similar results, the work group recommended continuing with

calculating the 80™ percentile of the 20 flux weighted averages.
Why was harmonisation of the dispersion length important and how was this done?

In simulations conducted according to the procedures in the previous FOCUS work group

PEARL and MACRO used a dispersion length of 5 cm and the effective dispersion length
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(set by compartment size) in PRZM and PELMO was 2.5 cm. Later work showed that the
difference in dispersion lengths was a major source of the difference between predictions of
PEARL and PELMO or PRZM. Work group members undertook several activities associated
with dispersion. First, a data base of dispersion lengths reported in the literature was
derived. This review demonstrated that dispersion increases with depth. Second, changes
in how the dispersion process is modelled in a soil profile with depth dependent sorption and
decay factors resulted in different predictions of pesticide concentrations at the bottom of the
soil profile, even when the different models predicted the same breakthrough of an inert
tracer. The pesticide fate models use a one-dimensional convection dispersion equation to
describe transport and two options to parameterise this model were discussed. The first
option assumes a constant dispersion in the entire soil profile, thereby overestimating the
leaching through the upper soil layer where most decay takes place. The second option
divided the upper meter in three layers (corresponding to the three different default
degradation factors) with increasing dispersion lengths as a function of depth, but the validity
of the process description in this approach was questioned. The work group could not come
to a consensus over which of the two approaches was preferable. However, because of the
need for harmonisation, the constant CDE approach with a dispersion length of 5 cm will be
used in the revised scenarios produced by the work group. The constant CDE approach is

the more conservative of the two approaches, at least for parent compounds.
What changes were made to harmonise the water balance predicted by the models?

Examination of these differences led to the identification of work in six areas:

» the most appropriate source of reference evapotranspiration data

» the importance of time varying crop kc values

» adjustment of rooting depths

» calculating evaporation from bare soil

* determining appropriate amounts of runoff for each location/crop location and how to
achieve this with the different models

» and developing appropriate irrigation files for each location/crop location in the

locations where irrigation is a common agricultural practice

Source of reference evapotranspiration data
FOCUS 2000 scenarios used reference evapotranspiration calculated from the MARS data
base and FAO crop coefficients. The work group examined whether FAO or MARS
referenced evapotranspiration was most appropriate. The work group decided to use FAO
reference evapotranspiration for Porto, Piacenza, Ch teaudun, Thiva, and Sevilla for

consistency between the crop coefficients and evapotranspiration values. The MARS
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approach to calculating reference evapotranspiration was retained for Okehampton,
Kremsm nster, Hamburg and Jokoinen because there wa s little difference between the two
approaches for these climatic conditions and the long wave radiation parameterisation
procedure proposed by the FAO sometimes leads to negative reference evapotranspiration

rates in northern European conditions.

Crop kc factors
A comparison of the annual potential evapotranspiration for crop and soil showed that the
different procedures within the models for implementing crop kc factors were contributing
significantly to the variability of the overall water balance. Therefore the work group decided
to harmonize the procedures by implementing a common procedure in which the year was
divided into four periods (harvest to emergence, emergence to maturity, maturity to
senescence, and senescence to harvest) and a constant kc factor was assigned to each of
the four periods. Changes have been made to the models and shells to implement this

procedure.

Adjustment of rooting depths
Because transpiration in PEARL is reduced when a substantial fraction of the roots are
located below the water table and because of the inconsistency of evaluating ground water
concentrations at a depth shallower than the root zone, the work group decided that the

maximum rooting depth would not exceed 1 m for all location/crop combinations.

Evaporation from bare soil
In the absence of a crop, evaporation from bare soil is predicted differently in the different
models. The procedure used in PEARL was used as the standard and the depth of
evaporation parameter in PELMO and PRZM has been adjusted to give approximately the

same amount of soil evaporation during the time the crop is not present.

Runoff
Because the work group was unable to obtain a set of crop specific European-wide data to
use as a reference for setting runoff amounts that would correspond to an agreed upon
percentile for all soils in each FOCUS climate zone, the work group decided to make the
conservative assumption of no runoff in PELMO and PRZM and to use the 24 hour storm
duration for PEARL in the Tier 1 simulations, which leads to almost no runoff in this model as
well. The work group recommends that runoff should be included in Tiers 2b and 3 in EU
evaluations and in simulations at the member state level when information on runoff amounts

is available.
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Irrigation
The work group decided that irrigation schedules should be developed for individual crops in
Ch teaudun, Piacenza, Porto, Seville, and Thiva bec ause the current irrigation schedules
were not always consistent with the cropping season. These irrigation schedules provide
irrigation from the time of planting until senescence and are generated using irrigation
routines in PEARL and PELMO, which apply irrigation once a week on a fixed day to bring
the root zone up to field capacity. However, irrigation was applied only if the amount required
exceeded 15 mm. Because of minor differences remaining in the water balance (primarily
evapotranspiration), the irrigation routines for PEARL and PELMO predict somewhat different
amounts. However, using different irrigation routines tends to compensate for
evapotranspiration differences to provide closer estimates between the two models for the
amount of water moving below the root zone, which is the key water balance parameter
affecting leaching. The irrigation amounts generated by PELMO are used directly in PRZM.

How are these changes being implemented in MACRO?

In 2009 the work group will work with the developers of MACRO to implement equivalent

changes in the MACRO Ch teaudun scenarios.
How do predictions from the original and revised scenarios compare?

The changes to the models were successful in reducing the variability between the
predictions of the models. The following graphs show the comparison of PEARL and
PELMO results for compound D between the FOCUS 2000 scenarios and those proposed in
this report (FOCUS 2009).
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Comparison of the PECgw predicted by PEARL and PELMO for all 125 FOCUS 2000 scenarios.
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Comparison of the PECgw predicted by PEARL and PELMO for all 125 FOCUS 2009 scenarios.

Each of the changes discussed resulted in changes to the relevant scenarios. For example,

the change in calculating the 80" percentile weather lowered concentrations for all 125

scenarios, the changes in the soil properties at Porto increased concentrations for scenarios
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at this location (especially for winter crops), and the change in the soil properties at Piacenza
reduced concentrations for scenarios at this location. As shown in the following graphs,

overall the concentrations predicted by PEARL were generally lower, while the

concentrations predicted by PELMO and PRZM increased.
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The harmonisation effort was largely successful with 90 percent of the PEARL and PELMO

values for the proposed scenarios within a factor of three. This compares to less than one-
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fourth of the FOCUS 2000 scenarios. Given the current agreement among the models, the
work group recommends that the ground water assessments can now be performed with any
of the models (PEARL, PELMO, and PRZM) and there is no need to perform the

assessments with more than one model.

Have higher tier modelling approaches been incorporated into the recommendations?

The work group report outlines the principles for spatially distributed modelling and as
mentioned earlier presents two different GIS based approaches for creating crop specific
scenarios. The work group report provides information on European-wide data sets that
could be useful in performing GIS analyses. The report also discusses several approaches,
including a detailed discussion of inverse modelling, that combine the results of both field or
lysimeter studies with modelling. The work group report also presents a detailed discussion
of non-equilibrium sorption, including recommendations for implementation in regulatory

submissions.

Have higher tier experimental data been incorporated into the recommendations?

The work group report discusses the design of lysimeter studies, field leaching studies, and
ground water monitoring studies and their role in a tiered assessment procedure.

Are the existing scenarios applicable to the new member states?

The FOCUS (2000) scenarios were developed when the European Union consisted of 15
countries. Since that time twelve additional countries have joined. Therefore the work group
assessed whether the FOCUS (2000) scenarios covers the agricultural area of new member
states. A scenario covers an area when it represents either the same properties or
represents a more vulnerable situation like higher rainfall amounts or lower organic carbon
contents. The spatial analysis shows that the current set of FOCUS leaching scenarios is
applicable to new member countries for the purpose of Tier 1 screening simulations. Some
smaller areas shown in the figure below, located both in the original 15 member states and in
the newer twelve member states are not covered by current scenario properties. Note that in
the figure, Sweden and Cyprus are indicated as not being used for arable land because the
Corine Land Cover included no information for these countries at the time this map was
produced. In a number of areas shown as not being used for arable land, there are areas of

arable land but the resolution and size of the map is not sufficient to indicate these areas.
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The areas indicated as not covered by any scenario are not necessarily more vulnerable than
covered areas. For example, the not covered areas in central Spain are the result of low
organic matter soils. However, these regions are generally of low vulnerability due to hot

temperatures and low rainfall.

All scenarios

Not covered by
any scenario

Covered by
FOCUS

Not used as
arable land

3 -

Spatial Analysis of the Coverage of the FOCUS Ground Water Scenarios. In this figure arable
land includes orchards, olives, and vineyards.
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1 INTRODUCTION

FOCUS (FOrum for the Co-ordination of pesticide fate models and their USe) was a group of
regulators, industry, and experts from government research institutes established in 1993 to
provide guidance for modelling issues in the rapidly developing EU registration process.
FOCUS has sponsored work groups to develop registration guidance in assessing pesticide

residues in ground water, soil, surface water, and air.

In the area of ground water, FOCUS sponsored two work groups prior to the work of the
current work group, which is described in this report. The first work group reviewed leaching
models available for conducting leaching assessments and provided information and
guidance on the key issues (FOCUS, 1995). Then FOCUS sponsored a work group to

develop standard scenarios for conducting leaching assessments (FOCUS, 2000).

During the years following the release of the original scenarios, a number of questions arose
concerning these FOCUS scenarios and issues regarding ground water assessments. While
FOCUS (2000) provided a procedure for conducting modelling assessments, this group did
not provide overall guidance on the respective roles for field and monitoring studies,
lysimeter studies, and modelling for the EU assessment process. In addition member states
had adopted significantly different approaches with regards to modelling and studies.
Differences between the various models, while acknowledged at the time of the release of
the scenarios, became more of an issue, especially differences in the dispersion lengths
used and the differences in the predicted water balances. An assessment by APECOP
(Vanclooster et al., 2003) challenged the appropriateness of some of the scenarios. The use
of higher tier assessment procedures including GIS techniques was becoming more
widespread due to increased availability of data and the role of such techniques in the EU
assessment process needed to be defined. Finally, the number of countries in the EU was in
the process of expanding and the question arose whether additional scenarios would be

needed.

FOCUS established a new work group to deal with the questions in the previous paragraph.
The work group s remit covered the following four areas:
a) Develop a sequence of tiers to assess the risk for leaching to ground water in the EU,
considering results from different study types (including recommendations for national

approaches).
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b) Provide a revised set of scenarios and leaching models. This task included the re-
evaluation of the Porto and Piacenza scenarios, and harmonisation of the dispersion
length and water balance among the models.

c) Develop guidance on the principles for higher tier leaching modelling approaches
considering GIS based approaches, the combination of modelling approaches with
experimental studies, and inclusion of relevant processes that have been ignored so
far.

d) Provide a preliminary assessment of possibilities for scenarios for new member

states.

The recommendations of the work group on the tiered assessment scheme are found in
Chapters 3-10. The revised scenarios and harmonised leaching models are provided in
Chapters 11 and 12. The guidance for higher tier approaches including the combination of
modelling approaches with experimental studies has been included in the discussion on the
tiered assessment scheme. The applicability of the current scenarios to the new member

states is presented in Chapter 13.

When the work group started the EU consisted of 25 member states. During the course of
the work, two additional states were added. The work of this work group was based on these
25 member states. However, the EU-wide maps in Chapter 13 do include information from

these two new member states.

During the time the work group was preparing this report, the EU Directive 2006/118/EC on
the protection of groundwater against pollution and deterioration (European Union, 2006)
was issued. The work in this report does not conflict with the EU directive, although in some
cases terminology and objectives may be slightly different, especially as regarding ground

water monitoring.
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2 GLOSSARY

APECOP

A European Union funded project covering a range of topics associated with modelling the

movement and degradation of pesticides in soil.

Chromatographic Flow

Flow of water and solutes through soil that follows the classical convection dispersion

equation, with no preferential flow paths bypassing portions of the water filled pore volume.

Crop kc Factors

The crop kc factor times the reference evapotranspiration for a specific day determines the
potential evapotranspiration for a specific crop. The actual evapotranspiration for the day

may be less, for example due to soil moisture constraints.

DT50, DegT50

DT50 is the time required for 50 percent of the substance to disappear from a compartment.
DegT50 is the time required for 50 percent of the substance to disappear from a
compartment due to degradation alone. DT50 values may include losses due to
volatilisation, leaching, and runoff, while DegT50 does not. In laboratory studies, the DegT50
is usually equal to the measured DT50. If degradation follows singe first order kinetics, then
the DegT50 is equal to the half life.

Equilibrium Sorption
In this report, equilibrium sorption is defined as the sorption measured after shaking a batch
system for 24 h.

Evapotranspiration

Evapotranspiration is the sum of water losses due to evaporation from the soil surface and
transpiration from plants. Evapotranspiration can be either potential (what would occur if the
soil was maintained at field capacity) or actual. Reference evapotranspiration refers to
potential losses at standard conditions (usually bare soil or a grassed field for a soll
maintained at field capacity) and potential crop evapotranspiration refers to potential losses
for a specific crop with the soil maintained at field capacity.
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Field Capacity
In the FOCUS scenarios, the field capacity is defined as the water content at a tension of 10
kPa (pF2).

Field leaching studies

Studies in which ground water and/or pore water is sampled from a small number of locations
following documented application of the pesticide of interest as part of the study. Sites are
generally subject to detailed data gathering over a period of months/years. This information
would typically include hydrological information (e.g. daily meteorological data, water
tensions at different soil depths) as well as additional pesticide information (e.g. bulk soil

concentration of pesticide at different depths).

FIFRA

Federal Insecticide, Fungicide, and Rodenticide Act, the primary law providing the legal basis

for regulation of pesticides in the United States.

GIS

Geographical Information System, the presentation and organization of information based on

location.

GLEAMS

GLEAMS (groundwater loading effects of agricultural management systems) is a one-
dimensional leaching and runoff model developed by the U.S. Department of Agricultural.

Guideline Scenarios

Scenarios that are defined in guidelines for higher tier leaching experiments.

HYPRES

A data base of hydraulic properties of European soils.

Inverse Modelling

A modelling technique in which what is normally output information from a model data is used
to estimate what are normally input values. For example, using measurements of

concentrations as a function of time to estimate sorption constants and degradation rates.

Linear Models

A model F(x) where F is the model operator and x is a variable, is called a linear model when

F(ax+by) = aF(x)+bF(y). For example, the model relating the sorption constant, kq, and the
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organic carbon content (OC) is a linear model: kq = ko OC whereby k. is the proportionality
factor. Another example of a linear model is a transport model of which the parameters are
not a function of the dependent variable, in this case the concentration. For instance, if the
gas-water and water-solid partitioning coefficients, and the sorption rate and decay rate
parameters are not a function of the concentration, then none of the parameters of the
transport model depends on the concentration and the transport model is a linear model. A
consequence of this linearity is that the predicted concentrations by the model scale linearly
with the applied concentration at the soil surface. Leaching estimates in PELMO, PEARL,

PRZM, and MACRO are non-linear due to the use of the Freundlich isotherm

Lysimeter

A lysimeter is a device to sample pore water in soil either at a specific depth or moving past a
specific depth. The term can be misleading since there are at least three different devices
referred to as lysimeters and all three devices can be used in experiments investigating the

movement of solutes in soil.

A soil monolith lysimeter consists of a soil block or cylinder, embedded in an inert container
(e.g. stainless or galvanised steel, fibre glass) with a bottom permeable to drainage water or

leachate (e.g. a perforated bottom, quartz sand filter bottom). See also OECD (2000).

A zero-tension lysimeter consists of a permeable bottom plate with simulated water table at
that depth.

A soil suction lysimeter is a device that draws soil pore water from a specific point in the soil.

MACRO

MACRO is a one dimensional leaching model, which includes the process of macropore flow
that was developed at the Swedish University of Agricultural Sciences, Uppsala. MACRO is
one of four models used to evaluate potential movement to ground water in the EU

registration process.

! OECD (2000) Guidance Document for the Performance Of Out-door Monolith Lysimeter
Studies.- OECD Environmental Health and Safety Publications; Series on Testing and
Assessment; No. 22.
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Macropore Flow

A preferential flow mechanism in which a portion of the water and dissolved solutes
bypasses the major part of the soil pore water, without mixing with it, by flowing through

cracks or channels in the soil.

Major Metabolite

A degradation product that is formed in amounts of greater a trigger level of 10 % (molar
fractions or percent applied radioactivity) of the applied amount of active ingredient at any
time evaluated during the degradation studies in the compartment (i.e. soil, water and/or

sediment) under consideration.

In the context of the guidance document on relevant metabolites in groundwater
(Sanco/221/2000 rev.10 (25 February 2003)) degrada tion products must be characterised
and identified to the extent that is technically feasible and their relevance must be assessed,
if one of the following conditions applies:
a) Metabolites, which account for more than 10 % of the amount of active substance
added in soil at any time during the studies; or
b) which account for more than 5 % of the amount of active substance added in soll
in at least two sequential measurements during the studies; or
c) for which at the end of soil degradation studies the maximum of formation is not

yet reached.

Map Unit
Units with particular characteristics of which the geographical distribution is indicated on a

map.

Monitoring Studies

In this report, monitoring studies are studies in which ground water is sampled from a large
number of locations in a region or country and is subsequently analysed to determine the
concentration of the pesticide of interest. Experimentally determining the reason for the
presence or absence of the compound is not necessarily an intrinsic part of these studies,
although the weight which is placed on the findings will depend on the appropriate selection
of the sites to sample. Outside this report, the definition of monitoring studies is sometimes

expanded to include field leaching studies.
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pdf

When used in the text, this is an abbreviation for probability density function. When this is
part of an electronic file name, this refers to a file that can be read using Adobe Acrobat.

OCTOP

A spatial data base providing information on organic carbon content in European soils.

PEARL

PEARL (Pesticide Emission Assessment at Regional and Local scales) is a one dimensional
leaching model developed by three Dutch institutes (ALTERRA, RIVM, and PBL). PEARL is
one of four models used to evaluate potential movement to ground water in the EU

registration process.

Pedologic

Relating to soil profiles or properties of soil profiles.

PELMO

PELMO (PEsticide Leaching MOdel) is a one dimensional leaching and runoff model
developed by the Fraunhofer-Institut f r Umweltchem ie und kotoxikologie. PELMO is one
of four models used to evaluate potential movement to ground water in the EU registration
process.

Preferential Flow

Flow of water and solutes in soil that does not follow the classical convection dispersion
equation, which can result from soil inhomogeneity and channels such as cracks and worm

holes. Macropore flow, finger flow, and funnel flow are all preferential flow mechanisms.

PRZM

PRZM (Pesticide Root Zone Model) is a one dimensional leaching and runoff model
developed by the U.S. Environmental Protection Agency. PRZM is one of four models used

to evaluate potential movement to ground water in the EU registration process.

PSD

Pesticides Safety Directorate, the former government agency regulating pesticides in the
United Kingdom (now Chemicals Regulation Directorate).

Reference Scenarios

Scenarios that meet the vulnerability criteria, and define the conditions at which the

protection goal has to be met for a favourable regulatory decision. On the EU level, the
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reference scenarios are the FOCUS scenarios. At the nation level, the reference scenarios
are either national scenarios or specific FOCUS scenarios selected by the member state

(see also scenarios).

Relevant Metabolite

In the context of ground water, the term relevant metabolite is used in a unique legislative
context determined according to Sanco/221/2000-rev. 10 (25 February 2003) and refers to
metabolites for which there is reason to assume that it has comparable biological activity as

the parent substance or meets certain toxicological properties.

Runoff

Runoff is a term that has been used in the scientific literature in different ways. In pesticide
risk assessment, runoff often refers to the flow of water on top of the soil, or alternately
overland flow. The most important processes leading to overland flow is infiltration excess
runoff (also called Hortonian runoff). Catchment hydrologists commonly use a broader
definition of (storm) runoff. They include all processes leading to fast stream response (i.e.
infiltration excess runoff, saturation excess runoff from partial contributing areas and
subsurface drainage through either artificial drains or naturally occurring preferential
pathways). In this report, runoff is used as a synonym for overland flow when referring to

Tier 1 scenarios, but can be used in a broader context in Tier 2 and Tier 3.

Scenarios

A representative combination of crop, soil, climate, and agronomic parameters to be used in
modelling. There are 125 scenarios in FOCUS 2000 and proposed in this report.

Society of Environmental Toxicology and Chemistry (SETAC)

A profession society dealing with exposure and effects of chemicals in the environment.

Spatially-distributed Modelling

Modelling that is based on running a large number of scenarios with input parameters

relevant to specific locations and presenting the results in a map.

STU

Soil Typological Units, which are the carriers of basic soil information, such as the FAO soil
name and the soil textural class. Soil mapping units are associations of dominant and

subdominant STU s.
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Study Scenarios

These scenarios consist of the soil, climatic, and agronomic conditions occurring in a specific

higher tier leaching experiment.

Subsoils

Those soil layers located below the plough layer or the surface soil. Typically such soils
begin at 0.2 to 0.3 m below the soil surface and continue until the depth of the water table. In
some cases subsoils also include layers below the water table, but this is not the case for the

usage in this report.

Tiered Assessment Procedure

A sequential assessment procedure with different levels (tiers), in which assessments at a
higher level of the procedure will replace assessments at a lower level.

UBA

Umweltbundesamt (Federal Environment Agency), the German government agency

responsible for assessing the impact of plant protection products on the environment.

Undisturbed Soil Monolith

An undisturbed soil profile that has been sampled from the field in its original layering of soil

horizons without artificial disturbance (no re-filling).

Validated Model

A model which has gone successfully through a validation process for a specified range of
validity; this implies that the number of data sets considered is sufficient for the intended use

of the model.

Validation Process

Comparison of model output with data independently derived from experiments or
observations of the environment; this implies that none of the input parameters is obtained
via calibration with the data set used for validation; note that this definition does not specify

any correspondence between model output and measured.

Wilting Point

In the FOCUS scenarios, the wilting capacity is defined as the water content at a tension of
16,000 kPa.
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3 INTRODUCTION TO ASSESSMENT SCHEMES FOR PEC IN
GROUND WATER

3.1 Objectives of the risk assessment for ground water contamination at EU
and national levels

The objectives of the risk assessment for ground water contamination has to be considered
in the context of the Council Directive 97/57/EC of 22 September 1997 establishing Annex VI
to Directive 91/414/EEC concerning the placing of plant protection products on the market
which states (C.2.5.1.2):

No authorization shall be granted if the concentration of the active substance or of relevant
metabolites, degradation or reaction products in groundwater, may be expected to exceed,
as a result of use of the plant protection product under the proposed conditions of use, the
lower of the following limit values:

0] the maximum permissible concentration laid down by Council Directive
80/778/EEC of 15 July 1980 relating to the quality of water intended for human
consumption, or

(i) the maximum concentration laid down by the Commission when including the
active substance in Annex |, on the basis of appropriate data, in particular
toxicological data, or, where the concentration has not been laid down, the
concentration corresponding to one tenth of the ADI laid down when the active

substance was included in Annex |

unless it is scientifically demonstrated that under relevant field conditions the lower

concentration is not exceeded.

A definition of the relevant metabolites is given in the European guidance document
SANCO/221.

The Directive 2006/118/EC of the European Parliament and of the Council of 12 December
2006 on the protection of ground water against pollution and deterioration has been
published recently European Union (2006). The objectives for monitoring under this directive

differ from the aspects considered in this report (see Chapter 9).

34



3.1.1 European level
With regard to ground water contamination no official decision scheme for Annex | inclusion

of active substances currently exists. The current practice is to propose Annex | inclusion as
far as safe use is demonstrated for a relevant crop and a significant area in Europe. This can
be achieved by means of the official FOCUS models and the European scenarios, which
were set up to describe realistic worst-case conditions, with an overall vulnerability of the 90™
percentile, approximated by using a 80™ percentile value for soil and a 80" percentile value
for weather (FOCUS, 2000). The current FOCUS group believes that a 90th percentile is
consistent with definitions used in the FOCUS 2000 report (this was agreed by the FOCUS
Steering Committee and later by the WG Pesticides Legislation). Experimental data
(lysimeter, field studies ) can also be provided as supportive information or to refine the

assessment.

3.1.2 National level
National risk assessment has to consider the whole area where a PPP is intended to be

used, as realistically as possible. The goal is to demonstrate that a compound can be used
safely for most of the relevant environmental conditions (at this level it is thought that not all
detailed conditions can be taken into consideration). If this conclusion cannot be reached,
unfavourable conditions should be identified and risk management may be considered. So, a
key point is to know if authorization may be granted only for certain conditions (certain areas,
e.g. climatic zones, or certain factors, e.g. soil pH or clay content) or in other words if risk
management may be proposed for ground water.

A working definition of the National protection aim was considered by FOCUS to be a

prerequisite for definitions of interactions between EU and national assessment schemes.

The proposal of FOCUS is that a national protection goal upper limit should be 0.1 g/L
annual average? in ground water at the 90th percentile vulnerability taking into account both
spatial variability for soil and climatic conditions, and temporal variability on a multi-year
basis, in the agricultural use area of the product. The agricultural use area is defined by the
notifier by the intended use. Particular attention would have to be given to areas of higher
vulnerability within the agricultural area of the member state that can be identified (e.g. based
on defined geographical boundaries or environmental parameters). For these areas, suitable

mitigation measures would have to be taken.

2 FOCUS criteria for averaging is applied for modelling; see individual subchapters for averaging
experimental data.
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3.2 Review of existing guidance on EU and national level

3.2.1 Guidance given in EU and FOCUS documents
There are currently a number of publications providing both regulatory requirements and

guidance that have relevance for undertaking ground water assessments under Directive
91/414/EEC. These documents refer to both active substances and their metabolites or just
to the metabolites. Those that relate to soil degradation aspects have recently been
summarised in other FOCUS work (FOCUS, 2006). However, because the degradation
requirements are only one aspect of the ground water assessment, a useful starting point for
the current FOCUS work group is to summarise the existing information as it relates to all

aspects of ground water assessment.

There are two types of publications; EU directives which are considered to be legally binding
and Guidance documents which, though highly influential, have no mandatory basis. These

are distinguished in the following summary.

3.2.1.1 Binding requirements in directives
The Uniform principles (Directive 97/57/EC establishing the Annex VI to Directive 91/414/EC)
require that member states estimate, using a suitable calculation model validated at the
Community level?, the concentration of the active substance and of relevant metabolites,
degradation and reaction products that could be expected in the groundwater in the area of
envisaged use ..This evaluation will also take into consideration .the specific information

on the fate and behaviour in soil and water as provided for in Annex Il

The decision-making section of Annex VI to Directive 91/414/EC goes on to state that no
authorisation shall be granted if the concentration of the active substance or of relevant
metabolites in ground water may be expected to exceed the lower value of 0.1 g/L *, the
maximum concentration laid down by the Commission when including the active substance
on Annex | or one tenth of the ADI, unless it is scientifically demonstrated that under
relevant field conditions the lower concentration is not exceeded.

Annex VI is the document that sets out the regulatory decision-making criteria. The
statements quoted above indicate that actual measured values under field conditions

relevant for the area of use would over-ride estimates and predictions based on the level of

® See FOCUS (1995, 2000) for discussion of the status of validation.
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understanding of the basic processes, i.e. the degradation and sorption data required for the
active substance and relevant metabolites in the Annex Il data requirements for
Environmental fate (Directive 95/36/EC).

Directive 95/36/EC itself states clearly the trigger values for higher tier soil degradation
studies for active substances (DT50 >60 days in laboratory studies triggers field dissipation
studies and DegT90 >1yr in field dissipation studies triggers accumulation studies) and less
clearly, the trigger values for higher tier soil degradation studies for metabolites. A laboratory
degradation rate study is required for every metabolite that exceeds 10 % in degradation
studies on the active substance. However, it is a matter of interpretation whether exceeding
the DT50 value of 60 days for a metabolite triggers the further studies that it does for the
active substance.

Regarding soil mobility aspects, Directive 95/36/EC sets requirements for sorption studies for
the active substance and any metabolites exceeding 10 % in the soil degradation studies.
There is also a conditional requirement for an aged leaching study, to address the possibility
of highly mobile metabolites present at <10 % which could nonetheless cause a leaching
concern. However, this document provides no trigger for undertaking higher tier leaching
studies (lysimeter or field leaching experiments) and merely states that expert judgement
should be used in deciding whether to undertake a study. Similarly the exposure
assessments mandated in the Annex Il document in Directives 95/36/EC require that
suitable estimations of PECgw for active substances and relevant metabolites® must be
submitted but that expert judgement is required to decide if additional field tests could

provide useful information.

This is the extent of binding requirements for consideration of ground water assessments for

active substances and metabolites.

3.2.1.2 EU guidance documents
In recent years the consideration of metabolites (also encompassing degradation,
transformation and breakdown products) within Directive 91/414/EEC has provoked much
discussion and concern. In response to this, a specific guidance document (Sanco/221/2000

rev. 10) has been prepared to consider the releva nce of metabolites in ground water. This

* For practical purposes FOCUS (2000) have used an operating definition of annual average
concentration at 1 m depth until it is possible to predict behaviour in ground water. Note that this
definition does not have a legal basis.

® Following publication of Sanco/221/2000 rev. 10, this should considered to be potentially relevant
metabolite
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document is largely concerned with the definition of relevant since the 0.1 g/L trigger for
ground water does not apply to non-relevant metab olites and metabolites of no concern
(however the document also provides further triggers that require additional data for non-
relevant metabolites which exceed concentrations of 0.75 g/L and 10 g/L). These aspects
of the guidance document are not directly relevant to a general framework for leaching
assessment and so are not summarised further in this document. Of more significance is
that the guidance document recommends a formal extension of the need to consider the
relevance (in ground water leaching terms) of metabolites that reach >5% at two successive
sampling times / intervals during degradation studies on the active substance as well as
those for which the maximum of formation is not yet reached at the end of the study. Less
controversially, the guidance document also recommends that all metabolites exceeding 0.1
g/L annual average in the leachate in lysimeter st udies should also be subject to further

assessment.

The document further discusses the availability of data from experimental sources
(lysimeters and monitoring data) and this can be considered representative of current
thinking in the EU. Two particular statements are of relevance although there is no clear
attempt to define a hierarchy of other information in relation to modelling studies:

"For metabolites found in the leachate of lysimeter studies with annual average
concentrations above 0.1 g/L an attempt should be made to assess their leaching
behaviour in other European regions with different soil and climatic conditions with the
goal to extrapolate the experimental findings to other representative regions of

European agriculture."

and

Monitoring data from regions with well-documented use of the active substance in
question may provide a useful additional tool to supplement model calculations and
lysimeter experiments to improve the accuracy and validity of estimates of potential
groundwater contamination.

An early draft guidance document on calculation of PEC, including PECgw (7193/VI1/99 rev

0.) has now been superseded by other guidance from FOCUS. Therefore further

consideration of this document is not necessary.
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3.2.1.3 FOCUS guidance documents
As far back as 1995, FOCUS (1995) made some attempt to address a tiered approach to
regulatory assessments of ground water leaching potential. However, at that time
consideration of the placement of higher tier field data in the scheme was considered to be
beyond the remit of the group. A later FOCUS work group (2000) provided information on a
tiered approach to the use of available data, within the modelling context. Guidance was also
given on the derivation of input values for modelling when faced with a number of
experimental values, as generated in a standard environmental fate data package under
Directive 91/414/EEC (FOCUS, 2000, 2002).

The same work group (FOCUS, 2000, 2002) also provided recommendations for the
interpretations of the results from the relevant ground water scenarios.

If a substance exceeds 0.1 g/l for all relevant s cenarios, then Annex 1 inclusion
would not be possible unless convincing higher tier data (e.g. studies, monitoring or

more refined modelling) was available to over-ride the modelling results.

If a substance is less than 0.1 g/l for all releva nt scenarios, then the choice of a
realistic-worst case definition for the scenarios means that there can be confidence
that the substance is safe in the great majority of situations in the EU. This does not
exclude the possibility of leaching in highly vulnerable local situations within specific
Member States, but such situations should not be widespread and can be assessed

at the Member State level when considering national authorisations.

If a substance is less than 0.1 g/l for at least o ne but not for all relevant scenarios,
then in principle the substance can be included on Annex 1 with respect to leaching to
groundwater. As the scenarios represent major agricultural areas of the EU, such a
result indicates that "safe" uses have been identified, which are significant in terms of
agriculture in the EU. The scenarios which gave results less than 0.1 g/l, along with
the results of any higher tier studies which already exist, help to indicate the extent of
the "safe" uses which exist for the substance. These higher tier studies could include
lysimeter or field leaching studies, monitoring and more refined modelling. The
results of the entire leaching assessment at the EU level could then be used to assist

local assessments of leaching at the Member State level.
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3.2.2 Review of existing national approaches for leaching assessments
According to the FOCUS ground water guidance document of 2000 (SANCO/321/2000

rev.2), risk assessment of the leaching of pesticides to ground water for the EU, should be
made following a tiered approach. The FOCUS guidance restricts itself to exposure
assessment on tier 1 for the EU level and there is no precise guidance on a tiered approach
for leaching assessments on a national level. Furthermore during the EU-evaluation process
a number of different methods of higher tier assessments have been used by notifiers /
rapporteur member states, which indicates that there is a need for consistency. In the review
reports, the conclusive product of the evaluation of an active substance and the basic
document for the decision, there may be included certain conditions to be taken into account
by member states at time of authorisation of products after post Annex 1 inclusion of an
active ingredient. For several active substances the following condition is included: Leaching
to groundwater: Particular attention should be given to the potential of groundwater
contamination, when the active substance is applied in regions with vulnerable soils/ or
climate conditions and risk mitigation measures should be applied where appropriate. This
implies that member states should implement a strategy to handle this condition specified

above.

The remit of the FOCUS ground water work group established in 2003 includes providing
guidance on higher tier leaching assessment and on harmonisation of risk assessment
procedures at national level. Therefore, the Work Group felt that it was vital to get
information from the member states on to what extent and how the FOCUS guideline of the
first tier assessment is currently used within member states of the European Union and how
the countries solve the ground water risk assessment on a member state level. As a first
step a questionnaire was put together with the objective of obtaining this information. The
questionnaire was sent out by the Commission to the 25 member states (including the 10
new member states). The full questionnaire is included as Appendix 1. Eighteen out of 25

member states provided responses to the questionnaire.

3.2.2.1 The structure of and type of questions in the questionnaire
The main idea with the questions has been to get an answer how member states assess risk
for ground water contamination from the use of plant protection products. The questionnaire
is divided into four main chapters and eight sub-chapters with totally 28 questions with 15
sub-questions. The aim of the work group has been to limit the number of generic questions
and, including the sub-questions, a total of about 27 questions were Yes/No questions or

where choices could be made from alternatives.
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3.2.2.2 Summary of questions and answers divided into the main topics.
In some cases, mainly non-generic questions, member states provide very similar answers.
In other cases, such as generic questions, the answers are more diverse. As a result, the
responses have had to be presented in a simplified manner. More details are presented in

Appendix 2, which provides a synopsis of the answers by sub-topic.

3.2.2.2.1 General questions

Questions: Asking whether member states are assessing risk to ground water, if FOCUS
ground water guidance is used on a national level and if the guideline fulfils the needs.
There are also questions about what triggers a ground water assessment, and if a tiered

approach is used.

Answers: All member states, except for two that are about to implement an assessment
scheme, answer that they are assessing risk to ground water on a national level as a routine
procedure and use the FOCUS ground water guidance document. Eight countries say that
the FOCUS guidance is fully satisfactory, while the remaining nine have different reasons
why the guidance is not fully satisfying their needs. The main reason to the answer not
sufficient are reasons such as the scenarios are not representing their national environment
and, in some cases that, the scenarios are not sufficiently protective (including responses
that specific models are needed for consideration of macropore flow in structured soils). One
country stated it has very shallow ground water and another country said that the scenarios

do not cover all crops.

One question only directed to new member states a sked what method they had chosen for
their ground water assessment scheme. Some of the new member states stated that one or
several FOCUS scenarios are used for modelling as well as studies like lysimeters for higher
tier assessment. One member state answered that they used the GUS method (Gustafson,
1989). In response to an additional question to the new member states about training
possibilities, all of the countries had had some kind of training, but all wished to have more

training.

On the sub-question about the experience of technical scientific problems, five countries
recommended improvements, e.g. implementations of help/explanations in the models. One
specific example was a need for guidance in PELMO in how to treat the relationship between
degradation rates of parent, metabolites, and CO,. More scenarios with macro-pore flow
were requested and one country wanted more crops to be added. One country replied that

the FOCUS pedological and climatic conditions do not apply in their country.
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Thirteen countries answered that the main trigger for a specific national assessment was
when the review report recommended that ground water risk should be assessed on a
member state level. However, three of these countries also said that other triggers are used
on a case by case basis. Four countries have their own triggers. Examples of other triggers
are the outcome from lysimeter and other field studies, indications of leachability (i.e.

>0.1 g/L) in FOCUS scenarios from the assessment on the EU-level, positive findings from
monitoring, experience from earlier national assessments, and divergence of the GAP from

the intended use on which the inclusion on Annex | is based.

Fourteen member states used a tiered assessment approach, while one does not currently
use a tiered approach and one is planning to use a tiered approach. The responses have
been simplified in this paragraph, but details are available in Appendix 2. Some countries
with a well defined tiered approach have identified one or more FOCUS scenarios that are
relevant for their country and perform further assessment when the prediction concentration
exceeds 0.1 g¢/L in any of these scenarios. One co untry uses adsorption and half-life values
to trigger to simulations on a national level. Several countries include lysimeters in their
tiered approach. One country with areas where the water table is near the ground surface

also includes the behaviour in the saturated zone.

Conclusion: Each country has its own specific methods for higher tier assessment, but often

countries use similar approaches.

3.2.2.2.2 Regulatory questions

Questions: This topic asks for information on the ground water risk assessment endpoint
used by the member states (including whether a safety factor is used), whether information
other than simulation results are taken into account in making the assessment, whether there
are alternatives to full approval, and whether risk mitigation measures are considered at

national approval.

Answers: While the responses are consistent with regard to the limit value of 0.1 g/L there
is some variation considering the procedural definition of the endpoint (e.g. depth,
percentile). Since different member states gave different sets of endpoints, there appears to
be considerable differences between countries on this topic. However, no country applies a

safety factor on the endpoint in national level assessments.
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Two countries take decisions on simulations only, while the remaining countries said that
they do but added further comments. Some countries pointed out that field experiments (e.g.
lysimeters) are used or required before decision is made. Two countries said that their
decision is made only on model simulations when no field or lysimeters are available. One of
these countries also takes decision based on simulations if the modelling results are below
0.1 g/L. Another country may use model results on ly for new active substances. Two
countries have field and lysimeter studies as a requirement within their tiered assessment
scheme. This may be the case for other countries having a tiered assessment approach in
the group of countries replying that they did not make decisions only on model simulations.

In conclusion all countries but two do not make decisions only on model simulations when

results from higher tier studies such as lysimeters are available.

Member states responded with a number of different approaches to the question regarding
different alternatives to full approval that they apply at time of the decision. See Appendix 2
for the details, but the most frequent options chosen as an alternative to full approval were to
apply special conditional registration (14 member states), followed by regional or local
approval, and special conditions (in both cases seven member states mentioned this as an
option), and finally three member states answered that special approval for farmers was an
alternative and one additional member state answered that this option is planned but not yet
implemented. Only one member state does not have a possibility for alternative approval.

See Appendix 2 for details.

Thirteen member states consider risk mitigation measures at approval on a national level.
The most frequent measures are related to changes in the GAP, i.e. dose and number of

applications, but also restricting use to only non-vulnerable areas.

Conclusions: As reflected in the answers provided by the different member states,
differences in the interpretation of the regulatory endpoint between member states are

common.

3.2.2.2.3 Specific questions on scenarios

Questions: Do member states use any of the nine FOCUS scenarios as national scenarios
or have they defined their own? If a member state uses scenarios of their own, there are

additional questions to provide more details.

Answers: Regarding the use of FOCUS scenarios to assess risk for ground water

contamination, there is a range in number of scenarios used in different countries from one to
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six scenarios. The most frequently used scenarios are Hamburg (five member states);
Kremsm nster (four member states); Jokioinen and Pi acenza (three member states);
Okehampton, Thiva, and Ch teaudun (two member state s); and Sevilla and Porto (one
member state). Four countries said that they have scenarios of their own. One member
stated that they use an already validated scenario based on realistic lysimeter studies, and
that the scenario is similar to the FOCUS Hamburg scenario. In two other countries, one has
two national scenarios and the other country three, all defined as representing realistic worst
case scenarios. In one of these countries the colder climate was a reason for developing
their own scenarios. The fourth country said they use scenarios that are more realistic
compared to the FOCUS scenarios. Two new member states are planning to develop a
national scenario. Yet another country, which uses the FOCUS scenarios, considers and
evaluates scenarios where national soil and weather data are used.

The three countries not using FOCUS scenarios were asked to provide information on their
national scenarios. One country uses a normal and wet regime together with realistic worst
case soil and crops according to GAP. Although described somewhat differently the other
two countries use weather representative for agricultural areas together with one worst case
soil and one realistic soil, both soils being representative for agricultural areas. In one of
these two countries, the combination of weather, soil and crops are representing major

agriculture areas.

Four countries, different from the three countries having national scenarios, have answered
the question about whether weather, soil, or crop properties are most important in defining
scenarios. One member state said that rainfall and crops are most important, while another

member state said that they consider a fluctuating ground water to be important.

The countries having national scenarios were asked whether they consider their scenarios
more conservative (vulnerable) than the FOCUS scenarios. One member state considers
their scenario similar to Hamburg but less conservative than Piacenza. Another country has
one scenario similar to Hamburg. The third country answered that macro-pore structure and
the colder climate are considered in their scenarios. For the rest of the countries this
question was not applicable, but one of them considered their scenarios to be equal to the
EU scenarios. Four of the countries having national scenarios different from the FOCUS
scenarios, consider their scenarios to be of a higher tier compared to the FOCUS scenarios.
The country having two national scenarios requires passes in both of them to grant
authorisation. The country with three scenarios uses a tiered approach in case leaching is
observed in one of the scenarios and finally an expert judgement is applied.
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Conclusion: Different regulatory schemes in different countries are quite common. The
development of national scenarios may sometimes reflect political/historical background as

well as pedo-climatic differences.

3.2.2.2.4 Model used

Question: The member states were asked which simulation model was used in their country.

Answers: The thirteen responses are somewhat confusing, but a simplified outcome based
on responses from eleven countries is that two countries use MACRO for the simulation of
leaching through macro-pore structure. One of these countries also accepts
PELMO/Hamburg as a model/scenario. Three countries use PELMO and of these one also
accepts PRZM as both PELMO and PRZM can simulate snow melting. Four countries use
PEARL, one coupled with GeoPearl.

Conclusions: Different model recommendations are based on historical preferences and on

country specific conditions.

3.2.2.2.5 Parameterisation

Questions: The member states were asked how parameters such as degradation and
sorption were selected for use in model simulations. The questionnaire (Appendix 1)
included a long introduction providing the main recommendations on parameterisation from
the FOCUS Groundwater Scenarios Work Group. The main recommendations are that
mean values should be used and that either laboratory or field data may be used. Note that
at the time this guidance was developed, methodology for normalisation of degradation was
only applicable to laboratory data. The question was divided into first tier and higher tier

approaches.

Answers: In initial tier assessments, ten countries use laboratory data for degradation rates
while eight choose input data on a case by case basis. All of these countries normalise data
according to the FOCUS guidance. However, differences exist in calculating these values
since a majority of countries use the arithmetic mean of the available values, six use the
geometric means, three have different options based on the specific case, and one country
uses 80™ percentile DegT50 input value. The dependency of degradation on pH is
considered by most countries, but in different ways (see Appendix 2). Three countries

consider pH dependency in higher tier assessments.
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In higher tier assessments, 12 countries use degradation rates from field data. In four of
these countries, the use of laboratory data is also an alternative. Three countries require that
field studies should be relevant for their respective countries. All 12 countries normalise
degradation data and treat data in the same way as in Tier 1. Eight countries consider
degradation data from specific soils to be of higher relevancy, whereas degradation data
derived from specific study types such as lysimeters or micro-lysimeters are not necessarily

considered more relevant.

In the first tier, all countries use K, as input parameter for adsorption. Also two countries
additionally accept time dependent adsorption, and another country additionally accepts data
from column leaching. Fifteen countries use the arithmetic mean for calculating Ko; some
use the median if a large number of data are available. One country uses the 80" percentile
worst case values. Two countries consider specific dependency on soil properties (e.g. from

soil pH).

In higher tier assessments, 13 countries use K,. and the answers of the remaining Ko
guestions are similar to Tier 1. On the question whether site-specific sorption experiments

are accepted as input data, five countries say they use such data, four do not.

Few countries answered the question on use of data from soil-specific degradation and

sorption experiments. Since this question is related to an earlier question, this means that a
few countries use local input data if available while one country considers the effect of pH in
higher tier assessments. Another country uses laboratory data at the first tier and then uses

field data at the next tier.

The responses to the questions in this topic indicate that lysimeter and field study results are
seen as more important in higher tier assessments than changing the adsorption/degradation

input parameters in modelling simulations.

All countries apply quality criteria to experimental data. Some countries have pointed out
that studies not fulfilling the quality criteria are not considered in the assessment.

Conclusions:

» Parameter selection in the various countries are quite harmonised (very few

exceptions), based on previous FOCUS recommendations.
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* The responses to the questions in this topic indicate that lysimeter and field study
results are seen as more important in higher tier assessments than changing the
adsorption/degradation input parameters in modelling simulations.

» All countries apply quality criteria to experimental data.

3.2.2.2.6 Additional experimental data

For national assessments several member states require additional experimental data which
are not available in the EU dossier. Some of them pointed out that this is done on a case by
case basis or it is left to the applicant to show that safe use with regard to ground water
protection exists also under the relevant national conditions. Most of the member states
asking for additional experimental data require or accept lysimeter or field leaching studies.
The requirement may be triggered by modelling results exceeding 0.1 g/L or differing
national conditions (e.g. climate), compared to those where studies, submitted with the EU
dossier, were performed. In addition, monitoring studies are taken into account by member
states for national assessments but only few examples were provided for other specific data
(experimental data for refined model input, modelling based on GIS-data), which can be
included in the assessment. Six member states indicated that no additional experimental

data is required.

Only two member states confirmed they had a national guideline for lysimeter or field
leaching studies.

The responses to the questions on the results of the experimental studies indicate that there
was probably some confusion about the information collected during a study as well as the
explicit endpoint used in the risk assessment. Most member states answering the
guestionnaire use the annual average concentrations as the endpoints but there are also
member states using the highest concentrations.

Nine member states have the option to require post registration monitoring studies under

specific circumstances.

Conclusions:
* There is a lack of appropriate national guidelines for the performance of higher tier
studies for national assessments.
» The risk assessment endpoints determined from field studies (such as lysimeters)

varies among the member states.
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3.2.2.2.7 Interrelationship between models and higher tier experiments

Experimental and modelling studies are both considered for the leaching risk assessment at
the member state level. Most of the member states answering the questionnaire regard
results from appropriate higher tier experiments as superior to model calculations. Only one
member state stated that model results overrode results from field studies. All countries,
except one, make a joint decision from the results of experimental data and model
simulations. The extrapolation of existing experimental data by modelling to national or

regional conditions is currently applied only in a minority of member states.

3.2.2.2.8 Handling of metabolites

Most of the member states answering the questionnaire are dealing with metabolites on the
basis of the EU Guidance document on the assessment of the relevance of metabolites in
groundwater (Sanco/221/2000 rev. 10). One of the member states said that in principle the
approach of the guidance document is followed but a few deviations and more detailed
criteria have been developed. Two member states (deviating from the guidance document)
apply the same criteria for both relevant and non-relevant metabolites. In other words, all
metabolites are regarded as relevant (except inherently non-problematic compounds such as
carbon dioxide or glucose). Several member states said that discussions on this issue are
ongoing. In accordance with the guidance, all member states treat relevant metabolites in
the same way as active substances; i.e. the limit value of 0.1 g/L applies. For metabolites
not identified as relevant the situation is partly still unclear: Five member states said they
apply limit values as suggested by the guidance document. Eight member states said that
they do not have a trigger value for non-relevant metabolites differing from that for the active
substance, but only two of them do not distinguish between relevant and non-relevant
metabolites according to the answer on the question before.

Conclusion: Members states handle metabolites in ground water differently, based on their
acceptance and interpretation of the Guidance Document on the assessment of the

relevance of metabolites in groundwater.

3.3 References

7193/V1/99 rev. 0 (dated 09.08.99) Guidance document on the calculation of predicted
Environmental Concentration values (PEC) of Plant Protection Products for Soil, Ground
Water, Surface Water and Sediment.

91/414/EEC. The Authorisation Directive (1991) Official Journal of the European
Communities No L 230, 19.8.1991, p1.

48



95/36/EC. Fate and Behaviour sections of Annex II/1ll of 91/414/EEC (1995) Official Journal
of the European Communities No L 172, 22.7.1995, p8.

97/57/EC. Annex VI of 91/414/EEC. 1997. Official Journal of the European Communities No
265, 27.9.1997, p87.

European Union. 2006. Directive 2006/118/EC of the European Parliament and of the
Council of 12 December 2006 on the protection of groundwater against pollution and
deterioration. Official Journal of the European Union, L372:10-31, 27/12/2006.

FOCUS. 1995. Leaching Models and EU registration. European Commission Document
4952/VI/95.

FOCUS. 2000. FOCUS groundwater scenarios in the EU pesticide registration process.
Report of the FOCUS Groundwater Scenarios Workgroup, EC Document Reference
Sanco/321/2000 rev 2. 202pp.

FOCUS. 2002. Generic guidance for FOCUS groundwater scenarios. Version 1.1, April
2002.

FOCUS. 2006. Guidance Document on Estimating Persistence and Degradation Kinetics
from Environmental Fate Studies on Pesticides in EU Registration. Report of the FOCUS
Work Group on Degradation Kinetics, EC Document Reference Sanco/10058/2005
version 2.0, 434 pp.

Gustafson, D.I. 1989. Groundwater Ubiquity Score: a simple method for assessing pesticide
leachability. Env. Tox. Chem. Vol. 8, 339-357.

Sanco/221/2000 rev.10. 25 February 2003. Guidance document on the assessment of the
relevance of metabolites in Groundwater of substance regulated under Council Directive
91/4141/EEC

49



4 GENERIC ASSESSMENT SCHEME FOR PEC IN GROUND WATER
(GENERAL OVERVIEW)

At the current time a range of data and approaches are used to determine the PEC in ground
water® according to Directive 91/414/EEC. FOCUS (2000) has previously provided scenarios
and guidance for predicting PECgw at the EU level using simulation models. For practical
purposes, this group decided to use an evaluation depth of 1 m, unless simulation models
are considered capable of accurately modelling the subsoil processes down to the true
ground water level and appropriate data exist. In addition, direct experimental evidence (e.qg.
field leaching studies, lysimeter studies) can be provided by applicants (see Directive
95/36/EC) and on occasion, these results have been put into further context by the use of
further modelling (e.g. inverse modelling, extrapolation etc). Also provision is made in
Directive 95/36/EC for the submission of available monitoring data. All of these approaches
may be also used by individual member states in their product authorisation, according to

national approaches.

At the EU level at least, there is no guidance regarding the relative importance of these
different approaches in decision-making. At the national level various approaches currently
exist (see review of national approaches in Section 3.2.2), but a more standard generic
approach to the process (i.e. relative importance of modelling data, field experiments,
monitoring data etc) would be helpful. The aim of this document therefore, is to develop a
generic assessment scheme that can be used at both the EU and national level in order to

provide a clearer decision-making scheme for pesticide registration.

4.1 Assessment of the representativity, scope and limitations and usability of
different study types

4.1.1 Relevance of experimental and modelling studies
The relevance of an experiment or a modelling study to make a contribution to the

assessment of ground water vulnerability for the specific protection goal is the key factor for

balancing and defining the interactions of experimental and modelling studies.

® Ground water is not defined within Directive 91/ 414/EEC. However the working definition used by
FOCUS is all water that is at least 1 m below the surface of the ground and in the saturated zone. This
means that no water less than 1m depth is considered as ground water. This also means that below

1 m, the soil has to be saturated before the pore water is considered as ground water.

50



Before an experiment or a modelling study can be used for the assessment of a pesticide for
Annex | inclusion or national registrations with regard to possible exposure of ground water,

its relevance needs to be checked.

The relevance of each individual study depends on:
a) the reliability (i.e. the study is performed using state-of-the-art and robust
methodologies and documented adequately so results can be trusted) and
b) the usefulness, (i.e. the results or conclusions of the study deliver a contribution to the

risk assessment in question).

With regard to usefulness, the term “relevance" covers two aspects:
(i) the experimental or modelling study itself is appropriate for the use conditions
considered for Annex | inclusion or national registration
(ii) the experiment or modelling study is useful for an extrapolation to different use

conditions or environmental scenarios.

This implies that studies performed outside the EU can be used in the EU procedures if the
relevance of the study has been proven. The same criteria apply consequently also on the

national level.

4.1.2 Study types for leaching assessment
A wide range of factors determines the fate of pesticides in the environment. These include

chemical characteristics (vapour pressure, solubility, adsorptive behaviour, chemical
structure, and degradability), environmental characteristics (precipitation, temperature, wind
and soil, sediment and water characteristics), and agricultural practices (cropping practices,

application methods, timing of application, and landscape).

Leaching of a pesticide depends on both its persistence and its mobility, as well as on the
soil physical transport properties and transport processes. With regard to the substance
properties, persistence is a measure of the resistance of a pesticide to being chemically
transformed, most commonly described by the DegT50, while mobility is commonly
described by the soil-water partition coefficient, the Ky. Both are usually measured in
laboratory studies. Environmental factors as well as chemical and biological processes
affecting persistence and mobility of the pesticide fate vary in space and in time.
Consequently, when facing such complexity it is often difficult to assess fate accurately for

the purposes of risk assessment based solely upon these data. As a consequence
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considering other methodologies is necessary to gain an understanding of fate, behaviour,

and exposure and their implications within a context of risk.

To provide guidance the FOCUS group has compiled a list of different study types (including
detailed description) useful for leaching assessment or for generating parameters for
modelling and a list of which information (data) that can be gathered from which study type.
This review of current information and experiences available within the European Union, the
USA and other countries (SETAC, OECD, FOCUS, PSD, EPA, FIFRA) is presented in
Appendix 3.

4.2 General principles of a generic assessment scheme for PEC in ground water on
EU and national level

The general concepts that have been followed in developing a tiered assessment scheme for
prediction of concentrations in ground water are:

a) simplicity (i.e. can be clearly understood)

b) foundation on scientific criteria (to be uniformly applicable)

C) consistency

(i.e. to avoid logical inconsistencies between EU level and National level or between

different Member States at the National Level).

The same regulatory principles and scientific assessment criteria should be applied at the EU
level and throughout the National authorities (uniform principles), to ensure that differences in
registrations on a national level are based on differences of environmental conditions,
management practices, and mitigation options. In other words, the criteria used for the initial
choice of pesticide properties (i.e. Tier 1 in the scheme below) should not vary in different

schemes.

These concepts are applicable to schemes for assessing ground water contamination
potential at the EU or Member State level even though the different levels have different
objectives for pesticide registration (see Section 3.1).

The broad intention of any tiered scheme is that the initial (or earlier) tiers are quick, simple
and cheap to undertake and allow the items that clearly do not cause any concern to be
passed. The later (or higher) tiers are more complex and expensive but should provide a

more realistic (less conservative) result. This philosophy is shown in Figure 4-1.
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Figure 4-1. Schematic representation of tiered approach to issue resolution

With respect to ground water leaching schemes, the group s aim is to have an earliest tier
(tier 1) that is always more conservative (i.e. overestimates actual exposure), while the later
tiers are more realistic (i.e. closer to actual exposure). Therefore, by definition the later tiers
should give lower estimates of exposure while concurrently being more realistic. This is
ensured by the choice of validated models (default assumptions) and choice of parameters
(laboratory) and conservative nature of the scenarios in earlier tiers (see work of APECOP,
Vanclooster et al., 2003). Validation of the tiered approach is provided by Hardy et al. (2008)
with conditions similar to the FOCUS Hamburg scenario.

However, in reality this may not always occur given the fact that the existing EU FOCUS
scenarios are only aimed to be representative of an overall 90" percentile, and that whether
this is even achieved cannot be rigorously proven. Also some of the assumptions inherent in
the existing FOCUS EU or individual Member State scenarios may not hold true for all
compounds at all times (for instance the default changes to rate of degradation with depth)
and could, in theory, lead to underestimates of the extent of leaching on isolated occasions.

Nonetheless in the overwhelming majority of cases, the existing FOCUS ground water
scenarios should provide a conservative first step for EU assessments. The work group

further considers that this approach is appropriate in the present context. Consideration of
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national scenarios for simulation modelling is not within the group s remit, but in general the
individual member states consider them to be an acceptable initial tier (according to the
questionnaire all member states use a tiered approach and those with a national scenario for
simulation modelling appear to be prepared to make favourable regulatory judgements on the

basis of the model output only, when predicted concentrations are <0.1 g/L).

4.3 Proposal for a generic tiered approach

Following consideration of the types of data that are available for determining the PECgw,
the risk assessment approaches have been categorized into four tiers based on the
availability of information.

* All PECgw modelling assessments based on data according to the requirements in
91/414/EEC in combination with standard FOCUS (2000) scenarios or the standard
national ground water scenarios’, are classified as Tier 1.

» Higher tier (more refined) modelling approaches are classified as Tier 2, and
supersede assessments at Tier 18, These approaches can be categorized as:

(a) parameter refinements for modelling (e.g. non-equilibrium sorption
measurements)

(b) scenario refinements (e.g. GIS data, hydrogeological data; characterisation of
vulnerable situations or risk areas to enable more targeted simulations for
specific crops)

» Combinations of the modelling and refined parameters from Tier 2, as well as
experimental approaches set into context by modelling, or advanced spatial modelling
and in the future potentially, other modelling approaches are classified as Tier 3, and
supersede assessments at Tier 1 and 2.

* Monitoring of ground water (with appropriate reality checking) is seen as the highest
tier (Tier 4) and supersedes assessments on Tier 1, Tier 2, and Tier 3.

Where there are a number of options for a given tier, undertaking all options is not
necessary. Any single option is sufficient. However, any approaches should be justified

using all appropriate data available.

This assessment scheme is outlined in Figure 4-2 and subsequently discussed in greater

detail.

” At this time many member states do not have national ground water scenarios. Nonetheless, if
available/developed these approaches could easily be incorporated at Tier 1.
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Figure 4-2. Proposed generic tiered assessment scheme for ground water.

4.3.1 Tier 1 at EU and National Level
The first tier of the assessment scheme comprises all PECgw modelling assessments based

on data according to the requirements in 91/414/EEC in combination with standard (FOCUS,
2000) or national ground water scenarios.

Guidance on the selection of pesticide input parameters for models at the EU level is given
by FOCUS (2000, 2002). Further guidance on selection of appropriate degradation kinetics
as well as the averaging procedure for the representative modelling endpoint is provided by
FOCUS (2006). On the basis of the general principles stated earlier, these same pesticide

inputs (i.e. those selected for EU level) should be used for national registrations at Tier 1.

At the EU level FOCUS considers that a predicted annual average concentration of <0.1 g/L
at any single scenario constitutes a safe use that would enable an Annex | listing (see
FOCUS, 2000). However, as also noted in Section 9.4 this is not currently accepted by

8 Options a and b in Tier 2 are used in combination with FOCUS models or national models.
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member states. Pass criteria at the national level are currently set by individual member
states.

4.3.2 Tier 2 approaches (Tiers 2a and 2b) at EU and National level

4.3.2.1 Modelling with refined parameters (Tier 2a)
Additional information on the pesticide behaviour in soil can be used to refine the parameters

from the Tier 1 modelling step (basic parameter set as required by 91/414/EEC).

This may include better data on particular processes (e.g. sub-surface degradation, non-
equilibrium term sorption) or on particular conditions (i.e. degradation rate data on additional

soils) relevant to a particular crop or member state.

This additional information could be for instance:
* a higher number of K,./DegT50 measurements that allow parameter refinement
* non-equilibrium sorption parameters (long term sorption)
*  K,/DegT50 from different depths in the soil profile
» acorrelation of K,/DegT50 to soil properties
* Ko/DegT50 in specific soils for use area
e paired DegT50 / K, values
» data on plant uptake
+ data on volatilisation from soil surfaces
» degradation kinetics other than single first order

» data on soil photolysis

The refined pesticide input values are then to be used (in Tier 2a) with the modelling
scenarios from tier 1 (EU-FOCUS or the national scenarios). The results can be used e.g. to
define mitigation with regard to the use area based on soil and compound properties (if
relationship exists between e.g. K, and/or DegT50 with specific soil properties). See Section
7.1 for more detailed information.

Pass criteria would be the same as for Tier 1.

4.3.2.2 Modelling using refined scenarios (Tier 2b)
GIS approaches or appropriate statistical data on cropping, soils, climate, etc may
demonstrate that existing scenarios (i.e. at Tier 1) are not appropriate or not sufficient for a

given crop or in a given member state. The refinement of scenarios with respect to soil,
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crops or climate implies the development of scenario(s) that is/are tailored more specifically
for the intended use(s) of the pesticide compared to standard FOCUS or national scenarios.’

The refinement of scenarios could lead to:
* scenarios tailored more specifically for intended use (compared to FOCUS/national
scenarios) with respect to soil, crops, climate

» define mitigation measures with respect to use areas / use conditions

The scenario refinement must be shown to be an improvement with respect to realistic
representation of the specific soil, weather, and agronomic conditions, considering the
objective of the protection goals. The tools for scenario refinements can also be used to
define mitigation measures to ensure that uses of the pesticide do not violate the protection

goals.

Examples:
» Considering realistic depths to ground water
» ldentifying areas with confined ground water only
« Considering interactions with mitigation [see Chapter 6)]
» Considering specific crops not covered by FOCUS
» Considering specific conditions of use (e.g. greenhouse)

» ldentifying characteristic combinations of crops/soil types/ground water conditions

The refined scenarios are then to be used (in Tier 2b) with the modelling parameters from
Tier 1. For detailed approaches see Section 7.2 and Appendices 4 and 5.

Pass criteria are in principle the same as for Tier 1. The assumptions that lead to the revised
scenarios will define the actual approvals granted.

% In this circumstance the scenarios for the major crops provided by FOCUS (2000) for EU-wide
assessment are probably less likely to be open to refinement than those crops not covered (or only
peripherally addressed) by FOCUS. Similarly member states with well-defined scenarios for relevant
crops are less likely to be open to refinement than those in member states who do not have defined
scenarios or whose scenarios do not cover the crop of interest.
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4.3.3 Tier 3 leaching assessment

4.3.3.1 Tier 3a: Combination of modelling with refined parameters and refined
scenarios
Where relevant to the proposed use pattern, the refinements detailed in Tiers 2a and 2b (see
above) can be combined to provide an assessment based on both approaches. This is seen
as a further refinement of the assessment and hence supersedes Tier 2. See also Section
8.1.

4.3.3.2 Tier 3b: Advanced spatial modelling
Spatially-distributed leaching models provide the user with maps of the predicted leaching
concentrations in the intended use area or in a climatic zone. Frequency distributions and
percentiles of the leaching concentration can be directly inferred from these maps. Spatially

distributed leaching models can therefore be important tools in higher tier risk assessments.

Spatial patterns of pesticide leaching can be directly simulated with process-based models,
for example one of the FOCUS leaching models. Most approaches to spatially-distributed,
process based numerical modelling come down to running a leaching model for several

(often more than 1000) scenarios and putting the results in a map.

The scenarios are usually constructed by spatially overlaying basic maps in a Geographical
Information System. With respect to pesticide leaching, maps of soil-types, climate-classes,
crop-types and ground water depth-classes are of particular interest. The disadvantage of
process based spatially distributed models is that they contain a large number of parameters,
which may be difficult to identify directly or which may not be available at larger scales.
Additionally the quality of the underlying data must be carefully considered (the reader should
be aware that pictorial representations of the data can sometimes provide false re-assurance

regarding the detail of the information on which the assessment is based).

If the sets of soil profile and weather data are available for the entire intended use area (and
are considered of sufficient quality), then the regulatory endpoint can be calculated directly

with a spatially distributed leaching model.

For building a set of pan-European spatially distributed pesticide leaching scenarios, soil,
climate and cropping data bases are needed. The MARS (climate) and Corine (land-use)
data bases cover the entire European Union. The Soil Profile Analytical Database of Europe,
release | (Jamagne et al., 1995), however, has serious limitations. The most serious

limitation is that only 75% of the agricultural area of the EU-15 could be assigned a soil
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profile (Tiktak et al., 2004). Also, in many cases, the assigned soil profile is not an
agricultural profile. This implies that it is not yet possible to build a process based, spatially
distributed leaching model, which covers the entire EU. This also implies that it is not yet
possible to calculate the regulatory endpoint directly from a spatially distributed pesticide

leaching model.

At the national level, the situation can be different. Some countries (e.g. The Netherlands)
do have sufficient soil information available to build a full spatially distributed pesticide
leaching model and the GEOPEARL model is already in regulatory use for the Netherlands.

Further details on this can be found in Section 8.2 and details of the methodology are

presented in Appendix 5.

4.3.3.3 Tier 3c: Higher tier leaching experiments set into context by modelling
Determining the risk of ground water contamination from pesticides involving the use of
simulation models is a highly effective method. It enables the quantification of a value that
cannot be directly measured without considerable efforts (i.e. the flux weighted annual
average concentration at a specified depth) as well as the variation of the results in different
scenarios. Therefore the leaching risk of pesticides in a variety of conditions can be rapidly
and cost-effectively assessed. Simulation models predict results on the basis of a number of
assumptions that are agreed to be generally applicable. However, simulation models are
bound within the limitations of conceptual understanding of the processes actually occurring
in reality and their mathematical and technical realisation in modelling software.

Experimental data directly measuring the concentrations (instantaneous, averaged over time
etc) leached under field or lysimeter conditions constitute a different approach to addressing
potential leaching issues. However, as with any data derived under outdoor conditions they
may only be directly relevant to the climatic, pedological and agronomic (crop, timing,
application rate etc) conditions in which the studies were conducted. GIS approaches and
simulation modelling can be used to determine a location and conditions expected to be
relevant to the protection goal. This information can then be used to site the experimental
study at the appropriate location and hence significantly increase the likely applicability of the
experimental results (so called pre-processing of the experimental data). Another option to
obtain conditions relevant to the protection goal would be to collect appropriate soil monoliths
in a lysimeter station and modify the upper boundary conditions accordingly, e.g. the amount
and pattern of rainfall to obtain by additional irrigation. This may mean that various existing

aspects of currently accepted guidelines will not automatically be acceptable in the future.
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Once the experimental data are available, an assessment of the results should be
undertaken to address any issues about uncertainty in a limited experimental data set.
Simulation of the experimental study conditions should be undertaken using soil-specific or
conservative inputs for DegT50 and K,.. Only when the simulation results predict leaching of
>0.1 g/L (corrected for application rates, see Sec tion 8.3.4 for a more detailed explanation
of this entry criterion ) are the experimental dat a considered as acceptable for further
assessment.

Any lysimeter data that pass this assessment are subjected to an inverse modelling process
to derive DegT50 and K, values. These should then be averaged with the other existing
experimental data in the regulatory package (but given a greater weighting) to derive final
DegT50 and K, values for input into the standard FOCUS scenarios. The results of these
simulations are then the regulatory endpoints. Further detail on all these approaches is

provided in Section 8.3.4. Pass criteria would be the same as for Tier 1.

Note that the guidance for inverse modelling approach described in Section 8.3.4 is not
applicable to field leaching studies and no specific guidance has been provided at this time
for deriving appropriate DegT50 and K, values from such studies. However the work group
believes that such approaches can be undertaken in the future based on reasonable

scientific principles by analogy to the process described for lysimeter studies.

4.3.3.4 Tier 3d: Other modelling approaches
At this time the view of the FOCUS work group is that other modelling approaches (for
example 3-D modelling) are not sufficiently developed for regulatory use at a high tier of the
risk assessment scheme. However the work group expects that the science of this will
develop in the future and hence considers that current research applications may, in time be

usable for regulatory purposes.

Further information on existing modelling approaches that have the potential for regulatory

use in the higher tier of the ground water risk assessment scheme is provided in Section 8.4.

4.3.4 Tier 4 (Monitoring)
Ground water monitoring data are seen as the highest tier of assessment since the actual

concentrations in ground water are directly measured rather than being estimated by
modelling approaches or approximated from small scale field studies.
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For existing pesticides monitoring data can be useful at both the EU level and the national
level. For instance, representative data from one member state could demonstrate a safe
use for the EU evaluation. For new active substances historical monitoring data are clearly

not available, but post-registration monitoring programs may be possible.

Monitoring data can include the results of dedicated analyses of ground water by notifiers or
other agencies (i.e. water companies, environment agencies etc) where there may be a
detailed initial assessment of the relevance of the monitoring points (for example, by
knowledge of historical compound usage in the area and characteristics of the aquifer) and

certain minimum quality criteria are demonstrated.

A detailed discussion of approaches to monitoring studies and guidance on conduct of

studies etc is provided in Chapter 9.
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5 INTERACTIONS BETWEEN ASSESSMENT SCHEMES ON EU
AND ON NATIONAL LEVEL

5.1 General interactions between the assessment schemes

The interactions between the assessment schemes on EU and on national level are
illustrated in Figure 5-1.

The starting point will always be the EU level in which the general risk characterisation will be
undertaken. This assessment will show, in general terms, how great the possibility of the
PECgw exceeding 0.1 g/L is likely to be and whethe r higher tier risk assessment is
necessary to refine the initial simulations obtained at Tier 1. These results need to be

considered when assessing the actual product authorisation at the National Level.

Generally national assessments likely will start from the level at which safe use is
demonstrated at the EU level, although there may not be a strict relationship between the
two'®. If a Tier 2 assessment is needed at the EU level, the product at the same GAP on the
same crop is unlikely to pass at Tier 1 on the national level, if the conditions in the member
state are comparable to the relevant scenarios at EU level. In such a situation, starting the
national assessment immediately at the Tier 2 level may prevent the need to spend time and
effort demonstrating the expected failure at Tier 1.

Higher tier data provided for the EU assessment level are not necessarily specifically
applicable to the particular national level. For instance, a lysimeter or field leaching study
undertaken in a northern European country to demonstrate safe uses at the EU level (Tier
2.1c) may not be considered relevant for a southern European country without an additional
assessment of the relevance of the study for southern Europe. In this case, other Tier 2 data
may be required to demonstrate safety in the particular national conditions. Therefore,
progressing to a higher tier for the national scheme than was necessary for the EU

assessment could still be necessary.

Mitigation will play a role at all decision tiers at the EU and at the national level to identify if

approval can be given according to the respective protection goals.

1% Only if the national authorisation is for a product which has an inherently much lower risk than the
representative use assessed at the EU level on the basis of FOCUS scenarios, would it be sensible to
start the national assessment from a lower tier than the EU assessment.
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Figure 5-1. lllustration of likely interactions between EU and national assessment schemes.

5.2 Preferential flow in EU and national assessment schemes

In considering the interactions between EU and national assessment schemes, the issue of
the regulatory significance of preferential flow should be specifically addressed. Preferential
flow is a general term that covers all types of non-chromatographic flow, including defined
mechanisms such as macropore flow and finger flow. There is scientific consensus that these
processes occur under field conditions. However, cracking heavy clay soils are usually not a
ground water problem, since the subsoils usually contain a sufficiently think impermeable
layer. They are therefore discharge areas in the landscape, not recharge areas, and there is
no (abstractable) ground water useable as a drinking water supply underlying these kinds of
soils. Instead, macropore flow in these soils must be considered as a surface water problem,
where subsurface drainage systems discharge excess water into ditches and streams. This
consensus view has been recognized by FOCUS already, as several of the FOCUS surface

water scenarios represent this kind of hydrogeological setting.

Although macropores do exist in highly permeable sandy soils, they do not dominate the

hydrology to the same extent, and can therefore probably be safely ignored in ground water
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leaching calculations. Finger flow can affect movement in sand soils, but there are no
models that use commonly available parameters. In less permeable sandy loams and loams,
preferential flow can significantly impact pesticide leaching in soil, and in these cases the
extent to which preferential flow is continuous to greater depths is an important question for
an assessment, especially for deeper ground water which is abstracted for drinking water.
Fissured moraine materials and fissured chalk and limestone, both overlying ground water
reserves, are examples of hydrogeological situations where preferential flow can be
important even at great depths. This has been recognized by FOCUS ground water, where
MACRO is used to calculate leaching in the Ch teaud un scenario (loamy soil overlying

fractured limestone).

For risk assessment purposes, experimental studies incorporating the phenomenon of
preferential flow are extremely difficult to undertake due to the inherent spatial heterogeneity
of the soil. Simulation models are able to incorporate various types of preferential flow to
predict the effect of this process on pesticide leaching. The spatial variability of the process
still poses a significant challenge to verifying the predicted outputs of the models. However,
the effect of preferential flow must be considered where this poses a significant impact on
ground water. The best known model to address an aspect of preferential flow is MACRO,
which simulates macropore flow through consideration of soil aggregate size. Newer
versions of other models, such as PEARL, now also incorporate mathematical routines to

address various preferential flow mechanisms.

In the existing EU assessment scheme the FOCUS scenarios employ the MACRO model at
one site only (Ch teaudun) to provide a comparison of results to those obtained with
chromatographic flow models (PRZM, PELMO, PEARL). However, these results are not
used directly in decision-making on Annex | listing. At the national level various member
states (e.g. Denmark, Sweden, UK) use the simulation results obtained from MACRO in

decision-making for product registration.

For harmonisation of the assessment schemes between the EU and the Member States (and
between Member States), FOCUS has already noted (see earlier text) that differences in
between assessments at the EU and National Level should be based on differences in

environmental conditions/management practices rather than on pesticide parameters.

There is no scientific consensus regarding whether some preferential flows (e.g. macropore
flow and bypass flow in cracking clay soils) result in movement to ground water and on the
spatial significance of all these processes. However, member states who consider that
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preferential flow leading to ground water exposure is relevant for their soil types, have a
justification (at the national registration level) for taking these processes into account when

making their assessments.

66



6 CONSIDERATION OF RISK MITIGATION AND MANAGEMENT ON
EU AND ON NATIONAL LEVEL

As discussed in Chapter 3 the broad endpoints of the tiered approaches are different at
different political levels (i.e. EU evaluation, national authorisation). However, this can still be
consistent with a common framework for risk assessment at all the geographical levels.

At the EU level, the aim of risk characterisation is to identify safe uses for at least one
relevant crop and a significant area within the European Union. In contrast, at the national
level authorisation of a specific plant protection product for actual use in the relevant
agricultural, soil and climatic conditions is considered. Member states currently have
different views, or non-stated policies on what percentage of safe use is acceptable when
granting an authorisation. They also have different abilities to mitigate or manage a potential

risk (e.g. application restrictions to certain timings, soil types, defined areas etc).

Because both EU and national assessments will occur for each pesticide, the interactions
between the schemes should be considered. This will maintain consistency and minimise

duplication of work.

A working definition for risk mitigation with regards to the protection of ground water is:
Measures taken to adjust or restrict the use of a pesticide to obtain a favourable risk
assessment. These steps can be based either on knowledge of the behaviour of the
specific active substance, and/or on knowledge of the variability in the environment,

and/or differentiation in the use of application methods.

6.1 Important aspects affecting or used in risk mitigation

6.1.1 The GAP in the EU evaluation of active substances relative to the
GAP on a national level

When an active substance is evaluated at the EU level, the aim is to identify at least one use
that is acceptable considering both possible effects on human health and the environment.
The number of uses evaluated in the EU process is usually limited to one or a few
representative crops. Therefore, the assessment of leaching to ground water on the member
state level will not usually be based on the same use pattern as the assessment during the

EU evaluation process. Therefore assessments carried out on the EU-level will not
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necessarily be directly applicable to the authorisation procedures on the member state level.
This especially is true for the identification and implementation of risk mitigation measures.

The GAP defines the crops, dose, number of applications, recommended time between
applications, and recommended timing/crop stage for uses on each specific crop. This
information is used in the modelling simulations and other aspects of the risk assessment.
Note that efficacy and application methods are not evaluated at the EU level, but only at the
member state level.

6.1.2 Dose related risk mitigation
Under risk mitigation related to the dose, all measures that lead to a lower actual input of the

active substance into the soil can be considered. This lowering may be achieved by mixing
the assessed active substance with other active substance/s, resulting in the necessity for a
complete new risk assessment in all areas including efficacy studies on the relevant crops.
This approach is only considered on the member state level. Another way to lower the
amount which reaches the soil is to apply the pesticide at a later growth stage with higher
interception. Since this may result in lower efficacy, this mitigation measure can also be
expected to be more country specific. Since all measures to lower the amount reaching soll
must be accompanied by efficacy data, this type of risk mitigation will in practice only be
applicable on the member state level. Lowering the number of applications may be possible
at both EU and MS level, but very likely also this adjustment has to be based on efficacy
trials. In certain cases the application may be restricted to every other year or even longer
intervals. If a particular active substance is used only on specific crops this kind of risk
mitigation may already be covered by the crop rotation according to good agricultural
practice. However, the possibility that the same active ingredient could be applied to other
crops in the rotation must be considered, so mitigation should take into account all uses of
the active substance in the crop rotation. Therefore crop rotation is a mitigation measure

usually only applicable at the member state level.

6.1.3 Using more effective application methods
Changing the method of application is likely to be more important as a risk mitigation

measure to reduce the impact on surface water rather than on ground water. A reduction of
the risk for ground water will be achieved by reducing the dose of the active substance
reaching the soil. Using band sprayers, which are used in crops growing in rows, such as
sugar beets, leeks and other vegetables, may reduce the dose significantly. This application
method is used in most European countries. Therefore, this could in principle be used as a
method for risk reduction both at the EU and member state level. As a prerequisite there is a

need to identify a (may be crop-specific) reduction rate from the use of this method. In this
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circumstance particular attention has to be given to the definition of the application rate (i.e.
amount of active substance per area actually treated vs. amount of active substance per
whole field area). There is only a reduction in risk if the amount of active substance in the

whole field is reduced.)

6.1.4 Pesticide properties correlated to soil properties
Pesticide properties are here related to both active substances and metabolites. Leaching

may be influenced by the effect of soil properties on transformation and adsorption.

For many compounds the most important factor for adsorption onto soil is the content of
organic carbon, but other soil properties (e.g. clay content) may also play a significant role.
Another important influencing factor may be the pH-dependency of transformation and
adsorption. Knowledge of these effects is mainly derived from laboratory studies. According
to the requirements of Annex Il and the guidance of the FOCUS groundwater scenarios work
group, the pH-dependency of the active substance and metabolites has to be checked and
considered, if appropriate. If the assessment identifies a pH range which could result in
possible leaching of the substance to ground water, the EU recommends to the member
states to consider the problem when granting authorisations. This statement is included in
the Review Report and in the Directive of inclusion of the active substance. In this case the
combined consideration of substance properties and environmental properties (such as soil
pH) may result in risk mitigation by excluding the use in certain defined areas, where a risk
for leaching is identified. This risk mitigation step can consist of excluding use in either
specific geographical areas or soil types. Geographical exclusions allow for the easy
identification of restricted areas at time of the authorisation of a product. Soil exclusions
require a well developed system of both enforcement and support by competent local
authorities and/or advisers. In addition, an appropriate post registration monitoring
programme might be required. An extensive geographical data base providing soil properties
on the EU and member state level would be helpful to identify and enforce the options for
specific cases.

6.1.5 Hydrogeological properties
Leaching may also be enhanced in areas where the hydrogeology is vulnerable to movement

to ground water. Using GIS data on the EU level (when the necessary data are available)
will give information on geographical areas with environmental properties that may lead to a
risk for ground water contamination of a specific compound. As discussed earlier, this
assessment can result in identification of vulnerable areas within EU, but also can lead to
identification of safe areas. If one safe use is identified, an active substance can be

registered at the EU level. If there were indications from other FOCUS-scenarios of potential
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risk for ground water contamination, this risk would need to be assessed by member states.
These vulnerable areas have to be identified on the member state level. As discussed
previously for soil restrictions, clearly identified areas where restrictions apply and competent

local authorities and advisers are prerequisite for successful risk mitigation.

6.1.6 Mitigation related to timing
Depending on the combination of environmental conditions and substance properties,

mitigation may also include the timing of applications. Such restrictions should be based on
the knowledge of risks identified with a set of environmental conditions such as climate and
soil properties, but also include substance properties, e.g. DegT50.

6.2 Examples of risk mitigation measures

The following risk mitigation measures are examples of possible label restrictions included in
the authorisation of certain plant protection products in some countries and may serve as an

illustration to the various aspects discussed above:

Dose related risk mitigation

* The maximum load of this product containing active substance is restricted to x g
(alternatively x litre) per ha and year.

* The maximum application rate for active substance of x g per hectare and year must
not be exceeded.

» This product must not be applied before tillering. (in order to increase interception)

* Products containing the active substance active substance are not to be used more
than once a year on the same area

» Inthose areas identified by the designated authority, the product must not be applied
more than once a year on the same area.

Pesticide properties in correlation to soil properties

» This product shall not be used on soils with less than x % organic matter. (may also
be applicable to e.g. percentage of clay soil)

* Not to be used on the following soil types: pure sand, slightly silty sand and slightly
clayey sand.

* Not to be used on the following soil types: pure sand, slightly silty sand and slightly
clayey sand with an organic carbon content below x %.

Hydrogeological properties

» This product is not recommended for use on karstic soils with very small top soil layer
(could be a voluntary recommendation)

* Not to be used in catchment areas of ground and spring water supply works, mineral
springs and drinking water reservoirs or other sensitive ground water areas.
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Mitigation related to timing

« This product must only be applied from 1% February in the year of harvest until the
specified latest time of application. (in order to reduce possible ground water
contamination from autumn applications.)

* Not to be used between DD.MM and DD.MM.

* Not to be used on drained soils between DD.MM and DD.MM.

6.3 Conclusion

On EU level only general recommendations for risk mitigation measures can be given based
on the evaluation of the properties of the active ingredient(s) and the risk assessment made

for the representative formulation in relation to the EU scenarios.

Detailed risk mitigation measures with regard to the protection of ground water against
contamination with active substances or relevant metabolites require detailed knowledge of
local environmental conditions and enforceable mitigation measures. They are therefore
mainly allocated to the authorisation procedure on the member state level. In most of the
cases risk mitigation measures will be related to restrictions imposed with the authorisation of
a certain plant protection product. Like any restriction in relation to the use of pesticides
measures aiming at the protection of ground water have to be checked with regard to their
practicable use prior to implementation. Applicators must be able to recognise the conditions
of allowed or prohibited use and (if appropriate) must have access to any necessary data.

On the other hand sound advice as well as enforcement capacities must be available from

the competent authorities.
Due to the fact that risk mitigation measures are mainly subject to MS considerations the

discussion in the context of this Guidance Document is restricted to the general aspects and

specific examples described above.
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7 APPROACHES FOR TIER 2 ASSESSMENT

7.1 Pesticide parameter refinement (Tier 2a)

In Tier 2a parameter refinements can be made so that the pesticide-specific input for the
pesticide degradation and sorption processes can be incorporated in the assessment. The
remaining modelling parameters, i.e. the soil, crop, and climatic parameters, are considered
to be part of the scenario and are not modified. Also the basic modelling framework of Tier 1
is maintained, so that pesticide flow and transport in soil is still considered to be a 1-D
chromatographic flow process. While changes in other modelling parameters and the basic
modelling framework can be made when scientifically appropriate, such modelling work
would then be classified as belonging to other tiers. Table 7-1 gives an overview of the
relevant processes which result in refinements included in Tier 2a. More details are given in

the following sections.
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Table 7-1. Overview of the relevant processes resulting in refinements included in Tier 2a.

Section Process Parameter in Proposed Remark
Tier 1 model Refinement
7.11 Soil specific sorption | Degradation « Include additional « Additional
and degradation rate, Kq, Kr, N degradation rates degradation rates
* Modify sorption and improve the data
degradation in terms of base for
known soil properties, parameter
exploiting clear selection
relationships between soil |+ Includes subsoil
properties and degradation
degradation and sorption |« Substance
specific
degradation rates
for changes of
degradation rates
with depth
7.1.2 Photolytic degradation | Degradation rate | Include a thin soil layer with
modified degradation rate on
top of plough layer if evidence
of photolysis is available
OR
Reduce application rate by
the fraction that on average
will disappear by photolysis in
field degradation studies,
provided that photolysis is a
loss process in laboratory
studies and that under the
actual use conditions soil will
be exposed to global radiation
or photoradicals
7.1.3 Anaerobic Degradation rate | Modify degradation rate in Includes subsoil
degradation saturated soil layers if degradation
evidence of anaerobic
degradation occurs
7.14 Field degradation Degradation rate | Use normalised degradation | see FOCUS kinetics
rates rates obtained from field guidance (FOCUS,
studies 2006)
7.15 Degradation kinetics | Degradation rate | Consider non-equilibrium see Section 7.1.6
not described by first sorption approaches if and FOCUS
order possible. If the behaviour kinetics guidance
cannot be explained by non- | (FOCUS, 2006)
equilibrium sorption an
alternative bi-phasic approach
may be appropriate
7.1.6 Non-equilibrium Ka, Ki N Introduce time dependent
sorption sorption constants
7.1.7 Plant uptake Transpiration Consider substance specific
stream uptake factors
concentration
factor
7.1.8 Volatilisation Degradation rate | Include a thin soil layer with

modified dissipation rate on
top of plough layer or switch
on the model supplied
volatilisation subroutines
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7.1.1 Soil specific sorption and degradation
Aerobic degradation is modelled in Tier 1 using first order degradation kinetics. Guidance on

scaling degradation parameters in terms of moisture and temperature is given in FOCUS
(2000, 2006). In many cases, a clear relationship may exist between the first order
degradation constant and the soil properties. Indeed, if the degradation process is a
microbiologically mediated process, a possible strong relationship between degradation rate
and organic matter content in the soil may occur. Degradation rate will also depend on the
bio-availability of the chemical in the soil liquid phase and hence will be influenced by the
sorption properties which in turn are influenced by the reactive properties (CEC, charge, pH,
etc) of soils. If clear evidence of considerable soil effects on degradation exist, and if the
soil conditions which determine such effects are readily shown to occur and if these soil
conditions are representative for the envisaged protection goal, then these soil conditions
can be incorporated explicitly in refinements of the degradation rates based on robust and

guantifiable soil effects.

The standard FOCUS leaching scenarios take into consideration a depth dependent
degradation rate by multiplying the surface degradation rate with 0.5 for the second soil layer
and 0.3 for the deepest soil layer (FOCUS, 2000). Such degradation reduction deeper in the
soil profile reflects the reduction of biotic activity deeper in the soil profile. The modification
of degradation rate constants deeper in the soil profile is justified if evidence is provided for

specific compounds.

Another example is the dependency of degradation rates on soil CEC, bulk density and soil
texture (in particular percentage of clay), which relates to the bio-availability of substances to
aerobic micro-organisms responsible for degradation, and which reflects the effect of soil
sorption on degradation rates. If clear relationships exist between degradation rates and soll

properties, than these relationships can be incorporated at Tier 2a.

The various models have different options for defining sorption and degradation that can vary

with soil properties.

7.1.1.1 Degradation parameters and soil properties
In each of the FOCUS ground water models (PEARL, PELMO, PRZM, and MACRO), first
order kinetics is used to describe degradation. The user supplies rate constants for the first
soil horizon and then the programs calculate the degradation rate in each soil horizon. The

user also has the option of specifying the rate constants for each soil layer. The degradation
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rate in a specific soil horizon is constant for a run, but unless specified to the contrary is
adjusted for soil moisture and temperature.

7.1.1.2 Sorption parameters and soil properties

7.1.1.2.1 MACRO

The user specifies the K, at reference conditions and Freundlich exponent and the program
calculates the K; values for each layer. The Freundlich exponent is a single value for the
whole profile. MACRO 5 can model non-equilibrium sorption kinetics with a two-site model.

Kinetic parameters are assumed to be constant for the whole soil profile.

7.1.1.2.2 PEARL

PEARL has the following three options:

1. pH-independent. Sorption described only with Kqp,.

2. pH-dependent. Sorption described by pH, Kom,base @Nd Kom,acig @Ccording to equation
7-1 below

3. user defined. The user has to supply the K; for each layer

PEARL contains a description of the sorption of weak acids, which is pH dependent:

K K M ba 10 pH-pKa-ApH

om.eq,ac + om,eq,ba M

KFeq =My, » (7-1)
’ 1+ My, 1,QPH-PKa-2pH

ac

where m,, is the organic matter content, Kom eq.ac (M* kg™) is the coefficient for sorption on

organic matter under acidic conditions, Kom,eqba (m3 kg'l) is the coefficient for sorption on
organic matter under basic conditions, M (g mol™) is molar mass, pKa is the

O0g(KA) where KA is the dissociation constant, and pH is a pH correction factor.

See Leistra et al. (2001) for the derivation of Equation 7-1.

7.1.1.2.3 PELMO

PELMO has the following four options:

1. pH-independent. Sorption in soil described based on K, only.

2. pH-dependent mode 1 (K, is known at a single pH). PELMO considers pH-
dependency of sorption for weak acids. Equilibrium conditions between the non-ionic
and the ionic form are calculated based on the pKa value. PELMO assumes that the
sorption of the compound can be expressed by the weighted mean of the two species
according to Equation 7-2:

Koc = fua* Kocra + (1-fiua) * Koca (7-2)
Koc: sorption constant of the compound (L/kg)
fh-a: fraction of the non-ionic form in soil (pH-dependent)
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Koch-a: SOrption constant of the non-ionic form of the compound (L/kg)
Koca:  sorption constant of the ionic form of the compound (L/kg)

In mode 1 a constant Koc ratio of 1000:1 between non-ionic and ionic form of the
compound is assumed. In mode 1 PELMO is extrapolating pH-dependent sorption
constants.

pH-dependent mode 2 (K, is known at two different pH values). The same
assumptions are assumed for the distribution of non-ionic and ionic form of the
molecule. However, the ratio of the sorption coefficients between ionic form and non-
ionic form is calculated compound specific based on two Koc-values given by the
user. In contrast to mode 1 PELMO is therefore usually interpolating pH-dependent
Koc for the range given by the user.

user defined. The user has to enter the sorption constant (K,) for each layer.

7.1.1.2.4 PRZM

PRZM has the following two options:

1.

pH-independent. Sorption described only with K, at reference conditions and
Freundlich exponent. The exponent is constant throughout the soil profile. The
program calculates the K; values for each layer.

user defined. The user has to supply the K values for each layer and the Freundlich
exponent. The exponent is constant throughout the soil profile.

7.1.2 Photolytic degradation

If photolysis is significant then, as suggested by FOCUS (2006), degradation kinetics could

be simulated by using the photolysis degradation rate in the soil near the surface (i.e. the first

compartment of the soil model or for the first millimetre) and the non-photolytic degradation

rate in deeper layers. Usually, the photolysis process is significant only in the time between

application and the first rain (or irrigation) event after the application because the pesticide

will be transported to deeper soil layers where it will not be affected by sunlight any more.

Another practical option to consider the loss by soil photolysis would be to determine the

fraction that on average will disappear by photolysis in the field degradation studies (e.g. as a

fast phase of a biphasic decline line), provided that photolysis was is proven as a loss

process in laboratory studies and under the actual conditions the soil will be exposed to

global radiation or photoradicals.

7.1.3 Soil specific anaerobic degradation

Anaerobic degradation is not currently explicitly addressed in the FOCUS models. The

aerobic degradation term that is used as input is internally adjusted by the model depending

on the calculated soil moisture within the profile (using the Walker equation; see FOCUS,
2002) but this does not extend to anaerobic conditions. The PEARL and MACRO models

have a cut-off which prevents the moisture correction fraction from exceeding 1 (i.e. in the

case that the calculated soil moisture in the soil profile exceeds the reference value of pF2)

and the hydrology modules in PELMO and PRZM do not permit soil moisture to exceed the
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reference value of pF2). Flooding (anaerobic conditions) in topsoil are generally not
anticipated to last for significant periods and even these periods would be during the winter
months when only limited pesticide application or residual pesticide activity is expected.
Therefore, in the overwhelming majority of cases, the incorporation of a specific anaerobic

degradation term for the topsoil is not necessary.

For sub-surface degradation (to a depth of 1m), the FOCUS models contain default factors
relating the degradation rate to that in the topsoil (see Generic guidance for FOCUS
groundwater scenarios, version 1.1, April 2002). If experimental anaerobic degradation data
suggest specific mechanisms occur for a particular pesticide, for instance if degradation is
chemically mediated and/or catalysed by the presence of Fe2+ oxides (Smelt et al., 1995),
this may form a basis of a justification for amending these default values. This is in
accordance with the existing FOCUS guidance (see FOCUS, 2002). Otherwise, the use of a
specific anaerobic degradation term for the 30-100 cm soil profile is not considered

necessary.

Evidence also exists that degradation may occur beyond 1 m in saturated zones. Leistra and
Smelt (2001), for example, have shown that the presence of fossil organic carbon may
sustain degradation in the subsoil. If degradation is chemically mediated and catalysed by
the presence of Fe2+ oxides e.g., then the degradation may increase in reduced ground
water where Fe2+ oxides are present (Smelt et al., 1995). Reductive dechlorination and
methanogenic dechlorination have also been shown to be the transformation pathways for
chlorinated substances in other anaerobic systems (Boesten et al., 1992; Van der Pas et al.,
1998). Compound-specific anaerobic degradation data may be useful in predicting the
degradation of a compound below 1 m (the default assumption in the FOCUS process is that

no degradation occurs below 1 m).

7.1.4 Use of field dissipation degradation rates in leaching models
Field dissipation trials have been conducted for a number of compounds as a requirement

under 91/414 or pertinent U.S. EPA or Canadian guidelines.

A clear advantage of field over laboratory results is that they are determined under conditions
specific for the intended use of a pesticide in an agricultural field (i.e. unsieved soill,
fluctuating soil temperature and moisture conditions, and often the presence of crops) and
thus may closely match the situation which is to be modelled. Field DegT50 and DegT90
values also reflect the variation in degradation due to seasonal changes in climatic

conditions. As a consequence degradation rates for parent and metabolites derived under
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realistic field conditions may be used in pesticide fate modelling. This general
recommendation implies that the design of the sampling regime excluded any significant
route of dissipation other than degradation (for example, leaching, runoff, volatilisation, and
plant uptake; see FOCUS, 2006).

In a strict sense, field dissipation degradation rates reflect primarily the degradation of a
compound under site-specific soil and climate conditions. As a consequence averaging field
degradation rates from different climate zones is not appropriate. To overcome this limitation
FOCUS (2006) proposed two methods to normalize the results of field dissipation trials to a
reference temperature of 20C and a reference soil moisture of 100 % FC. After the
normalization to reference conditions field dissipation data can be used in simulation models
which account for the effects of temperature and soil moisture on degradation rates.
Furthermore averaging normalized field dissipation half-lives from various climate zones (e.g.
Northern and Southern Europe) as done with laboratory half-lives, is also appropriate. This
principle may also apply to field dissipation trials from the U.S. and Canada if these trials
were conducted in regions that are relevant for Europe. When using non-European field
data, a short justification must be provided as to why the respective region is deemed
representative for Europe. Some areas, like the sub-tropical southeastern states of the
U.S.A, may not be representative for Europe. Detailed guidance on this subject is beyond

the remit of the group.

Note that normalized half-lives should be exclusively used as input parameters in models,
which are able to simulate daily variations of temperature and soil moisture. The normalized
field half-life represents a half-life at 20 C and 100 % FC (which is assumed to be reached at
10 kPa) whereas the uncorrected half-life reflects local temperature and soil moisture

conditions.

FOCUS (2006) provided a detailed guidance on the two methods of normalisation of field
half-lives. These recommendations should be followed when using field half-lives in FOCUS

leaching models.

7.1.5 Degradation kinetics that deviate from first order
Degradation of compound in soil may not be suitably described in all cases with single first

order kinetics models. In these cases non-equilibrium sorption approaches in FOCUS
models with linked sorption and degradation routines (see Section 7.1.6) should be checked

to see if they are capable of describing the behaviour of the compound and therefore suitable
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for use in predicting leaching to ground water. Information on this subject is also given in
FOCUS (2006) (see especially Section 7.1.2.2.1 and Appendix 4).

7.1.6 Non-equilibrium sorption
Another option for pesticide parameter refinement is to include non-equilibrium sorption.

Long term sorption kinetics has been observed in many pesticide sorption experiments and
has a significant impact on pesticide fate and transport. Wauchope et al. (2002) in their
review on sorption distinguish three time scales for sorption kinetics of pesticides in soil: (i)
minutes, (ii) hours (until a day or two), (iii) weeks to years. The process at a time scale of
weeks to years is probably caused by slow diffusion of dissolved chemicals towards the
sorption sites within soil pores or organic matter polymers (pore diffusion and intraorganic

matter diffusion; see Pignatello, 2000).

7.1.6.1 Models for describing non-equilibrium sorption
A popular model for dealing with sorption kinetics is the two-site/two-region model (Van
Genuchten and Wagenet, 1989; Streck et al., 1995), which separates the soil sorption sites
in equilibrium and non-equilibrium sites. The basis for this simplification is that sorption sites
reacting at time scales ranging from minutes to a day or two are close enough to equilibrium
when assessing pesticide leaching to ground water. A two-site model is available in FOCUS
PEARL (Leistra et al., 2001) and in MACRO 5.0 (Larsbo and Jarvis, 2003).

To describe non-equilibrium sorption, two types of additional parameters are necessary: the
parameters describing the sorption isotherm of the non-equilibrium sites and a parameter
describing the adsorption/desorption rate of these sites. The most relevant models for
describing long-term sorption kinetics in the context of pesticide registration are described
below.

7.1.6.1.1 PEARL

The submodel used in PEARL for sorption and degradation can be described as follows
(Leistra et al., 2001):

ce=0dc + p(SEQ,pEARL + SNE,PEARL) (7-3)
N
— C
SEQ,PEARL - KF,EQ CL,R C_ (7'4)
LR
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N
dSNE,PEARL —k K C.
= d,PEARL( F.ne CLR
dt LR

- SNE,PEARL)

KF,NE = fNE,PEARL |<F,EQ

Rt = _k1 (HCL + pSEQ,PEARL)

where
c* = total concentration (mg/L)
¢ = concentration in the liquid phase (mg/L)
cLr = reference concentration in the liquid phase (mg/L)
@= volume fraction of water (-)
p = dry bulk density (kg/L)
Seq.rear. = content sorbed at equilibrium sites (mg/kg)
SnepearL = content sorbed at non-equilibrium sites (mg/kg)
Kr.eq = equilibrium Freundlich sorption coefficient (L/kg)
Ke ne = non-equilibrium Freundlich sorption coefficient (L/kg)
N = Freundlich exponent (-)

kqpearL = desorption rate coefficient (d™)

(7-5)

(7-6)

(7-7)

fue pearL = factor for describing the ratio between the non-equilibrium and equilibrium

Freundlich coefficients in PEARL (-)
R, = rate of degradation in soil (mg L™ d)

k; = degradation rate coefficient (d™)

So the total Freundlich sorption coefficient Kg . is defined in PEARL as follows

KF,tot = KF,EQ + KF,NE = (1+ fNE,PEARL)KF,EQ

As follows from Equation 7-3, the total content sorbed in the PEARL model, Spear. , is

defined as:

SPEARL = SEQ,F’EARL + SNE,F’EARL

(7-8)

(7-9)

Equation 7-7 implies that pesticide sorbed at the non-equilibrium sorption site is not subject

to degradation. As will be demonstrated below, mathematical analysis shows that including

transformation at this site makes no difference for the description of long-term sorption

kinetics (and thus makes also no difference for the leaching endpoint of the risk assessment).
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For that purpose a model is considered (based on Equation 7-5) in which additionally first-

order transformation occurs at the non-equilibrium site:
N

ds, c
Z:EARL = kd,PEARL KF,NE CLr C_L - SNE,PEARL - kt,NESNE,PEARL (7-10)
L.R

where

kine = rate coefficient for transformation at non-equilibrium sorption site (d™).

Equation 7-10 can be rewritten as:

N

d
M = (k - SNE,PEARL (7-11)

kd,PEARL C
ot d, PEARL +kt,NE) Ke ne CLr -

I(d,PEARL + I<1,NE CL,R

Effective values of kq pear. and Kg e are now defined as follows (Boesten, 1986, p. 161):

kijEARL = kd,PEARL + k1,NE (7-12)

k
KEﬁNE = PR KF NE (7'13)
kd,PEARL + kl,NE

Thus Equation 7-11 can be rewritten as:

N

dSie pear. = Ko G ~ S\ rear (7-14)

off
arear. Kene CLr
dt R

Equation 7-14 is mathematically identical to Equation 7-5. So if first-order transformation
occurs at the non-equilibrium site and Equation 7-5 is used for fitting, this process has
already been included in the fitted kg pear. @nd Kene Values. So this analysis shows indeed
that including transformation at the non-equilibrium site makes no difference. Note that
transformation at the non-equilibrium site leads to higher apparent kq pear. Values and lower

apparent Kg \e values.

7.1.6.1.2 The model of Streck

The model of Streck et al. (1995) defines the total concentration sorbed, Sstreck,as follows:

SSFRECK = fEQ,STRECK SEQ,STRECK + (1_ 1:STRECK)SNE,STRECK (7_15)

where

feq.sTreck = the fraction equilibrium sites (-).
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In this model the equilibrium content sorbed is defined as
N
& (7-16)

L,R

SEQ,STRECK = KF,tOt C'L,R

with Ko @as defined by Equation 7-8. The sorption rate equation for the non-equilibrium sites

is as follows:

das
(l_ fEQ,ST RECK ) % = O grreck (SEQ,STRECK - SNE,STRECK) (7-17)

where

Qstreck = Sorption rate coefficient (d™).

Comparison of Equation 7-15 with Equation 7-9 shows the following relationships:

SEQ,PEARL = fEQ,STRECK SEQ,STRECK (7_18)

SNE,PEARL = (1_ fEQ,STRECK )SNE,STRECK (7_19)

Using Equations 7-18 and 7-19, Sgo streck @nd Sne streck €an be eliminated from Equation 7-
17 Comparison of the resulting equation with Equation 7-5 leads to the following

relationships between the parameters in the model used by Streck et al. (1995) and the

parameters used in the PEARL model:

a
Kq pear. = 1- fSTRECK (7-20)
EQ,STRECK
1- fEQ STRECK
fre pear. = — (7-21)

f EQ,STRECK

Note that Equations 7-20 and 7-21 are based on the theory and the model descriptions by
Streck et al. (1995) and Leistra et al. (2001). Therefore, these equations are only valid in
practice if the same operational definition of equilibrium is used (see Section 7.1.6.2 on

experimental procedures).

7.1.6.1.3 MACRO
The submodel used in MACRO 5.0 (Larsbo and Jarvis, 2003) is based on the model of

Streck but it uses a slightly different formulation of the rate equation:
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N
C
d f KF,tot C r — _SNE,MACRO (7-22)
t NE,MACRO LR

dSNE,MACRO _ Oyvacro

where
Snemacro = content sorbed at non-equilibrium sites in MACRO (mg/kg)
amacro = desorption rate coefficient (d'l) used in MACRO.

fuemacro = fraction of the non-equilibrium sorption sites in MACRO (-)

streck IS identical to  yacro and it can also be shown that:

fNE,MACRO =1- fEQ,STRECK (7-23)

The relationships between the PEARL and MACRO parameters can be shown to be as

follows:
f
fNE MACRO — T (7'24)
1+ fNE,PEARL
or
fNE MACRO
fNE,PEARL = T (7'25)
NE,MACRO
and
fNE PEARL
Qyacro = kd,PEARL T (7'26)
NE,PEARL
or
a
Kapea =000 (7-27)
NE,MACRO

In MACRO 5.0, the total sorption coefficient Kg . is denoted as ZKD.

The above analysis shows that all three models are mathematically identical, and that
parameters derived using one of the models can be translated into parameters of the other
two models.

7.1.6.1.4 PRZM and PELMO

In the versions of PRZM and PELMO released with the new scenarios, non-equilibrium

sorption is implemented as well. In both models the approach of PEARL as shown in
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7.1.6.1.1 is used. However, in PELMO the parameters can also be inserted according to the
Streck-model as shown in 7.1.6.1.3. The values are then internally converted according to
Equations 7-20 and 7-21.

7.1.6.2 Experimental procedures for measuring long-term sorption kinetics and
procedures for estimating the model parameters

The most straightforward procedure would be to measure long-term kinetics as part of the
standard degradation rate studies. Measurements of long-term sorption kinetics have to be
based on the total content of pesticide in soil because there is usually some degradation on a
time scale of weeks. As a consequence the same or similar organic-solvent extraction
procedures have to be used for measuring (i) the degradation rate and (ii) long-term kinetic
parameters. This can be illustrated with the following example. Mild extraction procedures
(e.g. single extraction with ethyl acetate or acetone) will lead to shorter half-lives than strong
extraction procedures. Strong extraction procedures (e.g. soxhlet extraction or repeated
extractions with different types of solvents) will lead to higher contents sorbed at the non-

equilibrium site.

The parameters for the equilibrium site should be derived from the standard adsorption
experiments. These experiments have an equilibration time of typically 24 h which
corresponds well with the time scales of the first two types of site as defined by Wauchope et
al. (2002). We use the symbol K a4s batch-1day fOr @ Freundlich sorption coefficient measured in
an adsorption batch experiment of about one day (OECD, 2000). An additional advantage is
that these are also the parameters used in previous lower tiers. The parameters for the non-
equilibrium site should be derived from incubations of moist soil because this is closest to
field conditions. We will call such studies hereafter aged sorption studies. Those studies
are very similar to laboratory soil degradation studies according to OECD guideline 307
(OECD, 2002). One may expect that batch sorption experiments on time scale of weeks
lead to an overestimate of the kqpear. (i.€. the rate coefficient of the non-equilibrium sites)

because of the shaking procedures in such experiments.

Leistra et al. (2001) recommend to measure the equilibrium sorption coefficient in PEARL
(Keeq ) via a standard batch experiment (SO Keeg = K ads patch-1day)- SO if the true total

Freundlich coefficient Kg . is available, fye pear. can be estimated as:

Kot —K _ K
fNE’pEARL — F,t(;t( F ,ads,batch—1day — < F tot _l (7-28)

F ,ads,batch-1day F ,ads,batch-1day
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As described before, Equations 7-19 and 7-20 are based on the theory and the model
descriptions by Streck et al. (1995) and Leistra et al. (2001). However, these publications
recommend different operational definitions for measuring the equilibrium and the rate of
exchange of the non-equilibrium sorption sites. Although Equations 7-19 and 7-20 are
mathematically correct, they are of little use when these different operational definitions are
used. Streck et al. (1995) propose to measure the rate coefficient streck by shaking a soll
suspension over a period of about a week. This implies that the equilibrium sites in the Streck
model equilibrate within a time period in the order of 1 h. However, Leistra et al. (2001)
propose to measure Kkqpeare in aged sorption studies that may last a few months.
Furthermore, the operational definition for the equilibrium sites of Leistra et al. (2001) is
shaking for about 1 day in a batch study. Thus if the recommendations of Streck et al. (1995)
and Leistra et al. (2001) are followed, a consistent operational value for fyg pear. from results
obtained by the Streck approach, can be obtained from Equation 7-28 where K, is derived

from fits based on the Streck approach.

Measurement of long-term kinetics in moist soil requires a time series of:
(i) the total content of pesticide in soil.
(ii) the concentration of pesticide in the soil pore water.

The concentration in the pore water can be measured by collecting liquid phase (e.qg.
centrifuge a soil sample over a filter). This will not work for all soil types. An acceptable
alternative is to perform a 24-h desorption experiment and to assume that (i) the equilibrium
sorption site is at equilibrium after these 24 h and (ii) the change in content sorbed at the
non-equilibrium site is negligibly small over these 24 h shaking time. The concentration in
the pore water can then be back calculated using the difference between the solid-liquid
ratios of the moist soil and the batch desorption systems or can be directly fitted if the model

is able to calculate the concentration in the suspension solution with a given soil:water ratio.

Alternatively, non-equilibrium sorption parameters can also be obtained from controlled
(steady) pesticide column leaching experiments. Analytical solutions for the two site-two
region models have been developed by Toride et al. (1993), and have been readily
implemented in the CXTFIT model identification tool (1995). Yet, inverse modelling of
pesticide breakthrough for identifying sorption kinetic parameters may be inappropriate or
subjected to a lot of uncertainty (Vanderborght et al., 1997). The parameters for the
equilibrium sorption site also in this case should be based on independent batch experiments
with a shaking time of 1 day. If breakthrough curves were inversely modelled and residual
concentrations in the soil column at the end of the column study have been measured, it is
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preferable to include these results in the inverse modelling procedure. More details on

inverse modelling are given in Chapter 8.

Estimating non-equilibrium sorption parameters from lysimeter leachate concentrations may
also be possible. However, probably this is only possible in exceptional cases because other
system properties may have an effect on the pesticide breakthrough that is similar to the

effect of non-equilibrium sorption parameters.

Another option would be to estimate non-equilibrium sorption parameters from field
experiments that include desorption studies from soil samples from the top centimetres. So
far little experience is available with this procedure. More experience with such procedures

should be gained before using them in risk assessments.

Theoretically, non-equilibrium sorption parameters may be derived from analysis of
adsorption-desorption hysteresis as performed by Streck et al 1995 and Altfelder 2000 using
the FITHYST fitting tool (Streck 1997). Using this approach the total sorption K¢, can be
estimated; using Equation 7-28 fye pear. Can then be estimated if an independently measured
value of K ags patch-1day 1S available. Although the relevance of the estimated parameters were
tested by comparing the so-derived parameters with other experimental data (Streck, 1995,
Streck, 1999, Altfelder, 2001, Jene, 2007), more information is necessary to derive non-

equilibrium sorption parameters using this method.

Finally, sorption kinetic parameters may also be estimated from analysing bi-phasic
degradation kinetics. Indeed, the occurrence of bi-phasic degradation kinetics may be the
macroscopic expression of the microscopic non-equilibrium sorption. Guidelines for
estimating long term sorption parameters for PEARL from bi-phasic kinetic degradation
experiments are given by FOCUS (2006). However, this procedure is expected to work only
in cases in which the degradation rate of the first phase is very fast (half-lives in the order of
5 days).

7.1.6.3 Overview of available measurements of long-term sorption parameters
There are many studies demonstrating the significance of the long-term sorption process
(e.g. see data for Hawaiian soils cited by Hamaker & Thompson, 1972, and for a UK soill
measured by Walker, 1987). However few experiments have been analysed with the
submodels used by PEARL or MACRO. Boesten et al. (1989) found fye pear. Values ranging
from 0.3 to 0.4 and kqpear. Values ranging from 0.01-0.02 d*for cyanazine and metribuzin in

a sandy soil. They showed that the assumption of non-equilibrium sorption was necessary to
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explain the movement of the substances in a field experiment. Boesten and Gottesb ren
(2000) found a fyg peare Value of 0.55 and a Kq pear. Value of 0.015 d* for bentazone in a
sandy soil. Using the same bentazone data, Tiktak et al. (2000) found fyg pear. =0.73 and
Kg,pear. =0.019 d?!. Boesten (personal communication, 1996) found a fye pear. Value of 0.75
and a kg peare Value of 0.005 d* for both metamitron and hydroxychlorothalonil in a sandy soil.
Based on this information Leistra et al. (2001) recommend to use a default fyg value of 0.5
and/or a default kq value of 0.01 d™*. Gurney and Hayes (2007) analysed a herbicide where
aged sorption studies were carried out in three soils yielding fye pear. Values of 0.42, 0.48 and
0.75. They did not estimate the sorption rate coefficient kq pear. but fixed it to the default
value of 0.01 d*. Jene (2006) reported an average fye pear. Value of 2.7 for a pesticide based
on aged sorption studies with two soils. So this fye pear. Value is much larger than the other
values that have been reported. However field degradation studies with the same compound
at seven sites showed extreme bi-phasic behaviour which could be well explained by
applying the non-equilibrium sorption concept using the high fyg pear. Values from the

laboratory study.

There is also indirect evidence for the long-term sorption process. Streck et al. (1995)
showed that the leaching of simazine in a field lysimeter transport experiment could be
explained if non-equilibrium sorption estimated from sorption hysteresis data of a laboratory
batch sorption study was considered in the modelling. In Streck and Richter (1999) the depth
concentration profile of chlortoluron in a field leaching study could only be reproduced by
modelling if the kinetic parameters derived from the sorption batch experiment where used.
Finally, Altfelder et al. (2001) showed the compatibility of the results from laboratory batch
adsorption and column experiments with regard to the non-equilibrium sorption behaviour of

dimethylphtalate.

Indirect evidence can also be derived from the hysteresis phenomenon. Hysteresis in
adsorption/desorption isotherms measured in batch systems has been reported in many
publications. Altfelder et al. (2000) demonstrated for a few studies that the observed
hysteresis could be explained by long-term adsorption kinetics using the FITHYST software
package (Streck, 1997) which is based on the model of Streck et al. (1995). In one example
the 24-h adsorption isotherm had a value that was only 50% of the true equilibrium
isotherm, so fye pear. Was about 1.0. Studies by Pignatello and co-workers have shown that
part of the observed hysteresis is not related to long-term sorption kinetics but to a true
change in the sorption equilibrium caused by an irreversible deformation of the organic

matter (e.g. Sander et al., 2005).
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Reichenberger et al. (2002) analysed adsorption-desorption isotherms of 8 pesticides (in
total 67 studies) with the FITHYST software package and found a median ratio of the
quotient Kg it / Kr ads batch-1day OF 1.79 which implies a median fye pear. Of 0.79 (See Equation 7-
28). The poster-version of their paper showed a very large scatter in this quotient.
Reichenberger et al. (2002) did not provide the source of the 67 studies but probably all data
sets comprised at least two desorption steps and a study of adsorption kinetics following
procedures described in OECD guideline 106. Reichenberger and Laabs (2003) analysed
adsorption-desorption isotherms for nine pesticides and two tropical soils. They derived Kg i
values from experiments on adsorption kinetics on a time scale up to 4 days and from
experiments with five sequential desorption steps that lasted in total 7 days. They found a
median value of the quotient Ke i / Kg ads batch-2days Of 1.6 and 2.4 for the two soils (so Kggq Was
defined by 48 h shaking). The range of the quotients was considerable (from 0.7 to 12) and
the average value was 3.0 and 3.6 for the two soils. The median values correspond with fye
values of 0.6 and 1.4 for the two soils. However, no standard deviations were provided for
estimated Kg i Values. It cannot be excluded that these values have a large uncertainty; e.g.
a value of the quotient Ke i / Kg ads patch-2days Of 12 implies that the Kg i based on experiments
that lasted at most 7 days is 12 times higher than the adsorption coefficient measured after 2
d shaking. Such an increase is very unlikely.

Reichenberger and Laabs (2003) found a median value of the rate coefficient astreck 0f 0.05
d? for both soils and median fstreck values of 0.4-0.5. This means that they found Ky peart
values in the order of 0.1 d*, which is an order of magnitude higher than the kypear. Values
found in moist soil by Boesten et al. (1989), Boesten and Gottesb ren (2000) and Tiktak et
al. (2000). This difference is probably caused by the shaking procedure used in batch
adsorption-desorption measurements which leads to faster equilibration than would occur in

field soils.

Jene (personal communication, 2004) analysed adsorption-desorption measurements in soil
suspension for one pesticide and seven soils and found ratios of the quotient Kg o /

K ads batch-1day Of 3.1 t0 6.6 (SO fygpear. Values of 2.1 to 5.6). ). For one of those values

(fne peare Of 2.2), which was derived from a lysimeter soil, Jene (2007) could show that almost
the same value was estimated when fitting the outflow behaviour of this pesticide from three

replicated outdoor lysimeters.

The fye pear. Values found in adsorption-desorption batch experiments by Altfelder et al.
(2000), Reichenberger et al. (2002), Reichenberger & Laabs (2003) and Jene (personal

communication, 2004) tend to be higher than those found in aged sorption studies. However,
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no studies are available where fye peart iS measured both via adsorption-desorption isotherms
and via aged sorption studies for the same pesticide-soil combination. Given the limited
number of fye pear. Values that are available, no conclusion is yet possible on the relationship
between fye peart Values measured with both methods. The possibility cannot be excluded
that fye pear. Values obtained from adsorption-desorption isotherms are systematically higher
than those obtained from aged sorption. This may lead to overestimation of Kg g if fye peare
values derived from FITHYST estimates are used in combination with Ke yg values based on

measurements of Kg ags batch-1day-

Other indirect evidence is the frequently observed phenomenon that aged pesticides
residues are more difficult to extract than fresh pesticide residues (see e.g. Smith, 1981). To
the best of our knowledge there is no evidence in the opposite direction (i.e. demonstrating
that long-term kinetics did not occur when carefully studied for pesticides with significant

adsorption).

7.1.6.4 Recommended default values for long-term sorption parameters in risk
assessment

In conclusion, the considerable amount of direct and indirect evidence for a long-term kinetic
sorption process makes defensible the use a default kg pear. Value of 0.01 d* and a default
fue peare. Value of 0.3 (and the equivalent values fygmacro = 0.231 and  yacro = 0.00231 d'l).
The Kgpear. Of 0.01 d?is the best guess for the rate coefficient based on available
measurements in aged sorption studies and the fye pear. Of 0.3 is a realistic worst-case
estimate based on the lowest value found in an aged sorption study. The lowest value is
chosen because of the limited amount of data available and because it includes implicitly
also all variation in organic solvent extraction procedures for degradation rate studies in the

laboratory and field.

The recommended default values should only be overruled by compound-specific values
measured in aged sorption studies (either incubation studies or column leaching studies as
described above) because batch experiments may give fye pear. Values that are
systematically higher than those found in aged sorption studies. This recommendation might
change when more information becomes available on the comparison between long-term
sorption parameters measured in aged sorption studies and in adsorption-desorption batch

experiments.

To overrule these default values, aged sorption studies with at least two soils are needed.

The kg pear. @and fye pear. Values found for the different soils should be averaged to obtain the
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arithmetic mean. If data for only one soil are available, the default fye pear. Value of 0.3

should be used in the averaging procedure for the other soil.

7.1.6.5 Fitting of aged sorption measurements to long-term kinetic sorption parameters
When fitting of results of aged sorption studies, the equilibrium Freundlich sorption
coefficient, Kego , should be taken from batch experiments with the same soil using OECD-
106 if available. In a number of cases, batch adsorption isotherms will not be available for the
soils considered in the aged sorption studies. In such cases, the kinetic model should be
used to fit the parameter Kggq (i.€. Kg, ags, bach-1day )- 1N Practice this means that this parameter
value is mainly based on the desorption point measured after O or 1 day equilibration. The
alternative would be to fix this parameter using the average Koy from the available batch
adsorption isotherm studies. However, then the kinetic model cannot describe accurately the
course of time of the concentration in the liquid phase in the first days of the aged sorption

study which will give less reliable values of the long-term kinetic parameters.

An example how to derive non-equilibrium sorption parameters by using different available
tools is given in Appendix 6. Fitting non-equilibrium sorption parameters is more or less a
new field of science in which so far there is limited experience. Often expert judgement will
be needed with respect to the interpretation of the data. As a minimum quality requirement,
the 95% confidence intervals of fitted parameters should be within the range from 0 to 200%

of the fitted value to be acceptable.

The kinetic sorption model itself is already a unique description of the dynamics applied.
However it can be expressed in several ways using different variables to be used as target or
object function by an optimisation algorithm (i.e. fitting tool). The basic measurements in a
typical (laboratory) aged sorption study are the concentration in the supernatant after
desorption and centrifugation and the amount extracted by organic solvents, the sum of
which is the total extractable mass. Both measurements contain a mixture of the phases as
defined in the kinetic sorption model above. The concentration in the supernatant includes
the dissolved and a part of the equilibrium sorbed mass before the desorption (because the
desorption step led to desorption of part of the adsorbed substance). The mass extracted by
organic solvents contains the non-equilibrium sorbed mass and residues of the other phases.
Thus there are two alternative possibilities to set up the target function. The first is to let the
model fit directly the measured quantities, i.e. the concentration in the supernatant as
dissolved concentration (c_ ) and the total mass. The second approach is to start with
calculating back the concentrations (C., Seo, Sne) in the sample before the desorption from
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the measurements and performing the fit on these concentrations. Both approaches should
in principle give the same results.

Weighting of data is a complicated issue because there are two types of measurements that
have to be fitted: total mass (or total content) in soil and concentration in the liquid phase. If
for instance the absolute values of the total content are several times higher than the liquid

phase concentrations, the fit will be dominated by the total mass values and only marginally
influenced by the liquid phase concentrations, although the liquid phase concentrations may

equally important for the non-equilibrium sorption.

FOCUS (2006) provided guidance for fitting of degradation rates. The report states on p. 71:
Unweighted fitting to data often results in a better overall fit of SFO kinetics due to lower
sensitivity to deviations of calculated from observed data in the later stages of dissipation. In
laboratory experiments, these deviations may be due to the influence of increasing sorption
and/or decreasing microbial activity. Moreover FOCUS (2006) states: Logarithmic
transformation may be justified if there is experimental evidence that smaller concentrations
can be determined with greater precision than larger values. Otherwise, unweighted fitting to
untransformed data is recommended. This cannot be interpreted as support for using
unweighted fitting for aged sorption studies because the aim of the optimisation process for
aged sorption studies differs from the aim for fitting SFO degradation rates. The most
important difficulty for aged sorption studies is that fitted values for the kg pear. @and fye peart
parameters are regularly very unreliable (e.g. 95% confidence intervals exceeding 100% of
the estimated value). Thus considerations to achieve a more reliable fit of kqpear. and

fne pear. May overrule considerations to achieve the best fit of the DegT50. Given the limited
knowledge in this field a case-by-case approach is recommended with testing of different

weighting options and a justification of the selected option.

For an appropriate interpretation of the quality of the fit, the following graphs have to be
included in any report determining non-equilibrium sorption parameters:
» comparison of measured and fitted total concentration of pesticide in soil as a function
of time
» comparison of measured and fitted concentration of pesticide in soil pore water or in
soil suspension (depending of what was measured) as a function of time
» comparison of (i) measured concentration of pesticide in soil pore water or in soil
suspension (depending of what was measured) as a function of time and (ii)
calculated concentration in soil pore water or soil suspension assuming SFO and the

equilibrium sorption parameters.
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7.1.6.6 Consequence of using non-equilibrium sorption for the degradation rate to be
used in simulation models

Both in PEARL and well as in MACRO, PRZM, and PELMO (optionally), degradation is
restricted to the equilibrium sorption phase. So if non-equilibrium sorption is included in
model calculations, the consequence is that all degradation rate studies have to be re-
evaluated as well, assuming the same set of long-term kinetic parameters for all degradation
rate studies (S0 Kqpear. = 0.01 d*and fue pear. =0.3 when using the default values). The re-
calculation procedure depends on the kind of studies (laboratory or field degradation studies)

and the kind of the substance (parent or metabolite).

The symbol DegT50y, is used for the conventional DegT50 that is based on a rate
considering the total pesticide content in soil and the symbol DegT50, is used for the
DegT50 that is based on only pesticide present in the equilibrium phase in soil (as described
by Equation 7-7). Figure 7-1 illustrates the difference in definition between DegT50,,; and
DegT50sq. DegT50 is linked only to the liquid phase and the equilibrium sorption sites,
whereas DegT50,, applies to the whole soil, including the long-term sorption sites. If no
non-equilibrium sorption is defined (as in default in Tier 1 calculations), DegT50, is equal to
DegT50¢.
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DegT50,, Deg 150,

equilibrium
sorption
sites

liquid phase

long-term
sorption
sites

Figure 7-1. Diagram showing how DegT50,, and DegT50,, are linked to the three different

phases in soil (DegT504 being linked only to the liquid phase and the equilibrium sorption

sites, whereas DegT50,, applies also to the long-term sorption sites). The double headed

arrow indicates equilibrium and the two separate arrows symbolise adsorption/desorption
rates

In order to re-calculate DegT50 values of ordinary laboratory degradation studies for the use
in a non-equilibrium sorption simulation, one of the model systems (e.g. MACRO or PEARL)
that can be used for non-equilibrium parameter estimation should be applied. The non-
equilibrium sorption parameters (fug pear. @Nd Kq peart OF fyemacro @and  macro) should be fixed
to the values derived from the evaluation of the aged sorption studies or the default values
(Kgpeare = 0.01 d™ and fye pear. =0.3). The re-calculated DegT50, which now only represents
the degradation in the equilibrium sorption phase of the soil, can only be used in the
simulation models together with the corresponding non-equilibrium sorption parameters.
Appendix 7 presents an example of how to calculate DegT50., when the default non-

equilibrium sorption parameters are assumed.

In order to use the non-equilibrium sorption in simulation models such as PEARL and
MACRO for PEC,, calculations, the re-scaled, shorter DegT50 - value must only be used in
combination with the non-equilibrium sorption parameters with no degradation in the

simulated non-equilibrium sorption phase. If the non-equilibrium sorption rate parameter
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Kq,pEARL OF Gacro IS Zero or the parameter describing the fraction of the non-equilibrium
sorption phase fye peart O fnemacro IS Set to zero, non-equilibrium sorption is not considered

in the model and the DegT50;; (S0 not the shorter DegT50.,) Mmust be used.

For metabolites that were tested in parent studies (laboratory or field) a pragmatic approach
could be to follow the procedure used in Boesten and Van der Linden (2001). This means
that the degradation of a metabolite would be simulated according to the estimated rate
derived from the parent study (where non-equilibrium sorption was not considered). Then
the simulated total concentrations were fitted with a non-equilibrium sorption model where
the non-equilibrium sorption parameters as well as the sorption equilibrium parameter were
fixed and only the degradation rate in the equilibrium sorption phase was fitted. Equations 7-
29 to 7-31are given here only for obtaining a first guess of the magnitude of the difference

between DegT50 and DegT50¢q. They should not be used in risk assessment procedures.

Boesten and van der Linden (2001) derived an approximation for the scaling factor fueq ne
which can be used to obtain a first guess for the magnitude of the difference between
DegT50, and DegT50,). The scaling factor is defined as:
DegT50
faogne St (7-29)
DegT50,,

or
DegT50,, = fuy ne DEGT50,, (7-30)

The approximation assumes a linear sorption isotherm and assumes that the degradation
rate coefficient is slow compared to kg pear. - The approximation can be written as:
W+ Ke g

W+ (1+ fNE,PEARL)KF,EQ

where w is the gravimetric water content of the incubation system defined as volume of water

(7-31)

fdeg, NE =

divided by mass of dry soil (L/kg). Using e.g. w = 0.2 L/kg, Kreq= 1 L/kg and fyg pear. = 0.5,

gives fgeq ne = 0.7, SO the effect on the estimated DegT50 value may be considerable.

7.1.7 Plant uptake
The default plant uptake factors (i.e. the transpiration stream concentration factor) can be

adjusted to measured values if substance specific uptake factors have been determined in

appropriate experiments.
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7.1.8 Volatilisation
If volatilisation is significant then, degradation kinetics could be simulated by using the

volatilisation rate in the soil near the surface (i.e. Include a thin soil layer with modified
dissipation rate on top of plough layer or switch on the model-supplied volatilisation

subroutines) and the "in-soil" degradation rate in deeper layers.

7.2 Scenario refinement (Tier 2b)

In Tier 2b scenario refinements are suggested to improve the initial Tier 1 simulations. In
principle, all model input parameters except product specific parameters (for example, K,

DegT50) or application patterns could be considered within this tier.

The overall purpose of Tier 2b is to allow modifications of the existing Tier 1 scenarios in

order to define product specific scenarios based on the specific use pattern of the pesticide.

Table 7-2 gives an overview of relevant aspects that can be considered for the proposed

scenario refinements. Some more details are given in the following sections.
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Table 7-2. Overview of refinements included in Tier 2b.

Section | Aspect Related Proposed Remarks
Parameters Refinement
7.2.1 Specific Crop Modification of crop Considering alternative methods
crop parameters |parameters in terms of |to define more accurate dates for
conditions known soil and climate |emergence, maturation or
properties harvest
7.2.2 Specific Crop rotation | Definition of realistic Especially for pesticides that are
crop crop rotations instead of | not used on an annual basis
conditions permanent crops
7.2.3 Specific Crop type Definition of additional | Improvement of simulations for
crops crops not covered by pesticides that are used mainly in
FOCUS tier 1 special crops with minor
importance ( niche products )
7.2.4 Specific Crop, climate | Definition of scenarios | The current focus scenario do not

use pattern

for greenhouse
applications

cover greenhouse applications

7.2.5

General
definition of
product-
specific -
scenarios
based on
GIS. Tier
2.2a
because
the FOCUS
scenario is
replaced
completely

All scenario
parameters
could be
affected

Exclusion of areas that
are not relevant with
respect to the use
pattern of pesticides

Identification of characteristic
combinations of

e crops

* climate conditions

* soil types

e ground water conditions

* hydro-geological information

7.2.6

Specific
irrigation
scenario

Climate
parameters

Modify irrigation rates to
consider
implementation of more
efficient drip irrigation

7.2.1 Modification of crop parameters
In Tier 1 the crop parameters (not only root depth, emergence, maturation and harvest dates,

but also runoff related parameters) are constant for each scenario. However, especially the

crop development parameters vary within the major agricultural areas due to the influence of

climate and also to some extent soil parameters. Additional information on the location of the

cropping areas and special crop parameters could be used to refine the Tier 1 simulations;

resulting in more realistic simulations for specific crops and excluding climate/soil/crop-

combinations that do not occur in reality.

7.2.2

Introduction of realistic crop rotations

Whether pesticides are applied annually or at other frequencies, crop rotations are never

considered within Tier 1 simulations. Instead, all crops are assumed to be cultivated as
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permanent crops . A refinement can be considered by introducing location dependent crop
rotations in Tier 2b. If, for example, a certain pesticide is used every third year only in

potatoes only, additional crops could be defined for the years without any application. Since
the selection of crops has an important influence on the water regime, as a consequence the

fate of pesticide residues in the soil also will be affected by these refinements.

The original FOCUS input files cannot be used for these simulations. The user must always
create specific input files for this refinement, and the process for running these input files
depends on the simulation model selected. When combining different crops within
simulations, the user should start with the official FOCUS crop development dates
(emergence, maturation, harvest) rather than defining completely new figures. The warming
up period of 6 years was defined for annual, biennial and triannial application patterns only,

but the 6 years warming up period should also be maintained for other rotations.

7.2.3 Introduction of new crops
Tier 1 covers only the major European crops. If pesticides are modelled that are primarily

used for minor crops (e.g. special fruits or vegetables) the user has to select a similar major
crop. However, at Tier 2b a more realistic solution would be to develop a scenario for this

minor crop.

A cautionary remark should be made for rice cropping, which cannot be considered a minor
crop. Agricultural practice for rice cropping is completely different than for other classical
agriculture crops. The work group believes that current standard FOCUS pesticide leaching
models and scenarios can not be used for assessing risk in rice cultivated crops. For rice
cropping, interested readers are referred to the MED-Rice (2003) report.

7.2.4 Specific use conditions (e.g. greenhouse scenario)
Tier 1 scenarios are only designed to assess pesticide leaching in arable land subjected to

traditional pesticide management (e.g. spraying of chemicals using traditional spraying
equipment). Specific pesticide uses can be considered e.g. for greenhouses which may
justify the modification of the climate and soil parameters, the introduction of specific
greenhouse crop parameters and the modification of the timing and rate of pesticide
applications. EFSA has begun a project in this area New Guidance on Protected Crops

(greenhouses or cultivations grown under cover).

7.2.5 Defining use specific scenarios (e.g. use of GIS)
The FOCUS Tier | scenarios apply to large climatic zones (Chapter 11). In many cases,

plant protection products will only be applied in part of these climatic zones, particularly in the
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case of minor crops that are grown in only a confined area. If the FOCUS scenarios are not
specific enough for the intended use, the notifier may wish to develop a scenario that is
specific for the intended use, i.e. for the relevant combination of crops, soil types, climate and
ground water conditions. The development of these so-called use specific scenarios is the
subject of this section. The procedures in this section result in completely new scenarios,
which may complement existing FOCUS scenarios for specific uses in higher-tier

calculations.

GIS approaches play an important role in the development of new scenarios. Soll
information is combined with other spatial environmental and agricultural data (climate
patterns, crop, distribution, hydrogeological data) by spatially overlaying basic maps using
Geographic Information Systems (GIS). Such an overlay results in a large number of
possible scenarios (in many cases more than 1000), all which need to be parameterised. If
spatial information is available with sufficient detail, a spatially distributed model can be
created. The PECgw can be selected directly from the cumulative frequency distribution of

the calculated concentrations.

In many cases sufficient soil information for running spatially-distributed models is not
available. Therefore, a simplified leaching concept is required in cases where insufficient soil
and climate data is available. In these cases, the simplified leaching model is applied to the
intended use area instead of the spatially-distributed model itself (see Appendix 5 for more
details). If parameterised in an appropriate way, this simplified leaching model results in a
leaching vulnerability map that shows a strong correspondence to the leaching map obtained
with the spatially distributed model itself. This offers the opportunity to select the target
scenario directly from the frequency distribution of the calculated concentrations obtained
with the simple model. This single scenario is assigned parameter values (horizon
designations, organic matter content, texture, hydraulic properties etcetera) and a FOCUS
leaching model is run for this single scenario to generate the intended leaching

concentration.

In summary:

» Spatially-distributed modelling comes down to running a large number of scenarios
with a FOCUS leaching model and presenting the results in a map and a cumulative
spatial leaching distribution (Tier 3b).

* Modelling with use specific scenarios comes down to run a simplified leaching model,
identify the 80th percentile vulnerable location from the map and calculate the

regulatory endpoint for this single scenario (Tier 2b).
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In those cases where sufficient soil and climate information is available to parameterize a
process-based spatially distributed model, this is the preferred method. In all other cases
use-specific scenarios would be the better choice although they are the second best
alternative. For this reason, spatially-distributed modelling is put at a higher tier (Tier 3) than

modelling with use-specific scenarios, which is a Tier 2 approach.

7.2.5.1 Steps in applying use-specific scenarios
The development and application of use specific scenarios at Tier 2b can be structured in
five major steps, i.e.
data compilation, check for suitability and data quality;
ground water vulnerability mapping using a simplified leaching concept
scenario selection;

scenario parameterization;

o~ w NP

simulation with a FOCUS leaching model.

The leaching in Tier 2b is assessed twice: first with the simplified leaching model to identify
areas which comply with the preset vulnerability criterion (i.e. step 2), and secondly to assess
the regulatory end point (step 5). This process is illustrated in Figure 7-2. The individual
steps are shortly described below; a more detailed guidance and examples are given later in

this section.

7.2.5.1.1 Data compilation, check for suitability and data quality

Appendix 8 gives an overview of pan-European spatial data bases and spatial data bases on
a member state level that can be used for the development of new scenarios for EU-
registration. For national registration, the use of national data bases is preferred, if they have
a higher resolution and are of better quality than EU data bases. For those cases where
national data bases are missing or of insufficient quality, the data bases referred to in

Appendix 8 can be used for the development of Tier 2 scenarios as well.
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Step 1A:
Data compilation and check

(basic soil and climate information)

v

Step 1B:
Identification of use area

(based on crop data)

v

Step 2:
Vulnerability mapping for the area of intended use

(using a simplified leaching model)

J

Step 3:
Scenario selection

(based on the groundwater vulnerability map

Step 4.
Scenario parameterization

v

Step 5:
Simulation with a FOCUS leaching model

Endpoint:
Overall 90" pergentile leaching concentration

(80" percentile in time and 80t percentile in space)

Figure 7-2. lllustration of the process to develop use specific scenarios at Tier 2b. Crop data
refers to the distribution of crops.

7.2.5.1.2 Vulnerability mapping using a simplified leaching concept

In this step, a simplified leaching model is run to get a ground water vulnerability map. The
modelling should be done for the area of intended use. A large number of simple leaching
concepts is available in the literature (Aller et al., 1987; Jury et al., 1983; 1987; Jury and
Roth, 1990; Loague et al., 1989, 1996; Loague and Corwin, 1996; Rao et al., 1985; Douven,
1996; Vanclooster et al., 2003; Stewart and Loague, 2003; 2004; Piseeros Garcet et al., 2006;
Hollis and Sweeney, 2006; Stenemo et al., 2006; Tiktak et al., 2006). The work group
describes two different approaches in detail (Appendices 4 and 5); other approaches were

not explicitly excluded but have not been evaluated in detail by the work group.
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7.2.5.1.3 Scenario selection

During this step, grid cells are selected that meet the target vulnerability. For EU-registration,
the target vulnerability is about the 80" percentile in space and 80™ percentile in time.
Individual member states may, however, use different target vulnerabilities. The
Netherlands, for example, use the 90" percentile in space and the 50" percentile in time.
Both approaches are approximations of the overall 90th percentile vulnerability. The
selection of grid cells can be done directly from the cumulative frequency distribution of the

generated maps. The target vulnerability should apply to the intended use area only.

7.2.5.1.4 Scenario parameterization

Once a use-specific scenario location is selected, an appropriate parameterisation of soil and
climate is needed. If runoff is important in the use area, runoff should also be included. Also
during this phase, several choices have to be made. First, soil profile data need to be
assigned on the basis of the selected soil mapping unit. This is not a trivial step, because
detailed soil information is not always available. Once a soil profile is found, derived data
such as the bulk density and the hydraulic characteristics of the soil profile must be
parameterized as well. These data are usually not available in soil profile data bases, but
must be derived by so-called pedotransfer functions. With respect to hydraulic properties,
several pedotransfer functions are available (W ste n et al., 1994; Schaap et al., 1998;

W sten et al., 1999). A complete review of the ped otransfer functions was beyond the scope
of this work group. Runoff can be calculated using mechanistic approaches, as done in, for
example, PESERA (Kirby et al., 2004). The current FOCUS ground water models, however,
lack an appropriate description of some of the important processes relevant to the generation
of overland-flow, particularly surface crusting. Therefore, the work group recommends the
use of the more empirical NRCS curve number method, but care should be taken not to
include runoff originating from sources that are less relevant to pesticide leaching such as
saturation excess runoff originating from partial contributing areas (Richards and Brenner,
2004; Garen and Moore, 2005). One pragmatic way to deal with this is to assign an adjusted

USDA hydrological group through HOST (Hydrology Of Soil Types) attributes.

7.2.5.1.5 Simulation with a FOCUS leaching model

During this step, PECs are calculated with a standard FOCUS leaching model (i.e. MACRO,
PEARL, PELMO or PRZM).

7.2.5.1.6 Precautionary remark

As shown before, the development of new scenarios requires a large number of choices to

be made. All these choices result in uncertainty and subjectivity. First, a leaching model
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must be chosen and parameterized for scenario selection. This may result in different
locations of the selected scenario. Also during the scenario parameterization phase, choices
have to be made. Therefore, all steps must be reported in a transparent way so that they
can be reviewed by the national registration authorities. This requires that all data that are
used for scenario generation are available to all stakeholders free-of-charge or for
administrative costs only. Finally, the consistency of the selected scenario within the tiered
assessment scheme should be checked as well. If this is not possible directly, then the
method used to develop the scenario should be evaluated in a reference area, where

sufficient data is available to parameterize a process based numerical model.
7.2.5.2 Detailed guidance

7.2.5.2.1 Data compilation and quality check

Appendix 8 gives an overview of pan-European spatial data bases that can be used for the
development of new scenarios for EU-registration. Appendix 8 also provides procedures to
improve the quality of the spatial data bases. For new national scenarios, the use of national
data bases should be considered, because they may have a higher resolution and better
quality. For those cases where national data bases are missing or of insufficient quality, the
pan-European data bases referred to in Appendix 8 can be used for the development of
national scenarios as well. References of spatial data bases used (with their main
characteristics, including scale and spatial resolution) must be described with the selection of

the scenario.

7.2.5.2.2 Vulnerability mapping using a simplified leaching concept

In this step, a simplified leaching model is run to generate a ground water vulnerability map.
The work group agreed that methods to derive the ground water vulnerability map should:
» reflect the vulnerability criterion as being a concentration with a spatial distribution;
* be consistent amongst the tiers (later tiers must be more realistic and earlier tiers
must be more conservative than later tiers);
» cover ideally the entire area of the EU, so that they are applicable for both national

and European procedures (harmonization, more efficient registration).

The leaching models differ in their data needs and in the way how the data are processed. In
accordance to what has been found in the literature, the following four types of models can
be distinguished:

* Process based numerical models: Leaching concentrations or loads are calculated

using process oriented leaching concepts. Numerical models solve the differential
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equations describing pesticide fate and transport for transient boundary conditions
and complex initial conditions. All FOCUS leaching models (PEARL, PELMO, PRZM
and MACRO) fall into this category. Most approaches to spatially-distributed, process
based numerical modelling come down to running a leaching model for several (often
more than 1000) scenarios and putting the results in a map. This kind of process
based numerical leaching models can be parameterized for the catchment scale
(Petach et al., 1991; Leterme et al., 2007a), the regional scale (Capri et al. 2000), the
national scale (Tiktak et al., 1996; 2002) and the European scale (Tiktak et al., 2004).
Notice that only few attempts to model the transport of pesticides into the deeper
ground water have been reported in the literature (Tiktak et al., 2005).

Analytical, process based models: Analytical models are analytical solutions of the
differential equations, describing pesticide fate and transport in soil subjected to
simple initial and boundary conditions. The best known models of this type are the
attenuation factor (Loague et al., 1989; 1996; Loague and Corwin, 1996) and the
transfer function (Jury and Roth, 1990; Stewart and Loague, 2003; 2004). Analytical
models that are not calibrated to results from numerical models (see below) can only
be used as screening tools (Loague and Corwin, 1996; Stewart and Loague, 2004;
Tiktak et al. 2006).

Meta-models of process-based models: Meta-models reduce the complexity of
process based numerical models, but maintain the essential behaviour of the complex
model by considering the sensitivity of the different attributes in the spatial
assessment. Regression analysis can be used to construct a meta-model (Figure 7-
3). The regression model can itself be a purely statistical model (Vanclooster et al.,
2003; Stenemo et al., 2006; Piseeros Garcet et al.,2006) or a combination of a
simplified process based model and a regression model (Van der Zee and Boesten,
1991; Stewart and Loague, 2004, Tiktak et al., 2006).

Index rules: Attribute data that control leaching are combined in a simple logical rule
and corresponding arithmetic rules (mostly linear combination of attributes or
parameters) to yield a vulnerability index. Weights can be assigned to different
attributes in terms of the sensitivities of individual parameters to leaching. The
DRASTIC model (Aller et al., 1987; Lobo-Ferreira and Oliveira, 1997) assigns weights
based on expert judgement. Weights can also be based on the sensitivity of a
process-based model. In this way, process information is implicitly incorporated in the
index and the index-rule becomes a metamodel of a process-oriented model.

Appendix 4 gives an example of such an approach.
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Figure 7-3. Metamodels are proxies of complex models

The work group concluded that metamodels and index rules are the best choice for scenario
development in Tier 2b, because these approaches are compatible with data in pan-
European data bases. Two examples of these approaches are described in detail. Appendix
4 describes an index rule, based on organic matter, precipitation and temperature. Appendix
5 describes a process based metamodel of the recently developed pan-European pesticide
leaching model EuroPEARL (Tiktak et al., 2004; 2006). Process based spatially distributed
models are considered less suitable for Tier 2b assessments, because so far they cannot be
parameterized for the entire area of the EU (Tiktak et al., 2004). They may, however, be the
best choice in certain situations, particularly if a high quality national data base is available
(Tiktak et al., 2002). In those cases, the regulatory endpoint can be selected directly from
the frequency distribution of the generated leaching maps, so that the development of use
specific scenarios is not necessary. Spatially-distributed modelling is therefore

recommended for Tier 3.

Spatially-distributed models can also be seen as the reference for simple leaching models,
because the spatially distributed models use the FOCUS leaching model directly. A
benchmark of the simple leaching concept against a process based model should be carried
out as part of the scenario development (or reference should be made to earlier attempts to
benchmark the simple leaching concept). An important element of this benchmark should be
the correlation between the maps generated with the process based model and the simple
model. The benchmark should preferably be carried out against a spatially distributed model
based on a FOCUS leaching model, such as GeoPEARL (Tiktak et al., 2002). This type of
benchmark can only be carried out in regions where sufficient soil and climatic information is
available. The two methods described by the work group meet this requirement, because
they were both benchmarked against GeoPEARL for the Netherlands (see Appendix 9).
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Appendix 9 also contains an analysis of strengths, weaknesses, and opportunities of the two
approaches.

7.2.5.2.3 Scenario selection

The result of either of the two approaches is a map showing the leaching potential in a
normalized way (i.e. the grid cell with the highest leaching potential scores 100% and the grid
cell with the lowest leaching potential scores 0%). The target scenario can be selected
directly from this map and corresponds to 80™ percentile vulnerable location (for national
registration, the target percentile may be different). Because the crop area is considered as
an approximation of potential pesticide use, the crop area could be used as a weighting
factor. See the documentation of GeoPEARL (Tiktak et al., 2003) for an example how the

crop area can be included.

The two approaches described by the work group may result in different target scenarios.
For this reason, the work group proposes to select a number of grid cells in the 85-95
percentile vulnerability range to deliver the candidate scenarios. An appropriate number of
candidate scenarios must be selected and parameterized for the selected FOCUS leaching
model. The FOCUS leaching model should be run with the selected scenarios and all PEC s
should be reported. All scenarios should meet the trigger values to achieve a registration
without further mitigation restrictions.

7.2.5.2.4 Scenario parameterisation

The GIS analyses described in Appendices 4 and 5 both yield areas for candidate scenarios.
Since the regulatory endpoint is eventually calculated by a standard FOCUS leaching model,
a soil and climate scenario must be developed for the selected location. The following
section provides a generic but rough guidance on the parameterisation of soil and climate
scenarios in the context of a FOCUS leaching assessment. The FOCUS leaching models
contain a large number of model inputs. Guidance on the parameterization of the FOCUS
leaching models is given in the user manuals of the individual models (PEARL, PRZM,
MACRO and PELMO), the latest versions of these manuals and parameterisation documents
are accessible through the FOCUS website.

In principle, all model inputs could be affected when building use-specific scenarios. The
work group recommends, however, staying as close as possible to the parameterisation of
the FOCUS scenario for the corresponding climatic zone (see FOCUS, 2000, and Chapter 12
for a description of these climatic zones). Particularly generic parameters that are
considered independent of the FOCUS Tier 1 scenarios should not be changed.
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7.2.5.2.4.1 Meteorological time-series

The MARS climate data base provides daily weather data for the entire EU in a 50 x 50 km?
grid. Therefore, extracting weather files for the selected location from the appropriate grid
cell is straightforward. The MARS data base contains all parameters that are required for
simulation runs with current FOCUS models such as minimum and maximum temperature,
rainfall, potential evapotranspiration, and global radiation. All weather files for Tier-1 FOCUS
leaching scenarios were derived from this data base; therefore MARS should be used as the
primary source for weather information in Tier 1. If possible, the weather data provided by
MARS should be converted to a 66-years time-series using the rules described in FOCUS
(2000). As discussed in Section 11.5.1, MARS reference evapotranspiration should be
converted to FAO reference evapotranspiration in southern locations for consistency with the

FAOQ crop kc factors.

The use of data from local weather stations may be considered in specific cases when
notifiers attempt to simulate a very specific local weather situation or when sufficient
evidence exist that MARS data for the considered region is biased. In view of the large
geographic extent of most soil units in the EU soil data base, station data do not necessarily
improve the spatial accuracy compared to weather data that was specifically derived for such
larger scale assessments.

7.2.5.2.4.2 Cropping parameters

As a first approximation, most crop parameters (e.g. date of emergence, date of harvest,
crop development stages, etc.) should be taken from the Tier 1 scenario of the corresponding
climatic zone. See FOCUS (2000) or Chapter 13 in this report for a definition of these
climatic zones. In some cases more detailed information on cropping dates exist, in
particular when crops are grown in confined areas with characteristic climate conditions. In
such cases modifying cropping dates or other parameters may be appropriate. When
changing cropping parameters, a rationale for each change must be provided in order to
ensure a high degree of transparency in the assessment. If scenarios are developed for
minor crops, then a completely new cropping parameterisation may be required.

7.2.5.2.4.3 Irrigation

If irrigation is a relevant practice in the intended use area, the scenario has to be set up
accordingly and typical irrigation amounts need to be assigned. If reported irrigation data are
available, the data may be used directly in the parameterisation of the scenario. In most
cases, such data are not available and irrigation amounts will have to be estimated. The

compatibility of the irrigation data with the other climate data should be checked.
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Typical crop water requirements during the vegetation period can be calculated on the basis
of FAO methods and MARS data (Allen et al, 1998). The difference between crop water
consumption and precipitation is then determining the irrigation demand. Note that the water
storage capacity of soils is not considered when calculating crop water requirements on the
basis of climate parameters. In these cases the calculated irrigation amounts might be
higher than those applied in reality. This problem does not occur when calculating the
irrigation demand with the soil water module within a FOCUS leaching model (for example
SWAP in PEARL) so this approach is preferable. Section 11.5.3 describes how the FOCUS

models were used to generate the irrigation schedules.

7.2.5.2.4.4 Lower boundary conditions

If detailed information on the local ground water regime is available, this information can be
used to parameterize the lower boundary condition. If no information is available, then the
parameterization of the FOCUS Tier | scenario in the corresponding climatic zone (FOCUS,
2000) could be used.

7.2.5.2.4.5 Hydraulic balance

The hydrological subroutines of the models should be parameterised in order to mimic the
hydraulic balances for the scenarios as realistic as possible for the intended simulation
areas. In other words, estimates of recharge at target depth should neither be significantly
underestimated nor overestimated. For example, if runoff is thought to be a major process in
the area of interest, runoff should be included. Runoff can be calculated using mechanistic
approaches, as done in, for example, PESERA (Kirkby et al., 2004) The current FOCUS
ground water models, however, lack an appropriate description of some of the important
processes relevant to the generation of overland flow, particularly surface crusting.
Therefore, the work group recommends using the NRCS curve number method, but care
should be taken not to include runoff originating from sources that are less relevant to
pesticide leaching such as saturation excess runoff originating from partial contributing areas
(Richards and Brenner, 2004; Garen and Moore, 2005). One pragmatic way to deal with this
is to assign an adjusted USDA hydrological group through HOST (Hydrology Of Soil Types)
attributes. HOST uses pedotransfer rules to relate major flow pathways to generally available
pedological information (Boorman et al., 1995). HOST was originally developed and validated
in the UK, but is currently applied to the entire EU within the EU FOOTPRINT project (Dubus
et. al., 2007). However, results of this project will not become available before the end of

2008, so the work group could not evaluate this approach.
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7.2.5.2.4.6 Soil parameters

The parameterisation of the soil properties consists of three steps: (a) selection of a soil
profile from a soil profile data base, (b) parameterisation of basic soil information, which is
directly available in these data bases (usually horizon designations, organic matter, texture
and sometimes also pH), and (c) parameterisation of derived soil properties that are not

available in the soil profile data base (soil hydraulic functions, bulk density of the soil, etc.).

Step A: Selection of a soil profile. Soil profile data bases usually contain information on the
soil mapping unit from which the soil profile originates. The link between the soil map and
the soil profile data base is then a trivial step, because there is a 1:1 link. At the European
level, however, this link is not straightforward. The problem is that the Soil Mapping Units
(SMU s) at the EU-soil map are associations of dominant and subdominant Soil Typological
Units (STU s). The STU s and not the SMU s are the carriers of basic soil information, such
as the FAO soil name and the soil textural class. For this reason, the link between the soil
map and the profile data base needs to be done in two steps. A possible approach could be
to determine the dominant STU, and then assign a soil profile to this dominant STU. Notice
that during this step information on subdominant soil profiles will be lost, leading to a possible
bias during the assessment (Vanclooster et al., 2003). An additional problem is that the Soil
Profile Analytical Database of Europe (SPADE, Madsen-Breuning and Jones, 1995) usually
does not contain explicit information on the associated soil typological unit. Finally, many
STU s at the EU-soil map do not have an associated soil profile. To overcome these
problems, two approaches can be followed:

» The link can be made at a relatively low spatial resolution (for example the resolution
of the MARS grid cells, which is 50x50 km?). Such a large grid cell usually contains
multiple soil mapping units, so that the chance of finding an STU with an associated
soil profile increases. Notice that in this procedure, the selection of the dominant STU
is not carried out at the level of soil mapping units, but at the level of these large grid
cells. An example of this approach is worked out in Appendix 4.

* The second approach operates on the level of Soil Mapping Units and uses general
pedological rules to establish the link ( class matching ). This method has often been
used in pedological research (for example Van Orshoven et al., 1993; Leterme et al.,
2007b). The method used here is based on the work done within the APECOP
project and forms the basis of the EuroPEARL model (Tiktak et al., 2004). In this
approach, a profile is assigned on the basis of the full FAO soil hame, the textural
class and the country code. Including the country code in the query assures that soil
profiles from a given country could only be matched to Soil Mapping Units within that
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country. In those situations where a link could not be established, the query was
repeated with the full FAO soil name and the country code only. Finally, a query was
carried out using the major soil type and the country code only (e.g. Cambisol instead
of Eutric Cambisol). In a recent development, Hollis and Sweeney (2006) merged the
soil typological units further, by assuming that a specific class of soil typological units
can be used to represent the characteristic of that group anywhere in the EU. In
other words, they did not use the country in their query. See Appendix 5 for more
details.

The most important difference between the two procedures is that the first merges multiple
soil mapping units and uses a relatively low spatial resolution, while the second approach
merges soil types and uses a lower pedological resolution. The advantage of the first
method is its relatively simplicity. A disadvantage is, however, that this procedure operates
on a lower resolution than the soil mapping unit, which is the target unit for assessing the
ground water vulnerability (cf. Section 10.1). Vanclooster et al. (2003) showed that the use

of dominant values across large spatial blocks may cause bias in the leaching assessment.

Both methods result in the selection of a soil profile. When building the scenario, the
suitability of the selected soil profile for the target crop should be evaluated. In particular,
depth to parent material, pH, and texture give important indications whether the soil profile is
likely to sustain a viable growth of the target crop. If the selected STU is outside the range of
suitable soils , a soil typological unit with a lower coverage should be selected instead.

Step B: Parameterization of basic soil data. The Soil Profile Analytical Database contains
information on horizon designations (thickness of soil profiles), organic matter, textural
distribution and pH. The data in SPADE is not necessarily based on measurements, but are
estimated profiles, meaning that national soil scientists have given a best possible
description of typical soil profiles in their country. For this reason, the organic matter content
in the upper 30 cm should be scaled to the organic matter content derived at the recently
developed pan-European organic matter content map as published by the Joint Research
Centre (Jones et al., 2004, 2005). In contrast to SPADE, this map has been validated

against measured soil data in some reference areas.

SPADE-1 has some data gaps that need to be filled. In some cases, the properties of the
subsoil are not given. A very critical parameter is the organic matter content. In those cases
where organic matter content is not available, several approaches could be followed.
Leterme et al. (2007a) suggest using the following empirical relationship:
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OM(z) =OM, +(OM_ - OM ) exp(—kz)
where z is the depth (cm); OM, and OM, are the organic matter contents in the top horizon
and at the bottom of the soil profile, respectively; and k is a constant. If no information is
available, OM; should be set zero (conservative approach). Parameter k could be obtained

from data in corresponding soil profiles.

Step C: Parameterization of derived soil data using pedotransfer rules. Bulk density and
hydraulic properties are not available in SPADE. These parameters must therefore be
derived by so-called pedotransfer functions. PEARL has a built-in function, which relates
organic matter content to bulk density (Tiktak et al., 2000). Alternatively, Carsel et al. (1998)
use the textural distribution to predict the bulk density. Parameter values for the Mualem-van
Genuchten functions (van Genuchten, 1980) can be derived from the HYPRES data base
(W sten et al., 1999), but alternative approaches w here the hydraulic function is estimated
on the basis of advanced statistical procedures are available as well (Schaap et al., 1998).
The water content at field capacity (required by PRZM and PELMO) can be directly derived

from the above hydraulic functions.

7.2.5.2.5 Simulation with a FOCUS leaching model

Once the scenarios have been parameterized, the calculation of the endpoint can be done

with a standard FOCUS leaching model.
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8 APPROACHES FOR TIER 3 ASSESSMENT

For Tier 3, four alternatives exist: First, a combination of strategies proposed in Tier 2;
second, advanced spatial modelling approaches; third, higher tier leaching studies placed
into context; and fourth, other modelling approaches.

8.1 Procedures for combining modelling based on refined parameters and
scenarios (Tier 3a)

Where relevant to the proposed use pattern, the refinements detailed in Tiers 2a and 2b (see

above) can be combined to provide an assessment based on both approaches.

The relationship of the compound s behaviour to certain soil properties or more realistic
degradation or sorption parameters in combination with environmental scenarios more
specifically adapted to the intended use pattern will provide a more realistic assessment of
the leaching behaviour than if only a single option is used. This is seen as a further

refinement of the assessment and hence supersedes Tier 2.

Only a general short description of combining modelling based on refined parameters and
scenarios is given here due to the multitude of possible options of combined Tier 2a and Tier
2b approaches. The options at Tier 3a are likely to be used quite frequently at Tier 3 at EU

and at national level.

8.2 Procedures for building a spatially-distributed FOCUS leaching model (Tier
3b)

This report describes two methods to introduce spatially-distributed data in the leaching
assessment:

* In the first method, a simplified leaching model is applied to the intended use area.
This model is used to generate a ground water vulnerability map. A single scenario
representing the 80" percentile vulnerable location is selected from the so-obtained
map. This scenario is than parameterised, and the FOCUS target is obtained with a
standard FOCUS leaching model. This approach is called modelling with use-
specific scenarios and is described in Section 7.2.5.

* Inthe second method, a spatially distributed version of a FOCUS leaching model is
directly applied to the intended use area, and the regulatory endpoint can be
calculated directly from the frequency distribution of the so-obtained leaching map.

This can only be done in those cases where the soil and climate data cover the
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intended use area (and are of sufficient quality). This method is described in this
section (Section 8.2).

In those cases where spatially-distributed modelling is considered appropriate, this is the
preferred method (see Section 8.2.1). In all other cases, use-specific scenarios would be the
better choice although they are the second best alternative. For this reason, spatially
distributed modelling is put at a higher tier (Tier 3) than modelling with use-specific scenarios,
which is a Tier 2 approach.

8.2.1 Justification for spatially-distributed modelling
The agricultural and environmental parameters that affect pesticide fate and transport are

variable in time and space. The resulting leaching event which charges ground water can
therefore be considered as a stochastic variable, characterized by its probability density
function (pdf). The elementary leaching event is thereby defined in space at the scale of the
soil mapping unit and in time at the scale of a year. The leaching event pdf measures the
variation of the elementary leaching event in a larger space area (corresponding in FOCUS
to a climatic zone in Europe) and longer time period (corresponding in FOCUS to the
simulation period of respectively 20, 40 or 60 years, not including the six year warm-up
period). With the adopted vulnerability concept, the 90" percentile of the leaching event pdf
is selected as end point for regulation. In Tier 1, the pdf of the leaching event is not explicitly
reconstructed but the appropriate percentile is inferred from the pdf of the temporal varying
leaching event, given a percentile soil. However, this pragmatic lower tier approach may give
a biased estimate of the 90" percentile:

» Only one specific percentile soil is selected for a given climate area based on
qualitative information of the soil variability and expert knowledge, without explicitly
characterizing the variability of soil parameters contributing to the leaching event
variability.

» The leaching event percentile is calculated from the temporal variable leaching event
pdf, which is considered to be normally distributed. Extreme percentile estimates
(e.g. 90" percentile) assuming normal distributions for variables which effectively are
nonnormally distributed may be extremely biased. The shape of the leaching event
joint pdf in space and time is a-priori not known and may be skewed and exhibit high
kurtosis.

» The leaching event correlation in space and time is ignored, given that the joint pdf in
space and time is not explicitly reconstructed. Some underlying properties defining
the leaching event pdf will be correlated in time. An example may be the activation of

macro porous flow in macroporous soils, triggered by extreme rainfall events.
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In the higher tier, this bias may be reduced by introducing explicitly spatial variation of the
leaching event. Two different approaches may be distinguished:

* In afirst approach the spatial variation of the underlying properties (soil, crop, climate,
agricultural) driving the leaching event is considered as a basis for the selection of a
more appropriate scenario. This scenario is hext combined with a leaching model to
assess the percentile of the leaching event. This is the approach proposed in Tier 2.
As compared to Tier 1, this procedure results in a explicit characterization of the
underlying properties and therefore an improved scientific basis for scenario
selection. Examples of such a procedure have been given in Appendices 4 and 5.

* In asecond approach, the spatial variation of the underlying properties driving the
leaching event is also considered. Yet, in this approach the leaching event is
calculated for each realisation of the underlying variable. Examples of such
approaches are given in Tiktak et al., (2002; 2004a). Given the availability of spatially
distributed leaching events, a percentile value can be selected a posteriori. This is

the approach proposed in Tier 3, and is described further in this section.

The problem of the calculation of percentile values of a space-time variable is equivalent to
problem of the aggregating and upscaling of point values to a larger support volume
(Heuvelink and Pebesma, 1999). Given X, the set of space-time variables contributing to the
leaching event; L(X), the space-time variable leaching event; and p() the procedure of
selecting a percentile value; then it can be shown L(p(X)) = p(L(X)) is only applicable in
limited cases (namely X is uniformly distributed and L is a linear model in X). In general, the
calculated leaching event is considered to be a non-linear function of soil properties and
therefore the above mentioned equality is not trivial. For instance Heuvelink and Pebesma
(1999), showed that the calculation of a linear process model after the interpolation of
underlying variables resulted in smaller errors as compared to the situation where the
process model was calculated first. For a non-linear process models (such as the leaching
models used in FOCUS), Leterme et al. (2007a) showed that opposite results may be
obtained. The conclusions depend however on the resolution of the underlying data, the
scale at which a prediction needs to be made, and the correlation of the underlying variables
(in case of the FOCUS scenarios, the correlation between the soil, climate and crop

parameters).

8.2.2 Development of a spatially distributed FOCUS leaching model
The most important steps in the development of a process-based spatially distributed

FOCUS leaching model are described below. This discussion relies on the use of the
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PEARL and GeoPEARL models, but other FOCUS leaching models could have been used
as well:
1. Selection of an appropriate leaching model
2. Review of existing databases
3. Development of a spatial schematisation (i.e. derivation of the unique combinations
by overlaying in a GIS basic maps)
Model parameterisation
Running the FOCUS leaching model and plotting the results in a map

Calculation of the target percentile

Each individual step is shortly described below. A more comprehensive description of the
various steps and background information is given in Tiktak et al. (2002, 2003, 2004b).

8.2.2.1 Selection of an appropriate leaching model
In the context of the harmonised European pesticide registration procedure, four leaching
models are currently being used, i.e. PRZM-3 (Carsel et al., 1998), PELMO (Klein, 1995),
PEARL (Tiktak et al., 2000) and MACRO (Jarvis et al., 1991). All models are one-
dimensional, dynamic, multi-layer models of the fate of a pesticide and relevant
transformation products in the soil system. PELMO, PRZM-3 and PEARL are
chromatographic flow models, while MACRO contains modules for calculating preferential
flow. Basic soil information for preferential flow models such as quantitative soil structure
information (Rawls et al., 1996) is not yet available in pan-European or national soil data
bases. Despite recent developments in this area (Jarvis and Dubus, 2006), whether this
information will become available soon is questionable. Preferential flow models are

therefore not considered in this section.

8.2.2.2 Review of existing databases
Appendix 8 gives an overview of pan-European spatial data bases that can be used for
building a spatially distributed pesticide leaching model. For national registration, the use of
national databases is preferred, if they have a higher resolution and better quality. If national
databases are missing, pan-European databases could be used as the second best

alternative.

For building a set of pan-European spatially distributed pesticide leaching scenarios, soil,
climate and cropping databases are needed. The MARS (climate) and Corine (land-use)
databases cover the entire European Union. The Soil Profile Analytical Database of Europe,
release | (Jamagne et al., 1995), however, has serious limitations. The most serious

limitation is that only 75% of the agricultural area of the EU-15 could be assigned a soll
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profile (Tiktak et al., 2004a, Figure 8-1). Also, in many cases, the assigned soil profile is not
an agricultural profile. This implies that it is not yet possible to build a spatially distributed

FOCUS leaching model, which covers the entire EU.

Figure 8-1. Only 75% of the agricultural area of the EU-15 could be assigned a soil profile (blue
area)

At the national level, the situation can be different. Some countries (for example the

Netherlands (Tiktak et al., 2002), Belgium and Germany (Bangert, 2007)) do have sufficient
soil information available to build a spatially distributed FOCUS leaching model. This means
that in these countries, the development of a spatially distributed FOCUS leaching model is

possible.

8.2.2.3 Development of a spatial schematisation
In this step, unique combinations (also referred to as scenarios or plots) are defined by
spatially overlaying maps of basic spatial attributes. We recommend transferring the basic
maps into a grid environment before further processing, although the analysis can also be
done in a polygon environment. A common resolution and projection must be chosen. The
FOCUS target is defined on the level of soil mapping units (Section 11.1), so we
recommended using a grid cell size that is compatible with the average size of soil mapping
units on the available soil map. The EU soil map 1:1,000,000 justifies the use of a grid cell
size of 10x10 km? (Jones, personal communication, 2003). By using a lower resolution,
variability in organic matter will be averaged, leading to a possible bias in the final model
predictions (Vanclooster et al., 2003; Leterme et al., 2007b).
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The soil type and climatic class should always be considered when constructing the spatial
schematisation. The user might, for example, want to overlay the 50x50 km? grid cells from
the MARS climatic database with a national soil map. If additional spatial attributes are
available, then these attributes can also be considered. For the construction of the
GeoPEARL model for the Netherlands, Tiktak et al. (2002) included the ground water depth
class and information about the subsoil into the spatial schematisation. In some countries,
information about the presence of irrigation systems (Siebert and D Il, 2001) may be relevant
as well. Information on the intended use area can be used as a mask after the overlay has

been constructed.

The overlay may result in a large number of uniqgue combinations. The construction of a
spatially distributed model in the Netherlands, for example, resulted in 100,000 unique
combinations. Because such a large number of unique combinations leads to unacceptable
computation times, the number of scenarios must then be reduced. For this reduction,
various techniques are available:
» the number of climatic classes or soil types could be reduced by combining MARS
grid cells or soil types that have similar properties.

* unique combinations that represent a very small area could be eliminated.

How the overlay is done, and which technique is followed to reduce the number of unique

combinations is largely dependent on the available data bases.

Example: The spatial schematisation for the EuroPEARL model

Tiktak et al. (2004a) constructed a pan-European pesticide leaching model, referred to as
EuroPEARL. They constructed a spatial schematisation by overlaying the following two
maps (Figure 8-2):

1. The 1:1,000,000 soil map of the European Union (Jamagne et al., 1995). This map
features a total number of 735 Soil Mapping Units (SMU s). Each map unit is an
association of Soil Typological Units (STU s) occurring within the limits of a discrete
physiographic entity and is composed of a dominant soil type and of subdominant
associated soils. Only those soil units that could be assigned a soil profile were
considered (see Section 8.2.2.4.5).

2. A map showing 9 major climate zones of the European Union. The climatic zone map
was based on maps of long-term averages of annual precipitation and temperature,

which were constructed using data from approximately 1500 weather stations
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(Vossen and Meyer-Roux, 1995). The definition of the climatic zones follows the
definition of FOCUS (2000).

The maps were digitally available and were converted to raster maps with a resolution of
10x10 km? before the actual overlay was done. As discussed earlier, the leaching
assessment should apply to agricultural areas only. Therefore, the overlay was masked with
a map showing agricultural land-use (M cher et al., 1998). The final result was a map with
1442 relevant unique combinations of soil type and climatic zone. The size of the units was

between 100 km? and 19,600 km?; the average plot size was 1037 km? (Figure 8-2).
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Figure 8-2. Basic maps for EuroPEARL (left) and area of the individual unique combinations
(right).

Notice that the spatial schematisation for EuroPEARL was constructed with only 9 climatic
classes. This was, however, not the final resolution for the climatic data, because during the
parameterisation phase, more detailed climatic information was assigned to each individual

unique combination (see Section 8.2.2.4.1).
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8.2.2.4 Model parameterisation
During the model parameterisation phase, the unique combinations must be assigned
parameter values. Each unique combination can be seen as a higher tier scenario (Section
7.2.5), for which the leaching is calculated with a standard FOCUS leaching model (PEARL,
PRZM-3 or PELMO). The reader is therefore referred to the user manual of the individual
models. The latest versions of these models and parameterisation documents are

accessible through the FOCUS website.

All FOCUS leaching models contain a large number of model inputs. To avoid data
redundancy and to assure that the data can be managed in an easy way, we recommend
organising the data in a relational data base. As an example, we show the data base that
was developed for the EuroPEARL model (Figure 8-3). This database has a hierarchy. At
the highest level, a distinction can be made between spatially constant and spatially
distributed parameters. Within the EuroPEARL context, simulations were carried out for one
single pesticide and one single crop (in other words: a single crop, for example maize, was
assumed to be grown throughout the entire intended use area). The substance and crop
code were therefore stored at the highest hierarchical level. The plot (or unique
combination) is the central entry for all spatially distributed model inputs. As shown in Figure
8-3, a plot was created by overlaying a soil map and a climatic map. The data base structure
depends on how the unique combinations are defined. In our example, the third hierarchical
level consists of the climatic zone and the soil profile. All other properties are linked to these
two entities. Notice that in the EuroPEARL database, crop properties like emergence data

and harvest date are related to climatic zones.

8.2.2.4.1 Meteorological time-series

A meteorological time series should be attached to each individual unique combination.

Each meteorological time-series must have a length of 66-years and must be created
according to the rules given in FOCUS (2000). The MARS database, which gives data at a
resolution of 50x50 km?, could be used for this purpose, but national databases are preferred
if available at sufficient resolution. The storage of all meteorological data takes a lot of disk
space, particularly if the number of unique combinations is large. Although disk space is not
a problem as such, it makes the model less easy to transfer to other people. For this reason,
one time-series per climatic zone in combination with a simple scaling procedure could be
used to calculate the time-series for each unique combination. This scaling procedure uses
the long-term average annual precipitation and temperature (which can be inferred for

example from the MARS grid):
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respectively. The central assumption in this approach is that data from one location can be

used to correctly describe the seasonal dynamics of weather conditions within the entire
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Figure 8-3. Structure of the EuroPEARL data base (source: Tiktak et al., 2004a)

The MARS climatic database contains all parameters that are required for simulation runs

with current FOCUS models such as minimum and maximum temperature, rainfall, reference

evapotranspiration, and global radiation. The MARS climatic database can therefore be used

to extract the daily weather data for European leaching assessments. The MARS database

contains weather data spatially interpolated on 50x50 km? grids. The original weather

observations dataset originate from 1500 meteorological stations across Europe, and are

based on daily data from the period 1971 to date. It was compiled from data purchased from

various national meteorological services. Some of the data were obtained from the national
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meteorological services under special copyright and agreements for MARS internal use only,
so that data at station level are not available, only interpolated daily meteorological data are

available.

The use of data from local weather stations may be considered if sufficient weather data is
available. In GeoPEARL for the Netherlands, for example, data from the Royal Netherlands
Meteorological Institute was used. In countries with large altitude differences, the link
between station data and unique combinations may not be an easy task. The variability in
climatic conditions may be large across short differences. These differences must be taken

into account when developing an appropriate geostatistical interpolation technique.

8.2.2.4.2 Cropping parameters

If leaching assessments are carried out across different climatic zones, then dynamic crop
properties (crop development stage, harvest date, and emergence date) should be related to
climatic zones (Figure 8-3). GeoPEARL has an option to make the crop development
dependent on the temperature sum since emergence, which should be used if leaching

assessments are carried out across different climatic zones.

Most crop parameters (e.g. date of emergence, date of harvest, crop development stages,
etc.) can be taken from the Tier 1 scenario of the corresponding FOCUS climatic zone. See
FOCUS (2000) and Chapter 13 for a definition of these climatic zones. In some cases more
detailed information on cropping dates exist, in particular when crops are grown in confined
areas with characteristic climate conditions. In such cases modifying cropping dates or other
parameters may be appropriate. When changing cropping parameters, a rationale for each
change must be provided in order to ensure a high degree of transparency in the
assessment. If scenarios are developed for minor crops, then a completely new cropping

parameterization may be required.

8.2.2.4.3 lrrigation

Siebert and D Il (2001) presented a map showing the fraction of land equipped for irrigation.
This map may be used to identify areas where irrigation is a common practice. In those
areas and for certain crops, irrigation amounts must be assigned. A procedure that
considers the water storage capacity of soils should be used. If the water capacity is not
considered, calculated irrigation amounts might be higher than those applied in reality,
resulting in unrealistic run-off amounts. Most FOCUS leaching models have multiple options
to calculate irrigation amounts see the manuals o f the corresponding models for further
information (parameterisation procedures for the scenarios are discussed in Section 11.5.3.
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8.2.2.4.4 Lower boundary conditions and runoff

The Darcy-type of models (PEARL and MACRO) needs information about the lower
boundary condition (for example depth to ground water). If information on the local ground
water regime is available, this information can be used to parameterize the lower boundary
condition. PEARL has several options for the lower boundary condition which of these
options is most appropriate depends on the available data. Refer to the GeoPEARL and
PEARL manuals for further detail. The lower boundary condition of GeoPEARL for the
Netherlands was parameterised through a link between a regional ground water flow model,
a simplified surface water concept and the soil water flow model (Wolf et al., 2003; Tiktak et
al., 2002). This approach made possible distinguishing between the pesticide flux that
reaches the deep ground water and the pesticide flux that reaches the surface water (through
lateral drainage). Such detailed information, however, is usually not available for large scale

pesticide leaching assessments.

In those cases where no information on the ground water level is available, the ground water
depth should be set well below the target depth of 1 m. Tiktak et al. (2004a), used a depth of
2 m depth for their pan-European leaching assessments. They found that the predicted

concentration at 1 m depth was hardly affected by the lower boundary condition if the ground

water depth is situated well below the target depth.

If runoff is an important process in the area to be simulated, runoff should be simulated as

well. See Section 7.2.5.1.4 for details on runoff parameterization.

8.2.2.4.5 Soil parameters

The parameterisation of the soil parameters consists of three steps: (a) selection of a soil
profile from a soil profile data base, (b) parameterisation of basic soil information, which is
directly available in these data bases (usually horizon designations, organic matter, texture
and sometimes also pH), and (c) parameterisation of derived soil properties that are not

available in the soil profile database (soil hydraulic functions, bulk density of the soil, etc.).

8.2.2.4.5.1 Selection of a soil profile

Soil profile descriptions usually contain information on the soil mapping unit from which the
soil profile originates. The link between the soil map and the soil profile data base is then a

trivial step, because there is a 1:1 link.

At the European level, however, this link is not straightforward. The problem is that the Soil

Mapping Units (SMU s) at the EU-soil map are association of dominant and subdominant Soil
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Typological Units (STU s). The STU s and not the SMU s are the carriers of basic soil
information, such as the FAO soil name and the soil textural class. For this reason, the link
between the soil map and the profile data base needs to be done in two steps. A possible
approach could be to determine the dominant STU, and then assign a soil profile to this
dominant STU. Notice that during this step information on subdominant soil profiles will be
lost, leading to a possible bias during the assessment (Vanclooster et al., 2003). An
additional problem is that the Soil Profile Analytical Database of Europe (SPADE, Madsen-
Breuning and Jones, 1995) usually does not contain explicit information on the associated
soil typological unit. Finally, many STU s at the EU-soil map do not have an associated soll
profile. To overcome these problems, Tiktak et al. (2004a) developed a two-step approach
for the parameterization of EuroPEARL (Figure 8-4). In a first step, the dominant STU within
each SMU was determined. Then, a soil profile was assigned to the dominant STU. This
second link was made at different confidence levels. The most reliable link could be obtained
if the author of a profile has explicitly stated the corresponding STU. If the STU was not
specified, a profile was assigned on the basis of the full FAO soil name, the textural class
and the country code. By including the country code in the query, soil profiles from the soil
profile data base of a given country could only be matched to Soil Mapping Units within that
country. In those situations where assigning a soil profile was still not possible, the query
was repeated with the full FAO soil name and the country code only. Finally, a query was
carried out using the major soil type only (e.g. Cambisol instead of Eutric Cambisol). Using
this procedure, 1062 Unique Combinations could be assigned a soil profile, representing
approximately 75% of the total agricultural area of the European Union. Unfortunately,
Austria, Sweden and Finland had to be left-out, because there was insufficient soil profile

information available for these countries.
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Figure 8-4. Link between the EU-soil map and SPADE-1. Parameters with suffix 1 have been

used for the link between the SMU and the STU; parameters with suffix 2 have been used for

the link between the STU and the soil profile number, and parameters with suffix 3 have been
used for the link with the soil horizon tables.

8.2.2.4.5.2 Parameterization of basic soil data

If a national soil profile data base is available with sufficient quality, then this data base
should be used to support national registration procedures. These data bases usually have a
higher resolution and are often of better quality than the pan-European data bases (which are
estimated soil profiles). Also, these data bases usually reflect local conditions better than

pan-European databases.

If such soil data is not available, the Soil Profile Analytical Database of Europe could be

used. Please refer to section 7.2.5.2.4.6 (step B) for procedures.

8.2.2.4.5.3 Parameterization of derived soil data using pedotransfer rules

Bulk density and hydraulic properties are usually not available in soil profile databases.
These parameters must therefore be derived by so-called pedotransfer functions. See
Section 7.2.5.2.4.6 (step C) for details.

In some countries, pedotransfer functions are available which are based on local or national

soil inventories (for example the Staring Series by W sten et al., 1994). If such pedotransfer
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function are available, their use is recommended because they reflect local soil conditions
better than general purpose pedotransfer functions like HYPRES and Rosetta.

8.2.2.4.6 Pesticide properties and application scheme

The user has to specify pesticide properties and application schedules. Because the core of
the spatially distributed model is a normal FOCUS leaching model, the reader is referred to
the manuals of these models. Because spatially distributed leaching assessments are Tier 3
assessments, the user may want to use the parameter refinements that have been
developed for Tier 2 assessments. However, these refinements should be shown to be
applicable for the intended use area (through for example extrapolation or scaling of
lysimeter results, see Section 8.3). With respect to pesticide application, the user may want
to link the application date to the crop emergence data or another event in the crop
development table. This is particularly important if the simulations extend through different

climatic zones.

8.2.2.5 Running the FOCUS leaching model and plotting the results in a map
An assessment with a spatially distributed leaching model comes down to running a FOCUS
leaching model multiple times (Figure 8-5). A spatially distributed model starts with reading
the spatial schematisation, pesticide properties and application schemes. This is done only
once (left-hand side of figure). The spatial schematisation procedure results in a file or
database table, which contains for each unique combination or plot the basic spatially
distributed parameters, such as the soil profile number, the weather district and the crop
number (see Figure 8-4). For each individual plot, a single line from this file is read. Using
this information, related variables are selected. The soil profile number, for example, is used
to select horizon designations and soil properties from the soils table in Figure 8-4. After this
selection, pedotransfer functions are applied to calculate derived variables, such as the dry
bulk density of the soil. Using all this information, a FOCUS PEARL input file is generated,
and the model is executed. The entire procedure is repeated until all relevant unique

combinations have been processed.

131



All plots
done?

Read GeoPEARL crop

~L Look-up or calculate
derived properties
Read spatial
schematisation ‘L
¢ Create PEARL
Read the wanted Mphlcs
spatial resolution J'
‘I’ Run PEARL
Determine the plots
that need to be simulated J(

Extract PEARL
Read the substance

. output
properties J’
Read the application Remove PEARL
scheme input files

Figure 8-5. Flowchart of the GeoPEARL model (after Tiktak et al., 2003). Actions in green are
performed once, actions in yellow are repeated for each unique combination.

The schematisation procedure also resulted in a map showing the position of the unique
combinations (here referred to as plot map ). Maps of calculated results can be obtained by
combining in a Geographical Information System the simulated values with the plot map. In
GeoPEARL, this action is performed in the GeoPEARL User Interface, which is available with
the model (Tiktak et al., 2004b).

8.2.2.6 Calculation of the target quantity
The target quantity is calculated from the cumulative frequency distribution of the leaching
concentration. The target quantity e.g. following the FOCUS methodology could be
calculated in two steps:

1. For each unique combination the 80™ percentile target leaching concentration from a
time-series of 20, 40 or 60 years is calculated , using the normal FOCUS procedures
(FOCUS, 2000).

2. The target spatial percentile is then derived from the cumulative frequency distribution
of the leaching map.
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When calculating the cumulative frequency distribution, the spatial distribution of the target
crop should be used as a weighing factor. Not considering the intended use area may result
in unrealistic frequency distributions as shown in Figure 8-6 for an example at the national

level of the Netherlands.
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Figure 8-6. Effect of considering the intended use area on the calculated frequency distribution
of the leaching concentration (using the Netherlands as an example for a political entity).

The spatial distribution of crops can be obtained from maps based on satellite images.

These satellite images have an extremely high spatial resolution (up to 25x25 m?), but the
number of crops distinguished is limited (only major crops are mapped). To obtain the spatial
distribution of other crops, the satellite images can be combined with census data, which in

many countries are available at the level of municipalities. See further Kruijne et al. (2004).

8.2.3 Stochastic assessments
The proposed procedure for spatial schematisation relies on the soil map as a carrier of

information relevant to solute transport. Indeed, variation between soil types has been
shown to be usually larger than within-soil variation (for example Bergstr m and Jarvis, 1993;
Brown et al., 2000). Nevertheless, no soil-classification scheme can fully capture the
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complexity of soil variation, and therefore the inherent stochastic variation remaining within
each class should be assessed (Jarvis and Dubus, 2006). Leterme et al. (2007b) performed
such a probabilistic assessment for atrazine leaching in a Belgian catchment, using Monte
Carlo simulations. They showed that the spatial pattern of pesticide leaching was not
strongly affected, but the simulated concentrations increased by an order of magnitude when
looking at the 80™ percentile, as done in current FOCUS procedures. The increase of the
80" percentile was to be expected, as the incorporation of within-soil type variability is likely
to introduce more extreme scenarios. Another limitation of deterministic models like
GeoPEARL is that pesticide properties are taken spatially constant. In reality, however,
these properties exhibit spatial variability (e.g. Walker and Brown, 1983; Charnay et al.,
2005). The introduction of spatial variability of pesticide properties in stochastic simulations
also increases the leaching concentration, as shown by Leterme et al. (2007b).

Despite the fact that scientists now believe that stochastic assessments should be an integral
part of the decision making process (EUFRAM, 2005), the current working group chooses to
limit tier 3 simulations to deterministic simulations. One of the reasons is that standardisation
procedures for stochastic assessments are currently not available, and that the effect of user
subjectivity in performing stochastic assessments is still too large. Leterme et al. (2007b), for
example, showed that the effect of truncation of distributions of soil and pesticide properties
has a large effect on the predicted leaching percentiles. Also, the outcome of deterministic
assessments is in line with the operational definition of the protection goal as given in Section
3.1, although note that the definition of soil mapping units is scale dependent. Further
research and progress in the area of stochastic assessment may lead to a revision of the

recommendation.

8.3 Higher tier leaching experiments set into context by modelling (Tier 3c)
The broad potential for using higher tier leaching experiments in the assessment of the risk to

ground water has been covered in Chapter 4. This current section considers the practical
possibilities, limitations and concerns about the use of such studies, and their placement into
context by simulation modelling. Note that since these are higher-tier approaches, the lower
tiers usually will have indicated potential risks. These assessments (i.e. the studies and the
associated modelling) must then deliver sufficient evidence to prove the potential risks are

unlikely to exist in reality.

Generally, the appropriate context for the experimental studies can be provided in a so-called

pre-processing manner (i.e. explicitly designing the experiment with the intent to cover the
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location and agroclimatic conditions that address the required protection goal for the
particular compound and use). A so-called post-processing manner (i.e. the field and
lysimeter observations are used to refine model parameters or model calculations) is then
required to demonstrate whether the intent of the pre-processing phase was achieved. Pre-
processing approaches alone will not lead to the experimental result being directly suitable
for regulatory decision-making (e.g. the rainfall at the chosen location over the experimental
duration may be significantly less than the target). Poorly designed studies (i.e. of short
duration with no understanding of the movement of chemical through the soil profile) cannot
necessarily become relevant for regulatory decision-making by post-processing
extrapolations. Therefore, while post-processing is essential, a combination of both

approaches usually will give the most robust results for regulatory decision-making.

Sections 8.3.1 and 8.3.2 concentrate on the advantages/disadvantages and regulatory status
of the experimental studies, followed by Section 8.3.3 on appropriate pre-processing issues
to consider. Section 8.3.4 then consider particular post-processing approaches in detall, i.e.
scaling of model parameters based on inverse modelling and scaling of the leaching
assessments based on observed differences between simulated and observed field/

lysimeter leaching.

8.3.1 Study types and their applicability for different agroclimatic
conditions

8.3.1.1 Lysimeters
Regulatory lysimeter studies utilise an undisturbed soil monolith (typically 1 m deep and 1 m?
surface area) to grow a crop and follow the breakthrough of radiolabelled pesticide and
metabolites over time (See Fuhr and Hance, 1992; and Fuhr, 1998 for general reviews). This
experimental design confers the advantage that a flux-weighted concentration at 1 m depth
can be measured without necessarily completely understanding the mechanistic nature of the

actual degradation and sorption processes of the pesticide in this soil.

Due to the inherent experimental design of the lysimeters that were usually used for
regulatory submissions (i.e., this is not a function of particular study guidelines), the water
flow at the bottom boundary does not exactly replicate the real field situation, being free
draining rather than hydraulically connected to deeper soil depths. This is acknowledged as
a potential weakness in the design but is unavoidable if the flux-weighted annual
concentration of pesticide is to be obtained as the endpoint. Early assessments by Hance
and Fuhr (1992) have suggested that lysimeter and field studies result in similar amounts of

pesticide remaining in the soil profile. Studies by Jene (1998) concluded that free-draining

135



sandy soil lysimeters (0.8 m? surface area) and suction cup instrumented field plots (2.7 m?
surface area) of the same soil type showed no system-related differences in water and solute
(including pesticide) transport. Although (i) the outflow water volumes of the field were about
60% of those in the lysimeter and (ii) the average flux concentration of benazolin in the field
was about two times higher than in the lysimeter, the sites were 20 km apart so differing
evapotranspiration (ET) amounts at the two locations were considered by Jene (1998) to
account for the difference. Extensive studies in a very similar experimental set-up, but with
the lysimeters placed at the field site (both being silty soils), showed water percolation in the
field trial (water collected via suction plates) was 67% of that in the lysimeter study.
Comparisons of the leaching of two pesticides (ethidimuron and methabenzthiazuron) give
3.3 and 0.7 g/L annual average leachate concentrat ions of ethidimuron in the lysimeter and
field, respectively, and 2.8 and 0.05 g/L annual a verage leachate concentrations of
methabenzthiazuron in the lysimeter and field respectively (but with large variations amongst
replicates). In both systems this leaching was considered to be the result of preferential flow
(Dressel, 2003). Further analysis of these results by Kasteel et al (2007) suggested that
methodological issues regarding the suction plates could have led to underestimation of the
water flux. The mass recovery of bromide tracer was identical despite these water volume
differences but the spreading (dispersivity) was stated to be greater in the lysimeters, leading
to lower peak concentrations. Subsequently the authors attempted to simulate the field
results to account for the effect of the suction plate and concluded that the true

dispersivities were similar in the field and lysimeter. (note that for non-conserved solute this
behaviour would be likely to lead to higher concentrations leached due to more compound
moving out of the zone of optimum degradation). The complexities of the experimental
system mean that broad conclusions about comparative amounts of leachate from lysimeters

and field systems should not be drawn from this single experiment.

Computer simulations (Boesten, 2007) have indicated that predicted pesticide concentrations
were always lower with the lysimeter bottom boundary type than with the field bottom

boundary type (hydraulically connected to ground water).

Significant infrastructure is required to maintain lysimeter cores during an experiment and
hence the cores can only be subjected to a limited range of meteorological conditions (i.e.
particular locations in northern Europe that have lysimeter facilities). There are also
agronomic restrictions due the relatively small surface area of the lysimeter. Therefore
experiments with tree and other permanent crops are often impractical and ridged cropping

systems (e.g. potatoes) may be difficult to maintain.
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The use of tracers in lysimeters is a useful approach and should be considered in future to
determine the hydraulic properties of the soil cores.

Research lysimeter facilities may additionally include packed cores, longer lysimeter cores
(>> 1m) with increased residence times, or devices to apply suction to the bottom of the
lysimeter core to overcome the capillary fringe. They are often used to follow water or solute
movement. Further current information on these can be found on the internet at the following

website: www.lysimeter.com

8.3.1.2 Field leaching experiments
Field leaching experiments have the advantage that they are undertaken in actual agronomic
situations (i.e. any field) and require no particular facilities. Therefore they can be used in a
wider range of climatic situations and locations than typically occur for lysimeter studies (e.g.
also in southern Europe). Leaching can be assessed for agricultural practices that are
impractical for lysimeters e.g. ridged systems for potatoes, permanent crops etc. However a
disadvantage is that radiolabelled compounds cannot be used so compounds of interest
must be determined prior to the study (and analytical methods be available) and mass
balances cannot be obtained. Water is drawn out of the soil profile or taken directly from
ground water at different depths and analysed for the presence of the compounds of interest.
Therefore the annual average concentration cannot be directly determined, only the
concentration at a given depth at a particular time. Water balances are also not directly
obtained, although approximations of the ground water recharge can be used to estimate an
annual average from these data. In addition there can be methodological issues about the
method by which the water is drawn out of the soil profile (e.g. using suction cups, see Carter
and Fogg, 1995; Weiherm ller et al, 2005, 2006; and Ferrari et al, 2007, for discussion on
appropriate methodologies). Using "equilibrium tension plate lysimeters’ **, drainage rates
and leaching concentrations can be measured continuously and more accurately. These
systems consist of large ceramic plates which are connected to a vacuum to apply suction to
the soil water. In order to minimize the disturbance of the water flow by the suction plates,
the applied suction is controlled so that tensiometer measurements in the soil just above the
suction plate match with tensiometer measurements at the same depth in the soil profile
where water flow is not influenced by the suction plates (Byre et al., 1999; Kosugi and
Katsuyama, 2004; Mertens et al., 2005).

! Note that the name implies that this methodology could also be a lysimeter study. Nonetheless it
has been designated as a field leaching study in this document because it has more in common with
field leaching type approaches than with the standard regulatory type lysimeter study.
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Regarding regulatory use of field leaching study, the same principles apply as for lysimeter
studies. Therefore, a field leaching study would need to be set into context by modelling

before it can be used for regulatory decision making.

Further useful information on leaching potential may be obtained from analysis of soil cores
at differing depths. Note that certain leaching study designs could be considered very similar

to monitoring studies (for which guidance is provided in Chapter 9).

8.3.2 Current status of higher tier leaching experiments in national
regulation and appropriate guidelines

Within the EU there is national guidance for undertaking lysimeter studies in Germany (BBA,
1990) and in the Netherlands (CTB, 1999). In Germany, if the conditions of the guideline are
met, the results are considered directly acceptable for national regulatory decision-making. A
recent comparison of BBA guideline-compliant experimental data and national scenario
simulation studies (see Figure 8-7) suggested a high degree of agreement between the two
approaches in evaluating whether the regulatory endpoint of 0.1 g/L is exceeded. This

figure effectively demonstrates the consistency of the German national tiered approach as
outlined by Michalski et al. (2004) and highlights the infrequency of disagreement between

lysimeter and simulation results.
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FOCUS PELMO: only the Hamburg scenario)

Figure 8-7. Comparison of lysimeter results and model calculations for the Hamburg scenario
(Hardy et al, 2008)

In the Netherlands, an additional normalisation process is frequently required for data from
lysimeter studies (Verschoor et al., 2001; see also Section 8.3.4.2). As part of this, a
comparison to the simulation results using the best case DegT50 (shortest) and K, (highest)
values from the regulatory data package may be undertaken (in the absence of soil-specific
DegT50 and K, values for the lysimeter soil) to demonstrate that even values at the most
favourable extreme of the available data would have been expected to result in simulations of
>0.1 g/L. Hence, experimental results of <0.1 g/ L would be unlikely to have resulted
simply from the choice of favourable soil conditions for compound degradation and sorption.
Other guidelines for lysimeter studies are also available (OECD, 2000; MATS guideline;
NACA, 1994), but these are not directly incorporated into national regulatory schemes.

The work group is unaware of any specific recognised regulatory guidelines for field leaching
experiments under EU conditions. However, guidance from the CTB (Cornelese et al., 2003)
provides information on monitoring in the upper ground water (< ca 5m depth) which can be
considered as a form of field leaching since the link between pesticide application and
concentration in the upper ground water is specifically stated (see Chapter 9 for relationships
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between monitoring and field leaching studies). The broad requirements for this type of
study are stated to be: 8-10 fields with 12-20 sample locations/field and 3 time points (before,
during and after the simulated peak concentration). Guidance similarly exists for prospective
ground water studies conducted in the U.S. (US EPA, 1998), which are also considered as a
variation of a field leaching study. A possible outline protocol for a regulatory field leaching
experiment is currently in preparation in Italy (Ferrari et al., 2007), although note that this is

only directed at studies abstracting shallow ground water (and not soil pore water).

8.3.3 Suitability for exposure assessment within FOCUS framework
pre-processing aspects

The critical point in the use of higher tier leaching studies (both lysimeter and field leaching)
in the FOCUS framework is the demonstration of adequate vulnerability. The Tier 1
simulation scenarios have been developed with the intention that they cover the 90"
percentile overall vulnerability. For experimental field data to fit logically into the FOCUS
framework they must cover a similar vulnerability. This section concentrates on addressing
vulnerability via pre-processing approaches. As noted elsewhere post-processing
approaches to putting the experimental data into context may allow greater flexibility in the

nature of the initial experimental data.

This question of study vulnerability can be separated into two main components;
1. Is the inherent study design sufficiently conservative to address the leaching
process?

2. Is the experiment located in a sufficiently vulnerable location with regard to soil type,
agronomy and meteorological conditions?

8.3.3.1 Determining adequate vulnerability throug h study design

8.3.3.1.1 Lysimeters

The most often raised concerns regarding lysimeter studies relate to the translation of the
concept into recognised methodologies that are applicable for regulatory decision-making,
primarily BBA guideline 4-3 (BBA, 1990); since other guidelines are largely derivative of this.
Typically the experiment is undertaken for a period of three years only (with a second
application in the second year), uses a sandy soil type only, and has very limited replication
(typically two cores but even one core is conceivable, although this does not comply with the
OECD guideline). These limitations are all valid scientific concerns and are considered

individually in the following sections.

Within the FOCUS framework, lysimeter (and field leaching) studies are clearly a higher tier
within the decision-making scheme, so logically such studies are likely to be triggered for
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