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FOREWORD

Introduction

This foreword is written on behalf of the FOCUSe3leg Committee in support of the work
of the FOCUS Working Group on Landscape and MitigeFactors in Ecological Risk
Assessment. The work reported here is for usappat of the European Union review of
active substances of plant protection products ug@dencil Directive 91/414/EEC of July 15
1991.

FOCUS (FOrum for the Coordination of pesticide faedels and their USe) is an
organisation that was established under the auspideG SANCO to develop approaches to
environmental exposure assessment issues undetiizer®1/414/EEC. The aim of FOCUS
is to develop guidance for notifiers and Membetest@oncerning appropriate methods for
calculating exposure concentrations for EU dossiarplant protection products (Annex I).
Whilst not specifically targeted at Member Statdew procedures (Annex Ill), the

approaches developed within FOCUS may also haviecappns at Member State level.

Over recent years, significant advances have beeteim the development of exposure
assessments for surface waters through the aeswfiFOCUS working groups on this topic,
most recently with the release of the FOCUS suneater scenarios (FOCUS, 2002). Whilst
these approaches have led to the development wiomésed approaches for conducting
lower-tier exposure assessments (Step 1, 2 & 3ate little guidance has been available on
the topics of higher-tier exposure assessmentshenidnplementation of mitigation measures
suitable for managing the risks identified in teasonable worst-case assessments developed
at FOCUS surface water Step 3. The need to degelcip approaches to promote the
sustainable use of plant protection products wastifled as a high priority need by the
FOCUS Steering Committee. Consequently, a worghogip was established in June 2002 to
review potential approaches to higher-tier (Steputjace water exposure assessments and
mitigation measuresThe remit of the group was to review the currenatg-of-the-art,

where possible recommending approaches that coddrbplemented forthwith, and to also
produce recommendations for where further work iseded. The working group

considered approaches suitable for supporting tles@ssment necessary for authorisation
on a Community level, but also those that coulddgplied in risk assessments to support
national registration. The formation and main work of the group precededformal

splitting of responsibility for risk assessment ais#t management between the European

Food Safety Authority (EFSA) and the European Cossion, respectively. The reader may
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thus find these two disciplines discussed in seggi@rithin a particular topic, rather than
formally segregated within the structure of theorgp Whilst the group was principally
concerned with addressing the aquatic compartrertain of the approaches discussed are
also relevant to the terrestrial compartment. fouthe resources and information available,

however, the majority of the effort was focusedaguiatic issues.

Over the last two years, the FOCUS working grouh@andscape and Mitigation Factors in

Ecological Risk Assessment has developed extenswews in four sub-topic areas, namely:

» Development of harmonised approaches to mitigatieasures;

Incorporating modelling refinements and mitigatioto aquatic exposure assessment
at Step 4;

Methods and data for describing agricultural laages;

Ecological considerations in landscape assessments.

The following report provides a concise overvievitad discussions and recommendations of
the group (Volume 1 — summary report) and alsalttailed technical reviews produced by
each of the subgroups (Volume 2 — detailed techrégmrt). The documents provide a
general framework for refining aquatic risk assessisithat is intended to be used as
guidance and not as a prescriptive set of requinésnelhe most appropriate way to refine
the assessment will depend on the usage patterprapdrties of the chemical, so adoption of

approaches discussed in the reports will be orse-bg-case rather than a routine basis.

The working group held six meetings between Novar2B02 and March 2004. A draft
report was submitted to two rounds of comment byrlder States terminating in October
2004. This draft was revised at a further meetinigp® working group and version 1.0 of the
report was finalised by the FOCUS Steering Groujday 2005. In response to a request
from EFSA, the Scientific Panel on Plant Protecpooducts and their Residues issued an
opinion on version 1.0 of the report in Decembéd®0/ersion 2.0 has been revised to take
account of the Panel’s opinion. The reader is reteto the full text of the opinion (EFSA,
2006) and it is recommended that the opinion isitared alongside version 2.0 of FOCUS

working group’s report.

Summary of Working Group Outputs

Landscape-level risk assessment can be conducted ways. Firstly, the influence of the

surrounding landscape on the edge-of-field expostsarface water can be examined by
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considering the structure of the area of lands¢eyoe land use, soil types, proximity of crop
and water) surrounding the water body of conc&econdly, an assessment can be made for
an entire landscape incorporating the spatialioglahip between water bodies over a large
area such as a catchment. The Working Group reeosthat at present, Step 4

assessments are focused on the former of the tproaghes (landscape influence on edge-

of-field assessments) because:

* Tools for spatially-distributed assessment of eyp@sind effects at the catchment

level are not fully developed.

* The precedent of the current review process undeciive 91/414/EC has generally
focused assessments on single active ingrediergseat catchment assessments

require the consideration of multiple compounds stnelssors.

« Point source inputs of active ingredients are daarding factor at the catchment

level.

Substantial developments have taken place oventgears that mean that approaches for
assessing the influence of the landscape on the-@fdiield surface water body can be
implemented forthwith. Similarly, mitigation meass are available that can be used in
combination with higher-tier modelling to determimeceptable levels of exposure. The
Steering Committee supports the recommendationeofMork Group that such higher-tier
approaches are included forthwith in the revieylaht protection products under Directive
91/414/EEC. The Work Group has produced detailedagce on how such approaches

could be used and this is summarised below.

A review ofmitigation measuregurrently implemented by Member States and a ¢otaif
the approaches available in the scientific liter@indicated that there are a number of
suitable approaches currently available for mitigathe exposure of surface water from
plant protection products. The working group asseéghe technical applicability of the
mitigation measures. Economic aspects were outiselscope of the group. Enforceability
was considered in a general way (for example, mestsures are implemented in one or
more Member States, suggesting that enforcementdbe feasible). However, true
enforceability is a national issue that will vagcarding to legislative framework,
possibilities for policing, profile of the farmingpmmunity etc., and was thus considered
beyond the scope of the working group. The regetails generic options for mitigation that
might be applied at Community level and within oaél authorisation procedures. However,

decisions on whether or not a particular measucenspatible with local conditions and
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enforcement possibilities must be taken by the @mpte authority in a particular Member
State. There are a number of approaches to spfagndigation (buffer zones, application
technology and windbreaks) that could be includachédiately to mitigate exposure where
needed. It is proposed that a maximum cap of S&déation in exposure via spray drift is
applied at Annex |, although several methodologiésy mitigation up to a maximum of
99%. For runoff exposure, although less develdpad spray-drift mitigation, techniques are
available for immediate use for mitigating exposwteere needed by up to a maximum
reduction of 90% (through the use of filter strgygl application restrictions). Mitigation of
drainage inputs is least developed, although agipdic restrictions (based on soil type and
season) could be used to essentially eliminatedgai inputs on vulnerable soils. It will be
difficult to guarantee such elimination in practise a maximum cap is proposed for use at
Annex | of 90% reduction in exposure via drainagelditional work is recommended to
further harmonise approaches for assessing spifhyritigation, and to further develop

mitigation options for runoff and drainage.

Considerations of the potential fioicorporating modelling refinements and mitigatioimto
exposure assessment at Stejpldntified three main refinement options. Firstatively
simple changes can be made to the existing FOCE[s B$cenarios by refining input
parameters for the chemical or scenario to makea there precisely reflect the potential
exposure being assessed. Secondly, mitigationuresasan be incorporated into Step 3
scenarios (resulting in a Step 4 calculation).rdlizj new scenarios could be developed for
use at Step 4 to more precisely reflect the rafigamdronmental and agronomic conditions
for use of a plant protection product at a localegional scale. The location of such new
scenarios should follow the procedures adoptedh&yOCUS surface water scenarios group.
All of these approaches to Step 4 calculationsare available and should be implemented
forthwith in the European Union approval proceshe development of further modelling
tools was outside the remit of the current worlkgngup, but detailed recommendations are
put forward in the report on how to refine the mbidg using tools that are already available.
A modelling tool called SWAN has been developeapehdently to support Step 4
calculations. Where modelling is refined to refllecal conditions, it is imperative to
establish the degree to which conditions are reptesive and/or protective of the wider
usage area. Again, methodologies are proposagfmst such assessments. The work on
Step 4 exposure assessment builds on the outptite 5OCUS surface water scenarios
group and thus considers mainly exposure via sgiifty surface runoff and drainflow.
Where other routes of entry are significant, thesst also be considered in refining the
exposure estimate at Step 4 (e.g. wet or dry degog$rom air, exposure from direct entry of

granular formulations during application).
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A wide range ofmethods and data for describing agricultural landggesare now available
and these can be used to develop refined expossesaments at Step 4, principally through
the use of geographical information systems (GIB)e tools allow a quantitative description
of the agro-ecosystem landscape, enabling reldtips$etween cropped land and areas
containing non-target organisms to be explorechufber of technical recommendations
have been developed to deal with questions of taaalysis, site selection, data
availability, and setting landscape assessmerg$ioader regional or even EU context.

These tools and data can be used to develop thelimgdapproaches described above.

Risk assessment at Step 4 should not only consigersure assessment, but all options for
refinement, includingcological considerationgOne important development in this area
would be the definition of the ecological charasties (biotic and abiotic) of the FOCUS
surface water scenarios. Information of this sorild be used in the future to refine both the
exposure and effects assessment. One of the mgedeonfronting risk assessors in light of
the FOCUS surface water scenario developmentg iiitfe-varying exposure profile of
concentration produced at Step 3, which can bedd with the maintained exposure
conditions in standard toxicity tests. A reviewpotential approaches for addressing this has
been conducted. Furthermore, moving to the lan@stevel provides opportunities for
considering recovery potential, both internallyfr within the water body of concern) and
externally (from neighbouring waters). Potentigb@aches for developing these techniques

have been reviewed.

Please note that some of the recommendations @fdhéng group reflect the current
technical state of the art rather than what magdssible to implement in regulatory practice.
Some of the issues may need to be further discussdecided upon by policy makers at the

European Union level and at Member State level.

Requirements for further work

Recommendations for implementation and further worleach of the subgroup discussions
are included in the summary (Volume 1) and detasetinical (Volume 2) reports. In its
consideration of the state of development and piadenture use of the landscape and
mitigation approaches at Step 4, the Working Gnoape the following conclusions on the

priorities for future work:

1. A new working group should be considered tohferimprove landscape analysis,
modelling and mitigation approaches. There isedrie harmonise methods for

producing spray drift data and to develop harmahgg®ay drift models, and an
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urgent need for more work on drainage and runaff,iasues such as simulating
irrigation patterns in specialist crops. Theral& a need to formalise the
generation of landscape factors for consistencwedisas the appropriate scale to
use for these analyses. This group could also iboitgrto the upgrading of the

existing FOCUS surface water tools to facilitatep4 calculations.

A new working group should be considered to tgvéhe ecological
characteristics of the FOCUS surface water scenéoiouse in higher-tier exposure
modelling and effects assessments. It is antiegpdiat such a group would need to

be similar to the FOCUS surface water scenariosio terms of size and scope.

Whilst the work presented here has focused oatagsystems, many of the
methods and approaches may be transferable tertiestrial compartment.
Nevertheless, complementary approaches shouldvstoped for terrestrial
systems in the future. Lower-tier terrestrial esyp@ assessment has not been
addressed via FOCUS and it would be essentialitd bo existing guidance and

methods developed under other initiatives.
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1 INTRODUCTION

1.1 Establishment of the FOCUS Work Group on Landsc  ape and
Mitigation Factors in Aquatic Ecological Risk Asses sment

Ecological risk assessment in the EU is evolvingdig into a well-structured, tiered
approach to assess potential risks, with substat#iselopments having taken place in both
the exposure and effects sides of the risk equatienthe last five years. Much of the recent
development of tiered exposure assessment hasaloooe through the efforts of the FOCUS
groups. The framework for assessing the effegiscs of aquatic ecological risk assessment
has also become increasingly harmonised, and htgrezffects approaches are now well-
established (e.g. via HARAP and CLASSIC and theAfjuatic Guidance Document).

To date, the work within FOCUS has concentratetherdower and ‘medium’ tiers. Some
general guidance concerning higher-tier aquatiosxpe assessment is included in the
FOCUS surface waters report (FOCUS, 2002). Howekerrecommendation of this group
was that further work was necessary to developfieet Step 4 approaches which take into
account local and regional factors, and potentitijation measures. There is a need to
further refine the tiered approach to exposuressssent by developing harmonised

approaches to include landscape-level and mitigd#iotors.

A number of activities have begun at Member Stxellto evaluate the potential uses of
landscape and mitigation factors in pesticide siskessment (e.g. LERAP in the UK, the
former UBA/BBA ‘ABCD’ scheme in Germany), but braadguidance has not yet been
developed. Indeed in many EU Member States nibiclear how mitigation measures will
be applied. The development of harmonised guidéatdeast as far as the scientific

principles are concerned) in this area would bieewiefit.

At the highest tier, risk assessment and mitigagioould go hand-in-hand because measures
that are used to refine potential exposure assessmoan also be used to define appropriate
mitigation strategies (e.g. non-sprayed areas adlaads; riparian trees or vegetation;
variations in agronomic practices). For this reasoFOCUS group to evaluate potential
applications of landscape and mitigation factoragnatic ecological risk assessment was
established in June 2002. The discussions andws\of this group are captured in this

report.
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1.2 Concepts and remit of the group
The overall remit of the group was to:

1. Conduct a scoping exercise to investigate optioasfeasibilities for including
landscape and mitigation factors in higher-tieresyse assessments, similar in

concept to the first FOCUS groups working on grauaietr and surface water.

2. Produce a review of the state of the art in langs@and mitigation factors in
exposure assessment, and to make recommendatidntuie@ FOCUS groups to

develop this area further.
Specifically, the group was asked to:

1. Identify and review the available data and appreadh risk mitigation (for spray

drift, runoff and drainage).

2. Where possible, develop harmonised approachesuitortifying the impact of these

measures on pesticide exposure in aquatic andteatenon-target environments in

such a way that the values can be used in higaerisk assessment.

3. Develop a listing of data that would help to reduneertainties in higher-tier

exposure assessment (particularly at the ‘landseseé).

4. ldentify the key holders of such data, and whessjibe, coordinate an approach for

making such data available to Member States angstngfor risk assessment

purposes (addressing the necessary commerciatissjmects of proprietary data).
5. Identify where there are key short-comings in difierunderstanding and/or
databases and make recommendations for furthearcdsand/or data collection.
1.3 Overview of report structure

The Work Group reviewed a large amount of techriidarmation within four main topic
areas for which subgroups were established. Thgreups were categorised as follows:
¢ Risk mitigation 27 * Landscape analysis

* Exposure modelling 28 * Ecology

Each of these subgroups has produced a detaileditatreview for its subject area. The

scope of the review exercise that was conductedrnismarised in Table 1 and detailed reports

12
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on each topic are contained in Volume 2 of thisrepSection 4 of this report gives some
key recommendations on general principles for higiee exposure assessment. This is
followed by four sections covering the outputsha subgroups and a collation of
recommendations for future activities. The appesslio this volume provide illustrations of
possible approaches to step 4 refinements. Appdngives one possible approach to
developing a new exposure scenarios. lllustratar&tep 4 calculations address a use of
site-specific catchment modelling (Appendix 2),asgible approach to refine estimates of
exposure via drainflow (Appendix 3) and a landscapalysis to refine estimates of exposure
via spray drift (Appendix 4). Note that the appieed are illustrative only; they do not
reproduce regulatory submissions in terms of thiellef detail required and only represent a
few out of many options for refinement at Step e PPR panel has provided detailed

opinions on these examples (PPR, 2006).

Table 1. Topics covered by the review of technical information (Volume 2)

Risk mitigation
Current practice in risk mitigation within the framework of 91/414/EEC
Options to mitigate exposure via spray drift
Options to mitigate exposure via surface runoff
Options to mitigate exposure via drainflow

Mitigation measures applying to all routes of exposure

Exposure modelling

Refinements to FOCUS Step 3 surface water modelling (Step 4 calculations): edge of field
modifications; incorporating mitigation measures; more complex modelling

Modelling at the catchment scale
Probabilistic risk assessment

Use of monitoring data in exposure assessment

Landscape analysis
Unit of analysis
Site selection process
Landscape factors for higher tier exposure assessment
Exposure estimates for higher tier assessment
Relating landscape factors to a larger area

Supporting information for higher tier exposure assessment
Use of remotely-sensed data in landscape characterisation

Data layers and contacts for spatial analyses

Ecology
Overview of current legislative background and protection aims
Factors that influence community composition
Abiotic and biotic factors that influence effects

Ecological factors that influence exposure

Landscape factors that influence effects and recovery

13
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2 GENERAL PRINCIPLES

2.1 Problem Formulation at Step 4

As with all levels of risk assessment, the firgtical component of a Step 4 risk assessment is
that of problem formulation. This includes the depeent of assessment endpoints,

conceptual models, and an analysis plan:

« Assessment endpoints are measurable ecologicalatbéstics that represent the
management goal(s). Assessment endpoints inclottietire ecological entity to be
protected and an attribute of that entity thatateptially at risk, important to protect,

measurable and has easily discernible meaning.

» Potential interactions between assessment end@oidtstressors are explored by
developing conceptual models that link anthropogeantivities with stressors and
evaluate inter-relationships among exposure patbwesplogical effects, and

ecological receptors.

e The analysis plan justifies what will be done adl a® what will not be done in the
assessment, describes the data and measuresdedm the risk assessment, and

indicates how risks will be characterised.

Step 4 assessments may apply a wide variety @rdift methods and data and there is a
significant risk that the work may not addressititended objectives unless a full problem

formulation is undertaken.

2.2 Definition of a Landscape

The working group arrived at a very general ddfinitof the term “landscape” which places
the discussion of landscape factors into cont@&andscape is an assembly of inter-related
features created over time by the action of clinaae biology (including human influences)
on the underlying topography and geology. Thegerlawo factors affect the rate of
weathering and determine the distribution of sinilthe landscape. Typically soils in upland
areas are being depleted by erosion and leachimitg 8oils in the lowland areas are
characterised by accumulation of sediment andemii The prevalence of different types of

water bodies in the landscape is also a functidhede same factors because topography and
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geology determine both the type of hydrologicalveoek, and the shape and flow velocity of

streams and other water bodies.

A landscape consists of both the upstream and doxams elements because they are
interdependent. However, the elements within adeape can be very different (e.g. a

mountain stream and a flood plain).

At the level of a landscape, groundwater and sarfeater are closely interrelated. Typically,
water infiltrating to groundwater in the upper paira catchment reappears as baseflow in
lower parts. Water in ponds and streams may iafétto groundwater through the bottom of
these in parts of the landscape, while streamshier parts receive baseflow; or the water
dynamics of a pond may be determined by groundwaitgations in the surrounding area as
seen in many wetlands. A very strict distinctiotween surface water and groundwater at

this level is therefore somewhat artificial.

Land use is often intrinsically linked to the origl natural conditions of the landscape e.g.
arable agricultural areas are often found in paldiclandscape elements (characterised by,
for example, limited slopes and a range of prefesal types). Anthropogenic factors may
further modify the natural conditions in landscapements. Initially land use is influenced,
for example, by drainage, cutting of vegetatiodiiches and streams, building of structures,

straightening and lining of streams.

Landscape characterisation often refers to thetiization of the physical factors discussed
above, using available environmental, spatial, statistical data using an information system
(such as fate and exposure models, geographianatan systems, etc.). This quantification
encompasses individual characteristics and unitimihe landscape (such as land cover,
fields, water bodies, soil types, etc.). It magoaihclude the relationship between these units
within the landscape (e.g. connectivity of watediles within a catchment, relationship
between groundwater and surface water within ehoa¢at). The ability to characterise the
physical factors and processes within a landscapeited by input data, as well as the
ability to appropriately model and quantify thedanape. The terms ‘landscape-level
information’ and ‘landscape-level processing’ arbsequently used in this report in relation
to the quantification of the physical charactecsbf the landscape within exposure and fate

models, and GIS.

Landscapes often combine multiple habitats for laofiratic and terrestrial species. As far as
aquatic species are concerned, habitats are ingdmated by the bounds of the water body,

but several habitat types may exist within the samter body. Connectivity between
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habitats may be physical (through hydrological @mtions between water bodies) but also
biological (through movement of organisms), addirgpatial dimension to the ecological
characterisation of the landscape. Groups of osgamidispersed in the landscape in this way
are referred to as metapopulations. The scale ishwihese metapopulations operate is

dependent on the size of the organism and its iapability.

2.3 Scale of the risk assessment

One complicating factor in moving to the landsckgel is that of determining the
appropriate scale for the assessment. This isgfrinfluenced by societal factors such as
risk perception/acceptance and protection aims stlale of ecological risk assessment for
the aquatic compartment based on FOCUS Step 3qureis defined by the exposure
assessment. This clearly operates at the scalsiafle field (referred to as field scale).
Although inputs to the FOCUS surface water streeercansidered from an area that is
composed of more than one field, the calculatisasbased on extrapolation of losses from a
single field together with a simple assumption dltbe percentage of the total area treated.
Likewise, the effects characterisation based orGhilance Document on Aquatic
Ecotoxicology (DG SANCO, 2002) is grounded at fistihle, considering representative
sensitive species and static test systems thatgateatial for internal recovery and limited

potential for external recolonisation.

One of the tasks of the work group was to condider landscape factors could influence the
risk to non-target organisms potentially exposegédsticides and to make recommendations
as to whether these factors could be incorporétadyher tiers to improve the realism of the
risk assessment. It is clear that a range of mapmisfactors greatly influence ecological risk.
A central question addressed by the work group blee®mes: What is the most appropriate

scale for ecological risk assessment?

For simplicity, two approaches can be defined tcdbe the influence of landscape on risk.
The first comprises dividing the landscape intaidite parcels to investigate how parameters
influencing risk at the field scale are distributeithin the wider environment. This approach
considers variability within the landscape (by adegng multiple edge-of-field situations),
but does not consider the interaction between pattse landscape with different properties
(soil type, topography, land use, pesticide inett3. The second approach considers the
landscape as a true continuum that is both vaiyipgoperties and interacting through a
whole range of processes. The first approach &eteerisk assessment at the field scale

(albeit with an improved description of how the iearment varies at that scale), whereas the
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second is a clear up-scaling from current proceduff@ble 2 illustrates the difference in

approach with examples of assessment techniquekedlmag to each.

Table 2. Approaches considered to include the infl uence of landscape factors at either the field
scale (by considering multiple edge-of-field assess ments) or the true landscape scale (by

considering larger areas as inter-connected units)

Approach at the field scale Approach at the true landscape scale
(discussed in detail in the report) (reviewed but requiring further work)
Refined field-scale modelling Catchment modelling
Primarily consideration of internal recovery Consideration of internal and external recovery
potential of the population with only limited potential via meta-population dynamics

external recolonisation

Exposure calculated for water bodies as discrete Exposure calculated for all water bodies as
units proximate to the treated crop (‘edge-of-field’) inter-connected units (‘catchment’)
Runoff from single fields Surface water routing (via various processes)

through the catchment

Upstream loading calculated with a single value Upstream loading calculated dynamically for
for modelling each water body
Assessment of individual compounds Consideration of multiple compounds and
stressors

The Work Group considered both the scientific saglitatory basis for undertaking risk

assessment at the landscape scale and came tdidleérfg conclusions:

[1] There are scientific tools which would be ragdi for both exposure and effects
assessment. These include models to predict espasthe catchment level and
approaches to predict external recovery of impaptgulilations via recolonisation.
Several questions need to be answered on howaipiet catchment-scale exposure
with respect to ecological relevance (e.g. howotastder very large concentrations in
ephemeral water bodies exposed during the dryiagekvhen the water is very
shallow). It was agreed that tools to support otemhs at the landscape scale for
both fate and effects are developing rapidly. Heevethe state-of-the-art and
predictive capability of existing tools is insuféat to support incorporation into risk

assessment for Annex | listing at the present time.

[2] The group considered that potential effectsrfioultiple stressors (both pesticidal
and other) would need to be considered at the c@ohscale. This is because (i)

combined influences from several stressors are @iy at the catchment scale
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than at the edge-of-field where a single stressay exert a dominant effect; and (ii)
potential for recolonisation from areas not impedig a particular stressor may be
compromised if other stressors are acting at thkesif assessment. There is a
general understanding of the influence of mixturestressors with a single mode-of-
action and mathematical approaches to describeoiindined effect are available
(see Volume Il Section 3.3.2). However, the frammdwfor pesticide authorisation

generally assesses single plant protection products

[3] Evidence from monitoring studies demonstrakeg tontamination of surface waters
by pesticides arising from point sources (e.gseaage treatment works, spills,
farmyard washoff) can often be a significant prdjporof the total loading at the
catchment scale. Point source contamination nmeguéntly arises from accidental
spillage during handling/disposal activities trsprecluded under Good Agricultural
Practice. Enforcement of the principles of Goodiégtural Practice falls within the
remit of 91/414/EEC and good progress in reducmigtgsource inputs has been
demonstrated for campaigns targeting farmer educéd.g. Kreuger et al., 1999).
As accidental releases as point sources are cleatrat this general level, the current
regulatory exposure models do not include the effetpoint source loading. Again,
there is an implicit restriction in the scale akriassessment for pesticide

authorisation.

The three points outlined above are limitationghenpotential to broaden the scale of
regulatory risk assessment from field scale totoatmt scale. The Work Group recognises
that catchment-scale assessments may be appragiridember State or regional level where
data have been generated specifically to valideteapproach (e.g. scenario-based exposure
modelling with PESTSURF in Denmark; Styczen et2004). In addition, suggestions are

made for work required to further develop approadmplicable at the catchment scale.

[Recommendation 1] For the present time, the WorkoGp recommends that ecological
risk assessment for the aquatic compartment to sapg\nnex | listing should remain at
the field scale. The influence of landscape on ttigk assessment should be evaluated by
dividing the landscape into parcels in order to gstigate how parameters influencing risk
at the field scale are distributed within the widenvironment. The remainder of the report

makes specific recommendations for how this magidres.
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3 RECOMMENDATIONS FOR MITIGATION OF RISK TO THE AQU ATIC
COMPARTMENT UNDER 91/414/EEC

3.1 Risk mitigation measures currently used in EU M  ember States to
protect aquatic life within the authorisation proce dure of plant

protection products

A review was undertaken to assess differencesuatagrisk mitigation measures currently
applied by different Member States. Representatifdise different Member States were
surveyed and literature sources were collated.résglts of the review are summarised in
Table 3, and a more detailed description of measardifferent Member States is provided
in Volume 2 Section 1.2. A broad view of risk mytion measures is taken and these are
defined as all measures and conditions that méigak compared with the standard use
situation considered during risk assessment inrdacce with the Uniform Principles. This
means that not only active mitigation such as imgletation of a no-spray (or no-crop)
buffer zone, but also the absence of a vulneratlat®n (e.g. large and or flowing water

bodies with large dilution potential) is consideeddhis stage.

The current position on the stipulation of mitigatimeasures during authorisation is variable,
although mitigation options for all potential expos routes are already considered by several
Member States. Whereas risk mitigation during atisiation is routine in some Member
States, measures are only applied post-authomsatithe regional or local scale in others.
Mitigation of risk arising from spray drift is mudhrther developed than that for exposure

via surface runoff or drainflow. No-spray bufferes are the most widely used mitigation
measure although maximum widths and local conditmnsidered in their adoption vary

considerably. Drift-reducing techniques are alsosidered in several Member States.

19



Table 3. Examples of risk mitigation measures curre

(includes examples of post-authorisation and volunt

ary measures)

ntly used in European Member States

Member State Spray drift Surface runoff Drainflow
No-spray buffer | Drift-reducing Other
zone techniques
Austria Upto 50 m Yes Bankside - -
vegetation;
application
type
Denmark By crop (up to 20- - - - Application
50 m) window
Finland 10-25m - - - -
France Mitigation devised - - Mitigation devised | Mitigation devised
and implemented and implemented | and implemented
based on local based on local based on local
conditions conditions conditions
Germany Upto20m Yes - Grassed buffer Application
zones; minimum | window; soil type
tillage; detention
ponds
Greece Upto20m - - - -
Ireland By crop (up to 5- - Dry ditch - -
50 m)
Italy Up to 50 m Yes - - -
Netherlands 0.25-14m Yes Windbreak - -
Portugal By crop (upto 5 - Yes - Grassed buffer -
40 m) zones; minimum
tillage
Spain Upto5-50m Yes - Application -
window; grassed
buffer zones
Sweden By water body (1 Yes Wind speed - -
-10 m) and direction;
field size;
temperature
UK By crop (upto 5 - Yes Water body - Application
50 m) type and size; window
windbreak
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3.2  General principles for implementing risk mitiga tion measures
under 91/414

The Work Group reviewed current practice in riskigaition for pesticides across Europe and
examined the literature investigating the efficatyndividual mitigation measures.
[Recommendation 2] There is already sufficient esite to implement certain measures
into ecological risk assessment and it is recommethdhat this is done immediately.
Authorisations of products that present unacceptalacological risk under standard use
conditions can be made subject to the applicatidrsoitable restrictions ensuring

mitigation of the risk. Whilst a continuous scale fjuantify the reduction in exposure
associated with a given mitigation measure is fédaiin risk assessment, this would not be
pragmatic when implementing the measures. It iseeamended that implementation of
mitigation measures would be facilitated by grongithe extent to which a measure
reduces exposure into categories (e.g. 50, 75,19 @6%). The Work Group has adopted a
reasonable worst-case approach in assigning measucedifferent categories (e.g.
exposure reductions based on larger datasets asigmed as a nominal T0percentile of

the actual range of efficacy).

The current approach for setting risk mitigationasieres in the EU (principally done using
spray drift buffers) is to quantitatively includeetprecise influence of the mitigation
measures in the risk assessment process (e.gldwatimg to what extent spray drift
exposure is reduced with distance from the cropguie relationship between drift
deposition and distance). However, the situatidmeicoming more complex because there
are already a range of techniques that can beeapptider the variety of use conditions in the
EU. Consequently, in order to simplify and clarityis proposed to categorise mitigation
measures into a number of groupings accordinga@xttent by which they reduce exposure
and hence risk. Therefore it is proposed to impleinnisk mitigation categories of 50, 75, 90
and 95% that can be used in the EU risk assesah@mnex |. For a particular use, where
mitigation is required, it would then be possillestate the extent of mitigation that is needed
for the particular entry route of concern to achieeceptable levels of exposure (the amount
required might vary according to usage or enviramiadeconditions in a particular Member
State). At Annex lll, it would then be the respibiigy of the Member States to decide

which mitigation measures were appropriate andtigeddo achieve the needed reduction in

exposure for their particular circumstances.

The topic of risk mitigation measures needs to dghregulatory procedures at European
level leading to the listing of plant protectiorogducts on Annex 1 arauthorisation

procedures at Member State level where individusdsures must be implemented. It is
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unlikely that the implementation of mitigation maess can be harmonised at Member State
level in the short-term because: (i) there is largeability in the status of measures currently
implemented to mitigate risk (Volume 2, Section)1(R) there are different legal

frameworks and enforcement possibilities in théedént Member States; (iii) individual
measures may be particularly suited to specificcaselitions; and (iv) there are differences
in agricultural practice and regulatory assessmeotedures at Member State level (e.g. the
use of locally collected data to calculate expostaespray drift). [Recommendation 3] For
these reasons, it is recommended that a sequeptiatedure is adopted for incorporating
mitigation measures into ecological risk assessm@figure 1), noting that the level of
protection remains a matter for the risk managewhere it is considered that a risk
mitigation measure is required to protect non-taogganisms, the structure of the

recommended system is as follows:

[1] There should be a harmonised listing of theelef mitigation afforded by different
mitigation measures. An initial list is presenbediow. The purpose of the list is to
support the authorisations of plant protection patsl at the European level. For the
reasons outlined above, it is not intended thatigtiag should be considered as
mandatory, as different Member States will have/ivay use conditions and differing
potential to implement a specific measure. Thtisshould be reviewed and
updated periodically by an appropriate FOCUS Wortup.

[2] The notifier will need to demonstrate the edfty of one or more measures through a

suitable refinement of the risk assessment (setoBex.2).

[3] Within the EU registration process, the actualasure to be applied to mitigate risk
should not be specified. Rather, the listing oménl should state that the decision
to authorise the active substance was made oraesie of a mitigated risk and the
level of mitigation that must be achieved for atipafar input route in the different
scenarios to assure safe use. It is possibleablesh the level of mitigation that can
be achieved for different measures with provedigfficy; such a listing implies that
the maximum level of mitigation specified duringrax | listing is capped and that it
will not be possible to authorise products whereiarealistic mitigation of risk

would be required (see Section 5.3).

[4] Individual Member States must decide on nati@ughorisations for products subject
to appropriate risk mitigation and within the coditef protection targets established
by the risk manager. In so doing, they should glirike harmonised listing of

mitigation measures for those approaches thataheappropriate and practicable to
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implement. Some mitigation measures will vary e Member States (e.g. the
mitigation afforded by drift-reducing techniquesymeary with standard machinery
set-up and/or environmental conditions). Hereatild be appropriate to supplement

the standard listing with alternative classificaiat Member State level.

Figure 1. Schematic showing the recommended approac h to incorporate risk mitigation within

the approvals process under 91/414/EEC (note that the  level of protection remains a matter for

the risk manager)

Compound demonstrating
unacceptable aquatic risk
based on the standard and/or
refined risk assessment

No listing
on Annex |

Use not
authorised

No acceptable mitigation4™
measures giving required
reduction in risk

Conditions in Member
State preclude the

Submit Annex Il Submit

NOTIFIER i dicati MEMBER STATE ; s
and indicative ifi risk occurrin
Select appropriate el EUROPEAN specific ASSESSMENT 9
L ASSESSMENT Annex Il - .
mitigation measure from S ——_ Reviews local Use authorised

list and demonstrate
reduction in risk

conditions and available

Annex | listin S
9 mitigation measures

Acceptable mitigation
measure(s) giving required
reduction in risk is available

se authorised with
label enforcing
appropriate mitigation

isting on Annex
subject to stated level
of risk mitigation

FOCUS list of mitigation measures with recommended efficiency values
and suggested approach to include within the risk assessment (see Volume 1, Table 4)
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3.3

Mitigation measures suitable for incorporation

assessment

It was agreed that several criteria must be mairbed specific mitigation measure can be

recommended for inclusion in the risk assessmemf@subsequent implementation into

risk management:

[1] The measure must be practicable with a readepaissibilityof enforcement. It was
beyond the scope of the working group to reviewethi@rceability of a measure in

individual Member States, but clearly successfuigation depends on the measure

being operational, controllable and backed by blgtanforcement.

into ecological risk
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[2] There must be a weight of evidence to demotestiee efficacy of the measure under
European (or directly correlated) conditions. Eh@lence must be quantitative so

that the effect of the mitigation can be describaoherically.

[3] The risk assessment based on FOCUS Step 3riple’ and considers multiple
routes of exposure (spray drift and either draimfar runoff). Methods must be
available to include mitigation against a singleteoof entry into exposure

assessments so that the total reduction in rislbeasalculated.

The Work Group examined measures aimed at mitig@kposure via spray drift, surface
runoff and drainflow. There are examples of meast@or each exposure route where there is
sufficient evidence of efficacy to recommend imnagelinclusion within the risk assessment.
These are summarised in Table 4 and discussecttiof&5.4 to 5.6 below.
[Recommendation 4] Whereas mitigation possibilities spray drift are generally well-
developed, further work is recommended as a pript develop mitigation possibilities for

exposure via surface runoff and drainflow.

Mitigating influences operating at the landscapell@vere also considered, though in less
detail. For example, the external recovery poatratssociated with inter-connected water
bodies or terrestrial habitats in differentiallynt@minated landscapes will mitigate risk from
specific contaminantfRecommendation 5] It was agreed that the impacsath

influences may be significant and that further woiik required to develop and evaluate
such approaches. However, as the scale of the aiskessment currently remains at field
level, it is not recommended that such landscapeqgasses are implemented into the

assessment at the present time.

Soil erosion is not generally a significant sourEgesticide input to surface waters according
to the way that FOCUS Step 3 is parameterisecgtitultural settings subject to excessive
soil erosion, various soil management practiceb ssderracing, contour planting and use of
intercropping are frequently implemented to ensustainable agricultural production. Due
to the management of erosion for the purposesibE@oeservation, the transport of pesticides
by eroded sediment is generally much less tharuwaff except for highly sorptive

pesticides.

Based on the list of measures in Table 4, it isibbs to establish a realistic level of
mitigation that can be achieved for the differenites of exposure. However, there may be
concerns over guaranteeing the effectiveness aftecplar measure when concerning very

high levels of mitigation (e.g. 99% reduction irpesure) for relatively hazardous materials.
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Table 4. Listing of mitigation measures suitable f

assessment

or immediate incorporation into ecological risk

Route of Mitigation measure or Relative reduction in Implementation into the risk
exposure mitigating condition exposure via route assessment
Spray drift No-spray (or no-crop) Proportional to extent of Calculate using the FOCUS drift
buffer zone drift reduction calculator and the FOCUS Step 3
framework
Spray drift Drift-reducing 25-99%" Calculate using classification systems
techniques® developed at MS level
Spray drift Windbreak 25-75% depending on leaf Post-processing of output from drift
density calculator with FOCUS Step 3
framework
Surface runoff Restriction in the Variable Calculate using FOCUS Step 3
application window framework
Surface runoff | Change in application Variable Refined input to FOCUS Step 3

method (e.g.
incorporation)

Vegetated buffer
zone (10-20 m wide)®

Surface runoff

Variable; reduction in load
up to 80% for aqueous
and 95% for sediment-

bound pesticide (reduction

in PEC will be less)

framework

Post-processing of PRZM output
within FOCUS Step 3 framework

Surface runoff Restriction from Variable Calculate using FOCUS Step 3
application to framework and/or refined Step 4
vulnerable situations scenarios
Drainflow Restriction in the Variable Calculate using FOCUS Step 3
application window framework
Drainflow Restriction from Complete elimination” Calculate using only drift assessment
application to drained (FOCUS Step 3 framework)
soils
Drainflow Restriction from Variable Calculate using FOCUS Step 3
application to framework and/or refined Step 4
vulnerable soils scenarios
All Reduction in rate of Generally linearly Calculate using FOCUS Step 3
application proportional to application framework
rate
All Change use pattern Variable Calculate using FOCUS Step 3
(crops, timing, etc.) framework
All Change formulation Variable Calculate using FOCUS Step 3
properties framework
All Exposure in rapidly Variable Calculate using FOCUS Step 3

flowing water body

framework

& Techniques considered sufficiently developed are listed in Section 4.4 (Table 6)

® Note that maximum reduction that is technically feasible is greater than the maximum cap on mitigation

proposed in Table 5

¢ Buffer zone will not be efficacious under saturated conditions
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For this reason, it is expedient to set upper $irtotthe extent of mitigation that can be
consider at present based both on technical anticpbtonsiderations|[Recommendation
6] It is recommended that the maximum values idéietil in Table 5 act as an absolute cap
for the incorporation of mitigation into risk assesnents for Annex 1 listing (more
differentiated maxima can be derived on a case-lage basis according to the use
conditions and options for mitigation)The values in Table 5 are intended to be overall
maximum possible reductions in exposure. Optioasakso provided to give reductions in
exposure that are less than this maximum (e.gnfogation of spray drift). Risk managers
will need to decide the applicability and usefumegparticular mitigation measures at the

Member State level.

Table 5. Maximum levels of exposure mitigation in risk assessment for Annex 1 listing (note that
the largest reductions in exposure may require sign ificant restrictions to the usage area or

widespread enforcement of mitigation measures)

Route of exposure Maximum reduction in exposure recommended for current
mitigation approaches
Spray drift 95%* (e.g. no-spray buffer or drift reducing technique)
Surface runoff Variable but not to exceed 90% reduction in PEC (e.g. 20 m
vegetated buffer)?
Drainflow 90% (e.g. prohibit application to drained soils)3

! Reductions in exposure of greater than 95% have been obtained using no-spray buffer zones and are

also possible based on the most effective drift reduction techniques; EFSA (2006) expresses concern
about very large reductions in exposure arising when combining more than one mitigation approach

for spray drift. The 95% limit on mitigation at Annex | is proposed to address this concern.

Maximum reductions in the loading of pesticide to water are proposed to be 80 and 95% for
compounds transported in the aqueous and sediment phases of surface runoff, respectively.
Associated reductions in the volume of water mean that the maximum reduction in exposure

concentration will vary on a case-by-case basis.

More completely, the restriction would apply to all soils susceptible to periodic water logging because
of slow permeability or rising ground water tables (EFSA, 2006). The connection between upper
groundwater and surface water means that the reduction in exposure is difficult to quantify with
current tools. The 90% maximum reduction in exposure reflects this fact. A detailed analysis could link
predicted concentrations in upper groundwater into the baseflow component within the FOCUS

surface water scenarios or use a validated catchment-scale model.
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3.4  Risk mitigation for spray drift

The science of mitigation for pesticide exposugespray drift is better developed than that
for exposure via surface runoff or drainflow. Spdaift has been considered as a main route
of entry to surface waters within risk assessmiats at European level and within national
procedures in all Member States surveyed. Many MerStates have existing procedures for
enforcing mitigation of spray drift during authai®on, although the complexity of the

restriction possibilities and the range of mitigatapproaches varies significantly.

Three types of mitigation measure are recommenaleidnimediate implementation into the
risk assessment. These are the use of no-sprégr kohes, the application of drift-reducing
technology and the reduction of exposure using breaks. Wind direction and wind speed
will significantly affect spray drift, but the patBal for control and policing is low so these

factors were not considered as viable mitigatiotioos.

No-spray buffer zones are widely implemented asgméand have been successfully
incorporated into the risk assessment over seyeeab. No-spray buffer zones that have
been applied in several Member States over mamg ya sufficient to provide more than
95% reduction in exposure. Implementation intoribke assessment scheme should continue
as at present with the FOCUS drift calculator usedemonstrate the mitigating effect for
assessments supporting Annex | listing. For theétiate future, national systems for
calculating exposure via spray drift will contimioesupport authorisations and setting of
buffer distances in Member States where separaterag exist. In the medium term, it is
desirable to harmonise the different systems arstipplement the FOCUS drift calculator
with algorithms for crops and/or application methddat are not currently well covered (see
below). Enforcement of the mitigation may be siempihere no-spray buffers are legislated

as no-crop buffers, as in the Netherlands.

Technical solutions to reduce spray drift have aded significantly over the last 10 years.
Drift-reducing nozzles are widely adopted by farsniersome Member States and have been
incorporated into the risk assessment. It is renended that the use of this technology is
incorporated into risk assessment at the Europgarel as Member State level. Specific
technologies that are recommended for use incluftereiducing nozzles, air assistance,
tunnel sprayer, shielded spraying, and band spgayliine application of a particular
technique can be considered to cause a relativetied in deposition of pesticide that is
selected as a conservative value from the posdistiebution of effects. It should be noted
that drift-reducing techniques only need to be enptnted for applications made in the area

of crop bordering the edge-of-field/water body ceidrift interception beyond this point
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reduces drift to insignificant levels. At the Epean level, it will only be necessary to

stipulate the reduction in exposure via spray deftessary to reduce risk to acceptable

levels. The relevant technology can then be ap@lidViember State level based on

classification systems for drift-reducing technigjueéhich already exist in several Member

States (Table 6). This will ensure that the moatficable solutions are implemented

accounting for local conditions, application praetand crop systems.

Table 6. Classification systems for drift-reducing

technologies

Member State

Location and reference to classification system

Technologies included

Germany

Netherlands

Sweden

UK

www.bba.de

http://www.bba.bund.de/cln_045/nn_807146/DE/Home/pflan
zenschutzgeraete/ausgew__veroefflfausgew__veroeff___nod
e.html__nnn=true

www.ctb-wageningen.nl

http://www.cth.agro.nl/pls/portal/docs/page/website_ctb/belei
d_wet_en_regelgeving/Olnationale_wet_en_regelgeving/05
beleidsregels/070403_driftdoppenlijst.doc

http://www.cth.agro.nl/pls/portal/docs/page/website_ctb/belei

d_wet_en_regelgeving/Olnationale_wet_en_regelgeving/05

beleidsregels/wijziging%20regeling%20driftarme%20doppen
_2%20november%202005_stc216.pdf

http://www.helpdeskwater.nl/emissiebeheer/landbouw_en_v
eeteelt/lotv/driftarme_doppen/

http://www.helpdeskwater.nl/emissiebeheer/landbouw_en_v
eeteelt/lotv/technische_commissie/

Swedish Environmental Protection Agency (1999).
Hjalpreda fér bestamning av vindanpassat skyddsavstand
[Guide for calculating safety distances based on the wind].

http://www.Irf.se/data/internal/data/01/78/1075729040911/hj
alpreda.pdf

http://www.pesticides.gov.uk/PSD_Databases/products/spra
y-fp.cfm

nozzle type
air assistance
tunnel sprayer
sensor sprayer
band sprayer

hail net

nozzle type
air assistance
shielded boom sprayer
tunnel sprayer
sprayer boom height
band sprayer
windbreak net

windbreak crop

nozzle type
air assistance
shielded boom sprayer
sprayer boom height

band sprayer

nozzle type
air assistance

shielded boom sprayer
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Windbreaks comprising trees or vegetation of attl&éam higher than the crop have been
successfully implemented as a mitigation measutkdriNetherlands. Similar approaches are
also used in the UK. The approach is suitablénfoorporation into ecological risk
assessment, but applies only to a windbreak plantegtdiately adjacent to the water body.
The relative reduction in drift deposition can Ipeta 90% depending on the leaf stage of the
windbreak. Recommended values for relative redngti drift to be used in risk assessment
are 25% for bare trees, 50% for trees in intermedjeowth stages, and 75% for full (dense)
leaf stage. The influence of such measures origk@ssessment could be implemented into
the FOCUS drift calculator.

Although mitigation of exposure via spray driftemparatively well developed, there are

several areas where further work is required:

[1] Reference conditions (typical methods) for ipalar crop should be established and
measurements taken of the normal use pattern sthenhdrift reduction potential of

various techniques can be compared in a standard wa

[2] ISO standards should be adopted to allow harsadion of approaches for measuring

drift and classifying drift reduction.

[3] There are some use patterns and crops that catilbe comprehensively covered by
the FOCUS drift calculator because of lack of dataw drift data should be
generated for these systems or existing data sheubdllated. As data become
available, the current drift calculator in FOCU®usldl be extended to cover further

crop types and mitigation measures for use at &tep

[4] Standardised laboratory measurements shouttebeloped for the evaluation of

comparative spray reduction (e.g. wind-tunnelsphirosize distributions).

[5] More work is needed to assess the influenderofhulation type of the spray solution

on spray drift (e.g. the addition of extra adjugnt

[6] A database of the effectiveness and applidshili spray drift reduction techniques
for use in regulatory risk assessments shoulddeted and maintained. This
database should be reviewed by an appropriate FQEeal$ and considered for

inclusion on the FOCUS website.
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3.5 Risk mitigation for surface runoff and erosion

3.5.1 Background

In order to consider appropriate mitigation meastoe runoff, the potential for runoff entry

can be separated into two main components:

1. The portion of pesticide transported in ass@matith particulate, eroded material in
the runoff. This is likely to be the major contrtbr for low solubility, absorptive

compounds.

2. The portion of pesticide transported in assamiatith the water phase of the runoff.

This is likely to be the major contributor for higblubility, mobile compounds.

For the former case, interception of the transplostal particles will provide the greatest
mitigation benefit, whereas for the latter, watansport (and hence infiltration capacity) will
be more important. Appropriate mitigation measdoesunoff entry should therefore take
into account the mobility properties of the compdimquestion. Wauchope (1978) indicates
that transport on the sediment phase will only pneidate over that in the aqueous phase for
compounds with aqueous solubility of 1 mg/L or les#onic pesticides with extreme clay-
binding capabilities. In experimental studies, Kocarely identified as a primary factor for

determining buffer efficacy (Reichenberger et2007).

As discussed above, in agricultural settings sulbgeexcessive soil erosion, various soll
management practices (such as conservation tilegentour ploughing) can limit the
transport of pesticides by eroded sediment (seexample, www.sowap.org for work on-
going in this area). Since pesticide transfeuimoff varies considerably in relation to
climatic conditions and numerous local parametbisgffects of mitigation measures in
reducing pesticide transport in surface runoff lbarvariable. This also means that
partitioning mitigation measures into strict catege of exposure reduction (e.g. 50, 75, 90,
95%) is more difficult than for spray drift wheteetvariability in influencing factors is
smaller. The most effective implementation of gation will take place through the
application of pesticide management at the localesand for Member State registrations, it
is important that local climatic, soil and agronorractices are taken into account when
determining suitable levels of mitigation. Neveittss it is recommended that runoff
mitigation approaches can now be broadly implenteime the regulatory risk assessment

for Annex | registration in the EU.
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3.5.2 Mitigation Options for Annex | Registrations

Three mitigation options that are suited to regulaissessments are:

1. Areduction in the application rate, giving a siamiteduction in losses to surface

waters via surface runoff or erosion;

2. Arestriction in the application window, normally &void application during or

immediately before periods when the risk of runsfreatest.

3. The application of a vegetated buffer zone (oeffititrip) to intercept runoff water

and eroded sediment prior to entry into surfaceswat

For the first two options, the principles are sanilo approaches applied in many Member
States to mitigate the risk of leaching to groundweBoth options should thus be broadly
acceptable. The FOCUS surface water scenariosg&@/harmonised approach to investigate
the impact of the mitigation on pesticide exposarsurface waters. The SWAN software is
now freely available to support Step 4 calculati@mtact:
gerhard.goerlitz@bayercropscience.com). The usemamually enter values for reduction in
runoff water, pesticide fluxes and eroded sedimaedtthe system will document the inputs

and calculate refined outputs from the FOCUS serfaater scenarios.

For the third option, there are already good exampf such approaches being successfully
applied at Member State level, where label restristare applied to limit runoff input at the
point of entry (i.e., next to the water body). Esample, in Germany, 5 m and 10 m buffer
strips are respectively considered to provide 56%30% reduction in runoff inputs (i.e.

both water and pesticide load). These measuresitesn tested in several field studies over

recent years and have been found to be effective.

The scientific literature indicates that the maitians of vegetated buffer zones (i.e. those
comprised of relatively dense vegetation like getdbe soil surface) in reducing pesticide
load transported to surface waters are (1) thr@augéequivalent reduction in the volume of
runoff water and (2) through sedimentation of gaidte material. The efficacy of vegetated
buffer zones depends on many inter-related fa¢teres Section 1.4.2 of Volume 2) and
deriving generalised relationships is difficulipaésent. Furthermore, the experimental
conditions of typical runoff studies may not beedity comparable to those in the field as
they tend to be undertaken on small plots, oftelutte artificial rainfall at high intensity and
normally only consider sheet flow. The currergriture data only apply to situations where:
(i) surface runoff enters the buffer as sheet flowh@athan as channelled flow), and (ii) the

soil in the buffer is not saturated and the irdilion capacity of the buffer is not reduced by
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soil surface sealing. A straight-forward analyfishese data is difficult because of the
different experimental conditions and the measweethtion in buffer efficacy for buffer
zones of different sizes. There are also someamrtes where the efficacy of the buffer can

only be approximated.

Despite the difficulty of quantifying the runoffdection efficiency of vegetated buffer zones
of a specific size, the view of the majority of Mérk Group was that some broad
recommendations can be used to guide appropridigation measures to apply to EU Annex
| registrations (in the absence of channelled fleaturated or capped soil). These pragmatic
recommendations have been developed with due @asion that the aim of the EU Annex |
risk assessment is to demonstrate that a majousafef the compound in the EU is possible
(i.e. not necessarily to be protective of everyviatlial set of circumstances). However, the
principles are also applicable at Member Statel lewenational approvals, albeit that more
detailed consideration of the local conditions dtidne applied. In some cases, smaller
buffers may be appropriate to achieve the necessiigation (as has been demonstrated in
Germany, e.g. with 90% reduction for 10-m strips)d elsewhere larger buffers may be

required.

Reichenberger et al. (2007) have recently revieshatd on efficiency of vegetated buffer
strips in reducing loadings of pesticide in aquesnd sediment phases. A limited amount of
additional data have become available subsequéhistoeview (see Table 1.7, Volume 2). It
is difficult to determine whether or not data gexted outside of Europe are relevant to
European conditions, so an initial screen of tha dalected only those results generated in
Europe. If the European data are pooled by buiffdth and by transport mode (aqueous vs.
sediment) then a reasonably consistent patterngersdiable 7provides 98 percentile
worst-case values for efficiencies of vegetateddsufones in reducing the loading of
pesticide transported in the aqueous and sedinmases of runoff. The 8@ercentile was
selected as it has been accepted in analogousaspesviding a sufficient degree of
conservatism. The values were calculated assuanifigibull distribution (cumulative

relative frequency = rank/n+1) with linear intergiobn between the two measured datapoints
surrounding the 90percentile. Measurements were combined into wit#rvals (e.g. 18-

20 m) to provide a more robust estimate of tH& @&rcentile. Further information on the
statistical analysis is provided in Volume 2, Tabl&0 and associated text. Values for
reduction efficiencies proposed in Table 7 beloeraunded for ease of use. The efficiency
of a given width of vegetated buffer is greaterdducing mass of eroded sediment and
associated pesticide than in reducing volume obffumater and associated mass of pesticide

in the aqueous phase.
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Table 7. 90™ percentile worst-case values for reduction efficie ncies for different widths of

vegetated buffers and different phases of surfacer  unoff

Buffer width (m) 10-12 18-20

Reduction in volume of runoff 60 80
water (%)

Reduction in mass of pesticide 60 80
transported in aqueous phase
(%)

n (for aqueous phase) 36 30

Reduction in mass of eroded 85 95
sediment (%)

Reduction in mass of pesticide 85 95
transported in sediment phase
(%)

n (for sediment phase) 19 11

The values provided ifable 7are recommended as reasonable worst-case assnsniotio
efficacy of vegetated buffer zones in good condititt should be noted that thereductions
apply both to the volume of runoff water and the loading of dissolved-phase or
sediment-bound pesticidein that runoff. Thus, for example, a 60% reduction in

dissolved pesticide load will result in a significantly smaller reduction in the predicted
environmental concentration because the volume of runoff water (and thus part of the
dilution capacity) isalso reduced by 60%. The values in Table 7 for reduction in water
volume and sediment load are not calculated frorasmed data, but are set to the same
values as for reduction in pesticide load for cstesicy and ease of use. Variability in the
data is greater for narrower buffers (Reichenbegeget., 2007) and for this reason it is not
recommended that a buffer of less than 10 m widtbhdnsidered for Annex | listing. The
proposed reduction values represerit pércentiles from measured distributions; theirinse
combination with Step 3 exposure values that agm#elves realistic worst-case is expected
to yield conservative values for use in risk assesd. The possibility for lower or higher
efficacy under some conditions cannot be excluaebneeds to be considered on a case-by-
case basis at Member State level. The availalwfigxperimental data should be considered
when determining suitable buffer zones, and vatliésrent from those above may be

appropriate depending on the results of studiespesific compounds.

33



© 00 N o o b~ W DN

10
11
12
13
14
15
16
17
18
19
20
21
22
23

24

25
26
27
28
29
30
31
32
33

3.5.3 Implementation of runoff mitigation into exposure assessment

The reduction in pesticide load for compounds disgbin runoff results from a
corresponding decrease in the volume of water ngoamsurface runoff. An example of how
this relationship can be included into the caleatabf predicted environmental
concentrations is provided in Section 2.1.2.2 oluvite 2. For some compounds, it may be
necessary to consider the fate of pesticide iafilig into the vegetated buffer zone. It is
recommended that appropriate literature citatiorexperimental data be provided to support
the claimed mitigation effect of buffer zones fasecific chemical in recognition of the

influence of sorption behaviour on soluble rungfsuserosion as key transport mechanisms.

When considering the implementation of runoff natign for national authorisations,
Member States should also take the following caersitibns into account. The mitigating
effect of buffer zones is reduced or negated fatipiele losses with runoff water when soils
become saturated (this does not apply for highigtae compounds that are primarily
transported with soil particles) or if a signifitamomponent of runoff reaches the buffer as
concentrated flow. Experimental or literature dettauld consider these effects. Vegetated
buffer zones have been shown to be an efficiensareao reduce soil erosion in agricultural
landscapes and are therefore likely to reducegbadhiound pesticide losses to a great extent.
It may be necessary to have additional restrictmmase of a pesticide during periods when
the buffer is expected to be saturated. At MenStiate level, the appropriate width of the
buffer zone should be defined based on local clmmdit For concentrated flow, mitigation
measures such as retention ponds should be foatsieel point where the runoff enters the
water body or buffers should be placed along the ¢if descent along which concentrated

flow collects (buffers in ‘cascade’).

3.5.4 Research needs

There is a need for further research into the &tfyoof vegetated buffer zones in reducing
transport of pesticides via surface runoff. Thesmwgent requirement is for studies
investigating the impact of runoff received as cfeled flow and of the effect of soil
moisture status within the buffer. Further worlaiso recommended on (i) the fate of
pesticide infiltrated in the buffer (e.g. sorptimay not reach equilibrium when large volumes
of water infiltrate the upper soil layers over dhgeriods) and particularly clarification of the
mechanisms for removal of pesticides from runoff arosion as a function of chemical
properties; and (ii) the development of modelsitautate in a dynamic way the efficacy of

buffers for the removal of pesticides from runaifieerosion. There is little information
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specific to European conditions on measures sucbraservation tillage and conservation
landscape management that target control of pdsticansport on eroded sediment. Further

work is recommended on these topics.

3.6  Risk mitigation for drainflow

The number of effective mitigation options for rethg exposure via drainflow is limited.
This is partly because drainflow has only receb#gn considered as a primary route of
exposure both at Annex | and in many national tegfisn procedures. However, losses via
drainflow are also very difficult to control throgntervention other than to limit the amount

of pesticide applied, the timing of treatment @ tipes of soil treated.

The only regulatory mitigation options at presamt a

1. Areduction in the application rate, giving a siamiteduction in losses to surface

waters via drainflow;

2. Arrestriction in the application window, normally avoid application just before the

onset of winter drainage.

Although these options have only been used in jgeagt two Member States (Germany and
the UK), the principles are similar to approachgsliad in many Member States to mitigate
the risk of leaching to groundwater. Both optiohewdd thus be broadly acceptable. The
FOCUS surface water scenarios provide a harmomigprbach to investigate the impact of

the mitigation on pesticide exposure in surfacesvgat

A number of the mitigation options reviewed in Viwlel 2 Section 1.5 will be suited to local
management of pesticides and/or product stewardshgse include management of soil
structure, avoiding application to very dry or vergt soil, and discouraging the practice of
“over-draining” (installing more efficient drainkdn required for a particular soil type).
However, none of these approaches is suitablenéhusion in ecological risk assessment as
impact on pesticide transport is unpredictableramtk can be rigorously controlled or

policed.

In the absence of further mitigation based onmm@@agement, the only additional option to
mitigate risk within ecological risk assessmentegp to be a restriction in the soil to which a
product may be applied. This could be applied atrifder State level according to the level

of risk and could take two forms:
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1. A blanket restriction from use on any drained laflds mitigation measure is simple

to communicate and should, in theory, reduce tramsd a pesticide in drainflow to
zero. There are areas in Europe where informatiowttether or not a particular field
is drained will not be available. The productioriaal, fine-resolution maps
showing areas likely to be drained under arablévation is a potential solution to
the problem. EFSA (2006) point out that it is thkérent soil conditions (seasonal
water logging within soil layers) that provide thatential for rapid transport of
pesticides to surface waters in soils that areueatly drained. Therefore, a more
protective blanket restriction would be appliedtioa basis of soil type, rather than
field drainage practice, for example “do not apjeiygoils susceptible to periodic

water logging because of slow permeability or gsgnound water tables”.

A restriction based on soil vulnerability prohibdi use of a product on soils
associated with unacceptable risk. Such an appmwaald be more flexible and it
mimics label restrictions imposed by risk managerthe United States.
Differentiation of use by soil type is already implented in Germany and the
Netherlands to protect groundwater. A review ofdpaan drainage studies (Volume
2, Section 1.5) indicates that there is a relatignbetween soil type and potential
losses of pesticides in drainflow. There are sairdage scenarios with contrasting
soil properties associated with FOCUS surface waitgr 3. These provide a
harmonised modelling framework which could be gatated using the maps and

summary statistics in the FOCUS SWS report.
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4  INCORPORATING MODELLING REFINEMENTS AND MITIGATI ON
INTO EXPOSURE ASSESSMENT AT STEP 4

4.1 Introduction

The FOCUS Surface Water Scenarios Working Grouprhpemented three sequential steps

for modelling aquatic exposure to pesticides:

Step 1: a simple spreadsheet calculation intermledovide conservative aquatic

concentration estimates, somewhat higher than waxctlahlly be observed;

Step 2: a refined spreadsheet calculation intetmlegpresent the high end of actual

aguatic exposures;

Step 3: mechanistic modelling of drift, drainageaff and erosion coupled with aquatic
fate for scenarios designed to capture a rangeatistic worst-case conditions

for the European agricultural area.

This sequence of steps is represented schematicdligure 2. Higher-tier exposure

assessments are conducted at Step 4.

Figure 2. Conceptual relationship of FOCUS Steps 1, 2and 3

Exposure Estimate

Step 1:| Initial estimate of .
aquatic exposure

Step 2:| Hefined estimate of
aquatic exposure .

Step 3:| Determinktic estimate

of aquatic exposure
across a maximum B

range of ten scenarios

Actual Range of

Aquatic Exposure: e

=_—— Concentration Range — =
X = median low high
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Step 1 and 2 calculations include a number of qeasige, simplifying assumptions, such as
assuming 2-10% instantaneous aquatic loading froroff or drainage as well as assuming a
single set of fixed dimensions for the receivingavdbody. Such assumptions make it
possible to determine an initial concentration inaer body using simple algebraic
equations. However, due to the conservative natitigese assumptions, the estimated
concentrations from Step 1 and 2 are likely to iglér than or at the very top end of the
distribution of actual environmental concentratiots practice, the Step 1-2 Calculator is
likely to provide PECsw values leading to accematsk for compounds with minimal

aquatic toxicity as well as for metabolites witkvlaquatic toxicity.

The more mechanistic calculations performed at Stage an attempt to generate realistic
worst-case aquatic concentrations (as defineddy@CUS Surface Water Scenarios work
group). However, it should be recognised that és&ap 3 calculations include a number of
conservative assumptions, such as the use of mibufi@r zones between crop and water
for evaluation of spray drift and delivery of edgiefield runoff directly into surface water.
As a result of these assumptions, the predictederdrations are towards the top end of the
distribution of concentrations that would be obséracross the usage area and thus these

scenarios are assumed to generate “reasonablecasest aquatic concentrations.

The goal of performing Step 4 surface water moadglis either to provide a more accurate
estimate of exposure concentration likely undenaatsage conditions or to evaluate the
influence on exposure of one or more mitigatiornam®. The proposed refinements can be

divided into three types of change:

1. Relatively straightforward changes to individualdebparameters to alter chemical
properties, application rates or dates or speeifidronmental parameters influencing

the loadings from drift, drainage or runoff or thyrology of the water bodies;
2. Changes to the modelling to incorporate the userafk mitigation measure;

3. More complex refinements that might involve creatid new scenarios, use of
chemical monitoring data or the application of foitistic approaches or distributed

catchment models.

Clearly, changes to the modelling should be basetti® problem formulation (Section 3.1)
and thus focus on the most important factors fmosxre. The approaches to refine aquatic

exposure assessments are discussed in turn below.
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4.2  Incorporating refinements and mitigation based on existing
FOCUS scenarios

The first approach to be considered in refiningakposure assessment should be making
changes to parameters within existing FOCUS StegeBarios. Changes that may be made
include re-examination and/or refinement of chehpesameters, changes to model
parameters describing the scenario, and incorpgy #tie effect on exposure of a mitigation
measure. A distinction is made between refinemdith here means increasing the realism
of the description of the chemical or the scenanm mitigation which here implies that the
scenario is adequately realistic and that an ifledtrisk needs to be reduced by imposing
some form of use restriction. General principtastfiese changes are discussed below and

examples that might be made are listed and claddifi Table 8.

Refinement of the existing scenarios has to bg fulitified and presented in a transparent
manner. It is desirable that guidance should lveldped on how to report changes to the
modelling so that it is clear to the reviewers wétaps have been taken and why.
[Recommendation 7] Any change to the Step 3 scemsis considered to be a Step 4

calculation and this should be clearly stated inettmonograph.

Development of software tools to support Step 4udations was outside the scope of the
working group. Independent work has been undentbe=CPA to develop a modelling tool
called SWAN. The software operates within the feamrk of the existing FOCUS surface
water scenarios and supports Step 4 calculatisnagh changes to input files for PRZM,
FOCUS and TOXSWA. For example, the system allowesuser to incorporate mitigation of
spray drift or surface runoff or to add in exposueeair where this is known to be a
significant route of environmental exposure. SWiNreely available to users (contact:

gerhard.goerlitz@bayercropscience.com).

4.2.1 Refinement of input parameters for the chemical

The current FOCUS guidance is to use mean or mediaes for environmental fate
parameters of the parent and its degradation ptedidew guidance is being developed by
the FOCUS Degradation Kinetics group on calculatirgmost appropriate values from
laboratory and field studies and on averaging ¢iselts of these studies using the geometric
mean for subsequent modelling. Any refinemen&tep 4 should be within the context of

this guidance.
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Additional environmental fate studies may be neddeatiequately represent the runoff,
drainage and aquatic fate of some chemicals. Ebesngb refined environmental fate studies
include rate of degradation on plant foliage, aftevashoff from foliage, rate of degradation
in an irradiated water/sediment study, bioavailgbif soil residues and volatility from soil
and water. Many of the results from refined enuinental fate studies can be used directly
as a refinement to Step 3 modelling. There isyairement for additional work to develop

international test guidelines for several of thetselies.

4.2.2 Refinement of input parameters for the scenario

The availability of landscape level data allows ténement of Step 3 scenario parameters
by providing more realistic/appropriate data foruaning Step 3 models at Step 4. The level
of confidence likely to be assigned to particulargmeters derived using landscape analysis

is described in Section 6.3.

Certain parameters that can readily be refined hiready been identified by FOCUS (2002;
e.g. the width of the buffer zone between cropwatér, the size of the upstream catchment
and specification of the site-specific soil chagaistics). Refinement of the existing Step 3
scenarios can be done by providing justificationadjusting one or more key model input
parameters that will result in improving the realief the calculations. Detailed information
on a wide range of modelling inputs that are suliecefinement is listed in Volume 2,
Section 2.1.2. The upstream catchment, its crgpaimd pesticide use are all highly
simplified within the Step 3 scenarios. Modificatiof the assumptions may be a simple
refinement at Step 4 where they are shown to dewnarkedly from reality (e.qg. for
applications to specialised crops). EFSA (200@psst that such changes may be better
accommodated within the more realistic frameworkaithment-scale modelling (see
Section 4.3.3). It may be appropriate to refirettmestep for modelling (e.g. using hourly

weather data) to simulate highly dynamic processeh as preferential flow.

Some of the model and scenario inputs can be cefimeugh the use of spatial analysis of
key agricultural areas within Europe, providingesssnents of, for example, geographic
distribution of a specific crop, associations aand soil types, proximity of crop and water
and cropping intensity within a catchment. Langscanalysis of selected regions within
Europe provides an independent means of refiniatjaly-based parameters such as buffer
width and percent area cropped which have beetio $iged values for use within Step 3.
Additional details of specific landscape-basednefients are provided in Volume 2, Section
2.1.2.
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4.2.3 Simulation of mitigation measures

Aquatic exposure assessment at FOCUS Step 3 ivedyacomplex and often combines
exposure via multiple routes of entry (e.g. spraff glus either runoff or drainflow).
[Recommendation 8] To support any proposal for egpoe mitigation, it is appropriate to
demonstrate the potential effect of the mitigatitirough the use of refined Step 4
modelling. The current Step 3 models can readily be modifvgurovide reasonable
estimates of mitigation measures such as driftataoiy, effects of buffer width on runoff and
erosion as well as the effects of altering applicatates and/or timing; this may sometimes
be achieved through the use of empirical factorveleé from measured data. More complex
mitigation measures may require additional modgléffort to characterise the effects. In
some cases, it is likely that development of neenados may be necessary to address uses
not covered by the FOCUS Surface Water Scenafisanodelling becomes more complex,
the suite of models used at Step 3 may reachhbeinds of applicability. The validation
status of the models should be carefully considetedome cases, it may be appropriate to
support the calculated refinements with experiniatdata that might, for example, allow a

calibration step or be used to demonstrate thalyiéty of model predictions.

Risk mitigation measures that are considered seffity developed for immediate inclusion
into European registration procedures are idedtifieTable 4. The ability to simulate the
influence of the measure on exposure and thusskmwas one of the criteria for deciding on
the status of individual measures. Table 4 aleatifles the approach to demonstrate the

efficacy of the mitigation measure.

Two of the obvious ways to reduce predicted aquaticentrations is to reduce the
application rates of the applied chemical or chahgepattern of use. Acceptable TER values
for aquatic organisms can sometimes be obtainesintyyly reducing the number of
applications and/or individual application ratesténthat the need to maintain efficacy is a

clear prerequisite for such an approach).

Another feature of chemical applications that daongly influence aquatic exposure
potential is the timing of the applications. Innmgaegions of Europe, autumn and winter
applications generate larger concentrations imdge systems as well as runoff due to the
greater amounts of precipitation coupled with cot#enperatures that commonly occur
during the autumn and winter seasons. For sommiches, autumn applications may pose a
significantly higher exposure to aquatic organisha spring/summer applications, requiring
modification of autumn use rates and possibleiotistn of autumn/winter application

windows in order to achieve aquatic safety.
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In the case of other commonly applied mitigaticatstgies such as buffer zones, it is
essential to provide supporting evidence of thieatfy of buffer zones from appropriate field
studies or existing regulatory guidance. Detaitddrmation on the Step 3 parameters
subject to Step 4 refinement is provided in Volurgection 2.1.2 together with information
on potential sources of data to support the prabobkanges. As summarised in Table 8,
these changes include refinements in chemical ptiepeapplication rates and timing,
agronomic characteristics, aquatic loadings vi#,dtinoff and drainage and aquatic fate.
Simple refinements can be implemented within theecu FOCUS Step 3 framework,

whereas complex refinements need substantial adéltivork.
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1 Table 8. Examples of relatively simple changes to m

2
3

the simulation or include the influence of a mitiga

tion measure

odelling at Step 4 to increase the realism of

Exposure component

Type of modification

Factor

Amenable to
landscape analysis

Drift/runoff/drainflow

Mitigation

Mitigation

Application rate

Application timing / frequency

Runoff/drainflow/ aquatic

Chemical refinement

Chemical parameters

fate
Runoff/drainflow Scenario refinement Probability of occurrence and intensity of event- Yes
driving rainfall and of antecedent moisture conditions

Drift Simple scenario refinement Drift values -

Complex scenario refinement Distribution of natural margin distances between Yes
crop and surface water

Complex scenario refinement Interception by bankside vegetation Yes
Complex scenario refinement Wind direction Yes

Mitigation Influence of no-spray (or no-crop) buffer -

Mitigation Influence of drift-reducing technology -

Mitigation Influence of windbreak -

Runoff/drainflow Complex scenario refinement Irrigation method and schedule -

Simple scenario refinement Cropping dates or parameters

Simple scenario refinement Soil profile properties Yes

Simple scenario refinement Simulation year -
Complex scenario refinement Spatial distribution of treated fields in catchment Yes

Mitigation Formulation / application method -
Runoff Mitigation Pesticide retention in buffer zone Yes
Loadings to surface Complex scenario refinement Upstream feeding area Yes

water

Complex scenario refinement Proportion of catchment treated Yes

Complex scenario refinement Timing of catchment hydrograph -
Aquatic fate Complex scenario refinement Dimensions of the water body Yes

Complex scenario refinement

Simple scenario refinement

Hydrology (e.g. weirs for ditches and streams, lack

of seepage for ponds, baseflow assumptions)

Influence of macrophytes on fate and retention of

pesticides

5 A more detailed summary of initial refinements (53 scenarios is given in Volume 2

6  Section 2.1.2.
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4.3  Step 4 exposure assessment outside of the FOCUS  scenarios

The FOCUS Step 3 framework for fate modelling imgsosestrictions on exposure
assessment because of the scale, the limited nuwhbeenarios and/or models, or the
deterministic nature of the process. It will tfere sometimes be appropriate to move
outside of the FOCUS Step 3 scenarios at Step 4.

4.3.1 Development of new scenarios

The FOCUS scenarios were selected to be represerfiat large areas of the EU and for
major crop types. However, it is recognised thatten Step 3 scenarios cannot encompass
the full range of conditions for some crops anccigist cultures and that it may be necessary
to develop additional scenarios to support Stegléutations. Equally, the scenarios may not
represent typical running waters (in that they maglerestimate potential dilution factors),
larger ponds or areas where there is very litttéase water. When developing new scenarios,
the scale of the assessment should be carefulkisened to capture the major environmental
and agronomic influences on exposyRecommendation 9] It is strongly recommended

that the location of additional scenarios shouldlfimwv the procedures for overlaying data

(i.e. soil, climate, slope, cropping) outlined byetFOCUS surface water scenarios group.

A possible approach is given as as Appendix higoreport. It should be noted that the
approach is not intended to be prescriptive antttie®aPPR panel have critiqued the

methodology and put forward an alternative apprd&€tR, 2006).

Landscape analysis has a significant role in degigicenarios that are representative and in
being able to extrapolate results to the wider afegse. These issues are discussed in
Sections 6.2 and 6.5.

It would be highly desirable for the Step 3 scepgto be updated over time to account for
improved availability of data (e.g. to ensure couitiy with Step 4 calculations for specialised
cultures). At a suitable point in time, additiosaknarios developed to support Step 4 could
be passed into a FOCUS Group for review and coraide for inclusion in a future revision
of FOCUS Step 3.

4.3.2 Probabilistic modelling

In real world settings, both exposure and effemtshéghly variable in space and time due to
chemical use patterns, environmental charactesiatid biological attributes. Therefore, it is

often informative to broaden the representatiotoxicity and exposure values from single
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"reasonable worst-case" values to distributiongatdies. In addition, there are uncertainties
associated with inputs and outcomes of the risksassent. Probabilistic approaches can be
used to quantify and express variability and/oreutainty associated with the risk
assessment. Quantification of uncertainties teigeoconfidence intervals around estimates
of risk provides greater information to the riskmager. Formal listing of uncertainties that
have not been quantified and a qualitative anabyfsiseir likely impact on the assessment
have been recommended (EFSA, 2006). The advanagedisadvantages of probabilistic
approaches for probabilistic risk assessment digi@ass have been extensively discussed and

have been summarised as follows (Hart, 2001):

Advantages of probabilistic risk assessment:

* it helps to quantify variability and uncertainty;

» it can produce outputs with more ecological meafi@g. probability and
magnitude of effects);

+ the method makes better use of all available data;

* the method identifies the most significant factowatributing to risk

» it can provide an alternative to field testing etgds focus on key
uncertainties for further study in the field

» the method promotes better science by considerirgpte possibilities

Disadvantages of probabilistic risk assessment:
» the analysis is more complex;
e it may require more data;
» the results may be difficult to communicate;
» the method can potentially lead to misleading tesul
» there is at present no agreement on what outpeitseguired or how to
interpret them;

« validation is difficult.

For the foreseeable future, deterministic methoddikely to remain the primary tool for
lower tiers of risk assessment. Probabilistic md¢hare one of the tools available at Step 4
and they should be used together with other liievidence to improve the understanding of
exposure, toxicity and resulting risk. As a genégichnique, probabilistic methods will have
application in refined exposure assessment bas€@@US Step 3 scenarios (Section 5.2)
and in assessments outside of the FOCUS scen&geofidn 5.3). The approach particularly
lends itself to use in conjunction with the outpoim landscape analysis. As well as

providing information on the variability in inpuaipameters, landscape analysis may have a
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role in assessing spatial variability in exposwaaentrations during validation of
probabilistic calculations. The extent to whickas of high risk are aggregated into ‘hot-
spots’ should be one of the outputs of any spatialysis. Results may have applications in
prioritising further work or targeting mitigatioequirements[Recommendation 10] It is
recommended that probabilistic methods can be agblas one of the approaches to
refining assessments of exposure and/or effectSep 4 and that this conclusion is equally
applicable for the aquatic and terrestrial comparénts and for fate and/or effects
componenents. Probabilistic assessments should belyaccepted when they are conducted
in an appropriate manner; further details of the nraconsiderations will be made available

in the final report of the EUFRAM project\iww.eufram.comwhich is expected to be

published in summer 2007. It is further recommendedfollow the US EPA’s general

guidance on criteria for acceptance of Monte Caissessments (US EPA, 1997)

Step 3 exposure assessment is based on simultdramsingle year, albeit that the year for
which results are reported is selected based gubfrom 20-year simulations. Surface
water exposure may be significantly influencedmjividual storm events for which the
pattern varies greatly from year to year. A simgtample of a probabilistic output would be
to run the exposure assessment for multiple yeawsder to examine the variability in
exposure over long time courses. This step mittersapproach in generating predicted
environmental concentrations for groundwater adogrtb FOCUS recommendations where
long-term (20, 40 or 60 year) simulations are uteden and the 8bpercentile annual
concentration used for the risk assessment (FOCEER). This is only an example of a
simple refinement based on probabilistic assessrreany probabilistic assessment, those
parameters which remain deterministic should bedfito appropriate values, which are

selected so as to achieve an appropriate oveigiédef conservatism in the results.

A significant amount of information on the develagamand use of probabilistic modelling
for higher-tier risk assessments as well as recardatens for interpreting and applying the
results of probabilistic assessments is availasalp ECOFRAM, 1999; Dubus et al. 2002;
2003). The EUFRAM project is supported by the pean Commission's 5th Framework
Programme and aims to improve the use of prob#bibpproaches for assessing the
environmental risks of pesticides. The projecivéedbles include a framework of guidance
for risk assessors, end-user training and netwgnkith stakeholder groups. The project is
due to report in summer 2007and details can bedfetimvww.eufram.com. Probabilistic
approaches have not been reviewed by the FOCUSstapd and Mitigation Work Group as
EUFRAM is fully addressing the role of these tecjueis within risk assessment for

pesticides.
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4.3.3 Catchment-scale modelling

The FOCUS surface water scenarios simplify the gntigs of a catchment down to a single
soil column with one crop, one set of weather ciow and one lower boundary condition.
Catchment models are designed to capture moresofahation within a catchment than a
single column will reveal, meaning that some argilde less vulnerable to leaching, runoff
or drift and others may be more vulnerable thamdoat Step 3. Climate, vegetation and soil
properties are distributed over the catchment,itaisgpossible to distribute input such as
location of fields, time of spraying and spray di8pray drift could, for example, be
modified according to occurrence of natural bufienes in the landscape and exposure of the
water body due to wind direction (i.e. the winecheg always blowing towards the water
body). A catchment modelling approach to simutatd surface runoff and erosion is clearly
advantageous, as single column models are unabestibe changes in topography and

vegetation.

Catchment models differ in complexity in the degstioin of different hydrological
compartments (see Table 2.1.3 in Volume 2). Fomgta, the computational units of erosion
models may be planes and channels, or uniform.gé@dsundwater may be simulated by
linear reservoirs or fully discretised in three dimgions (only the last method provides
enough detail to deal with solute transport inatefwater). Very importantly, the varying
conditions with respect to the lower boundary &f $bil columns are dealt with. As the upper
part of the groundwater model produces the bounciandition for the columns above, the
conditions are influenced by the general topograjtigter runs horizontally between grid
points in the groundwater model, and may accumuteli@wver areas. This particular factor
leads to considerable difference in macropore th@iween different root zone columns, as
macropore flow is induced more often in the wediezas. Drainage is also selectively
activated according to where the groundwater ochpt water table rises above drain level.
Drainage from perched water tables in clay soilg mxacerbate transport of particulates to

surface water.

Distributed modelling and catchment models havenhesed for a considerable time in the
field of hydrology. The first examples of catchrmarodels designed for use in pesticide risk
assessment are just beginning to appear. TheIDBRIA has funded production of a
catchment model for pesticide registration purpo$ke final product of the project
"Pesticides in Surface Water” is a model tool (Basf) that can be used in the registration
procedure for new pesticides (Styczen et al., 20@d3tSurf is based on models of two

existing catchments.
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As with several of the methodologies considerethieyworking group, the review of the
science indicates that catchment modelling forigest risk assessment is in its infancy.
[Recommendation 11] The group does not recommenatire inclusion of catchment
modelling into ecological risk assessment to sugpdmnnex | listing. The development of
validated catchment modeling approaches, linkedstep 3 scenarios should be addressed
as a priority to support European level regulati@nd catchment monitoring requirements
(e.g. those of the Water Framework Directivel}.is uncertain how output from catchment
models should be used for the evaluation of efféotsexample, what are the implications if
toxicity values are exceeded in only a small pathe stream system for a limited time?
Should concentrations generated in small tribusanigh only a few cm of temporary water
be evaluated in the same way as concentrationsrmgment water bodies? Nevertheless,

several recommendations are made on the use dihoatt models:

[1] As catchment modelling attempts to mimic realthe model results should be
comparable to monitoring data provided that thepeasent the agricultural practices
modelled (and not point sources). The model thagiges a means of testing
process descriptions and their interactions at#tehment level, an issue that is not
well described at present. This type of modeltag serve as a test of simulations

undertaken at higher tiers.

[2] The uncertainties and complexities associatitd gistributed catchment modelling
make it essential that monitoring data are avaslédnl calibration and/or

demonstration of predictive ability.

[3] Point source contamination makes comparisowéetn model output and chemical
monitoring data difficult. Separation of point atiffuse contamination should be

one of the key aims in generating monitoring datariodel evaluation.

[4] Work is required to further develop catchmemtdalling approaches suitable for

application within risk assessment for pesticides.

Catchment-scale assessments may be appropriatenalbdd State or regional level where
data have been generated specifically to validetepproach (e.g. scenario-based exposure
modelling with PESTSURF in Denmark). It will bepaippriate to reconsider the utility of
catchment models for European risk assessmerititdradate. Developments in the area will
be driven by any move to predict concentrationgdfarking water abstraction, although it
should be recognised that the risk assessmendsifiting water and ecology have quite

different requirements.
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4.3.4 Use of chemical monitoring data

There are significant surface water monitoring paogmes in place throughout Europe that
are designed to pick up prominent pesticides (&rriiformation on the state-of-the-art is
provided by EFSA, 2006; Section 3.3.4). Monitoriras the possibility of being a very useful
‘reality check’ on exposure predictions but cardiicult to interpret because of a wide

range of uncertainties. These include:

1. Sampling constraints — what is the spatial @angpbral resolution of the data and how

does this relate to pattern of use in space angltim

2. Representativeness — monitoring data are otikected from large streams, rivers and
lakes and this limits their application in risk @ssment focusing on exposure in ditches,

small streams and ponds.

3. Influence of point source contamination — numerstudies have shown that point
sources can account for a significant part of tiel tontamination of larger water
bodies by pesticides; again this limits applicatidthin a risk assessment considering

only contamination arising from good agriculturahgtice.

[Recommendation 12] Appropriate monitoring data fexkample compounds can provide
support for refined or higher-tier risk assessmerfesg. landscape assessments, catchment
modelling, probabilistic techniques)Design of the monitoring approach would need to
consider non-diffuse sources of entry to surfaceerga The need to establish a causal
relationship between use and occurrence in watéatdis that highly specific monitoring will
be required. Monitoring is normally a post-registma procedure, but where monitoring is
possible then data meeting all quality criteria aalected at the appropriate temporal and

spatial resolution should be given a prominenttposin the tiered assessment.

As monitoring data become available, it would befulsto compare these with the values
generated by the FOCUS surface water tools. Thgadason of FOCUS Step 3 results with
chemical monitoring data is not straight-forwarddngse of the broad, representative nature
of the scenarios. Monitoring data should be coe#n model results from runs that are

parameterised to the local conditions.
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5 METHODS AND DATA FOR DESCRIBING AGRICULTURAL
LANDSCAPES

5.1 Introduction

Over the last decade, there have been substaatialghments in the methods and data that
are available for quantitatively describing theiagtural landscape. Technical advances and
availability of remote sensing data (both from kié@éeand aerial imaging) for measuring
land-use, land-cover (LU/LC) and accessibility igitd| geographical datasets (e.qg.
hydrology, slopes, soils, etc) means that analysesring large areas of land are increasingly
feasible. Many of these analyses are being impiéoevia the use of geographical
information systems (GIS) that enable the spat@at@ssing of such large data sets. GIS are a
collection of tools that can be used in many antedavays to provide an analysis of the
landscape. The availability of landscape leveh@diows the refinement of Step 3
parameters by providing more realistic/appropré#te for re-running Step 3 models at Step
4. In addition, appropriate use of landscape datealso provide supplementary information
for exposure assessment that is not directly tiexpecific model parameters, yet may help to
gain a broader understanding of exposure in thaslzape to address specific issues arising
from Step 3 modelling. Finally, landscape analis&n integral part of Step 4 assessment
outside of the current Step 3 scenarios, as lapddeael information may be required for the

development of new scenarios, probabilistic modg]land catchment-scale modelling.

As part of its remit, the Work Group was askedeiew the science base for landscape
analyses and the potential for implementation @pSt exposure assessments. This chapter
provides a summary of the findings and recommeadatdf the Landscape Analysis
Subgroup. The chapter deals principally with trethrads and data applicable for
characterizing the agricultural landscape. Furiti@rmation on the use of such data to
refine models at Step 4 is included in Chapter Yatime 2. While attempts have been
made to compile a broad cross-section of spatj@lagehes, the scope of this task is large,
and the reader should also refer to the literaaeongoing conference proceedings for

information on additional approaches.

5.2 Problem formulation, site selection and units o f analysis

As with all components of higher-tier risk assesstsiedeveloping a suitable problem

formulation is a crucial step (see Section 3.1he @ppropriateness of the data and/or
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approaches used will depend on the objective ofiskeassessmenfRecommendation 13]
When using landscape analysis to support higher-tssessments, a full justification
should be provided for the approach used to generahd analyse data and of subsequent

use in modelling.

The process of selecting an appropriate area fmmaation is crucial to the understanding,
interpretation, and scope of the results of thangration. This “site selection” process
should be considered carefully prior to the initiatof any specific analyses at the landscape
level.. The aim of the site selection is to pickaaiea/region for study that is consistent with
the objectives of the risk assessment. This peoatlsnormally begin at the EU level, with
refinements progressing through national, regianal local considerations. An example of
how such a process would be conducted is includégpendix 4 of this report (Valencia,
citrus example) [Recommendation 14] The rationale and justificatidor the site selection

should be thoroughly documented.

An inherent part of the problem formulation stepoislecide upon the ‘unit of analysis’ for
use in the study. The unit of analysis is thatiapteature to be examined as either a
contributor or receiver of potential exposure. Sarface water risk assessments, this could
be either the water body (as that unit receivinigpiial exposure and which should be
evaluated), or the agricultural field (as that waibtributing potential exposure, with possible
mitigation). Other approaches include the analgbisatchment areas, grid cells, and even
individual water body segments. For drift studibg, units may be defined mainly on
parameters such as distance and size, while foffrand drainage, factors affecting the
hydrology will be more important for the definitiaf appropriate units. A variety of
approaches are valid/appropriate for specific pseppand all should be considered for the
specific application. Data requirements and albdity, scale, level of GIS complexity and
processing time required are all considerationsshauld be taken into account. Further
details concerning approaches to the various ohiésalysis can be found in Volume 2,
Section 2.3.1.

5.3 Refining Step 3 model parameters using landscap e information

The appropriate landscape factors to assess widlrdkon the issues identified in the problem
formulation phase. A range of landscape factarslie used in the refinement of an
exposure assessment. Examples are summarisetlsmdand Table 10 below, together

with an estimate of the level of confidence, comitjeand data availability for conducting

the analysis.
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Table 9. Example landscape factors with potential f

at the field scale

or use in refining the exposure assessment

adsorbtion effects of
macrophytes

Exposure Modelling Landscape factor Data Ease of ]Applicability to
component parameter availability® preparationb exposure
assessment’
All Cropping density Cropping density Medium High High
Drift Buffer width Buffer width / crop-water body Medium Medium High
distance
Drift Mitigation of no- Crop-water body distance Medium Medium High
spray buffer imposing a no-spray zone
Drift Interception Buffer composition — filter effect Medium Medium High
of intervening vegetation
Drift Wind direction Wind direction Medium Medium Medium
Drift Wind speed Wind speed Medium Medium Low
Drift Mitigation of no- Filter effect of intervening crop Medium Medium Low
spray buffer
Runoff Soil properties Soil properties under crop, or Medium Medium High
between crop & water
Runoff Climate Weather data Medium Medium High
Runoff Buffer width Buffer width / crop-water body Medium Medium Medium
distance
Runoff Interception Buffer composition — filter effect Medium Medium Medium
of intervening vegetation
Runoff Slope Elevation / Slope Medium Medium Medium
Runoff Land management Land management practice Low Medium Medium
factor
Drainage Climate Weather data Medium Medium High
Drainage Soil properties Soil properties under crop Medium Medium High
Drainage Drainage density Presence and density of drain Low Medium High
tile
Loadings to Proportion of Cropping density Medium High High
surface water | catchment cropped
from upstream
Loadings to Upstream feeding Catchment area Medium Medium Medium
surface water area
from upstream
Loadings to Proportion of crop Proportion of crop treated at a Low Medium Medium
surface water treated single point in time (application
from upstream window)
Aquatic system Water body Distribution of water body types / Low High High
dimensions sizes
Aquatic system Hydrology Flow, dilution, permanence Low Low High
Aquatic system Ecology Interception (filter) and Low Low Medium

a,b,c

For key see below Table 10
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Table 10. Example landscape factors used as suppor

assessment

ting information for higher tier exposure

of potential
exposure

and greater areas/catchments/water bodies
to show density of exposure and potential
for mitigating effects and ecological
relevance (dilution, re-colonisation, etc.)

Landscape Factor Supporting information Data Ease of ]Applicability to
availability® preparationb exposure
assessment’
Cropping density Describes overall cropping density and High High High
distribution
Surface water Describes overall water body types and Low High High
characterisation distribution
Potentially exposed | Describes the proportion of all water bodies Medium High High
water bodies that may potentially be exposed to crop
within a specific distance
Amount of crop that Describes the amount of the total cropped Medium High High
does not expose area that is located beyond a specific
surface water distance from water
Crop variation Describes the variability in crops (level of Low Medium Medium
monoculture), to assess the potential for
simultaneous treatment
Field size variation Infer the potential for crop homogeneity Medium High Low
from field size, as well as potential for
simultaneous treatment
Spatial distribution Describes the relative exposure of lesser Medium Medium High

a Data availability: A summary of data availability, accessibility, cost for these types of data in general
across the EU. More readily available or detailed data sets may be available for certain regions or

Member States.

b  Ease of preparation: A summary of the level of complexity/processing, combined with appropriate
knowledge, to generate the relevant modelling parameters from source data.

¢ Applicability to exposure assessment: An overall judgment on the applicability of utilizing spatial
data to generate relevant landscape factors for improving exposure assessment at the field scale.
This column is not meant to describe the relative significance of the modelling parameter to final

exposure estimates.

The tables above (and the corresponding text itidde2.3 of Volume 2) present a general
overview of the types of landscape factors thatlmapplied to Step 4 modelling, but do not

stipulate that specific data sets or methods bé. uSace the use of landscape-level

information at Step 4 is currently a rapidly evalyiprocess, a single set of metrics and

methodologies cannot be presented as a definigitvef~OCUS approved approaches.

[Recommendation 15] For complete understanding anansparency, when GIS and

landscape-level information are used at Step 4harbugh description of the GIS data,

processing and methodology should be presentediéreport so that the reader can

properly evaluate the process and the resulfsrecommendation for research requirements

53




g A W N P

10
11
12
13
14
15
16

17

18
19
20
21
22
23
24
25
26
27
28
29
30

(Chapter 8 of this document) proposes that a futtmdk group develop more defined
guidelines for the appropriate use/scale of spdttd, spatial processing of the landscape
data, and suggested methods to be used for gemeddtiandscape factors and exposure
estimates. The aim of this is to promote consistén future exposure assessments that

utilise landscape-level information.

5.4  Data Availability

One of the current issues with implementing a pregie selection process and developing
refined landscape factors for Step 4 analysesispidn-EU data are not readily available for
certain crucial data layers (e.g. climate and higdyy). While Member State level data sets
do exist in many cases, lack of consistency, samatecontent preclude the use of a combined
version of these data sets for most trans-EU agipdies. A discussion of existing EU-wide

data sets is included in Volume 2, Section 2.4 )evdinon-exhaustive list of national level

data sources compiled for the FOCUS process cémulpel at_http://viso.ei.jrc.it/focus
Please note that data sources and available datatemge over time, and the list presented
represents only a portion of the currently avadahbformation. It should be used as a starting

point for more detailed data research.

5.5 Relating a landscape analysis to a larger area  (context setting)

It is important to understand how an analysis pédicular agricultural landscape (selected
for specific crop, environmental or other factaedates to the broader EU context,
particularly if such an analysis is used in the &xA registration process to demonstrate a
safe use. While the scenarios selected by the FD®Wface Water Scenarios workgroup are
representative of large areas of the EU, the pasaisation of the scenarios uses some broad
characterisations of parameters. If these paramate refined based on landscape-level
spatial information, it is critical to be able tlape the refined spatial information (and derived
results) into a broader contefRecommendation 16] If not well documented in thiges
selection process, an appropriate EU-wide examioatshould be conducted to set the
results for the site/region that has been examiriath a broader context Several methods
have been developed to conduct this type of arsa({gsie Volume 2, Section 2.3.5), and the
majority of data sets are also available, with scaeats (e.g. hydrology, climate and sail

data at appropriate scales).
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5.6 Other General Discussion Points

In order to provide confidence in the results afdscape-level studies, some selected
monitoring (chemical and/or biological) may be negtb confirm the risk assessment (e.g.
with example compounds). Such studies would a¢smlrio consider non-diffuse source

entry.

One advantage of the landscape analysis appro#eétis can produce distributions of
factors contributing to exposure (e.g. soil propsrtbuffer widths, cropping density, etc.) and
distributions of potential exposure concentratiessmated for the unit of analysis (e.g. water
body, catchment area, etc.). This clearly hasntialeapplications in probabilistic risk

assessment.

Landscape analysis and spatial tools are impoftacatchment-scale modelling in order to

characterise catchments (and their variability)dotential exposure factors.

Landscape analysis also allows the developmentapikrof potential risk (or exposure), i.e.
maps that show the spatial distribution of conedittn (measured, predicted or a
combination of the two), allowing potential ‘hotetp’ to be identified. This approach may
have applications in the development of spatiaiffecentiated mitigation approaches in the
future, as well as the ability to spatially relateas of greater/lesser exposure to ecological

information to better understand potential riskhia agricultural landscape.

A landscape analysis allows the description ofdiacthat influence exposure that are not
currently included in the Step 3 models (e.g. \alitgt of exposure within a water body,
directional component of drift, etc.). It may baspible to build these factors into the models
in the future as additional landscape analyses@rducted. Recent efforts in this area have
focused on refining spray drift inputs. Future kwehould put more emphasis on input
refinement and ways to include parameter variatitmestimates of exposure via drainage

and runoff.
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6 ECOLOGICAL CONSIDERATIONS IN LANDSCAPE ASSESSMENT S

6.1 Introduction

Directive 91/414/EEC requires that “risks of ungiteble effects for the environment are
assessed” before any authorisation of a produgtisted. It is further stated that “since the
evaluation is based on a limited number of repriegiee species, it shall be ensured that use
of a plant protection product does not have ang tenm repercussions for the abundance and
diversity of non-target species”. In order to mieise environmental requirements, risk
assessment is commonly based on “worst case” dciiyoand exposure assumptions and on

the use of safety factors.

As with exposure assessment, the current approaeffieicts assessment under 91/414/EEC
follows a tiered approach (SANCO 3268 rev. 3, 200®)the lower tiers, acute and chronic
laboratory toxicity tests with standard speciesh(finvertebrates and aquatic plants) are
conducted to determine the concentrations of thieeasubstance and a representative
formulated product that cause lethal and, whereagpate, sublethal effects. These are then
compared to exposure concentrations from FOCUSsStep and 3 in an iterative process
(Figure 3). In practice, results from lower-tiefeets assessments could be compared to either
Step 1-3 or Step 4 exposure calculations and signilasults from higher tier effects

assessments could be compared to either Step S{&p# exposure calculations.

Whilst recognising that there are already well4dedi options for conducting higher-tier
ecotoxicity studies (SANCO, 2002), the FOCUS swefaaters scenarios group
recommended that at higher tiers, all of the opstitlam effects and exposure refinement along
with mitigation options should be considered inesrtb select the most appropriate path for
further risk refinement at Step 4. Consequensypart of the remit of the Work Group, a
subgroup was established to discuss whether there farther possibilities for incorporating

ecological considerations into Step 4 assessments.
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Figure 3. Overview of the Aquatic Risk Assessment Process Subsequent to the
Recommendations of the FOCUS surface water scenarios report and EU Aquatic Ecotoxicology
Guidance Document (SANCO/3268/2001 rev. 4 (final)).

NB In practice, results from higher-tier effects assessments could be compared to Step 1-3
calculations, and similarly results from Step 4 exposure calculations could be compared to
lower-tier effects assessments
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During the course of its discussions, the Ecologlggsoup identified a number of key areas
where ecological and ecotoxicological consideratioould provide opportunities for refined

risk assessment at Step 4. These were categartsesl number of topic areas, namely:

1. Definition of the ecological characteristics of theurface water scenariosThe
FOCUS Surface Water Scenarios identify three tgegater bodies (ditches,
streams and ponds) across the ten EU scenariob wtwer a range of climates and
soil types (in total fifteen different water bodiePue to differences in local
conditions (abiotic and biotic factors) and biogeqmiical considerations (the
distribution of species), the ecological compositbf these water bodies is likely to
vary. These ecological differences could be ueatifferentiate the water bodies, for
example by defining and grouping assemblages afrasgs (e.g. according to their
ecological traits) for each scenario/water-body lsiration. Such information could
potentially be useful in further refining effectssassments, or in implementing
suitable mitigation options. Furthermore, thesmldactors could influence toxicity
either through interaction with the toxicant, araihigh the influence of multiple

stressors or toxicants. Defining the ecologicarabteristics of the water bodies
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could also help to refine exposure assessmentschyding biotic (e.g. macrophytes)

and abiotic (e.g. pH) factors that may influencstioide fate.

2. Relating the exposure profile at Step 3 to potehfi@ effects Most lower-tier
effects studies are conducted with maintained axgosoncentrations. The Step 3
scenarios produce concentration profiles that @ap substantially with time. The
group considered the potential options for inclgdsnch varying exposure profiles in

higher-tier risk assessments.

3. Factors influencing recovery Moving to the landscape level gives further omsi
for considering recovery both from within the watbexdy of concern (‘internal
recovery’) and also from neighbouring water bodiesternal recovery’) through

considering dispersal mechanisms.

These points are elaborated below and, where pess#icommendations for future work
have been made. SETAC (2005) summarises curremtl&dge on the effects of pesticides
in the field.

6.2  Definition of the ecological characteristics of the surface water

scenarios

6.2.1 Factors that influence community composition

At present under 91/414/EEC, risks to aquatic agyas are assessed using representative
sensitive species from different trophic levelsl&dermine the potential for effects from
pesticide exposure. Uncertainty factors are thgatied to account for potential differences in
sensitivity between the standard test organismgtandange of species found in the
environment (see Figure 3). This approach hasrgiynéeen shown to be protective of
effects observed in field (microcosm/mesocosm)istu(Brock et al., 2000 a &b). As the

risk assessment is progressively refined, spedidisi@nal to the standard organisms are also
tested (either in laboratory or field studies).sTtéduces uncertainty associated with
variability in inter-species sensitivity, and allew re-evaluation of the uncertainty factor on a
case-by-case basis (Campbell et al., 1998; EFS252@R006b).

One issue that has been discussed frequently idethelopment of higher-tier effects
assessment is that at present there is no cleaitief of the communities that are the
intended protection target under 91/414 (see fangte Gidding®t al, 2002). This means

that it can be difficult to determine how applicalalre data from single species testing or
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micro/mesocosm studies to the range of water badasccur across the EU. Nonetheless,
reviews of mesocosm data from different latituded ia different types of systems have
generally indicated that effects thresholds arerofiimilar, irrespective of the study location
or system type (Giddingt al, 2002). However, it seems likely that significandbgress in
the application of higher-tier data could be ackikif the assemblages of organisms that
occur in different surface waters across the Elevbetter defined. Any consideration of
protection targets needs to consider the ongoisigudsions concerning the relationship
between 91/414/EEC and the Water Framework Directiv

Understanding the relationship between environmamdisorganisms is a basic aim of

ecology. In the freshwater sciences, substargsdarch efforts have been conducted over the

last three decades into the factors that deterspeeies composition in surface waters (often
as a result of the need to compare data from bidbgionitoring programmes with that
which would be expected under reference conditio@s)e of the fundamental concepts that
has emerged is that habitat type tends to deterthnenbiological traits of organisms (and
hence species) that live in them (the habitat tetrgol template theory of Southwood, 1977).
A number of studies have demonstrated links betwleespecies present and factors such as
flow and substrate types (Statzner et al., 199WnBend et al., 1997). These have indicated
that if the local habitat conditions are known rthiee likely life-history attributes of
organisms living there can be predicted, and wiffident biogeographical information,

likely species composition can be assigned to thembody.

A number of predictive models and tools have alenbdeveloped. Examples include,
MOVE for aquatic vascular plants (cf. BakkenesletZz®02); RISTORI for aquatic
macrofauna in the Netherlands (Durand and Pe&@@§), Verdonschot et al., 2003);
RIVPACS for macroinvertebrates in the UK (Wrightaét 2000); AQEM (www.agem.com)
for riverine macroinvertebrates; PSYM for pondshe UK
(http://www.brookes.ac.uk/pondaction/PSYM2.htm)asimiverine fish (Mastrorillo et al.,
1999); plants and macroinvertebrates in ditchesasts, ponds and rivers in agricultural

areas (Biggs et al., 2007) and lllies’ classifioatof European limnofauna (lllies, 1978).

Further work is also currently underway to devedaph approaches under the EU Water
Framework Directive (e.g. the StaR — StandardisaticRiver Classification Project
www.eu-star.at). It is clear that for many aquatiganisms, data and models are available
currently or will be in the near future. Broad angsm assemblage scenarios could first be
derived for the different types of water body (podidch and stream) and then further
development could generate assemblages for tieefiifturface water body / scenario

combinations derived for the FOCUS surface watenatos at Step JRecommendation
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17] It is therefore recommended that in the futureg¢ological scenarios are further
developed to accompany the fate scenarios at Stepng work would need to be
accompanied by a consideration of use within regualiey practice and clear demonstration
of the area and/or environmental conditions for wdfi a particular scenario is

representative.

Developing an ecological component to the surfaaeemscenarios could be used in assessing
and planning options to refine the risk assessmemigher tiers. ldentification of the taxa
typically associated with the scenarios allows @iynement to focus on those organisms that
are likely to be of concern. This could assigh@ interpretation of existing data (e.g. by
examining the sensitivity of those taxa presenbtarpreting micro/mesocosm studies), and
could also guide the development of new approashels as ecological modelling (e.g. by
using information on the life-history of such orgams to both refine the effects assessment

and to make some forecasts of likely recovery riiten any effects — see below).

More details concerning the factors that influeti@ecomposition of aquatic communities in
the landscape can be found in Volume 2 (Sectioh 32 the many variables that influence
the diversity of aquatic ecosystems, perhaps thddaors are biogeographical location, flow
regime, and substrate type. With this sort ofrimfation, even if empirical methods are not
available, it is usually possible for the expamnblogist to predict the taxa that will be
present. Based on the properties of the fifteatembody / scenario combinations in the
surface water scenarios, it therefore seems litkelyit would be possible to begin to define
ecological assemblages. The level of detail thatldvbe achievable would vary among
taxonomic groups and types of water body. For gtepfior macroinvertebrates and
macrophytes, there are probably sufficient dataifoall streams and ditches to generate such
ecological scenarios, but data are somewhat muiteti for ponds. A preliminary summary
table of likely data availability and feasibility collecting data for the different water body

types and certain taxonomic groups is shown ind afl

Table 11: Indication of data availability and feas ibility of collection for different
taxonomic groups in different water bodies — these are very broad
generalisations. Information tends to be very patc hily distributed.

Taxonomic group Pond Ditch Stream
Availability Feasibility | Availability | Feasibility | Availability | Feasibility
Fish Poor/moderate Low Moderate Moderate High High
Macroinvertebrates Moderate High Moderate High High High
Zooplankton Poor High Moderate High n.a. n.a.
Macrophytes Moderate High Moderate High Moderate High
Phytoplankton Poor Moderate Moderate Moderate n.a. n.a.

n.a. = not applicable
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It should be noted however that data availabiétyds to be patchy in the different Member
States and water body types. In order to devélegtological scenarios, it would be
necessary to establish a group of expert limnolsdiem the various regions of Europe, and
perhaps an extended network of European expertofmultation and checking (e.g. via a
distributed network as proposed by the Freshwdteproject www.freshwaterlife.org). It is
envisaged that such a task would be comparablesie and effort to the development of the
FOCUS surface water Step 3 fate modelling scenéaibeit without the need for modelling
software development). Whilst recognizing thahgaing detailed species-level information
might be difficult, a useful initial step would be define broadly the sorts of organisms that
would be associated with the various water bodiesl@w level of taxonomic resolution.
This task could potentially overlap substantialighwhe activities being carried out under the
Water Framework Directive to classify surface waiarthe EU, and potential synergies with

these efforts should be explored.

6.2.2 Ecology of temporary or ephemeral water bodies

Assessment of temporary or ephemeral water bodissdigcussed by the Ecology subgroup.
The fifteen water body / scenario combinations eissed with the FOCUS surface water
scenarios were established as permanent waterso@diaccommodate the current risk
assessment paradigm under 91/414/EEC) with a mmiahepth that is maintained by base
flow and/or a weir. It was acknowledged that terapp or ephemeral water bodies are often
important in agricultural areas: in the north ofr@pe, drainage ditches often dry out during
summer months, and in much of southern Europbualihe largest, unregulated surface
waters are ephemeral, only filling during stormrégeor from seasonal rains. These sorts of
water bodies contain communities that are quitieciht to those of permanent water as they
are highly adapted to the changing conditions. yTdfeen include resilient species with
relatively short life-cycles, high mobility and/desiccation-resistant resting stages (so-called
‘r strategists’) that are able to exploit the higimporal variability in conditions. These types
of organisms tend to be more resistant to a vagetysturbances (both physical and
chemical) than organisms that are more closelyceessal with permanent waters (e.g.
Townsend et al., 1997]JRecommendation 18] Further work is recommended to
differentiate the ecology of ephemeral water bodiesn that of permanent watersThis
would provide further options for the developmehtisk mitigation measures based on the
protection targetln the UK, such approaches have already been atlopteder the LERAP
(Local Environmental Risk Assessment of Pesticidebeme, buffer zone requirements for
dry ditches were differentiated from those for kigs holding water at the time of spraying —

further information can be found at www.pesticides.uk/farmers/leraps.htm.
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6.2.3 Factors that affect toxicity — abiotic and biotic

An additional use of ecological scenarios woulddeonsider the potential influence of the
biotic and abiotic properties of the water bodyttoam expression of the toxicity of the
pesticide. A detailed review has been conducteabaftic factors such as pH, dissolved
oxygen, and temperature that influence the respoihaguatic organisms to chemical
stressors (see Volume 2 Section 3.3.1). Theserfagtay act either directly, e.g. on species’
metabolism or reproduction rate, or indirectly hessathey may influence the bioavailability
of chemicals to organisms. Generally, standardritbry studies are performed under
conditions where the bioavailability of the chenhisamaximised as far as possible, and tests
are performed on neonates and juveniles, whickyareally more sensitive than later life
stages. Consequently, the abiotic and biotic fadtmat prevail in the field may well
ameliorate the effects of certain chemicals (farmple, the co-occurrence of sensitive life
stages and exposure to pesticide should be estatb)is These factors can be included in
higher-tier studies, particularly outdoor micro-mesocosm studie§Recommendation 19]
For this reason, when establishing ecological scepa, it is recommended that typical

physical and chemical characteristics are included

Biotic factors such as density dependence (iraitditions of resource and competition) and
predation can be an important influence on theceffeesulting from pesticide exposure. A
number of studies have reviewed these factors\(ekeme 2 Section 3.3.3). At this time, the
science is not well enough established to allovegairecommendations to be made as to
how such factors could be included in a systemeaig. Biotic interactions are included in
multispecies studies such as microcosms and masscbsit these studies are point estimates
that cannot represent the spatial and temporatiamiin biotic factors. Further research

should examine these interactions.

6.2.4 Ecological factors that could influence exposure calculations

[Recommendation 20] It is recommended that whereetishing ecological scenarios, due
attention is given to defining those ecological facs that may also influence fate processes.
The Step 3 scenarios deliberately excluded ecabactors such as macrophytes that may
have a significant influence on the fate of thensioal and indicated that such factors could
be considered at Step 4. Aquatic macrophytes cftemprise a significant component of the
biomass in aquatic ecosystems. Not only is thigoitant from a structural perspective in
relation to providing food sources and substrate®fganisms, but macrophytes can have a

substantial influence on the dissipation and deggiand of pesticides (see for example Crum
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et al, 1999; Hancbt al, 2001). Perhaps a future development should keedluate more
routinely how aquatic plants influence the dissgratind degradation of pesticides in surface
waters, and to include these factors in the exgoswdelling (this can be done in TOXSWA
already).

In addition, no account is taken currently of thifuience of riparian vegetation on the
exposure of surface waters. Riparian and aquagetation can intercept spray drift and
significantly reduce inputs (e.g. de Snoo, 2008ych parameters could also be readily built

into future refinements of the scenarios.

6.3  Relating the exposure profile at Step 3 to pote  ntial for effects

One key consideration in refining a lower-tier dipiask assessment is to evaluate how the
maintained exposure in standard studies relatéseteariable exposure predicted under field
conditions. Although the standard tests are woaise, and appropriate in that respect at the
lower tiers, they do little to assist in our fundantal understanding of the toxicokinetics of a
compound because they are expressed as the ambieentration (EC/LC50s and NOECs
are expressed as the concentration in the wataddment phases), rather than the
concentration in the organism that elicits the @ffaVhilst in the past, modified exposure
studies have been developed to explore these pleragriiese have generally been relatively
simple studies that follow a simple dissipationvelreither through the addition of sediment
to the test system or through the use of variabséng) systems (see DG SANCO, 2002,
Campbell et al., 1998). In the future, such stsidimy be much more complex to perform
due to the technical difficulties of simulating 8avarying exposure profile at Step 3 in
laboratory studies. Also, there may be severabsuge profiles generated at Step 3 making
the issue more difficult to tackle empirically. réview of this subject by Reinert et al. (2002)

provides some useful discussion and recommendations

Modelling approaches based on toxicokinetics argtdalynamics have been developed and
combine the dissipation characteristics of the compl with its uptake, distribution,
metabolism and excretion (Section 3.3.3.4 of Vol@heThese models may allow the
potential for effects to be estimated over a walege of exposure conditions, including
evaluating the potential impact of multiple exp@speaks. However, a wider evaluation of
available models is required before use within i&iguy procedures can be considered.
[Recommendation 21] Further development of the ascience, experimental options and

modelling in this area is recommended
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6.4  Factors influencing recovery

Discussions concerning recovery were subdividealtinb categories: recovery from within
the water body of concern (‘internal recovery’) aadovery from neighbouring water bodies
(‘external recovery’) considering dispersal mecbars. Dispersal can be active (e.g. by
flying or crawling) or passive (mediated by othegamisms and water- or wind-borne
transport of propagules). At present, only limitisda on such processes are available in the

literature. A detailed discussion of the two prassscan be found in Volume 2, Section 3.5.2.

Over recent years, several models for predictiteyimal recovery rates have been developed,
and both HARAP and CLASSIC identified these appheacas potentially useful for higher-
tier risk assessment, although still requiring gigant development work. Methods for
guantifying population recovery rates have receipdign discussed by Barnthouse (2004), and
a SETAC Pellston workshop in 2003 extensively negig population-level approaches in
ecological risk assessment, including discussiahexxamples of potential modelling
approaches (publication in preparation). Furttseful information and guidance can be
found in these publications. Generally, the usmofielling approaches should be considered

on a case-by-case basis, and is not particulargnalyie to specific guidance at this stage.

One of the problems with population modelling iattbften the life-history data that are
required to parameterise the models are not readdilable. One approach that has been
suggested to overcome this is the use of modelssivtplified life-history scenarios (Calow
et al, 1997). Such an approach may constitute a uefutier, especially for exploring
those types of life history that may be vulnerabla particular pesticide. Where reasonable
amounts of life-history data are available, indiaattbased models can be developed for a
specific organism to estimate recovery rates uadange of conditions. However, in the
future in order to improve the potential for the ws$ population models, efforts should be
made to collect life-history data. A number ofjpats are currently aiming to do this,
including the FreshwaterLife project (www. Freshevhte.org) and the UK PSD
WEBFRAM project. [Recommendation 22] It is recommended that reseaitio these

approaches is supported and continued in the future

External recovery has so far received much lessitadih than internal recovery, although it is
acknowledged to be an important process. Relstlitde work has been carried out into the
development of meta-population models, althoughhberetical constructs have been
developed (Wiens, 1997). There are also relatifeydata concerning the dispersal of
aquatic organisms through the landscape, althoeggarch interest in this area is growing
(e.g. Konrad et al., 1999; Bilton et al., 2001;d&at al, 2003). Such approaches may prove
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useful for landscape level assessments in theefulut further work is needed to develop
practical tools. Any assessment would clearly neetEmonstrate the presence of

unimpacted systems able to act as sources foromisation.
6.5 Ecological effects of mixtures of pesticides.

An additional point of discussion arose duringtberse of the Working Group’s meetings.
There may be the potential for organisms to be seg@do a range of toxicants and this
becomes particular pertinent when dealing with aiskessment at the catchment level. A
review of the different models of mixture toxicltyas been conducted (see Volume 2, Section
3.3.2). As a starting point, the concept of conegion addition is a conservative means of
estimating mixture toxicity (except where synerggurs). However, one of the problems
facing the implementation of such approaches igaitgee number of permutations of mixture
combinations and concentrations. This means thgleimenting such approaches into the
pesticide registration procedure would not be gasihieved. A recent semi-field study in
the Netherlands has investigated the effects a@h ditesocosms of the combinations of
products typically used in a Dutch potato crop ¢&ttal, in prep). The results indicated that
assessments of effects of individual compounds werdictive of the effects seen when a
range of compounds were applied to the systemestigg that the current risk assessment
scheme based on individual substances is probabigqgtive. Nevertheless, further research
is needed to obtain a comprehensive review of frajghct of multiple stressors. Results of
this research can then be discussed within theegbaf the level of protection attained at the

different levels of refinement of the risk assessime
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7 RECOMMENDATIONS FOR FURTHER WORK

Recommendations for implementation and further worleach of the subgroup discussions
are included in the summary (Volume 1) and detasetinical (Volume 2) reports. In its
consideration of the state of development and piadenture use of the landscape and
mitigation approaches at Step 4, the Working Groape the following over-arching

recommendations for prioritising future work:

[Recommendation 23] A new working group should bensidered to further improve
landscape analysis, modelling and mitigation appob&s There is a need to harmonise
methods for producing spray drift data and to dgvélarmonised spray drift models, and an
urgent need for more work on drainage and rundffere is also a need to formalise the
generation of landscape factors for consistencwedlsas the appropriate scale to use for
these analyses. This group could also contributeg¢apgrading of the existing FOCUS
surface water tools to facilitate Step 4 calculaioKey research needs to support the

activities of this group would be:

» Research into mitigating exposure via drainflowr{joalarly restrictions based on
soil vulnerability) and surface runoff (influenceamnservation tillage, lateral

transfer beneath vegetated buffers, modelling);

* Consideration of process-based modelling of spriiy(thcluding the influence of

formulation and crop structure);

» Consideration of mitigation for atmospheric degositreflecting any

recommendations on this topic from the FOCUS augr

» Generic research to support dissemination of mitgaapproaches and uptake by

end users;

» Additional general and model-specific research meoendations for further
developing surface water exposure models were Iinathe FOCUS surface water
report (FOCUS 2002);

* The proactive development of a set of landscapetieformation related to
specific crop/climate/exposure regimélhis may include a set of landscape-level
data for use in refinement of Step 3 scenariosedisas additional data suitable for

the implementation of catchment level modellingtoprovide input distributions
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for probabilistic modelling approaches. The emhasuld again be on
improving risk assessment at the edge-of-fieldhaalgh possibilities for assessment

at the catchment scale should be further explored.

[Recommendation 24] A new working group should kensidered to develop the ecological
characteristics of the FOCUS surface water scenarior use in higher-tier exposure
modelling and effects assessments. It is antiegottat such a group would need to be
similar to the FOCUS surface water scenarios gimouerms of size and scope. Key research

needs to support the activities of this group wddd

* The development of a process for collecting, compiand categorising ecological
data for surface waters (there is clear overlap héth activities under the Water
Framework Directive). This could start with a dietz review of the available

literature;

» Further work to clarify the influence of interaat®of ecological factors and
observed effects (e.g. the role of density depecelesverlap between
ecoregions/habitats, predator-prey interactiongiremmental stressors). Further

detailed review of the literature should be perfedmn

* Research into the influence of dispersal and ragoweletapopulation models
would need to be developed to support this, ane:tiveuld be a need to collate

available life-history data;

» Further work to develop toxicokinetic models foewongside FOCUS exposure

profiles.

[Recommendation 25] Whilst the work presented hies focused on aquatic systems,
many of the methods and approaches may be trandfkr#o the terrestrial compartment.
Nevertheless, complementary approaches should heldged for terrestrial systems in the
future. Lower-tier terrestrial exposure assessment habe®en addressed via FOCUS and it
would be essential to build on existing guidancg evethods developed under other

initiatives.
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Al ILLUSTRATION OF A POSSIBLE APPROACH TO IDENTIFIC ATION

OF NEW SCENARIO LOCATIONS AT STEP 4
The example below describes one possible approadentifying a new scenario location at
step 4. It is intended to be illustrative and is intended to be prescriptive. A detailed
opinion of the illustration is available from PPE(6), and this also includes suggestions for
an alternative approach that should be considezmtdoembarking on development of a new

scenario location.

The aim of the FOCUS Surface Water Scenarios warlipgwas to develop a limited number
of “realistic worst-case” surface water scenarasStep 3 simulations, that were broadly
representative of agriculture in major agricultypadduction areas of the EU. For that

purpose six drainage and four runoff scenarioscombinations of soil and climate

properties, were identified that integrate a réalisombination of worst-case characteristics
for runoff and drainage losses. After selectiosa#nario areas, representative field sites were
selected, which should exhibit the defined scenggracteristics. In most cases the field

sites were chosen because extensive monitoringrdatavailable to facilitate model
parameterisation and possible future validatiodie&) however some scenarios (e.g. D5 and
D6) represent educated guesses based on expezhjedgwithout previous calibration

against experimental data.

In order to limit the number of simulation runsStep 3 to a manageable size, the defined
surface water scenarios are used to simulate fakstpplications to 23 crops, which were
assigned to each site according to the probalsifigccurrence in the respective agricultural

region.

In summary the FOCUS surface water scenarios repretandard scenarios that can be used
for the purpose of EU Annex | listing since theflaet realistic and vulnerable use

conditions. Nevertheless a potential issue isyikelarise for more precise surface water
assessments at Step 4: Do the scenarios repressiistic range of PECsw for a specific

compound within its typical area of use?

If in the course of a risk assessment it becomemaob that a particular use is not well
represented by any of the FOCUS surface water sosné might be appropriate to identify
those environmental settings in which the risksiarface water exposure associated with this
use pattern is highest. The goal is to supplentenbésic set of FOCUS scenarios to provide
a range of PECsw for a particular compound at &tép order to ensure consistency with

Steps 1-3 it is recommended to follow a proceduat is close to the methods applied to
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identify the locations of the original Step 3 sa@msa The following section gives an example
of how vulnerable environmental settings can batifled for crops that are currently not

well represented in FOCUS surface water scendxo that it was only attempted to

provide a general guidance about the identificatibnew scenario areas in Stepytmeans

of GIS methods. In this chapter it was not intentdedrovide recommendations about

alternative modelling approaches that differ fréva philosophy of FOCUS Step 3 scenarios

and that might be relevant in the assessment oé sp&ciality crops (e.g. fundamental
changes of cropping parameters, size and charstatsrof upstream area etc.). Furthermore,
new crop-specific scenarios should not substitkigtiag surface water scenarios in Step 3

runs but could be used to refine the assessm&tept4.

To illustrate the recommended procedure for idgmigf candidate regions for a refined
surface water assessment, an imaginary use irsdiae been chosen. It is therefore assumed
that an aquatic risk assessment is undertakerofopound X, which is proposed for use on

olives with Spain and Italy as the most importaatkets.

Al.1 Existing FOCUS step 3 scenarios

Two locations were identified by the FOCUSsw Gragmppropriate for assessment of
olives at Step 3. A location in southern France) (R4herefore used for runoff simulations. A
location in Greece (D6) is used to simulate dragnagses in Step 3. Both sites exhibit
agronomic conditions that are realistic for olivewging, although neither scenario is located

in primary olive cropping areas as shown by Fightel and A1.2.

Thessaloniki
@ ¥

Figure Al1.1. Olive groves in
Greece and location of
FOCUS weather station D6

[Source: Corine Land Cover,

: 1998]
) Iraklio
Hl Olive groves BT @rhi ot
Ao .a,l.%g,;&.—.. 3
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Figure A1.2. Olive groves
R4 in France and Northern
Italy and location of the
& FOCUS weather station
a % R4.
. [Source: Corine Land
Olives (ha) Cover, 1998, SCEES, 2000,
<100
A ISTAT, 1998]
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In general the probability of occurrence of a dartaop at a location can be assessed by
means of two datasets. Some perennial crops likesobr vineyards are included as separate
classes in Corine Land Cover (Corine, 1998) and their regional importance can be
visualised with a high spatial accuracy. In regioiere these crops are grown only in small
quantities it might be more appropriate to usecaftiral census data to assess the regional
importance of the target crop. The latter appros@so required to visualise fruit trees and

field crops since Corine Land Cover does not d#iféiate between most crops.

In the present example it can be concluded onabeslof agricultural census data and/or
Corine Land Cover that olives are likely to be gnaw the area covered by the scenarios R4
and D6. At Step 4, it becomes relevant to conditkerange of conditions under which olives
are grown. A Step 4 evaluation could focus on ttoblem: What is the realistic range of

PECsw in the olive cropping area for which the comm is intended to be registered?

It is acknowledged that a number of approaches &xiderive realistic worst-case scenarios
for exposure simulations. For the purpose of a 8tepaluation in the framework of
FOCUSsw it is however recommended to ensure astensiapproach in all Steps. As a
consequence. the methodology for deriving additiengface water scenarios should be as

close as possible to the method applied by the F&O@dup to derive Step 3 scenarios.
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Al.2 Identification of the potential scenario area for Step 4 simulations

For pragmatic reasons it is recommended to usertdpping area of a target crop as a first
indicator to determine the area of interest. Figde3 shows the olive area as indicated by
agricultural census data. Note, that Spapigivinciasare larger than Italiaprovinzias and it
is thus appropriate to consider a different thr&shar relevance of a cropping area. In this
example, a Spanigbrovinciawith more than 10,000 ha olives was regardedrategant

production area. In the case of Italypravinziawith more than 1000 ha was taken as a

relevant production area. Another option is to ralise the data on the basis of total area or

total cropped area.

Figure A1.3. Olive area (ha) in Spain and Italy.

Spain Italy

IR < 10000 < 1000
10000 — 30000 1000 — 3000
30000 — 60000 B 3000 - 6000
60000 — 120000 M 6000 — 12000 . _
>120000 M > 12000 Olive area in ha

Al1.3 Consideration of climate properties

Recommended data source: MARS meteorological ds¢abaterpolated weathe
data from 1975 — 2003 (depending on stations) ik D km grid-cells. JRC Isprz:
EU-Commission./The following example analysis was performed wittsimilar
dataset for illustrative purposes only since the RFAdatabase was not available
the time. All climate parameters mentioned in the are also available in MARS
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The initial selection of Step 3 FOCUSsw scenarias pragmatically based on climate
properties as the principal landscape factor. katrteason it is recommended that a Step 4
modelling study starts with an analysis of climateperties in a similar manner as was

performed to identify FOCUSsw scenarios.

Table Al1.1. Climatic classes to differentiate agric  ultural drainage and runoff scenarios (FOCUS

2002)
Average Class Average Class Average Class
autumn and annual annual
spring recharge rainfall
temperature
[T] [mm] [mm]
<6.6 Extreme worst > 300 Extreme worst case > 1000 Extreme worst case
case
6.6 — 10 Worst case 200 - 300 Worst case 800 — Worst case
1000
10-12.5 Intermediate case 100 - 200 Intermediate case 600 — 800 Intermediate case
>125 Best case <100 Best case < 600 Best case

Al1.3.1Climate vulnerability for drainage scenarios at Step 4

Average autumn and spring temperatures as wellexaige annual rainfall volumes are
readily available through MARS. For a simplifiedsassment of relative climate vulnerability
it is nevertheless proposed to use annual aveeageerature, primarily because the relative
climate vulnerability is similar when using annaakrage or seasonal temperatures (see
Figure Al.4 to Figure A1.6). Nonetheless, a diffeér@pproach might be appropriate in cases
where the area of interest extends over varionsaté zones that differ significantly in terms

of seasonal climate regime.

Average annual recharge was calculated by FOCU $silwenbasis of estimated
evapotranspiration and annual rainfall since mesbualues for potential evapotranspiration
are usually not available for large regions. A detbdescription of the estimation procedure
for evapotranspiration according to Penman is gimghe MARS manual (MARS, 1997). It
Is important to note, however, that this methoexslusively based on climate properties and

was not developed to account for soil and cropadtaristics.

For pragmatic reasons, winter rainfall is probahky most appropriate parameter for the
characterisation of relative vulnerability for drage losses. The rationale for using winter
rainfall is based on the hypothesis that fieldmsaire primarily active between October and
March when soils are saturated and water demanrbps is low. The rainfall sum between

October and March is also more readily availabl@ oegional level.
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To assess the degree of vulnerability for a griticis crucial to know its relative ranking
compared to climate conditions in the entire grajdinea of a crop. Temperature as well as
precipitation amounts in each grid cell can therefue expressed as tH&percentile value

of rainfall or mean temperatures. It is importanhote that only in very rare cases does the
90" percentile of worst-case precipitation coincideéw@d" percentile worst-case
temperatures. The joint percentile value of temioeezand rainfall should be calculated in

order to assess adequately the climate charaaterédtthe scenario location.

Assuming that both variables are normally distiouand have a similar effect on leaching
losses it is possible to add two normal distriugiavith a mean of zero and standard
deviation of 1. The individual percentile values €og. rainfall and temperature give rise to a
corresponding percentile value in the normal distion. The joint distribution percentile is
the value (p_rainfall + p_temperature) in the joiotmal distribution with a standard

deviation ofV2. Table A1.2 illustrates the approach by mearsmimerical example.

Table Al1.2. Example for the calculation of joint per  centiles for rainfall/ recharge and temperature.

Single probabilities Joint probability
1 2 3 4 5 6
Corresponding values in the Percentile of col. 5 in
Single Single Normal cumulative col 3 +4 the joint Normal
percentile percentile distribution function with distribution with mean
mean of 0 and stdev of 1 of 0 and stdev of V2
Rainfall or Temperature Rainfall or Temperature
Recharge P Recharge ! P
0.35 0.96 -0.385 E 1.750 1.365 0.83
1
| =+ =
! 1
I 1 I
1
I 1 1 T T T T 1 T
-3 0 3 -3 0 3 -43 0 43
35%ile =-036in 98%ile =175 in 83%ie = 1571
dlstribution N(O.1) distribution N(0,1) distribution N0.42)
Rainfall or recharge Temperature Total climate

It is important to note that the overall goal oasal vulnerability assessments is the relative
ranking of risk instead of a classification of riskkerms of absolute values. This means that
the risk of pesticide losses should not be classificcording to classes of rainfall volumes
and temperature classes but in terms of percenfilegrst-casedness’. The specific

contribution of rainfall/recharge or temperaturdhe overall climate vulnerability is probably
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also dependent upon compound properties, in p&ticypon the degradation rate in soil. In
this way, the proposed approach represents a ptagsadution by treating rainfall and
temperature as equally important factors. An extersensitivity analysis would be required
on a regional scale and for a range of compounpgpties to determine the exact
contribution of rainfall and temperature. Anoth@piortant simplification is the assumption
of a normal distribution of rainfall. Depending the size of the area of interest the

distribution of rainfall volumes is often not norityadistributed.

Spatial analysis of climate vulnerabilities: Tengdare

The following maps illustrate the percentile appiodA first visual evaluation shows that a
classification of temperature classes would reawstmilar regional clusters when using
seasonal or annual average temperatures (see®AMEB). Again it is emphasised that the
selection of annual average temperatures or seladsomaeratures depends to a large extent
on application periods and compound propertiesn§pemperatures should be preferred
over annual average temperatures for the envirotahassessment of spring-applied
chemicals with a short half-life (this suggesti@plées in the definition of specific scenarios
for use at Step 4; the more generalised approas#dzn annual average temperatures has
been correctly used in defining the FOCUS SWSep 3).

Figure A1.4.

Average Autumn Temperature (°C) _ 4 Average autumn

[ I<12 temperature
12-14 2 &

Bl 14- 16

> 16
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Average Spring Temperature (°C) B Average spring

[ ]=<12 ® i temperature
12-14 i ©

Bl 14-16

B - 16

< d Figure A1.6.
Annual average temperature (°C) 4 Annual average
[ ]<12 temperature
12-14 2 &
Bl 14-16
— £

Evaluation of climate vulnerabilities: Recharge aaidifall

Figure Al1.7 shows calculated recharge volumeshiepbtential olive area. Large areas show
no groundwater recharge because of the very highakanspiration losses during summer.
As a consequence, areas with higher recharge velangealmost identical to areas with high
winter rainfall volumes (see Figure Al1.8).
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Figure A1.7. Annual
average recharge

Figure A1.8. Annual

_ average rainfall
Average rainfall sum Oct - March {(mm) between October

[ ]<200 ‘

=1 200 - 300 & and March
I 300 - 400
[ 400 - 600
Il > 600

The resulting climate vulnerability for drainagesses was calculated both for temperature
and winter rainfall and for temperature and anmawakage recharge (Figure A1.9 and Figure
A1.10). The calculated climate vulnerability is ghily similar for upper percentile ranges.
Nevertheless slight differences were calculatedifermedium percentile range. All weather
grid cells that are located in altitudes > 600 menexcluded from the assessment to add more
realism in the assessment. In this way it is awbithat climate stations in mountainous areas

introduce a potential bias into the assessmeistirttiportant to note that the MARS climate

databases contains only weather data that weredestérom weather stations in agricultural

areasHowever, it is appropriate to exclude mountainatesas as temperatures were

interpolated between weather stations on the lo&siktitude.
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Figure A1.9.
: Climate
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Conclusions for the evaluation of climate vulneliibfor drainage losses

The result of the spatial analysis of climate vedidity depends on the climatic parameters
that are used in the spatial analysis. The restiisi example analysis for olive areas showed
that several parameters, e.g. seasonal temperagirasnual temperatures, gave
approximately the same ranking of climate vulnditgifior drainage losses. Nevertheless this
conclusion might not hold true in all cases. A®agyal recommendation it is therefore

proposed to decide on the basis of compound piiepexhd the specific use conditions.
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Annual average recharge and average winter raicdallbe used alternatively in most cases.
The estimation of recharge based on climate pasmit however a first approximation only

and includes several empirical assumptions thaswasgect to uncertainty.

Table A1.3. Considerations for the selection of cli  mate parameters for the scenario identification
process for drainage simulations.

Compound Use Recommended climate parameters
Long half-life Spring application Annual average Annual average
temperature recharge or winter
rainfall
Long half-life Autumn application Autumn temperature Annual average
recharge or winter
rainfall
Short half-life Spring application Spring temperature Annual average
recharge or winter
rainfall
Short half-life Autumn application Autumn temperature Annual average
recharge or winter
rainfall

Note that the relevance of pesticide losses vimfiioav should also be considered when

performing a Step 4 assessment for a specific area.

A1.3.2Climate vulnerability for runoff scenarios at Step 4

In principle, the calculation of climate vulneratyilmaps for runoff is similar to drainage
losses. FOCUSsw used annual average rainfall vaw@asé¢he primary indicator, but runoff
vulnerabilities can also be ranked using altermaitidicators. The total pesticide loss with
runoff depends largely on the amount of pesticide is available at the soil surface at the
beginning of a runoff event. Since active ingretaare subject to degradation, it is important
to know how often runoff-producing rainstorms ocduring the application season. In cases
where the re-occurrence period of runoff eventsng, the loss of compounds with a short

half-life will be lower.

A comparison of rainfall data from Stockholm andif& illustrates the problem. Both cities
show the same long-term average rainfall with 5&% %59 mm per year (Rudloff, 1981). In
Sevilla 77 % of total rainfall occurs between O&oblnd March whereas in Stockholm
rainfall is distributed homogeneously over the ys#h 44 % of precipitation recorded in
winter (probably snow in most cases). For statistieasons, the greater winter rainfall in
Sevilla results in a higher re-occurrence probihdf runoff producing events between

October and March and thus a higher probability thaoff occurs after application of
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autumn applied compounds. This difference is neiblé when regarding annual average

rainfall volumes.

Some weather services (e.g. the German Weatheic8gprovide nation-wide distribution
functions that can be used to calculate long-terenage return periods of runoff-producing
rainstorms. Such procedures should be considered wentifying new locations for runoff
scenarios and the reader is referred to the lits¥dor advice on the practical implementation
in spatial databases (Gumbel, 1958, Weiss 1964, RV1984, Huber et al. 1998). The basic
requirement for the calculation of rainfall re-oo@mce probabilties is the availability of daily
rainfall data. In this way it is possible to use R3 data for the derivation of rainfall

distribution functions for 24 h-events since théatlase includes daily rainfall data.

Table Al.4. Considerations for the selection of cli  mate parameters for the scenario identification
process for runoff simulations.

Compound Use Recommended climate parameters

Long or short half-life Spring application Spring temperature Spring rainfall or rainfall
re-occurrence interval
in spring

Long or short half-life Autumn application Autumn temperature Winter rainfall or rainfall
re-occurrence interval
in winter

Al.4 Identification and parameterisation of Step 4 soil scenarios

Al.4.1Considerations for drainage scenarios at Step 4

Ideally the scenario identification process woutdrstricted to drained soils. The respective
information is, however, rarely available on thedscape level. Furthermore, the derivation
of a realistic occurrence probability of field draidepends not only on landscape factors but
also on economic parameters and agricultural pofoy the purpose of a landscape risk
assessment, it is therefore often required to assiomservatively that all soils with potential
waterlogging problems are drained. The FOCUS Senfdater Scenarios work group
provided a proposal about the parameters in theddunap that could be used to define
potentially drained agricultural land in the EU.€Timost straightforward way to identify
potentially drained land is to use the prevailireteay management system. The information
on the water management system is however not eenjpl some countries. In this case, it is
appropriate to use the FAQO soil classification m#ndicator about the occurrence of

waterlogging.

82



© 0 N O

10

11
12
13
14
15
16

17
18
19
20
21
22
23
24

25
26

Table A1.5. Soil properties which can be used to ide  ntify potentially drained land

Water management # Potentially drained soil types Parent material
(FAO)
WM2 =1,3,4,50r WM1 =1 and All soils affected by Any parent material that
WR 2,3,4 groundwater and periodic indicates the absence of slope
waterlogging (gleyic or stagnic e.g. alluvial deposits
properties.)

#As proposed by FOCUS (2002)

Potentially drained soils can be ranked accordinggirameters that are available for all soil
polygons in the EU soil map such as dominant seiiure and organic carbon content. For
pragmatic reasons it is proposed to select at assoil that is prone to preferential flow and

another, coarse textured soil that shows chromapdig flow of soil water.

Al.4.2 Considerations for runoff scenarios at Step 4

Runoff from agricultural soils is generated whea $loil water content exceeds the infiltration
capacity. In the presence of slope, any excess vedigst via surface runoff. Runoff losses
are therefore independent from slope as soon dadlieation of a field exceeds a certain
threshold of 2 — 3 % slope. In contrast, the trartspf soil particlesi(e. soil erosion) is a
function of slope because the magnitude of partelachment is determined by the kinetic

energy of rainfall andlope.

Based on the above-mentioned rationale it seem®apate to use soil properties as the
primary indicator for runoff since models like PRZMe slope information only for the
prediction of erosion losses. Burgoa and Wauchdp85) conducted an extensive review of
reported pesticide losses with surface runoff amtluded that only compounds with a Koc
of > 2000 ml ¢ are likely to be lost primarily with soil partigd.e. are lost by means of
erosion processes. Less sorbing compounds arerpyitast with runoff water. As a
consequence, it is only required to consider siofsmation when erosion losses of highly

sorbing compounds are simulated.
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Figure A1.11. Slope
classes as
calculated on the
basis of a digital
elevation map
(source: GTOPO30,
USGS)

GTOPO30 = 30 arc seconds which is approximately 1 km
http://edcdaac.usgs.gov/gtopo30/gtopo30.html
Higher resoluted digital elevation maps (down to 90m grid size) are available on a global scale in the

near future

The runoff susceptibility of agricultural soilsusually described by means of the empirical

curve number approach which was originally devetojoe flood predictions in the US. This

method classifies soils according to land use afilration capacity. In the present example,

it is assumed that the land use comprises 100% oliehards. The scenario identification

procedure is thus restricted to soil propertiesland use is taken as a constant. In order to

ensure consistency with the approach used by PR4Adrecommended to classify soils

according to hydrological soil groups as they waiginally proposed by the US Soll

Conservation Service (see Table A1.6).

Table Al1.6. Hydrological soil groups according to t he classification of the US SCS

Soil Group

Description

A

Soils having a low runoff potential and high infiltration rates even when thoroughly
wetted. They consist chiefly of sands and gravels that are deep, well drained to
excessively drained and have a high rate of water transmission (> 0.3 in/hr)

Soils having moderate infiltration rates when thoroughly wetted and consist chiefly of
soils that are moderately deep to deep, moderately well drained to well drained and
have moderately fine to moderately coarse textures. These soils have a moderate rate
of water transmission (0.15 — 0.3 in/hr)

Soils having low infiltration rates when thoroughly wetted. They consist chiefly of soils
having a layer that impedes downward movement of water and soils of moderately fine
to fine texture. These soils have a slow rate of water transmission (0.05 — 0.15 in/hr)

Soils having a high runoff potential. They have very low infiltration rates when
thoroughly wetted and consist chiefly of clay soils with a high swell potential, soils with
a permanent high water table, soils with a claypan or clay layer at or near the surface,
and shallow soils over nearly impervious material. These soils have a very low rate of
water transmission (0 — 0.05 in/hr)

Source: Engineering Technical Note — Estimating Runoff for Conservation Practices, Ref. No. 210-18-
TX5, Soil Conservation Service. U.S. Dept. of Agriculture, 1990
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A ‘best-guess’ indicator for hydrological soil gpmiseems to be the dominant soil texture
class. Organic carbon contents provide additiamditation about the relative runoff
vulnerability of soils that belong to the large gpoof medium to medium fine textured soils.
Both texture and organic carbon contents are gigeciasses in the EU soil map (see Table
A1.7).

Table A1.7. Proposed classification of runoff vulner ability

Runoff vulnerability Soil texture Organic carbon

Low (group A) Textlor2=1 Any

Medium (group B) Textlor2=2 Low to high

High (group C) Textlor2=2,3 Medium fine text. = very low, Fine text. = any
Very high (group D) Textlor2=3,4 Any

Soil texture classes

1 =clay < 18 % and sand > 65 % (coarse)

2 =18 % < clay < 35 % and sand > 15 %; or clay < 18 % and 15 % < sand < 65 % (Medium)
3 =clay < 35 % and sand < 15 % (Medium fine)

4 =35 % < clay < 60 % (Fine)

5 =clay > 60 % (Very fine)

Organic carbon content in topsoil
High=>6.0 %

Medium =2.1-6.0 %
Low=1.1-2.0%

Very low =<1.0%

@’%

i
N
=
)
AR

Figure A1.12.
WD Runoff
Runoff susceptibility o susceptibility
[ JA=Low p based on soil
B = Medium texture and organic
I C = High carbon content.

Il D = Very high
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Al.5 General considerations about the selection of candidate scenario
locations for Step 4 assessments

The approach described aims to support the ideatifin of additional scenario areas in order

to establish a range of PECsw on the regional sthkere are a number of uncertainties

related to the proposed methods. Nevertheless, wéiag generally available GIS data sets

the derivation of additional surface water scersigaransparent and can be reproduced with

the same databases.

In any case it is crucial to follow ‘Good ModellifRyactice’ in the derivation of new
modelling scenarios. This implies that all assuoniare made transparent and are

accompanied by an assessment of the potential tropanodelling results.

An unbiased selection of candidate scenario locatstarts with the selection of target
climate vulnerabilities€.g 90th, 75th, 50th percentile climate vulneral@bi. In a second
step, a suitable soil vulnerability is added toc¢hemate scenario. Current GIS technology
allows for a comprehensive summary of individuahdayers and can therefore be used to
justify the selection of a specific climate gridi¢@able A1.9). The above-mentioned
percentile values are recommended target perceniievertheless a risk assessor should also
consider scenarios in the major cropping arealeofarget crop, even in cases when the
respective areas are not represented by the abewigomed target percentiles. In the present
example the most prominent cropping area for olisgbe province of Jaén in Spain, which
exhibits a climate vulnerability between the 75tkl 25th percentile for drainage and runoff
losses. As a consequence, it seems appropriagéetti at least one scenario in that province.

The calculated percentile is subsequently usedgess the total vulnerability of the scenario.

Table A1.8. Considerations for the selection of can didate scenarios

Scenario Climate vulnerability Soil vulnerability
1 Worst case Worst case
2 Medium case Worst case
3 Worst case Medium case
4 Medium case Medium case
5 No consideration of vulnerabilities
Scenario location in the most important cropping area
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Table A1.9. Example summary of climate vulnerabilit  ies
Annual Percentil

MARS Elev- Spring Autumn Recharg avg. Percentile e Percentile

Climate ation temp. temp. Olives e temp Recharge Temp. Climate

gridNo  (m)  (¥) (C) Admin. Unit (ha)# (mm) (C) (%) (%) (%)
..... 37 17.5 20.0 Cadiz 14816 305 18.9 0.64 0.94 91.4
..... 16 17.5 20.0 Malaga 111683 305 18.9 0.64 0.94 91.4
..... 70 17.5 20.0 Cadiz 14816 292 18.9 0.62 0.94 90.9
..... 46 17.5 20.0 Cadiz 14816 292 18.9 0.62 0.94 90.9
..... 196 157 20.0 Trapani 17500 420 18.3 0.86 0.78 90.4
..... 203 172 19.8 Malaga 111683 320 18.7 0.66 0.92 89.7

Reggio

..... 292 142 18.3 Calabria 57542 613 16.8 0.98 0.38 89.6
..... 5 17.7 20.1 Sevilla 180876 256 18.9 0.53 0.95 89.5
..... 40 17.2 19.8 Huelva 29006 238 18.5 0.48 0.86 76.2
..... 197 145 18.2 Salerno 39011 459 16.9 0.89 0.41 76.0
..... 94 15.0 17.3 Genova 3780 546 16.5 0.93 0.32 76.0
..... 28 17.1 19.7 Cadiz 14816 251 18.4 0.52 0.83 76.0
..... 38 14.8 17.1 Imperia 6462 549 16.3 0.93 0.31 75.8
..... 60 17.5 19.8 Sevilla 180876 195 18.7 0.34 0.92 75.6
..... 0 16.4 21.0 Siracusa 11300 133 19.3 0.20 0.97 75.4
..... 71 14.7 18.1 Caserta 8530 445 16.9 0.88 0.42 75.0
..... 57 17.2 19.6 Huelva 29006 245 18.4 0.51 0.83 74.9
..... 292 146 18.2 Cosenza 52180 425 17.0 0.86 0.45 74.9
..... 87 14.8 18.6 Catanzaro 53550 370 17.3 0.82 0.52 74.9
..... 17 16.4 21.0 Siracusa 11300 129 19.3 0.19 0.97 74.6
..... 341 15.9 18.1 Céaceres 75085 218 17.5 0.41 0.60 50.1
..... 268 15.9 18.2 Badajoz 174985 239 17.3 0.49 0.52 50.1
..... 73 17.8 20.7 Almeria 11690 15 19.5 0.02 0.99 50.0
..... 60 17.8 20.7 Almeria 11690 15 19.5 0.02 0.99 50.0
..... 1192 7.8 9.4 Lleida 35249 826 9.0 0.99 0.01 50.0
..... 1279 7.2 8.9 Lleida 35249 1632 8.6 0.99 0.01 50.0
..... 333 16.1 18.0 Caceres 75085 220 17.5 0.41 0.59 49.9
..... 228 16.0 18.4 Huelva 29006 231 17.3 0.46 0.53 49.6
..... 88 14.8 18.3 Sassari 11857 258 17.0 0.54 0.46 49.6
..... 29 14.9 18.6 Lecce 83363 222 17.4 0.42 0.57 49.6
..... 0 14.5 17.9 Bari 126961 275 16.8 0.60 0.39 49.6
..... 71 14.5 17.9 Brindisi 62950 275 16.8 0.60 0.39 49.6
..... 102 144 17.5 Livorno 3900 335 16.3 0.69 0.31 495
..... 86 15.8 20.1 Agrigento 24800 127 18.4 0.18 0.81 49.5

# Total olive area in administrative unit

Table A1.9 provides a summary of climate grid ctlbst express a particular climate

vulnerability. In a final step, it is always regedrto check whether the target crop — in this

case olives - actually occurs in that grid cellr pactical reasons, this final and detailed

reality check cannot be performed in an earliegestaf the assessment which starts at the

European scale and is subsequently refined orotia¢ $cale.
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Figure A1.13. Olive
groves in the
Mediterranean
Region

(source: Corine
Land Cover, 1998).

Il Olive groves (Corine Land Cover)

The most accurate information on soil propertiegiven in the ‘Estimated Profile Database
(est.hor), which contains soil profile informatifior a number of soils. Unfortunately, some
countries provide only a small number of agricwtwoil profiles in the ‘Estimated Profile
Database’. A research project is currently on-geuhgch aims to provide agricultural
profiles for all soil typological units in the Eismap. Once this additional information is
available, the accuracy of Step 4 evaluationsingitease significantly (SPADE2 project;
Hollis et al., 2002)

In general, it is recommended to give preferenadata stored in the ‘Estimated Soil Profile
Database when parameterizing a scenario. Howeveases where no information is
available, a generic soil profile has to be deriggdneans of the diagnostic properties of
FAO soil types (FAO, 1994), the information prowide the level of soil typological units
(stu.dbf), and general knowledge about agrononticlamdscape factors that determine

specific soil characteristics.

Other parameters such as cropping dates and cosgtgparameters should preferably be

taken from a representative FOCUS scenario.

Al.6 Determining the applicability of Step 4 scenar  ios

After the identification of candidate scenario looas based on consideration of the
geographic extent of the crop, rainfall, tempemiamd soil drainage and runoff potential, it is
appropriate to identify similar areas located wittiie European Union to facilitate the

interpretation and regulatory acceptance of the smanarios.
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From a risk assessment perspective, the new soemapresent all agricultural areas with
similar or lower levels of vulnerability. It is iportant to recognise that the geographic extent
of a scenario should be compared with the spaséiiloution of the target crop and not with
the area of a country or the total extent of arédote within a country. In the present
example, the area with a similar or lower vulndighbior pesticide losses via drainflow and

runoff would be characterised by the co-occurresidbe following properties:
* Area used for olive production

e Soils with similar or lower vulnerability for runif

Soils with similar or lower vulnerability for leaitty.

* Climatic zones with similar or lower vulnerabilibased on rainfall and temperature

Finally, a representative area can be determineeéch scenario. 8@ercentile worst-case
scenarios are representative of a large part dbthéolive area since it is assumed that only
10% of the total cropping area is more vulneralblewever, when visualising the geographic
extent of 90th percentile scenarios on maps, thdtieg area can become small when the

crop itself is grown in a very small region.
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A2 ILLUSTRATION OF A POSSIBLE APPROACH TO REFINING
EXPOSURE USING CATCHMENT-LEVEL MODELLING — FUNEN
The FOCUS Landscape and Mitigation working grougrasgised possible refinements to risk
assessment to support listing on Annex | and ftional registration procedures. This
example is for a refinement specific to a particulsage scenario, but the broad approach is
generic. The example is intended to be illustraiivdoes not replicate a regulatory
submission (e.g. the level of detail and justifimatof decisions are both less than would be
required) and is not intended to be prescriptivelefailed opinion of the illustration is
available from PPR (2006), including informationamtditional requirements and/or

considerations where the broad approach is useslregulatory submission.

Use Profile

Product ‘WEEDOWASTE’ is used in the pre-emergermetiol of broad leaf weeds in
winter barley and winter wheat. Usage rate is psepgas 1.6 kg a.s./ha. Marketing

restrictions imposed from within the registrant gamy preclude the opportunity to consider
buffer zones to reduce aquatic exposure via spifty d

Problem Summary

» Step 1 and 2 calculations indicated potential corgassociated with acute risk to fish
and risk to algae.

* More sophisticated exposure assessment modellipipging the FOCUS Surface Wats
Framework at Step 3 suggest that risk to fish ¢ ptable within relevant scenarios.

D
=

« However, Step 3 modelling highlights potential cenmcsurrounding risks to algae
associated with a product in scenario D4 (streaanao only — pond scenario passes).

e Opportunities for introducing mitigation strategteseduce apparent drainflow risk in
this drainage scenario within the FOCUS framewar&tap 4 are very limited.

« Although no-spray buffer zones may provide an eig@dneans of incorporating
required mitigation, marketing restrictions impo$emn within the registrant company
preclude the opportunity to consider these dritigation options.

e Strategies for demonstrating more realistic expoguofiles must address the specific
concerns summarised above that are associategreplosed Danish GAP and usage
practices.

Strategy

« Opportunity to introduce drainage and drift mitigatoptions are severely limited. As g
consequence, the strategy must focus instead ayetieration of more sophisticated and
realistic assessments of exposure than are protigédte FOCUS framework at Step 3

» The strategy is based upon carrying out more sbghiisd, catchment-level modelling
within a well-characterised site with similar agiitral, hydrological and climatic
conditions to scenario D4.
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Modelling should be robust and assumptions reggrdioximity of crop and surface
water and density and timing of use within the lbatent should, at least initially, be
relatively conservative.

As a component of this approach it will be necestademonstrate to what extent is th
research catchment (cropping, soils and surfacersjatepresentative for this type of

cropping for Funen and Denmark.

A2.1 Profile of Active Substance and FOCUS SW Model ling

leaved weeds in winter barley and winter wheat.gggate is 1.6 kg a.s./ha. Marketing

no-spray buffer zones to reduce aquatic exposarepriay drift.

A profile of environmental fate and ecotoxicolodacacteristics is provided below:

Physico chemical parameters

Molecular weight 300 g/mol
Solubility in water 53 mg/l at pH 7 and 20°C
Vapour pressure 3.15x10° Pa

Degradation parameters of the substance

Degradation rate or half life in top soil DTso = 16.1 d at 20°C and pF 2.0

Sorption parameters
Koc-value Koc = 125 dm®/kg

Exponent of the Freundlich Isotherm 0.9

Water-sediment dissipation
Surface water dissipation half-life DTso=17d

Sediment dissipation half-life DTsp=0.5d

The following ecotoxicology profile is used in thisk assessment:

Fish LCso (96 h static mortality): 9.0 mg/l
Aquatic invertebrate ECso (48 h static immobilisation): 507 mg/l
Algae ECxs (72 h growth): 0.081 mg/l
Lemna ECso (10 d): 31.0 mg/l
Fish NOEC (28 d ELS) 4.5 mgl/l
Aquatic Invertebrate NOEC (21 d repro) 300 mg/I
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Product ‘WEEDOWASTE' is used in the pre-emergenm&tiol of annual grasses and broad-

restrictions imposed from within the registrant gamy preclude the opportunity to consider



1 A2.1.1Simulation Results — FOCUS Step 1 and 2

2  Maximum PEC values for WDC756 at Step 1 and 2 wW&te86 and 201.4@g/l,
3  respectively. These result in the following TERfpes:

Step 1 Step 2
Fish LCs (96 h static mortality): 19 45
Aquatic invertebrate ECso (48 h static immobilisation): 1074 2517
Algae ECxs (72 h growth): 0.17 0.40
Lemna ECso (10 d): 133 228
Fish NOEC (28 d ELS) 9.5 22
Aquatic Invertebrate NOEC (21 d repro) 636 1489

4 Accordingly, after a Step 1 and 2 exposure assedsnigks to fish and algae cannot be

5 discounted and, as a consequence further assessah@&tep 3 are necessary.

6 A2.1.2Simulation Results — FOCUS Step 3

7  Within scenario D4 there are two water bodies, @dpand a stream. The results of

8 simulations considering drift and drainage loadimis each system are summarised below:

D4 Pond D4 Stream
Maximum PEC: 3.153 g/l 8.771 ug/l
48 h TWA PEC: 3.147 pgll 5.384 ugl/l
96 h TWA PEC: 3.133 g/l 5.089 ugl/l
7 d TWA PEC: 3.121 pg/l 4.622 pg/l
14 d TWA PEC: 3.072 g/l 3.440 pg/l
21 d TWA PEC: 2.984 ugll 2.741 pgll
28 d TWA PEC: 2.865 ugl/l 2.243 ygll

9

10 These maximum PEC values result in the followindrTofiles:

D4 Pond D4 Stream

Fish LCso (96 h static mortality): 2854 1026
Aquatic invertebrate ECsp (48 h static immobilisation): 160799 160799
Algae ECso (72 h growth): 26 9.2
Lemna ECso (10 d): 9933 6707
Fish NOEC (28 d ELS) 1281 513
Aquatic Invertebrate NOEC (21 d repro) 85397 34204
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Accordingly, after a Step 3 exposure assessmekg to fish have now been successfully
addressed. However, concerns surrounding expos@algde remain and, as a consequence

further assessments at Step 4 are necessary.

A2.2 Methodology for Step 4 Assessment

A2.2.1Strategy at Step 4

The strategy for refinement of the risk assessmae8tep 4 is based upon provision of more
sophisticated, catchment-level modelling withinellvweharacterised site with similar

agricultural, hydrological and climatic conditiottsscenario DA4.

A2.2.2 Site Selection
The selection of model areas was based on sevémsla
[1] The catchment should bé @rder, with at least 1 km of stream,

[2] It should represent the common soil types dsedgriculture on Funen (and in

Denmark), where the pesticide is to be used,
[3] It should be dominated by agriculture,
[4] The agricultural systems of the areas shoulddresidered "typical”,

[5] Opportunities to draw upon data from a well4@werised research site.

The most obvious candidates as study catchmentstivercatchments belonging to the
Danish monitoring programme, with a set of basta@nd measurements of precipitation,
streamflow and several other parameters since 1988 sandy loam monitoring catchment

exists on Funen.

In order to ensure that the selected catchmeetsonably comparable to the D4 scenario,
the local data are reviewed. It is also documetitatithis small catchment represents many
of the features of the island of Funen. The catatirise4.4 ki in area. This catchment is 4.4
times largerr than the upstream catchment simulatéte FOCUS Surface Water stream
scenario. However, it is considered to provideadisgc and robust basis for assessing
behaviour in a system dominated by relatively spshilhllow water bodies and heavily

influenced by drainage responses to rainfall.
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A2.2.3Climate data

The D4 scenario represents areas with 660 mm thihfe selected year for FOCUS
calculations, though, has 692 mm of rainfall. lexpected that the figures are uncorrected
values. In Denmark, rainfall data are correctedanole with monthly values. However, the
correction values have changed over time — thefsictsed to be in the order of 16 % on an

annual basis, while it is now around 21 % of theaurected rainfall.

The monitoring catchment was estimated to havesarage precipitation of 704 mm during
the period 1961-1990 (old correction factors). Wehpect to rainfall data, the monitoring
catchment appears to be in the right range. mahé&ct, during the monitoring period, the

rainfall was higher (see Table A2.1).

Through comparisons of the period 1991-2000 wittyy time series, the following
observations (Henriksen and Sonnenborg, 2003) dhmuhoted:

1. The period 1991-2000 is characterised by corslide variation between wet and dry
years relative to the long-term weather records Pleriod is characterised by a single
very dry year (1996) and three very wet years (19998 and 1999). The precipitation
occurring within the dry year has a recurrenceriuatieof about 50 years (2 % fractile)
compared with the long-term record. The three wetry are the wettest in the whole

historical time series.

2. The average levels of rainfall and runoff fog greriod 1991-2000 provide a 10-year

period with the largest registered rainfall andaftin

3. The winter precipitation in the period 1991-2Q@8s greater than the winter precipitation
for the period 1961-1990. In general, the wintercypitation has since 1961 been higher

than in the preceding period.

It is expected that the MARS dataset is uncorreatdich explains part of the difference

between rainfall estimates for D4 and the monitpatchment.
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Table A2.1. Water balance for the sandy loam catchm

ent (new correction factors)

Year Bolsmose Arslev

(the sandy loam (research station on Funen)

catchment)
Precipitation, mm Potential evaporation, mm Measured runoff at the
outlet or the catchment,
1000m*

1989 681 573 567
1990 961 613 887
1991 818 573 1015
1992 811 634 812
1993 964 549 1292
1994 1159 610 1941
1995 712 629 1362
1996 631 572 237
1997 720 639 338
1998 1036 538 1255
1999 1091 613 1867
2000 884 553 1094

A2.2 . 4Percolation

It is predicted that the percolation should be 200-mm/year for the D4 scenario. This is

judged to be lower than what is found for the maniity catchment and Funen in general.

Whether this is due to the lack of correction feston rainfall or an unrealistically low

estimate in FOCUS is not clear.

A2.2.5Soil types

The catchment was selected with the purpose oésepting the moraine clay soils of
Sealand, Funen and East Jutland (soil type JBIRAY.

1 JB1: 0-5% clay, 0-20% silt, 0-50% fine sand,1T®% sand in total, <10% humus
JB2: 0-5% clay, 0-20% silt, 50-100% fine sand, PB% sand in total, <10% humus
JB3: 5-10% clay, 0-25% silt, 0-40% fine sand, 68349%and in total, <10% humus
JB4: 5-10% clay, 0-25% silt, 40-95% fine sand, &849%sand in total, <10% humus
JB5: 10-15% clay, 0-30% silt, 0-40% fine sand, B849%and in total, <10% humus
JB6: 10-15% clay, 0-30% silt, 40-90% fine sand 98984 sand in total, <10% humus
silt defined as being between 2 and 63 microns
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The D4 scenario has a soil A horizon with 12 % cB#% silt and 51 % sand. In the Danish

classification system it belongs to the type JB6.

For the sandy loam catchment (see Table A2.3)lthecontent of the A-horizon lies
between 14.8 and 18.6 % (JB6-7). The B-horizoreisegally more clayey, but specific
horizons may lie in the range from 15.9 to 25.918 ¢sampled in six profiles). The C-
horizon may be similar to the B-horizon (19-22 %yclthree of the six profiles), more silty
(14.4 % clay, 62.5 % silt), more clayey (30.5 %ytlar more sandy (8.2 % clay, 72.6 %
sand). The lower horizons are generally slighttyensandy in the D4-horizon than in the
catchment, see Table A2.3 and A2.4.

Figure A2.1. Classes of base material on Funen prep  ared from textural data and geological maps
(1:200.00, supplemented by 1:25.000). The soil type  of relevance is named as JB6_ML (moraine

clay) and dominates the island.

.....

Jordart_edited.sh
[ ]JB&DL
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[ ]JB1_ES
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The D4 scenario, the monitoring catchment and Fimegeneral (see Figure A2.1) are
dominated by moraine clay. The texture of the tygié in the monitoring catchment is

slightly heavier than for the D4 sceanrio.

The soils are, to a large extent, drained. Thetgpés JB5, JB6 and the slightly heavier type
with 15-25 % clay (JB7) together make up 30 % efghil types in Denmark.
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A2.2.60verall Land Use

The selected catchment is dominated by agricuéinckis therefore likely to represent areas
of relevance when considering exposure potentigpréximately 89% of the monitoring
catchment is used for agriculture, 2% is forest @tdis villages and roads. The catchment is

therefore representative of intensive agricultarabs in Denmark.

The D4 scenario covers winter and spring cereatggwand spring rape, sugarbeets,
potatoes, field beans, vegetables, maize, appiass @nd alfalfa. All the expected crops
except alfalfa are grown in the two areas. The seipction thus lies within the expected

range for the D4 scenario.

Table A2.2. Land under agricultural management in F unen and the sandy clay catchment (figures

from the County of Funen and NERI) for selected year  s.

Funen Sandy clay catchment
Year 2000 1997
Spring cereals 18.0 21.2
Winter cereals 44.2 43.8
Seeds 11.0 21.0
Pulses 2.4 0.03
Root crops 7.1 2.10
Grass and green fodder* 10.4 9.0
Fallow 2.48 -
Other 4.1 -
Plantation and forest** 0.3 2.9
Total 100 100
Continuous grass (untreated) | ? 1.25

* includes maize
** includes apple trees

A2.2.7Hydrology of water bodies

The stream flow characteristics correspond to thieypes. The moraine clay catchment is
dominated by drain flow. Base flow is negligibledathe flows during summer are very

small.
A study regarding pond types was commissioneddadristitute of Geography. Two types of
pond were described:

* One type on moraine soils where the pond is calbigdolw conductivity of the soil
and where the water level drops during summer.pFimeary groundwater lies

below the bottom of the pond.
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* One type, which is caused by groundwater internggtie surface. This type is

more common on sandier soils.

Two features make the moraine clay catchment “isW with respect to spray drift: a
considerable length of the stream is piped andgabamt of the open stream, trees provide a
barrier between the agricultural land and the strddowever, in the calculations done for
registration purposes, the stream is opened anydiomleffect of the buffer width is
considered. No special effect is assumed to acdoutite fact that trees are present in parts

of the catchment. A schematic of the catchmentasiged in Figure A2.2.
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Table A2.3. Soil texture and measured retention pro  perties for the sandy clay catchment.

Humus Clay Silt Silt Fine sand Coarse sand Vol.weight Porosity Water content, volume-percent
% <2um 2-20um | 20-63pm | 63-200pum | 200-2000 pm glem® * pF 1* pF 2* pF 3* pF 4.2
1| Ap 1.7 16.7 13.3 10.7 31.2 26.4 1.65 37.9 34.8 28.5 23.9 13.1
A2 2 15.9 15.1 10.2 28.6 28.2 1.68 36.6 33.6 27.5 22.1 13.3
B 1.5 19.8 14.2 11.3 29.2 24.0 1.63 38.4 36.9 29.2 23.0 14.6
C 0.2 19.7 14.3 10.2 27.6 28.0 1.71 354 34.6 29.8 22.2 13.6
2 Ap 1.7 18.6 11.4 9.5 30.2 28.6 1.75 34.0 31.5 27.5 21.1 15.2
Bl 0.6 25.9 13.1 9.4 27.6 23.4 1.74 34.4 32.8 30.2 24.7 18.3
B2 0.3 21.7 13.3 11.1 28.0 25.6 1.69 36.3 31.8 28.7 24.0 14.9
C 0.2 22.7 13.3 9.8 27.8 26.2 1.70 35.7 334 31.0 26.2 15.5
3| Ap 2.0 15.4 12.0 10.2 30.8 29.6 1.70 35.8 33.4 28.4 23.6 13.1
A2 1.1 21.6 20.4 6.1 25.0 25.8 1.53 42.3 33.1 25.2 18.4 14.2
B 0.4 23.6 134 9.0 26.6 27.0 1.67 37.0 31.6 27.8 22.3 15.9
C 0.2 19.4 11.6 9.6 27.0 32.2 1.74 34.4 304 27.5 23.2 13.7
4 Ap 3.1 17.7 14.1 11.9 26.8 26.2 1.43 45.9 41.2 36.6 30.6 13.5
Bl 0.4 24.8 15.2 15.4 24.6 19.6 1.67 36.9 314 26.3 21.6 16.7
B2 0.2 21.6 13.4 11.2 25.0 28.6 1.73 34.6 33.9 28.6 23.3 15.1
C 0.1 14.4 9.6 52.9 16.8 6.2 1.65 37.7 37.6 35.9 29.4 9.9
5 Ap 2.1 14.8 15.2 8.1 32.2 26.8 1.42 46.4 41.2 25.0 15.1 10.8
A2 2.0 14.8 13.2 11.2 31.0 27.4 1.58 40.4 37.0 26.6 17.3 11.8
B 0.5 24.8 12.2 9.7 29.2 23.6 1.61 39.3 39.2 314 22.7 16.2
C 0.3 30.5 11.5 8.9 25.2 23.6 1.64 38.1 37.6 34.1 27.2 19.7
6 Ap 2.1 17.0 21.0 16.1 23.4 20.4 1.38 48.0 44.0 28.5 20.7 11.5
Bx 0.8 21.7 15.3 9.0 24.4 28.8 1.79 32.4 31.6 29.1 25.3 16.4
Bt 0.3 20.5 11.5 9.3 27.6 30.8 1.67 37.1 36.5 29.8 21.9 13.9
Ci 0.1 4.9 0.5 1.0 14.2 79.3 1.52 42.5 36.1 7.5 4.2 3.8
C2 0.1 14.4 8.6 9.1 32.0 35.8 1.82 315 30.1 24.6 19.7 10.8
Cr 0.0 8.2 7.3 11.9 39.4 33.2 1.62 38.8 34.9 18.4 7.8 5.9

*average of 3 values
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Table A2.4. Soil Texture and measured retention properties for the D4 scenario

Humus Clay Silt Sand Vol.weight Porosity
% <2um 2-50 pm 63-2000 pum glem* *
Ap 1,4 12 37 51 1,48 42
Eb 0,8 13 17 70 1,65 36
Ebg 0,3 15 18 67 1,65 36
Btg 0,2 28 39 33 1,76 33
BCg 0,1 10 27 73 1,80 30
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Figure A.2.2. Scematic of the Funen catchment
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A2.3 Simulation Results for Step 4 Assessment

The same data that were employed within FOCUS Bt&gimulations were used to set up
the PESTSURF model. Where appropriate, these thgtatwere supplemented in order to
meet the input requirements of the PESTSURF m&#eSTSURF (Styczen et al., 2004a,
2004b and 2004c) is a catchment model based dmytlrelogical modelling system MIKE
SHE (Abbott et al., 1986; Refsgaard and Storm, 19B% modelling system is applied to the
sandy loam catchment and calibrated to fit measgredndwater levels and stream flow.
PESTSUREF is further described in Volume 2, Sectidn3 of this report.

Simulations were established based upon the saady tatchment. Simulated usage was
consistent with both previous FOCUS modelling ahl practices, with one major
difference. In the simulation it is assumed thhagticultural land in the catchment is sprayed
within half an hour— not only 20 % of the upstrearea as in the FOCUS modelling exercise.

Results of these simulations are summarised imi@ssef graphs and tables below.

Figure A2.3.Concentration profile for WEEDOWASTE’ alon g the upper part of the main stream.
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Figure A2.4.Concentration profile for WEEDOWASTE’ alo  ng the lower part of the main stream.
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The first four simulation years were run as an ldayaition period. The evaluation is carried
out on the last four years of the simulation peribite plots in Figures A2.3 and A2.4 show a
major event during the last simulation year whicl dry year. The highest concentrations are
found upstream. Figure A2.5 illustrates the conegiains at selected points in the stream
system, including five tributaries to the sandyyatatchment. Very high concentrations are

found in the tributaries that are smaller in s@ald often almost dry systems.

Table A2.5. Maximum concentrations for each of the stream points shown in Figure A2.4 and the

date in the evaluation period (1998-2001) thatito ccurs.

Name of stream, distance from top Concentration ng/l| Date of max. conc. Comment
Tributary 1 150 m 2189 28.12.2001
Tributary 2 165 m 781 15.02.1999
Tributary 3 200m 4453 18.11.2000
Tributary 4 155 m 3131 03.02.1999

Tributary 5 125 m 163559 09.10.2001 spray drift
Main stream 125 m 2779 15.02.1999
Main stream 330 m 1331 15.02.1999

Main stream 625 m 10636 09.10.2001 spray drift
Main stream 980 m 4518 16.10.2001
Main stream 1700 m 2941 16.10.2001
Main stream 2090 m 3899 17.10.2001
Main stream 2196 m 4698 17.10.2001
Main stream 2647 m 5287 17.10.2001
Main stream 2979 m 4281 17.10.2001
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Figure A2.5. Timeseries of concentrations for selec  ted points in the sandy clay stream setup. a)
tributaries and the top end of the main stream, b) points along the main stream. Note that the
concentrations in the tributaries are higher than f urther down in the stream system.
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It should be noted that one tributary provides Varge simulated PEC’s during a drift event
in the last simulation year. These occurrencesiaatysed further below.
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1 Table A2.6. Maximum concentrations for each of the

stream points shown in Figure A2.5 and the

2 date in the evaluation period (1998-2001) thatito ccurs.
3
Name of stream, distance from top Concentration ng/l| Date of max. conc. Comment
Tributary 1 150 m 2189 28.12.2001
Tributary 2 165 m 781 15.02.1999
Tributary 3 200m 4453 18.11.2000
Tributary 4 155 m 3131 03.02.1999
Tributary 5 125 m 163559 09.10.2001 spray drift
Main stream 125 m 2779 15.02.1999
Main stream 330 m 1331 15.02.1999
Main stream 625 m 10636 09.10.2001 spray drift
Main stream 980 m 4518 16.10.2001
Main stream 1700 m 2941 16.10.2001
Main stream 2090 m 3899 17.10.2001
Main stream 2196 m 4698 17.10.2001
Main stream 2647 m 5287 17.10.2001
Main stream 2979 m 4281 17.10.2001
4
5
6 Figure A2.6. Ranked concentrations for the stream p  oints shown in Figure A2.5 and Table A2.5
7 for the dates where the maximum concentrations occu r. The very high concentrations are found
8 in only a few points in the catchment at each event  , and in this case they are due to spray drift
9 into almost dry tributaries. On 16-17.10 1999, almo st half the catchment shows concentrations
10 higher than 3 pg/l.
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A2.4 Interpretation of risk potential based upon St  ep 4 exposure
assessment

At the conclusion of the Step 3 risk assessmeatragmaining concern was associated with

potential impact of exposure to algae. The criteadpoint for this assessment was an acute

(72 h) EC50 of 8Lug/l. By applying an assessment factor of 10, tseltemg PNEC value

would then by 8.ug/l. This is an effective target exposure threshbéd should not, ideally,

be exceeded in the risk assessment. When thidhtideis compared against the results of this

more complex modelling it can be seen that in atrabsases exposure would not result in

any concerns. However, in two specific examplef(iary 5 125 m and Main stream

625 m), this threshold is exceeded — and in one sigsificantly exceeded. TER values based

upon the maximum exposure values summarised ireT&DI5 are provided below, for

illustrative purposes.

However, as described previously the maximum PHGevia one case (Tributary 5 125 m)
was associated with a drift event into an almogtsgistem. Further, more detailed
interpretation of the hydrology simulations revektieat at this point in the simulations the
water body at this location had a depth of no ntiba@ 1 cm. The tributary was dry until the
day before the event. Therefore, it is suggestatiapparent risk needs to be placed into a
context of ecological significance. It is apparéat at this point in the catchment the water
body is periodically dry and physical stressorslixady to greatly exceed those associated
with the chemical of concern. The PNEC endpoint alas exceeded at another point (Main
stream, location: 625 m from the top of the systérh)s was associated with the same drift
event. Also in this case, the stretch was dry thélday before the event, but the water depth

ranged between 10 and 15 cm during the morningrafysng.
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Table A2.7. Maximum concentrations for each of the
associated algal TER values

stream points shown in Figure A2.4 and

Name of stream, distance from top Concentration ng/l Algal TER Comment
Tributary 1 150 m 2189 37.00
Tributary 2 165 m 781 103.71
Tributary 3 200m 4453 18.19
Tributary 4 155 m 3131 25.87

Tributary 5 125 m 163559 0.50 spray drift
Main stream 125 m 2779 29.15
Main stream 330 m 1331 60.86

Main stream 625 m 10636 7.62 spray drift
Main stream 980 m 4518 17.93
Main stream 1700 m 2941 27.54
Main stream 2090 m 3899 20.77
Main stream 2196 m 4698 17.24
Main stream 2647 m 5287 15.32
Main stream 2979 m 4281 18.92

In Tributary 5, the value of 8g/l is exceeded in one event over the four yeansnd a
total of five hours. In Main stream 625, the vatde3.1 g/l is exceeded in one event over the
four years, for less than 1 hour. In the last ctme24-hour average is 31@/l and thus below
the PNEC-value. The dry year of the simulationgeegorresponds to 1997, which was the
second-driest year of the period 1990-2000, meathiaigthe return period in reality is less

than one in four years.

The example thus illustrates that if whole catchimane modelled, it becomes necessary to
consider the relevance of concentrations calculiateifferent parts of the stream system.
When placed into a probabilistic context, it isaglénat concerns are potentially limited to a
very short time period. Further evidence from agjaties may allow investigation of
recovery potential following these very short exgresevents. This would provide further
evidence that impacts to algae are likely to bemreduced relative to Step 3 FOCUS

modelling.

The catchment modelling study is considered to lpmoeided a high quality basis for risk
assessment that has enabled risks to algae tadedph a clearer context. A number of

points are worthy of consideration:

* Simulations are based upon an actual usage enwemirnnwhere agricultural

practices have been surveyed,;
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» Simulations have been established upon highly ceasee assumptions regarding
usage (e.g. 100% of agricultural land within thickment is treated

simultaneously);
* The catchment in question has been intensivelyachenised;
» Hydrological simulations have been the subjectadithation exercises;

* Simulations have been characterised in terms ¢¢ s¢@&xceedance of a critical
threshold, as well as the hydrological context fnaguency and duration of these

exceedances.
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A3 ILLUSTRATION OF A POSSIBLE APPROACH TO REFINING

ESTIMATES OF EXPOSURE VIA DRAINFLOW — BRIMSTONE
The FOCUS Landscape and Mitigation working grougrasgised possible refinements to risk
assessment to support listing on Annex | and ftional registration procedures. This
example is for a refinement specific to a particulsage scenario; it is thus most applicable at
the level of an individual Member State, but thedatr approach is generic. The example is
intended to be illustrative; it does not replicateegulatory submission (e.g. the level of detail
and justification of decisions are both less thaubd be required) and is not intended to be
prescriptive. A detailed opinion of the illustraties available from PPR (2006), including
information on additional requirements and/or cdesations where the broad approach is

used for a regulatory submission.

Use Profile

Product ‘CONTROL 500’ is based on the active suixsteherbalin. The product is used pré

and early post-emergence in winter cereals to obatmual grasses including blackgrass.

D
]

Usage rate is proposed as 0.5 kg a.s./ha.

Problem Summary

Exposure assessment modelling within the FOCUSaBeaNVater Framework at Step 3

suggests that risk to fisDaphniaand algae is acceptable within all scenarios.

However, Step 3 modelling highlights potential cenmcsurrounding risks to aquatic plants

associated with a product in scenario D2 (ditcmade only).

The D2 scenario is mainly correlated with part&ogland and with a smaller proportion of
land in France. As the UK is a key market for CG¥OL 500, additional work is undertaken
at Step 4 to address the potential risk in the é&hario.

Strategy

The strategy focuses upon assessing exposure tivedemge of conditions relevant to winter

9%
o

cereal cultivation in the UK. Concentrations ofli@m in a standardised ditch are calculat
following use on UK drained soils with a range abjerties and in regions with different
climatic conditions. The Denchworth soil from B2 scenario is included as one of the soils

simulated, but an analysis is undertaken to selewbre representative example of this ser|es.
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If risks to aquatic macrophytes from the refinege@sment are considered unacceptable, the
analysis is designed to support discussions opdhsibility of mitigation based on restricting

use on vulnerable soils.

A3.1 Step 3 FOCUS surface water calculations

Use on winter cereals dictates that nine of thde@@US surface water scenarios are

simulated. The properties of herbalin are sumradrizlow:

Proposed use Pre- and early post-emergence to winter cereals at 500 g a.s. ha™
Application window Planting to GS11

Molar mass 400

Saturated vapour pressure 1x10° Pa

Solubility 500 mg L at pH 7

Sorption Koc (median) 75L kg'l selected

Half-life in soil (median) 25 days (field value)

Half-life in water 10 days

Half-life in sediment 30 days

Critical ecotoxicity value 0.30 mg L* (7-day EC50 for Lemna gibba)

Maximum PECsw values at FOCUS Step 3 range frontod43.5ug L™ and TER values for
Lemnarange from 6.9 to 968 (Table A3.1). The assessinditates that risk to aquatic
macrophytes is acceptable in all scenarios apart the ditch in D2. The D2 scenario is a
99.3 percentile worst case for all drained agrigaltland (FOCUS, 2002). As extensive safe
uses have been demonstrated, risk of herbalintat@gmacrophytes is acceptable with
respect to listing on Annex 1. The D2 scenarim&nly correlated with parts of England and
with a smaller proportion of land in France. Ae thK is a key market for herbalin,

additional work is undertaken at Step 4 to addifespotential risk in the D2 scenario.
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Table A3.1. Step 3 PEC sw and TER values based on a 7-day EC50 for Lemna gibba of 0.3 mg L *

Scenario Water body Maximum PECsw (ug L'l) TER
D1 Ditch 12.913 23.2
D1 Stream 11.472 26.2
D2 Ditch 43.525 6.9
D2 Stream 27.240 11.0
D3 Ditch 3.159 95.0
D4 Pond 0.555 540.5
D4 Stream 2.741 109.4
D5 Pond 1.506 199.2
D5 Stream 2.957 101.5
D6 Ditch 17.463 17.2
R1 Pond 0.310 967.7
R1 Stream 2.854 105.1
R3 Stream 29.529 10.2
R4 Stream 2.096 143.1

A3.2 Methodology for Step 4 assessment

A3.2.1Potential options

There are several options for refinement of the aissessment, including:

[1] The relevance of the D2 scenario might be ateraid with respect to the proposed
area of use. Areas correlated with the D2 scermmmaaised for cultivation of winter

cereals in the UK, so this is not pursued here.

[2] The Denchworth soil used to select parametarsiie D2 scenario is a relatively
extreme example of this soil type (Hollis, 200&)would be possible to refine soll

parameters for the D2 soil to describe a more sgmtative Denchworth soil.

[3] The effects endpoint could be refined by, feample: (i) testing further macrophyte
species with a range of growth habits (informataorthe flora and fauna of water
bodies within a small area around the Brimstoreeasié available from Williams et
al., 2004); (ii) considering the potential for reeoy from effects; (iii) considering the

effects of pulsed exposures of pesticide. Peakesticide concentration in the D2
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ditch are generally short-lived and there are $icamit possibilities to refine the

assessment by considering the implications ofdh®bral variation in exposure.

[4] Options to mitigate aquatic risk arising froragbicide transport in drainflow are
limited, but restriction of use on the most vulri@easoils is a possibility where the
legal framework allows. Refined exposure assessmeunld need to demonstrate

how exposure varies with soil type and/or climate.

The approach adopted below is confined to the expgsart of the risk assessment and
combines options [2] and [4] above. It is brodahged on work recently reported by Brown
et al. (2004). Concentrations of herbalin in ad#tadised ditch are calculated for use on
drained soils in the UK with a range of properaesl in regions with different climatic
conditions. The Denchworth soil from the D2 scema included as one of the soils
simulated, but an analysis is undertaken to selewbre representative example of this soil
type. Theaim of the Step 4 modelling isto assess exposure under therange of conditions
relevant to winter cereal cultivation in the UK if risksto aquatic macr ophytesfrom the
refined assessment ar e consider ed unacceptable, the analysisis designed to support

discussions on the possibility of mitigation based on restricting use on vulner able soils.

A3.2.2Detalils of Step 4 Methodology

The area of winter cereal-growing land in England Wales ¢a. 1.7 x 16 ha) was divided
into environmental scenarios comprising discreass®s of soil type and climate. The
analysis was undertaken using the SEISMIC datafbtedéett et al., 1995), a modelling
support tool which allows climate, cropping and sata to be overlaid and then provides
basic environmental properties useful for derivimgdel input parameters. First, areas of
winter cereal cultivation were overlaid onto thesds likely to be drained under arable
cultivation to generate an estimate that 54% oftlea cultivated with winter cereals in
England and Wales is likely to be artificially drad. The soil series making up the drained
winter cereal area were then divided into six broadses (Table A3.2) based upon
vulnerability for leaching via drainflow. The dgion was made subjectively based on the
prevalence of rapid movement to drains via macmflow (determined by clay content and
structure). Drained soils with peaty topsoils wewsasidered to have no vulnerability for
leaching via drainflow because sorption of pesésidill be strong. Hence, only five of the
six soil classes were considered within the moadlglliA representative soil series was
selected as lying at the vulnerable end of ea¢heofive remaining classes (Table A3.2). For
each representative series, profile information @dsacted from SEISMIC (Table A3.3) and

used to parameterise the MACRO model. Detailb@farameterisation approach are given
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in Brown et al. (2004); the adequacy of the deripathmeters has been evaluated using
results from field experiments for the Hanslopé @iown et al., 2004) and the Denchworth
soil (Beulke et al., 2001).

Whereas each soil series was chosen at the vulaead) of the class which it represents, the
properties chosen were the average of all availalelesurements for that series in England
and Wales. A recent analysis compared the Denc¢hwoil used as the basis for the D2
scenario with measurements @@ 120 Denchworth series soils under arable or tagg
cultivation in England and Wales (Hollis, 2003).wis shown that the D2 soil represents a
75" percentile worst-case for preferential flow (ctayntent) within the series and ™35
percentile worst case for pesticide sorption (oigaarbon content). The Denchworth series
used in Step 4 modelling (2.9% OC and 43% clayentbpsoil) thus differs from that
parameterised in the D2 scenario (3.3% OC and 34%4rt the topsoil).
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Table A3.2. Division of the winter cereal-growing |  and in England and Wales into soil vulnerability cl asses

Representative Description of soil class Proportion of winter

soil series cereal-growing land (%)

Denchworth Clayey soils with a strong inhibition to downwards movement of water which have a soft impermeable layer within 100 cm 7.0
of the soil surface and a gleyed layer within 70 cm depth
Hanslope Soils with clayey upper layers Soils with either (a) significant inhibition of downwards movement of water which 155
Brockhurst Soils with clayey lower layers and have a slowly permeable and a gleyed layer within 100 cm of the soil surface, or 15.1
lighter-textured upper layers (b) prolonged seasonal saturation and a gleyed layer within 40 cm of the soil
) ) ) ] surface as a result of shallow groundwater

Clifton Medium loamy and silty soils 9.2
Quorndon Relatively permeable soils with a gleyed layer within 40 cm of the soil surface as a result of shallow groundwater 3.8
(None assigned) Soils with humose or peaty layers 3.5

http://www.efsa.europa.eu 115



Table A3.3. Properties of the five representative so

il series selected for scenario-based
modelling (values for ASCALE are derived during param

eterisation)

Depth Organic Sand Silt Clay Bulk pH ASCALE
interval carbon density  (1:2.5in (mm)
(cm) (%) (%) (%) (%) (g cm™®) H,0)
Denchworth series
Horizon 1 0-20 2.9 17 40 43 1.17 6.3 20
Horizon 2 20-50 1.2 6 30 64 1.26 6.9 20
Horizon 3 50-70 0.8 5 31 64 1.31 7.0 50
Horizon 4 70-100 0.4 6 36 58 1.40 7.4 50
Hanslope series
Horizon 1 0-25 2.9 30 32 38 1.18 1.7 20
Horizon 2 25-50 0.9 22 36 43 1.38 8.2 20
Horizon 3 50-65 0.5 20 33 47 1.45 8.3 20
Horizon 4 65-100 0.4 14 45 41 1.44 8.3 50
Brockhurst series
Horizon 1 0-25 2.3 32 42 26 1.26 6.4 10
Horizon 2 25-45 0.6 30 44 26 1.49 6.4 20
Horizon 3 45-70 0.3 14 40 46 1.48 6.7 150
Horizon 4 70-100 0.2 7 48 45 1.51 7.5 50
Clifton series
Horizon 1 0-25 31 50 30 20 1.20 5.9 10
Horizon 2 25-40 0.5 52 31 17 1.52 6.2 10
Horizon 3 40-75 0.4 38 32 30 1.55 6.8 100
Horizon 4 77-100 0.2 36 32 32 1.64 7.2 100
Quorndon series
Horizon 1 0-30 2.7 60 25 15 1.25 7.1 10
Horizon 2 30-80 0.6 68 21 11 1.41 6.3 25
Horizon 3 80-120 0.3 73 18 9 1.43 6.3 10

http://www.efsa.europa.eu
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Areas of winter cereal cultivation in England andlég were divided into four approximately
equal climatic classes designated 'dry' (<625 mamipitation per annum), 'medium' (625-750
mm p.a.), ‘wet' (750-850 mm p.a.) and ‘very weB%8 mm p.a.). Four weather datasets
were then selected from the SEISMIC database asseptative of the four climatic classes.
Average annual rainfall for the four datasets we®, 13, 815 and 1115 mm (Table A3.4).

Table A3.4. Annual rainfall statistics (30 years) f  or the weather stations selected to represent the
three climate scenarios (all values in mm)

Year Cambridge Mylnefield Keele Rosewarne
(dry scenario) (medium scenario) (wet scenario) (very wet scenario)
30-year average 588 713 815 1115
Standard deviation 80 86 99 119
Minimum 447 526 614 858
Maximum 784 872 977 1361

The model was run for the 20 scenarios resultiomfthe combination of five soil and four
climate classes and assuming annual applicatiotieedest compound in the autumn of each
of 30 years. The target application date varigd/ben 5 and 25 October according to the
scenario. Application was delayed to the firstsguent dry day where rainfall exceeded 2
mm on the target application date or 7 mm on eitifieche next two days. Rainfall of 7 mm
was considered an amount that could be reasonatalgdst as heavy rainfall and where a
farmer might delay application to protect efficady.simple approximation of dilution within
a small receiving water body was considered orb#ses of drainflow from a 1-ha field
entering a ditch 100 m long, 1 m wide and with aewvdepth of 30 cm. It was assumed that
the residence time of water in the ditch was ong s that the daily input of drainflow and

pesticide always entered the same volume of unconged water.
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A3.3 Results of Step 4 Assessment

The annual drainage predicted by MACRO varied tydmtween climatic classes and to a
much lesser extent between soil types. Annual geedaainage (and range) for the
Denchworth soil series was 105 mm (20-244 mm)Herdry climate, 236 mm (88-353 mm)
for the medium climate, 318 mm (149-466 mm) forwhet climate and 674 mm (429-902
mm) for the very wet climate. The D2 scenario &pS2 lies within the medium climate class
and the model prediction of 236 mm drainage onageeagrees with the classification by
FOCUS (2002) that the D2 scenario has average ngelad 200-300 mm (categorised by

FOCUS as a worst-case for recharge when considaliinigained land in Europe).

Output of the Step 4 exposure assessment was ithediacentration of herbalin in the
standardised ditch. Concentrations varied in fime pattern characteristic of transport to
drains via preferential flow. Short-lived peaksoncentration were observed during major
flow events, with concentrations being largest whew occurred soon after application
(Figure A3.1).

Figure A3.1. Example of daily concentrations of herb  alin predicted in the receiving ditch
(example shown is for Denchworth soil coupled with a ‘wet’ climate)
18.0
16.0 -
14.0 -
12.0 -
10.0 -
8.0 4
6.0 -
4.0
2.0 1
0.0
59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89

Denchw orth - w et

Concentration in the ditch (microg/l)

Year

The maximum daily concentration of herbalin in tieh during each year of a simulation
was taken as the value for use in refined riskssssent. This matches the approach taken at
FOCUS Step 3 where the largest daily concentrasgit@ken for acute risk assessment.
However, FOCUS Step 3 considers a more limiteddoake (a single year), so the long-term
assessment undertaken at Step 4 provides a brieaaleoral context within which to interpret
results. As discussed above, concentrationsin the ditch vary greatly with timeand a

mor e complete analysis could consider all daily valuesto describe the duration aswell as

maghitude of peaksin exposure, time between exposur e events etc.
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An initial check of the method of calculating ditut within the ditch was undertaken. The
daily concentration output from MACRO that gaveerie the largest PECsw value for the D2
ditch at Step 3 (43.538g L) was 110.48g L. This equates to a dilution factor for raw
drainflow within the ditch of 2.5. In comparisdahge average dilution of peak concentration
in drainflow was a factor of 1.8 in Step 4 calcidas. Although the calculation procedure is
simplistic, it gives a more conservative estimaiemor e complete analysis could use

output from long-term simulationswith MACRO asinput to FOCUS-TOXSWA as at

Step 3.

For each combination of soil type and climate &= 20), there were 30 years in each
simulation and the largest daily concentratiorhim ditch in each year was taken as output
and ranked into a cumulative distribution. Resatssummarised in Table A3.5 and Figure
A3.2. A morecomplete analysis could consider thedistribution of all daily
concentrationsin the ditch for each of the 20 scenarios (rather than just the annual

maximum in each year).

Table A3.5. Selected values from cumulative distribu tions of the maximum annual concentration
(Ma/L) of the pesticide in the ditch (30 values perd istribution)

Light loam Medium loam Medium loam Clay Clay
(Quorndon) (Clifton) (Brockhurst) (Hanslope) (Denchworth)
Dry climate

50" percentile 0.00 0.00 0.15 0.88 0.71
8o™ percentile 0.00 0.13 0.75 3.77 3.77
oo™ percentile 0.00 0.20 0.91 4.33 4.28
100" percentile 0.00 0.67 2.64 7.18 13.38

Medium climate
50" percentile 0.00 0.24 0.65 3.49 3.36
8o™ percentile 0.00 0.49 1.52 6.02 6.66
oo™ percentile 0.02 0.63 1.85 7.50 7.34
100" percentile 0.19 3.18 4.56 16.11 15.57

Wet climate

50" percentile 0.00 0.27 0.66 3.14 3.18
80" percentile 0.00 0.50 1.29 5.90 5.07
oo™ percentile 0.00 0.91 1.79 7.22 8.05
100" percentile 0.00 1.31 2.30 13.64 15.52

Very wet climate
50" percentile 0.08 1.20 1.68 8.56 8.93
80" percentile 0.18 1.77 2.66 16.44 16.04
90" percentile 0.35 2.05 2.86 17.79 18.52
100" percentile 1.00 2.75 4.53 43.07 41.82
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Figure A3.2. Cumulative ranked distributions for co

ditch. Each curve comprises the maximum daily concen

for that combination of soil and climate. The curve

ncentrations of herbalin in the receiving
tration in each of the 30 years simulated
for the light loam lies very close to the y-axis.
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A3.4 Risk assessment based on Step 4 results

The modelling was based on environmental scenapesific to a particular area of use.
Within this framework, TER values are predicte@xaeed 10 throughout the 30-year
simulations for all soil types in the dry, mediundavet climates. TER values are predicted
to be less than 10 for at least one day in onlyadriee 30 years simulated for the two clay
soils in the very wet climate (TER 7.0-7.2). Datathe proportion of winter cereals grown
on different soil types and in different climaté®w that cultivation on clay soils in the very

wet climate is extremely restricted (<1% of thatpTable A3.6).

TableA3.6. Proportion of the total winter cereal lan  d in England and Wales accounted for by each

scenario
Soil type Extent of soil within each climatic scenario (%) Total extent
Dry Medium Wet Very wet (%)
Undrained - - - - 45.9
Peaty soils - - - - 3.5
Denchworth 2.7 3.0 0.8 0.5 7.0
Hanslope 9.0 5.6 0.5 0.4 155
Brockhurst 4.8 7.6 1.8 0.9 15.1
Clifton 15 5.2 1.6 0.9 9.2
Quorndon 2.4 0.9 0.3 0.2 3.8
Total 20.4 22.3 4.9 2.9 100.0

The absolute maximum concentrations predictedegt &tfor the clay soils in the very wet
climate are very similar to that predicted for @-ditch scenario at Step 3. The
parameterisation of the Denchworth clay scenarilogus representative profile for this series
has a significant impact on exposure concentratielasive to the ‘Brimstone’ solil

parameterised in the D2 scenatrio.

Comparison of results for the various scenariosvstestrong influence of soil type and
climate on predicted exposure. Concentrationkerditch following treatment of the light
loam (15% topsoil clay) are negligible under alt the wettest conditions. Exposure
predicted for the two medium loams (20-26% topslai})) is roughly an order of magnitude
smaller than that for the two clay soils (38-43%stl clay). In general, exposure

concentrations are largest for the very wet clinzaie smallest for the dry climate with those

121



N

~N o o b~ W

10
11

12
13

14
15

16
17
18

19
20
21

22
23
24

25

26
27

28
29

for the medium and wet climates being between thesextremes and broadly similar to

each other.

In the current instance, the assessment suggestptable risk to aquatic macrophytes under
normal usage conditions, with only a very infrequexteedence of the TER trigger value for
use on heavy clay soils under very wet conditidfiithe outcome following Step 4
refinement had been some residual risk, resultes she potential to mitigate risk by

restricting use of the compound on the most vubslersoil types.
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A4 ILLUSTRATION OF A POSSIBLE APPROACH TO REFINING
EXPOSURE VIA SPRAY DRIFT — VALENCIA
The FOCUS Landscape and Mitigation working grougrasgised possible refinements to risk
assessment to support listing on Annex | and ftional registration procedures. This
example is for a refinement specific to a particulsage scenario, but the broad approach is
generic. The example is intended to be illustegtivdoes not replicate a regulatory
submission (e.g. the level of detail and justifimatof decisions are both less than would be
required) and is not intended to be prescriptivelefailed opinion of the illustration is
available from PPR (2006), including informationamtditional requirements and/or

considerations where the broad approach is useslregulatory submission.

Use Profile

The product of concern is an emulsifiable concéatfaC) formulation of a novel insecticid
for use in citrus. The product is used for the gm&ergence control of lepidopteran,
coleopteran and dipteran pests.

[¢)

Problem Summary

Step 1 and 2 calculations indicated potential coreassociated with acute risk to fish and
aguatic invertebrates.

More sophisticated exposure assessment modellipipging the FOCUS Surface Water
Scenarios at Step 3 suggests that acute risksmdardish and aquatic invertebrates, but the
scale of concern has been reduced.

Further investigation of the acute exposure pradilarranted at Step 4 for R4 and D6
scenarios.

Due to the exposure profile at Step 3 and the ptiggeof the compound, it was concluded
that the most appropriate expenditure of effofétapp 4 would be a consideration of more
realistic spray drift loadings into the edge ofdieater bodies within a known landscape.

An analysis of a suitably representative landsecagg provide sufficient evidence of
naturally existing mitigation in the form of exisj margins between crop and water bodies.

Considering the nature of citrus culture, due adbersition should also be given to the type of
water bodies that would be exposed and the organtisat they would contain.

Strategy

The strategy focuses on use of landscape levetdataantify the extent and magnitude of
naturally existing mitigation in relation to sprdyift. The impact of directional variability o
spray drift should also be considered (i.e., thedvis not always blowing towards the water
body).

A site selection process should be undertakengiatify an appropriate area for landscape
study, based primarily on the presence of citrgbands.

—

Once a study area is selected, the best availphte@akdata sets for land cover and surface
water should be obtained, and made available toegsoin a Geographic Information System
(GIS). Relevant information regarding surface wateuld be maintained in the processing
(for example, water body widths, permanesiintermittent water bodies, and the separation

of natural streams and artificial canals).
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PECsw values arising from drift should be calcwatsing the standard methods and valug
used in the FOCUS Drift Calculator.

Other assumptions about drift entry and surfacemRECs should remain unchanged fron
Step 3 (e.g. water body depth, mixing, simultaneapications, etc), with refined PEC'’s
being determined solely by citrus density, dirattmd proximity to surface water.

For ease of interpretation and refinement of Steptput, results of landscape-level PEC’s
will be presented as the “percent of maximum PE@igre maximum PEC is calculated
according to the FOCUS Drift Calculator), ratheartiPEC’s specific to application rate.

Given the potential differences in aquatic habitatslediterranean agricultural areas (natu
streams/s concrete canals), elements of ecological infoimnaghould be incorporated into

ral

the evaluation of the exposure information if pbkesi

A4.1 Profile of Active Substance and FOCUS SW Model ling

A4.1.1Profile of the Active Substance

The product of concern is an EC formulation of &elénsecticide for use in citrus. The

product is used in the pre-emergence control afltggieran, coleopteran and dipteran pests.

Usage rate is 42 g a.s./ha. The following ecotdigy profile is used in the risk assessment:

Fish LCso (96 h static mortality): 133 pg/l
Aguatic invertebrate ECsp (48 h static immobilisation): 97 pg/l
Algae ECs (72 h growth): 64 g/l
Fish NOEC (21 d): 17 pgll
Aquatic invertebrate NOEC (21 d): 3 pg/l

A4.1.2 Simulation Results — FOCUS Step 1 and 2

Maximum PEC values for the active substance at Stampd 2 were 4.32 and 2.6/,

respectively. These result in the following acuERTprofiles:

Step 1 TER | Step 2 TER

Fish LCso (96 h static mortality): 30 60
Aquatic invertebrate ECsg (48 h static immobilisation): 22 43
Algae ECsp (72 h growth): 14 29
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Chronic endpoints were also compared with maximi@ Ralues as summarised below.

Step 1 TER | Step 2 TER
Fish NOEC (21 d): 3.9 7.7
Aquatic invertebrate NOEC (21 d): 0.7 1.4

A review of the toxicity profiles (time to effecnd mode of action suggests that the use of
time-weighted average PEC's for chronic assessniefistified. Comparisons with 21d
time-weighted average PEC’s at Step 1 and 2 of @18i10.14ug/l allow a refined chronic

risk assessment for fish and aquatic invertebrates:

Step 1 TER | Step 2 TER
Fish NOEC (21 d): 7.36 100
Aquatic invertebrate NOEC (21 d): 1.36 18

Accordingly, after a Step 1 and 2 exposure assagsaieute risks to fish and aquatic
invertebrates cannot be discounted and, as a comseg further assessments at Step 3 are
necessary. At Step 2, chronic TER values for @igjuatic invertebrates and algae all exceed

10, indicating low potential for risk.

A4.1.3Simulation Results — FOCUS Step 3

Citrus is associated with two FOCUS surface watenarios (D6 and R4). The results of

simulations considering drift and run-off or dragedoadings into each system are

summarised below:

R4 Stream D6 Ditch
Maximum PEC( ug/l): 1.177 1.543
21 d TWA PEC (ug/l): 0.015 0.073
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These maximum PEC values result in the followindrRTofiles:

R4 Stream | D6 Stream
TER TER
Fish LCso (96 h static mortality): 111 85
Aquatic invertebrate ECso (48 h static immobilisation): 82 62
Algae ECs (72 h growth): 54 41
Fish NOEC (21 d): 1133 233
Aquatic invertebrate NOEC (21 d): 200 41

Accordingly, after a Step 3 exposure assessmeutie aisks remain for fish and aquatic
invertebrates, but the extent of concern has bedunced. Further investigation of the acute
exposure profile is warranted at Step 4. As befdnegnic TER values for fish, aquatic

invertebrates and algae all exceed 10, implyingpotential for risk.

A4.2 Step 4 Strategy

Unacceptable exposure profiles were identifieddthithe R4 and D6 scenarios.
Interpretation of the results of simulations atpgS3eshows that entry via spray drift is the

more important route of exposure.

Scenario Drift Run-off / Drainage
R4 0.049¢g 0.027 g
D6 0.047 g <0.001 g

The runoff calculation includes a conservative ag#ion on the slope of the orchards.
Whereas newer orchards tend to be positioned cactsd hillsides, many of the older

orchards occupy flatter land.

It was concluded that the most appropriate focleffofts at Step 4 would be a consideration
of more realistic spray drift loadings into the edy field water bodies within a known usage

landscape. Mitigating influences on drift includeice of equipment, tractor and wind speed
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and distance to the water body. It was decidedahatnalysis of the landscape may provide
sufficient evidence of naturally existing mitigation the form of existing margins between

crop and water bodies.

A4.3 Landscape characterisation

A4.3.1Site Selection

The process of selecting an appropriate area fomaation is crucial to the understanding
and interpretation of the results of that examoratiThis “site selection” process should be
carefully considered prior to the initiation of aiaypdscape level analysis. Site selection is a
step-wise process starting from a trans-natioreleg&EU), with periodic refinements in scale
and data until a specific area has been identiiethndscape-level analysis. The example
for citrus starts with a general view of citrusérfruit) production in the southern EU, then
moves to a national level (for which data sets wihsistent quality and content are usually
available), to a regional level and finally to tbeal level. An EU-wide examination of
hydrologic density could not be performed due ®l#tk of pan-European databases at the
time of analysis. However, when a pan-Europeandigdy data set becomes available, it
should be considered for use in the site selegiioness. Lacking pan-European data for
this example, the potential study areas were natdatown by area cultivated to the Member
State level. A hydrologic density metric could ateocomputed at the Member State level to

further refine site selection for drift exposurehin the Member State.
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EU-Level

The Food and Agriculture Organisation of the Unitations (FAQO) statistical database on

agricultural production (FAOStat) was used to exaitrus production across the entire

EU. These results show that Spain consistentlgiyres the greatest amount of citrus of all

EU countries (slightly more than 50% of total Elguction). Use of the product in Spain

could therefore be considered a major use relgwascision-making under Annex | of

Directive 91/414/EC. While agricultural and envinoental factors do not necessarily follow

Member State boundaries, in many cases it is regu@ move to a national level to obtain

spatial and statistical data that are of consistentent, scale and quality for further analysis.

Therefore, Spain was selected for further exanonati

Citrus Fruit, Total
Area Harvested (Ha)

1999
European Union (15) 556,894
France 2,974
Greece 58,350
Italy 177,677
Portugal 27,858
Spain 290,035

National Level

Cropping data from SpainGenso
Agrario 1999 distributed byinstituto
Nacional de EstadisticNE, 1999)

were used to identify areas of greater

density of citrus production. The

following map identifies the region of

Valenciana as a primary area for

analysing citrus production.

Figure A4.1. Initial distribution of citrus
production for all of Spain.

Year
2000 2001 2002

559,262 556,110 558,346
2,405 2,264 2,287
60,800 61,000 61,050
177,717 177,599 176,659
27,809 28,197 27,300
290,531 287,050 291,050

Citrus Production (Hectares) Normalized by Province Area

/ pvty ¢ ‘;“\:‘ ~ " Citrus Production
b y 5 ’ 7} /,I”"k) _"’ [ | No Citrus Production
) e ) : ﬁ“‘ _Jt [ veryLow

4 /:‘ Medium

\:I High

\:l Very High

I:l No Data

Valenciana Region

0 100 200 300 400 500

Kilometers
Projection: UTM Zone 30N Source: Anuario Estadistico do Espana {INE), 1996-97|
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As can be seen in the maps above, the Valencigiarbas one of the highest

concentrations of citrus production within Spaifalenciana encompasses 67% of the

national citrus production (as seen in the cropgiagjstics table below (INE 1999)).

Citrus Production
Province Hectares % of Region % of Spain
Castellon/Castelld 37,505 23% 15%
Valencia/Valencia 90,673 55% 37%
Alicante 36,037 22% 15%
Valenciana Region 164,215 100% 67%
Spain Total 246,527

The citrus-intensive portions of Valenciana falthim the extent of the R4 and D6 scenarios

as depicted in the FOCUS Surface Water Sceannmstreshown below.

Extent of Scenario R4

RN
giﬁ’ . M}

ke . <

Extent of Scenario D6

9

o

iy

Figure A4.2. Extent of R4 and D6 scenarios

Regional Level

A more detailed view of the Valenciana region teeli@ citrus production using crop statistics

at themunicipiolevel (NUTS5) is shown below. The NUTS5 cropistats were also

obtained from thdlinisterio de Agricultura, Pescay
Alimentacion(MAPA). Using this information, a
suitable area within the Valenciana region was
identified that corresponded with existing highdifya |-
satellite imagery, acquired at an appropriate tine
identify citrus (winter). The area covered by the
satellite image is considered the “study area” caru
be further examined using high resolution data feets
land cover, hydrology and other environmental data

sets.

Figure A4.3. Refined location of citrus production in the

entire Valenciana region

Percent Citrus of Total Municipio Area

" %Citrus per Municipio
e No Data
S 0-25%
52550 %
~50- 75 %

] >75- 100 %
i Yoy Area
Valenciana Region

.
¢

.

------ .

0 5 10 15 20 2%(”0
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meters_ |
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Local Level

Finally, the CORINE land cover data set was usegktdy the spatial location of tree crop
production in the area of greatest citrus productie defined using the crop statistics at the
municipiolevel. This area (located north of the city ofi&feia) is examined in relation to
the possible satellite image footprints. Note that CORINE land cover does not have a
separate class for citrus, so the ‘orchards andl émits’ class must be used. The following

map shows agricultural production within the Vaiena region:

Figure A4.4. Final
location of intensive
citrus production in the
Valenciana region

CORINE Land Cover
| Citrus

0 5 10 20 3%
| m Kilometers

Figure A4.5. Surface water (1:25 000 scale) in
the Valenciana region from MTN25 digital
data

Once a refined study area had been
selected, detailed hydrology was obtainec

from Spain’sCentro Nacional de

Informacion Geografic§CNIG) using

P

their MTN25 digital product. The data .. RATRARG ¢ il
were provided in digital format and contai B <5 T /B
hydrology at a scale of 1:25,000. | S

Hydrology for the study area is mapped ir

the following figure. This shows variations in lmgtbgic density, water body classes

(streams, rivers, canals, ponds, reservoirs), atdnbody state (permanent vs. intermittent).

130



© o0 N o o b

10
11
12
13
14
15
16
17
18
19

20

21
22
23
24
25
26

27
28
29
30
31
32

The MTN25 is the digital data used to create tl2® D00 scale topographic maps, and was

considered the best available surface water data spatial form.

A4.3.2 Analysis - Drift PEC Calculation

To provide detailed landscape data, a multi-spe(@fametre) satellite image was acquired
from the SPOT 2 satellite covering approximatel§,p60 hectares on land (SPOT, 2000).
The image was acquired on February 23, 2000. iffage was classified specifically to
identify citrus orchards. The classified land aodata were combined with the detailed
hydrology (the MTN25 data) and the resulting d&ts svere analysed in a Geographic

Information System to quantify the spatial relasibips between citrus and surface water.

For the drift PEC analysis, a total of 3,719 wétedies were examined for drift loadings
from citrus. For each water body, sampling poimese placed along the perimeter every 10
meters. The drift estimation examined how mucthefperimeter is exposed to spray drift in
each of eight directions, and to what degree thetreter is exposed based on distance to
crop (i.e., what % of the maximum drift rate acéogdto the FOCUS drift calculator). If a
water body had 100% of its potentially exposedmetér directly adjacent to citrus (within 3
metres), then the water body would have the maxirR&@ calculated by the FOCUS drift
calculator for that direction. The estimation oftdPEC’s examined over 1.3 million
individual measurements from the sampling poinée@tl along the perimeter of each water
body.

A4.3.3Results - Landscape Drift PEC Calculation

The following charts illustrate how often the 3,448ter bodies in this citrus-intensive
landscape exhibited the assumptions used in thd FBOfift calculator (using a 3m distance
to crop). These charts show that of all water badielatively few (<5%) exhibited the
assumptions that the entire water body is maximetfyosed to citrus, which would result in a
landscape-level PEC equal to 90-100% of the maxilf@@US PEC. This chart also shows

that over 50% of the water bodies in the area twadrift loadings.

The spatial analysis of drift loadings used thadéad FOCUS method to determine the
maximum PECsw based on crop type (i.e., it usedpipeopriate regression parameters for
citrus). Since the same water body width and depsumptions were used in both the
calculation of the maximurmandfor the landscape-level analysis, the comparagsalts are
independent of water body characteristics. Thecgra of maximum PEC’ allows the water

body characteristics to be removed from the corsparithereby focusing solely on the
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influence of the landscape. The Percent of Max PECsw

Landscape Level vs. Assumptions, All Water Bodies
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Selected percentiles of the results (percent ofiax PEC) can also be reported, as an
estimated PEC was computed for each water bodyliaection combination. Results for the
most vulnerable water body classes (small streamsi€anals) are presented below. While a
few water bodies exhibit the maximum charactessiticthe landscape (100% cropped around
perimeter, directly adjacent), the™®@5" and 5 percentiles show that the majority of the

water bodies have much reduced exposure.

Fraction of Maximum PEC Based on Landscape Analysis

W8/

Wg:z:eBgrdy Scenario Selected Percentiles of Percent of Max PEC Dir
WB Class | Width Width | 50th 75th 90" 95th 99th | Count
Streams | Permanent Im 0.00 0.21 0.62 0.72 0.83 224
Intermittent Im 0.00 0.00 0.25 0.58 0.95 17008

Canals <lm 1m 0.11 0.36 0.69 0.82 1.00 1896
1-3m 1m 0.24 0.71 0.94 1.00 1.00 4480

A4.4 Step 4 Exposure Assessment

The same set of assumptions used in the Step 3asioms regarding the surface water
framework was employed as a starting point fomtiaaimum PEC in Step 4 calculations
with the following exception: the upstream catchimemgnored because the entirety of the
landscape is considered and a highly conservasisenaption is made that all citrus
plantations are treated simultaneously with theesproduct. It was also assumed that the
water bodies simultaneously derived drift loadirant the worst-case wind direction. This
necessarily exaggerates the scale of exposurdterdfore, risk. The drift data used to
estimate exposure were also based on the BBA sifaylata where application to tree crops

is made using mist blower equipment. In citrusatment of insecticides is more typically
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made using hand applied equipment, and drift fraahdreatments will be substantially
lower than that from mist blowers. The assessmamtherefore be considered to be

conservative.

The maximum PEC derived from Step 3 run-off scenarodelling was 1.18g/l. The

maximum PEC derived from Step 3 drainage scenavigetting was 1.541g/1.

It should be noted that the exposure assessmethtgfoun-off scenario includes relatively
conservative assumptions regarding the contribubaxposure from processes and
applications occurring within the upstream catchimérhere FOCUS Step 3 data are used as
a ‘worst-case’ benchmark within broader landscagsessments it may be appropriate to
separate the upstream contribution or influencex@osure to ensure the direct influence on

drift of natural mitigation within the landscaperéflected in a more meaningful manner.

The Step 3 exposure profiles demonstrate that tretwase PEC’s are derived from a
drainage scenario in which the upstream contributioinfluence is considered negligible and
the primary route of entry is clearly drift. Theved, the following results are provided with
reference to the maximum PEC value that coincidés avdrift event at the immediate edge-
of-field within the drainage scenario. This fornsfipresentation enables very rapid
identification of circumstances considered to pdevsufficient natural mitigation of drift to

demonstrate safety. TER values based upon a maxii@nof 1.54ug/l are:

Minimum Required mitigation
TER (reduction in exposure,
fraction of maximum PEC)

Fish LCso (96 h static mortality): 85 0.85

Aquatic invertebrate ECso (48 h static immobilisation): 62 0.62

Where required mitigation = TER / 100.
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The prevalence of circumstances under which aifracif <0.85 reduction in exposure can
be readily identified that would lead to a demasttn of safety for fish is highlighted in
shaded cells in the table below.

Fraction of Maximum PEC — Reduction in Exposure for Safety to Fish

WB/

Water Body | Scenario Selected Percentiles of Percent of Max PEC Dir

WB Class |[State or Width| Width

Streams Permanent Im
Intermittent Im

Canals <Im Im
1-3m 1m

Note: Shaded cells represent sufficient reduction in exposure to achieve minimum TER

As can be seen, sufficient natural mitigation exigithin the landscape to enable summary
conclusions to be reached regarding risks to Ti&R values <100 predicted for different

water bodies are:
* Permanent streams: limited4dl% of relevant water bodies
* Intermittent streams: limited 5% of relevant water bodies
» lrrigation canals (<1 m wide): limited ta5% of relevant water bodies

* lrrigation canals (1-3 m wide): limited t625% of relevant water bodies

By far the most predominant water bodies are stseagpresenting 73% of the systems
within the usage landscape. Of these, 98.7% ageniiitent systems that would be unlikely to
support fish populations or obligate aquatic ovaltine invertebrate species. It should be
noted that other aquatic vertebrates (e.g. amptsbiaay live in intermittent streams, even
though the model organism (test species) to asisesssk for all aquatic vertebrates is fish.
Ecotox test species are indicators of risk for dewiange of species and not just those very
similar to the test organism. Regardless, evethiese intermittent streams, the stream
representing the 85ercentile PEC has sufficient natural mitigatiorgive a TER > 100

(i.e., a landscape reduction equating to 58% ofStiep 3 PEC). In other words, less than 5%
of the intermittent streams have TER values <100isb, and risk in more than 95% of
streams would therefore be considered acceptabnfoamphibians present as well.
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Canal systems are considered of lower ecologite¥aace as they would be characterised as
intermittent systems that would be highly dynamithwater provided to smaller systems
only as demanded. Again, such small, intermittgstesns would be unlikely to support fish
populations or obligate aquatic or univoltine irtedrate species. While amphibian species
may be present, the likelihood compared to natirahms is lessened due to the lack of

substrate and raised concrete construction of thresdl irrigation canals..

Although it can be demonstrated that risks to &ghhighly mitigated by naturally existing
margins between citrus and water within the lands@nd the characteristics of the most
closely associated water bodies further mitigatgregg risk to fish, the most sensitive species

are aquatic invertebrates and, as a consequeegamtlst also be considered.

The prevalence of circumstances under which arfaét©0.62 reduction in exposure could
be readily identified that would lead to a demastidn of safety for aquatic invertebrates is

highlighted in shaded cells in the table below.

Fraction of Maximum PEC — Reduction in Exposure for Safety to Aquatic Invertebrates
Water Body | Scenario Selected Percentiles of Percent of Max PEC WB/Dir
WB Class [State or Width| Width 50th 75th go™ 95th 99th Count
Streams Permanent Im 0.00 0.21 0.62 0.72 0.83 224
Intermittent Im 0.00 0.00 0.25 0.58 0.95 17008
Canals <lm im 0.11 0.36 0.69 0.82 1.00 1896
1-3m im 0.24 0.71 0.94 1.00 1.00 4480
Note: Shaded cells represent sufficient reduction in exposure to achieve minimum TER

As can be seen, sufficient natural mitigation exigithin the landscape to enable summary
conclusions to be reached regarding risks to agjiratertebrates. TER values <100 predicted

for different water bodies are:
 Permanent streams: limited<dl0% of relevant water bodies

Intermittent streams: limited 5% of relevant water bodies

» Irrigation canals (<1 m wide): limited &25% of relevant water bodies

» Irrigation canals (1-3 m wide): limited &50% of relevant water bodies

To assess the impact of a no-spray label restnictiece water body class with the greatest
exposure (canals) was re-processed in the GlSantimetre no-spray buffer implemented.

These results show that the reduction in exposarra 6-metre no-spray buffer (when
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compared to the standard 3-metre crop distancelcis that all canals now have a TER >

100 for fish (reduction factor &f0.85) and aquatic invertebrates (reduction facta0062):

Fraction of Maximum PEC — Reduction in Exposure for Safety to Fish and Aquatic Invertebrates

Ratio of 5-metre no-spray buffer PEC to Max PEC (at 3 meters)

Water Body | Scenario Selected Percentiles of Percent of Max PEC WB/Dir

WB Class (State or Width| Width 50th 75th go™ 95th 99th Count
Canals <lm im 0.08 0.23 0.41 0.48 0.55 1896
1-3m 1m 0.15 0.42 0.54 0.57 0.57 4480

Note: Shaded cells represent sufficient reduction in exposure to achieve minimum TER

While in retrospect a 5-metre buffer could havepynbeen applied at Step 3, it cannot be
known at the start of a potential Step 4 approdlcétiaer refined exposure will indeed reduce
the needed buffer until the assessment is completthe case study for Valencia, one water
body class (canals) remained unprotected withoumaonsed no-spray buffer. However,
valuable information was gained, and a refinedetpafor further understanding can be
developed. Firstly, the landscape assessmentchtdgarget the specific situations of
concern regarding exposure to drift, in this cHse canals class of surface water. It also gave
confidence that other water body classes werefreignificant concern for fish and aquatic
invertebrates. The Step 4 assessment suggestofaeber investigation to better
understand the potential exposure of the targedmmtdies; such as increased flow rate in the
canals when flowing for irrigation purposes, thégmbial impact of narrow (sometimes
elevated) concrete channels with vertical sidedrdhdeposition, method of spray

application (air blast versus hand lance), andag@icability of BBA tables for drift.

The risk assessment strategy has been preparbéeé bagis of an assumption that drift is the
most significant route of entry in both the run-affd drainage scenarios. For completeness,
modelling was repeated eliminating drift loadingorder to demonstrate the significance of
run-off and drainage loadings on their own. In bedkes, these routes of entry were

considered to result in acceptably low levels giasure.

A4.5 Inclusion of Ecological Considerations

In citrus growing areas, the climate is such tfaitiral surface waters are at best intermittent
and often temporary, apart from the largest ritleas are regulated and/or receive inputs from

waste water treatment plants. Citrus culture megurigation, and an extensive network of
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irrigation canals is typical for such areas. Thaseoften concrete lined channels designed to
move water with the minimum of loss, and waterrityaischarged into the channels during
irrigation events (see images below). Considetfiegy lack of substrate to support plant or
animal growth, the high flow rates of water pasgsmgugh the systems, and the highly
intermittent timing of water content, these smalbation ditches would not support

extensive communities of aquatic organisms. Tloeeedcological risk assessment is of low
relevance to such systems and it can be conclidedise of the product is unlikely to result

in long-lasting effects on aquatic ecosystemstinusi

A4.6 Conclusions

In summary, after a Step 3 exposure assessmetw, régks remain for fish and aquatic
invertebrates. The Step 4 approach was a consaterd more realistic spray drift loadings
into the edge of field water bodies utilizing lacdpe-level information for an intense citrus
growing area. This area was identified using antjfiable site selection process, and
analysed in a GIS to produce PECsw values for abtlesusand water bodies, with sub-
grouping for various canal and stream categoridsese PECsw values were used to
determine a reduction factor based solely on thddeape, and the natural mitigation

contained within it.
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Step 4 exposure results show that for fish, sfichatural mitigation exists within the
landscape such that the number of water bodiesawigisulting TER < 100 are less than 5%
for all streams (permanent and intermittent) arigation canals (<1m wide). Irrigation
canals (1-3 m wide) presented the most potentibsxre, with less than 25% having a TER
< 100. The same trend for water body classesseikisaquatic invertebrates as well, with
slightly more water bodies not achieving the reggiif ER of 100. The number of water
bodies with a resulting TER < 100 are less than 1@%ermanent streams, less than 5% for
intermittent streams, while irrigation canals (<tude, and 1-3m wide) presented the most

potential exposure, with less than 25% and less 50&o, respectively, having a TER < 100.

When a 5-meter no-spray buffer was introduced éorats (the water body class with greatest
potential exposure), all canals had a sufficiedtiotion in exposure (compared to the

standard 3-meter assumption) to achieve a B for both fish and aquatic invertebrates.

Based on the landscape-level exposure analysgation canals have the greatest amount of
potential exposure. Considering their lack of suabs to support plant or animal growth, the
high flow rates of water passing through the systeand the highly intermittent timing of
water content, these small irrigation ditches wawdt support extensive communities of

aquatic organisms. Therefore ecological risk asseat is of low relevance to such systems.

The Step 4 examination aimed at acute risk fordisth aquatic invertebrates showed that, for
an intense citrus producing area, the potentiabsue to surface water varies across the
landscape and across water body types. The pesénatural buffers in the landscape show
that a large number of streams and canals havewk&lses lower than the Step 3 values,
resulting in TER values > 100 for these water badialso, when a 5m no-spray buffer was
implemented in the GIS, the number of water bodiigls TER < 100 was eliminated.

Irrigation canals had the greatest amount of p@teexposure, but these types of water
bodies will have less relevance for the ecologiskl assessment. The ability to identify
areas, or water body types, with greater or lessnpial exposure allows for a refined

assessment of ecological risk.
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Opinion of the Scientific Panel on Plant protection products and their
Residues on a request from EFSA on the Final Report of the FOCUS Working
Group on Landscape and Mitigation Factors in Ecological Risk Assessment

(Question N° EFSA-Q-2006-063)
adopted on 13 December 2006

SUMMARY OF OPINION

The PPR Panel presents an opinion on the Final Report of the FOCUS Working Group on
Landscape and Mitigation Factors in Ecological Risk Assessment (hereafter: the Report).

Within the European Union, harmonised approaches for conducting aquatic exposure
assessments have been developed. These are documented in the FOCUS Report on Surface
Water Scenarios (FOCUS, 2001). The assessment of the Predicted Environmental Concentration
(PEC) in surface water has been designed as a stepwise approach. The Step 1 accounts for an
‘all at once’ worst-case loading of a water body. The Step 2 calculation accounts for real
application patterns. Step 3 performs an estimation of the PEC using realistic worst case
scenarios taking into account agronomic and climatic conditions relevant to the crop, and a
selection of typical water bodies. Ten scenarios for the compartment surface water have been
designed, which collectively represent agriculture in the EU. Finally, Step 4 was originally
envisaged to estimate the PEC based on specific (local) situations, which could be used on a
case-by-case basis (FOCUS, 2001). The FOCUS Landscape and Mitigation group set out to
develop a strategy for Step 4 and to review the state of the art in risk mitigation measures; to
propose harmonised approaches to incorporate mitigation measures or refinements in the
scenarios; and develop a listing of data that would help to reduce uncertainties particularly at
the ‘landscape level’ of surface waters.

When comparing this Report with the FOCUS Surface Water (sw) scenarios (FOCUS, 2001) the
most important changes are:

0 Risk assessment is extended to field scale with multiple edge-of-field situations but is
not recommended to cover full landscape scale (catchments);

0 Exposure reductions through current mitigation approaches are proposed and quantified
for several exposure routes (spray drift, surface runoff, and drain flow);

0 Several methodologies are proposed to incorporate modelling refinements and
mitigation effects in the proposed Step 4 exposure assessment. This can be executed by
(1) refinements of the input parameters in the existing FOCUS scenarios of the Step 3
approach of FOCUSsw, or (2) by performing risk assessment outside the existing
FOCUSsw approach (development of new scenarios, probabilistic modelling, catchments
scale modelling, and use of monitoring data);

0 Methods and data are described for (1) refinements of Step 3 model parameters based
on landscape factors and (2) recommendations for development of new methodologies;

o ltis proposed that ecological aspects be taken into consideration in risk assessment.

http://www.efsa.europa.eu 140




The PPR Panel considers the Report as a very useful overview of available and potential risk
mitigation measures and their respective contribution to reducing exposure. The PPR Panel
appreciates the broad view of the Report and the magnitude of the work completed.

On the other hand, the PPR Panel does have some comments on the content of the Report:

e The PPR Panel wishes to stress the differences in nature of the various mitigation
measures and refinement options explored in the Report. Some of the proposed options
may cause a change in the geographic applicability. The PPR Panel recommends that in
such cases the percentage of agricultural land that is “protected” should be estimated.

* The PPR Panel would like to stress the general need to further improve the validation of
the exposure models and especially of the new elements of the exposure models that
are needed for the refinements. The validity should be assessed for a representative
range of pesticides and relevant field conditions.

¢ There is no discussion of uncertainty and how to characterise it. Therefore, the PPR
Panel recommends that a systematic treatment of uncertainty should be added to the
Report.

« The PPR Panel is of the opinion that the methodology for landscape selection is not
always well defined and that the possibility of different approaches in the selection
procedure of the landscape type could result in different risk assessment results.

e The PPR Panel wishes to point out that the proposed opportunities for refined risk
assessment provided by ecological and ecotoxicological considerations are actually base
conditions for risk assessment at higher tier levels, rather than opportunities for
refinement.

* The PPR Panel has some concerns about the need for extra data and methods which are
not always available and on the fact that some possibly important exposure routes are
not taken into consideration, e.g. emission by air and exposure from nhon spray
applications.

¢ The PPR Panel agrees with the recommendation that refinement of the risk assessment
at the higher tier should not take the form of a different risk assessment strategy and
should remain at the field level as currently is.

« The PPR Panel does not agree with the statements concerning the maximal mitigation
of spray drift, surface runoff and erosion, and drain flow (Recommendation 6). An
alternative recommendation for spray drift is proposed.

e The PPR Panel proposes a revision of the recommendations on how to apply
probabilistic methods to refine assessments.

The PPR Panel appreciates the inclusion of examples of refined risk assessment which are
worked out in the Report as illustrations for risk assessment but has some remarks and
comments on their methodology.

The PPR Panel also gives some comments on the proposed methodologies (“Boxes”) in Volume
2 and gives some proposals for revision.

Based on the remarks given above the PPR Panel has concluded that the Report is a very
promising vision for higher tier approaches to risk assessment but that it needs to be revised
before it can be accepted as guidance to be used in an appropriate and consistent way by risk
assessors.

Key words: FOCUS Landscape and Mitigation, surface water, plant protection products,
pesticides, FOCUS Surface Water, higher tier assessment, refinement, mitigation, run off, spray
drift, vegetated buffer, drain flow, landscape scale, uncertainty, probabilistic methods.
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BACKGROUND

The FOCUS Steering Committee identified the need to develop guidance on higher tier exposure
assessment and the implementation of mitigation measures in the reasonable worst-case
assessment developed at FOCUS Surface Water (FOCUSsw) Step 3 (FOCUS, 2001). In June 2002
a working group was established to review potential approaches to higher tier surface water
exposure assessment taking into consideration application of mitigation measures. As for other
FOCUS groups it was formed by members coming from the MS regulatory authorities, academia
and the industry.

The remit of this group was to review the current state of the art, where possible recommending
approaches that could be implemented forthwith, and to also produce recommendations where
further work is needed. The working group considered approaches suitable for supporting listing
in Annex |, but also those that could be applied in risk assessments to support national
registration.

The formation and main work of the group preceded the splitting of responsibility for risk
assessment and risk management between the European Food Safety Authority (EFSA) and the
European Commission DG-SANCO.

In May 2005, the FOCUS group presented the final document (SANCO/10422/2005, version
1.0), hereafter referred to as the “Report” collecting its main conclusions and proposals. In April
2006, the DG SANCO informed the EFSA that it does not intend to consult the EFSA’s PPR Panel
considering this to be not directly linked to DG SANCO’s managerial responsibilities but
suggested to consider the Report under the EFSA’s self-tasking regime.

Before incorporating the guidance given in the Report into the current procedure of risk
assessment of pesticide active substances, the PRAPeR unit in the EFSA therefore requests the
independent opinion of the PPR Panel as detailed above.

TERMS OF REFERENCE

The Scientific Panel on Plant Protection Products and their Residues (PPR Panel) of EFSA is
asked for an opinion on the document “Landscape and mitigation factors in aquatic ecological
risk assessment” (The Final Report of the FOCUS Working Group on Landscape and Mitigation
Factors in Ecological Risk Assessment) with respect to:

0 the state of the art in the fields of environmental science and agronomic technology;

0 the scientific robustness of the proposed effect of mitigation measures on the reduction
of exposure of surface waters to pesticides;

0 the applicability of the procedures proposed to incorporate the consideration of
mitigation measures to the risk assessment performed in the context of Directive
91/414/EEC and

0 any other issues, mistakes, bias and recommendations for its improvement the PPR
Panel identifies during the examination of the document.
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ASSESSMENT

9 1. INTRODUCTION

In the framework of Directive 91/414/EEC regarding the placing on the market of plant
protection products, methodologies and approaches have to be developed in order to carry out
an appropriate environmental exposure assessment and to evaluate the risks involved with the
use of pesticides. To accomplish that, the FOCUS (FOrum for the Coordination of pesticide fate
models and their USe) was established under the auspices of DG SANCO. Its aim was to develop
standardised methods for the evaluation of different aspects concerning risk assessment of
pesticides with regard to ground water, surface water, degradation Kinetics, air, etc. In the case
of surface water, the work of these expert groups resulted in a report with detailed methods and
recommendations for a stepwise approach whereby the first steps represent simple methods of
risk assessment based on a worst case approach and limited input values. Further steps
represent more realistic approaches but they are more complex and need much more additional
data, experimental support and more skilled modelling experience. Such considerations
resulted in a 3-step methodology for risk assessment of pesticides to surface water (FOCUS,
2001). However, application of this stepwise methodology to most pesticides leads often to a
‘not acceptable risk’ due to the conservative approach of the proposed methodologies. It was
the opinion that a higher tier approach including landscape and mitigation factors would be
appropriate, giving a much better estimation of the risks under realistic circumstances. In order
to obtain a kind of Step 4 approach for the evaluation of the risks of pesticides to surface water
a ‘FOCUS Landscape and Mitigation’ group was formed with the task of proposing such a higher
tier approach. This resulted in a Report of two volumes: Volume 1 gives an extended summary
and recommendations; Volume 2 gives detailed technical reviews with all information
supporting the conclusions of Volume 1. When comparing this Report with the FOCUSsw
scenarios (FOCUS, 2001) the most important changes are:

0 Risk assessment is extended to field scale with multiple edge-of-field situations but
stays excluded from true landscape scale with interconnected water bodies
(catchments);

0 Risk reductions for current mitigation approaches are proposed and quantified for
several exposure routes (spray drift, surface runoff, drain flow);

0 Several methodologies are proposed to incorporate modelling refinements and
mitigation effects in the proposed Step 4 exposure assessment. This can be executed by
(1) refinements of the input parameters in the existing FOCUS scenarios of the Step 3
approach of FOCUSsw, or (2) by performing risk assessment outside the existing
FOCUSsw approach (development of new scenarios, probabilistic modelling, catchments
scale modelling, and use of monitoring data);

0 Methods and data are described for (1) refinements of Step 3 model parameters based
on landscape factors and (2) recommendations for development of new methodologies;

0 Ecological aspects in landscape assessment are proposed to be taken into
consideration, such as (1) defining typical species’ communities for different water body
types for refining the effects assessment, and (2) possible mitigation of effects by
recovery of the affected populations, both internal (through reproduction within the
affected water body) and external (through immigration from neighbouring water
bodies).

10 2. EVALUATION OF THE FOCUS LANDSCAPE AND MITIGATION REPORT

The PPR Panel has made a thorough review of the FOCUS Landscape and Mitigation Report,
hereafter referred to as the “Report”. The Report is considered to be a very useful overview of
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available and potential risk mitigation measures, and their respective contribution to reducing
exposure. It provides comprehensive analyses of relevant literature. Broader issues like
assessments on landscape scale and the incorporation of further ecological data are also
discussed.

2.1. STRUCTURE OF THE REPORT

The Report is well structured and the terminology is in accordance with the nomenclature of the
other FOCUS reports. The PPR Panel is fully aware of the efforts which have gone into its
preparation. The inclusion of all the supporting information into Volume 2 improves the
readability of Volume 1. The examples of refined risk assessment are considered to be
necessary as part of Volume 1 because they illustrate the scientific basis on which sometimes
very difficult Step 4 exposure assessments have to be performed. The PPR Panel has no
suggestions on the structure of the Report, the approach of the problem formulation and the
general concept.

2.2  GENERAL REMARKS
2.2.1. Applicability of the proposed approach for risk assessment of pesticides

The PPR Panel notes that the remit for the Report is fairly narrow and assumes understanding
of the underlying risk model. The PPR Panel observed that the FOCUS working group has
widened the scope of the Report to include consideration of catchment scale risk assessment
and ecological considerations. The PPR Panel appreciates the broad view of the Report and the
maghitude of the work completed.

The PPR Panel wishes to stress the differences in nature of the various mitigation measures and
refinement options researched in the Report.
¢ Some measures are clear-cut changes in product formulation, dosage, intended crop, or
restrictions in area of use. These measures do not require manipulation of models.
¢ Some measures are to be taken during applications and are materially changing the
emission. These mitigation measures affect only a single parameter within the models.
¢ Some measures concern consideration of typical agricultural conditions: soil type, buffer
zones, and the receiving environment. These measures require changes in more than
one parameter, revision of the modelling tools, or correction of the earlier modelling
results with expert judgement values.
¢ One refinement option concerns the creation of new scenarios.
e Further refinement options concern alternative modelling approaches, such as
catchment scale modelling, that require aligned effect assessment approaches and
decision making criteria.

It has to be noted that the protection goals should be clearly, and a priori, defined (what type
and level of effects to be avoided for which organism, on which level of biological organisation,
on which geographical scale) so that there is a clear and constant benchmark against which the
predicted (and refined) exposure can be compared.

The PPR Panel wishes to point out that a number of the proposed refinement measures (again,
especially those which rely on replacing standard scenario values by specific ones or on creating
hew scenarios) may result in assessments which are rather limited in their geographical
applicability, due to the specificity of the new input data. The PPR Panel thus recommends that
new scenarios and changes to standard scenarios are not only well documented and justified,
but that there is also an assessment as to the geographical applicability of the refinement (see
Recommendation 9).

The proposed Step 4 assessments include a wide variety of methods and data. The PPR Panel is
of the opinion that specific mitigation measures should be described more precisely, such as the
design and maintenance of buffer zones or the details of drift reducing techniques. An example
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might be the very specific “practice” descriptions developed in the US by the USDA Natural
Resource Conservation Service2.

2.2.2. The need for extra data and methods

In the PPR Panel’s opinion much information necessary to perform all proposed refinements is
missing or unsatisfactory. The PPR Panel notes that the available information has increased
considerably since the compilation of the Report and that it should be possible to integrate
these new data into the higher tier approach. On the other hand, the given reduction figures (for
example for drift reduction assessment) were mostly determined under experimental conditions
but are sometimes not achievable in practice. There can be differences between proposals of
mitigation measures and their application in practice. The solution of this problem (the choice of
the maximum reduction) is left to the risk manager on a “case-by-case” approach. This is
probably not the best option because it is up to the risk assessor to establish the necessary and
achievable exposure reduction efficiency on a sound (possibly probabilistic) basis.

2.2.3. The need for validation

Refinement of exposure assessment in Step 4 may imply modification of input, structure or
output (via post processing) of the exposure models used in Step 3. The PPR Panel comments in
detail on the different refinement proposals elsewhere but would like to stress here the general
need to further improve the validation of the exposure models and especially of the new
elements of the exposure models that are needed for the refinements e.g. including buffer strips
for PRZM runoff modelling, including photolysis in TOXSWA, etc.

The validation of a model has to be based on comparisons between model output and field
measurements. In such a comparison not only the model itself is tested but always also the
procedures for estimating the model input parameters (e.g. irradiated water-sediment studies
using artificial light for estimating photolysis rates in water). Both models and such procedures
are unlikely to be universally valid. Therefore the validation has to be assessed for a
representative range of pesticides and relevant field conditions.

2.2.4. Treatment of uncertainty

As a general principle, characterising uncertainty should be a fundamental part of risk
assessment, and this applies to both deterministic and probabilistic assessments. The specific
remit for the Report p. 11) includes to “develop a listing of data that would help to reduce
uncertainties in the higher tier exposure assessment”. The Report does include many
recommendations on types of data that may be used in higher tier assessment, but it contains
very little discussion of uncertainty3 and none on how to characterise it.

This is, for example, illustrated by the selection of climate parameters for the scenario
identification process for drainage simulations (Vol. 1, Table A1.3; p. 76). The recommendation
of the climate parameters (annual average recharge or average winter rainfall; annual average
temperature/autumn temperature/spring temperature) includes several empirical assumptions
that are subject to uncertainty which can result in different exposure. There is basically a need
for a case by case assessment that should always be accompanied by a list of uncharacterised
sources of variability, and an assessment of their influence on the end-point calculation.

The PPR Panel recommends that a systematic treatment of uncertainty should be added to the
Report. Specifically, the PPR Panel recommends that the Report should be revised to include:

2 See: http://www.nrcs.usda.gov/Technical/efotg/

3 Uncertainty is mentioned in relation to interpretation of monitoring data (Vol. 1 p 44 and Vol. 2 p 188),
estimation of recharge based on climate parameters (Vol. 1 p 76), and characterisation of toxicity (Vol. 1
p 54 lines 22-26 and Vol. 2 p 326 lines 13-17).
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¢ A systematic evaluation of uncertainties associated with key quantitative statements in the
Report, including statements about the potential impact of mitigation measures on
exposure;

* A requirement for every Step 4 assessment to contain a systematic evaluation of
uncertainties, comprising a list of known uncertainties and a quantitative or qualitative
evaluation of their impact on the assessment conclusions;

¢ Guidance on methods for systematic identification and evaluation of uncertainties. The PPR
Panel recommends that this should include reference to probabilistic methods in which
uncertainty is quantified using probability distributions, sensitivity analysis where the
assessment is repeated with alternative input data or assumptions to assess their influence,
and qualitative methods such as tabulating sources of uncertainty (for an example, see
EFSA, 2006a).

The PPR Panel emphasises the importance of these additions, as they are essential to provide
risk managers with an indication of the confidence that can be placed on the results of Step 4
assessments.

2.2.5. Difficulties with the implementation of the landscape analysis

The PPR Panel is of the opinion that the methodology for landscape selection is not always well
defined. The possibility of different approaches in the selection procedure of the landscape type
can result in different risk assessment results (“best choice” versus “realistic worst case’;
“typical” versus “worst case”). Such developments are not possible in lower tier assessment
procedure (Step 3).

For national approval it is expected that the assessment is part of a risk model that contains
both a benchmark for the protection level for the environment, a methodology that addresses
these endpoints in a scientifically adequate manner, a level of agricultural practice that is
considered legitimately representative, and flexibility to incorporate mitigation measures that
can be enforced and will be complied with within the Member State. Here, not all measures will
prove feasible.

2.2.6 Incorporation of ecotoxicological characteristics into (new) assessment scenarios

In the context of incorporating eco(toxico)logical characteristics into assessment scenarios,
before implementing the proposals of the Report concerning ecological aspects, a clear
definition of the protection goal(s) of the assessment becomes crucial. The PPR Panel is of the
opinion that the conclusion formulated in Vol. 2, section 3, that under Directive 91/414/EEC,
unacceptable environmental effects are broadly defined as “long term repercussions for the
abundance and diversity of non-target species” is a misconception. The quoted text does not
define what constitutes unacceptable environmental effects, but defines a particular Member
State liability regarding the use of plant protection products. It is correct to deduce that “long
term repercussions for the abundance and diversity of non-target species” is in itself an
unacceptable influence; but it is incorrect to deduce that it is the only unacceptable influence to
be considered at risk assessment For example, short term effects may also be a basis for
regulatory action. The Directive 91/4141/EEC, as amended, simply does not specify to the full
extent what constitutes an unacceptable influence for every criterion in the “Uniform Principles”.

The bulk of the data and refinement options discussed in the Report concern the estimation
(and its possible refinement, i.e., reduction) of the exposure of surface waters to pesticides.
Ecological considerations can be grouped into three aspects:

1. Some of the ecological considerations relate also to the refinement of exposure, such as
discussion on the effects of aquatic plants on the dissipation of dissolved pesticides
(Recommendation 20).
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The PPR Panel agrees in principle that such factors might influence exposure but wishes to
point out that for instance the occurrence of aquatic plants or riparian vegetation is likely to
be dependent on many local factors. The impact of such absorption on ecotoxicological
effects would also depend e.g. on the relationship between the speed of absorption versus
the speed of effects occurring, i.e. the impact is both dependent on substance properties
and on the way the habitat within the water body is assembled.

The more such refinements are combined in a risk assessment, the more site-specific the
result may be, and accordingly limited in its applicability to wider areas. The presence of
macrophytes is influenced by many factors, and can thus hardly be assumed as a mitigation
factor available on national scale for all water bodies of a type which, in addition, needs to
be defined in a way that farmers can recognise it, in order to be suitable for use in effective
risk mitigation through labelling. In this context, the PPR Panel wishes to highlight the
Report’s statement made on p. 22 of Volume 1: The measure must be practicable with a
reasonable possibility of enforcement. It should be kept in mind that the authorisation of
plant protection products operates on a national level, with the label instructions being
possibly the only measure of conveying rules or information of sub-national applicability to
the end user of the product. The Report should be reviewed again as to which refinement
options are suitable to be applied on national scale.

The definition of ecological characteristics of the surface water scenario (such as different
species communities) is also proposed as a refinement option. This is mainly related to a
supposed difference in sensitivity between ecosystems, based on variation between
ecosystems in resilience (i.e., the ability to return to a previous state, after an impact on
population levels and number of species present has occurred).

With regard to the statement on sensitivity, it should be pointed out that the focus the
Report puts on resilience suggests that resistance is of less importance and effects are
acceptable, as long as the system shows resilience and returns to the desired state. This
line of reasoning is understandable given the misconception at the start of the section 3
in Vol. 2 that puts the focus only on long-term effects. However, already in Vol. 1, section
6.2.1 it is stated that, based on state-of-art science, thresholds for effects are often
similar. While the latter statement refers to data from stagnant water micro-/mesocosms
only, with the extrapolation step to real field still missing, there are no such data
concerning running water bodies such as small streams with their different species
communities.

Also, “resilience” of water body types (i.e., their species communities) is an array of many
different, often species-specific adaptations to disturbances of natural origin. They are
crucial in ensuring reproduction and survival for many species. Such adaptations include
life stages able to migrate (e.g., adults of aquatic insect larvae), high reproduction
potential, or durable resting stages able to survive phases of unsuitable conditions (e.g.,
eggs resistant to drying out). The respective mechanisms vary between species, and
they may only be available at a certain time (e.g., reproduction to produce durable eggs
before a typical dry period in summer; metamorphosis of larvae into flying adults once per
year). The timing of an impact is thus equally crucial as the number of, and time between,
different impacts.

Pesticide-related impacts may occur any time, also during phases when recovery
mechanisms are not available to affected species. The potential for recovery therefore
depends not only on timing, number and degree of disturbances (both natural and
pesticide- related) but also on the ecological traits of the respective species. From this it
follows that recovery can not be estimated without referring to a certain species with a
certain set of ecological traits. For pesticide-related impacts, it can not be taken as being
readily available for risk mitigation when needed. The PPR Panel is thus of the opinion
that temporal water bodies are not by definition (as implied in Recommendation 18 )
more resilient also to pesticide impact.
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In that respect a differentiation in ecological characteristics appears unlikely to provide
applicants and regulators with sufficient discriminatory power to differentiate between
intended uses, and/or to provide clear and practicable use instructions as risk mitigation
measures.

Therefore, the PPR Panel can support Recommendation 18 only in the broader sense that
improved knowledge on the interaction of ecological characteristics and pesticide impact in
different surface water body types could be helpful in linking the assessment under Directive
91/414/EEC to other EU legislative frameworks like the Water Framework Directive (WFD,
EU, 2000). It could also help in the determination of critical effect values and the
assessment of (semi-)field studies. A major condition for this is more work on improving the
understanding of toxic effects on organisms other than Daphnia, e.g., univoltine aquatic
insect species of running water bodies; impact of short-term exposure also on long-term
endpoints and preconditions and processes of recovery (Liess, 2002).

3. As a specifically ecotoxicological aspect, the Report discusses the lack of knowledge on
toxicokinetic and -dynamic knowledge, and the problems of relating time-varying exposure
in the field (as predicted) with ecotoxicological experiments run under specific (mostly
constant) exposure regimes.

It has traditionally been common practice to separate the handling of the exposure studies
from the (eco)toxicity evaluation and only link them in a Toxicity-Exposure-Ratio (TER). The
PPR Panel is of the opinion that an improved interaction between fate and ecotoxicology
evaluations through all tiers of the assessment brings significant opportunities to increase
the usefulness of the existing data and scenarios, and to thus improve the risk assessment
(EFSA, 2005a). This applies also to improved use of toxicokinetic information which can
already be gained from existing study types. The PPR Panel thus appreciates the respective
efforts made in this Report, and recommends that these approaches are investigated more
systematically.

In conclusion, the PPR Panel wishes to point out that the opportunities for refined risk
assessment provided by ecological and ecotoxicological considerations (as phrased in Vol. 1,
section 6.1), are actually base conditions for risk assessment at higher tier levels, rather than
opportunities for refinement.

The PPR Panel therefore supports the general approach of the Report that ecological
considerations (and improved relevant knowledge) at the landscape level could eventually
improve realism of risk assessments. The most comprehensive attempt to summarise current
knowledge in terms of the effect of pesticides in the field is presented in SETAC (2005). This
publication is based on a workshop organised by the EU and SETAC in 2003. As this document is
now published the PPR Panel suggests making use of the information.

Therefore, and with the caveats outlined above, the PPR Panel in principle agrees with the
approach behind Recommendations 17, 18, 19, 20, 21 & 22 that more knowledge on
ecological characteristics of different water body types could eventually be useful for improving
risk assessments but that more research is needed first. The PPR Panel realises that current
higher tier approaches need to be reconsidered accordingly.

The Report also mentions the possibility of reducing the uncertainty (assessment) factors when
more data become available (Vol. 1, p. 54 and Vol. 2, p. 326). The quoted publication, however,
does not provide clear rules for this. The use of uncertainty factors in risk assessments is always
a difficult point because the approach so far has been empirical and subjective. The PPR Panel
suggests that the Report could usefully refer to the PPR Panel’s recent opinions on uncertainty
(assessment) factors for the aquatic environment for lower and higher tiers (EFSA, 2005b &
2006b) where objective and statistical methods were proposed at least for the issue of reducing
the factor when additional data from other species are available.

Related to this, the PPR Panel wishes to observe that the standard organisms used to evaluate
the ecotoxicological effects of a pesticide are not always useful for extrapolation to the situation
for more sensitive species or species of different life histories, and that the conditions of some
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micro-/mesocosm studies are not comparable with some special conditions in the field for
which refinements are implemented in the Report’s scenarios. In order to extrapolate effects to
more realistic environmental conditions and autochthonous species the use of specifically
designed (field) studies appears essential. A review for that can be found in SETAC (2005).

2.2.7. Field scale versus landscape approach

The PPR Panel agrees to Recommendation 1 that ecological risk assessments should remain at
the field scale. The authors of the Report concluded (Vol. 1, p. 16) that it would be mandatory to
include all stressors, i.e., input from multiple pesticides at different times and locations, in
catchment- and landscape-scale assessments.

2.2.8. Remarks concerning missing emission routes

The PPR Panel has some concerns that some possibly important exposure routes are not taken
into consideration in the Report. Some of these routes can be handled in the future because
some important studies and documents have been published since the publication of the Report
such as the EFSA opinion on dust drift by NSA (“non spray applications” like granules and seed
treatments) (EFSA, 2004) and the FOCUS Air Report (FOCUS, 2006). Other missing exposure
routes are inputs by groundwater and wastewater contamination.

2.2.9. Referring to non available methods and/or data

The PPR Panel wants to point out the difficulties when a reference is cited but not (yet)
available. There are several examples:

0 p.29:line 13, line 29 and line 33
p.31;line 5

p. 42; line 17

p. 46; line 27

p. 142; line 14

O O O0Oo

11 3. SPECIFIC COMMENTS

The specific remarks by the PPR Panel follow the order of the document.

3.1  COMMENTS ON “GENERAL PRINCIPLES” (VOL. 1, SEC. 2)

The PPR Panel has noted that the Report has considered various aspects of up scaling risk
assessment (Vol. 1, section 2.3) and finally recommends that refinement of the risk assessment
at the higher tier should not take the form of a different risk assessment strategy and should
remain at the field level as it currently is. Therefore the PPR Panel supports this
Recommendation 1 and wishes to add some comments as to the reasoning and robustness of
science that has lead to this recommendation:

* While a more integrated assessment of time and space including multiple stressors is
claimed to be out of scope when it concerns the exposure assessment of a product, a
certain amount of time (for internal recovery) and also space (for external recovery), is
assumed available free from stress factors when it concerns effect assessment. Since
multiple stressors such as repeated use of the same and the use of other plant
protection products, as a result of Good Agricultural Practice (GAP) and crop rotation, are
part of the common knowledge of the decision framework, they should be considered as
boundary conditions also for the field-scale assessments where they are equally relevant
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(especially if a certain level of effects from one application/product is considered
acceptable).

* The Report states that catchment-scale assessments are not suitable at EU level but
may be appropriate at regional or Member State level, provided that the approach has
been sufficiently validated. However, the validation status of available models was not
demonstrated in the Report. Further, if the approach is really appropriate at the Member
State level, this would mean that the predictive capability of existing tools was indeed
sufficient, and that the boundary conditions set by multiple stressors may have been
dealt with adequately. However, this has not been elucidated in the Report.

* However, the PPR Panel foresees that in future, modelling tools will become helpful in
assessing whether the requirements for water quality set under the Water Framework
Directive (EU, 2006) are met beyond the field scale.

3.2. COMMENTS ON “RECOMMENDATIONS FOR MITIGATION OF RISK TO THE AQUATIC COMPARTMENT
UNDER 91/414/EEC” (VoL. 1, SEC. 3)

The PPR Panel does not fully agree with all statements in Recommendations 2. The grouping
into categories must be made according to real field situations and a classification into 5 groups
is considered to be exaggerated and not relevant because it can be different for different kinds
of mitigation measures. Therefore a case by case grouping for each mitigation group is
considered to be more appropriate.

The PPR Panel agrees with Recommendation 3 about the process to implement certain
measures into risk assessment but wants to express reservation because the level of protection
remains a risk management matter.

The PPR Panel accepts also the statements of Recommendations 4 and 5 but proposes some
other wordings (change “mitigation” to “mitigation possibilities” in Recommendation 4; delete
“high” on line 11, p. 23) and wants to draw attention to the necessity of more information.

The PPR Panel does not agree with the statements in Recommendation 6 concerning the
differentiated maxima of mitigation (Vol. 1, Table 5) which are given and discussed in Vol. 1,
sections 3.4 (spray drift), 3.5 (surface runoff and erosion) and 3.6 (drain flow) based on the
following considerations:

a) The ability to achieve a maximum reduction in spray drift of 99% will depend on
integrating several mitigation techniques under ideal conditions. In practice this
maximum will not be possible due to variations in wind speed and direction as well as
changes in boom height above the crop. Selecting a nozzle to give a coarse spray,
especially an air-induction nozzle will significantly reduce drift, particularly when used
with a buffer zone of at least 1 metre. The extent to which a combination of mitigation
techniques interact is less well understood, but reductions of at least 75% are attainable
in the field. Similar techniques are used for both arable and orchard crops, although
buffer zones need to be wider for the latter, and where a windbreak is present, it will also
filter drifting droplets. Without being complete, Table 1 lists factors that are considered
by the PPR Panel to have an important effect on the reduction level. Although a lot of
these factors may have a cumulative effect when applied simultaneously, no data were
presented which demonstrate that these rates could be achieved under GAP. It is
therefore the opinion of the PPR Panel that risk reduction can not reach the proposed
maximum drift reduction under practical conditions because many of the factors can
only be considered in specific situations. The PPR Panel does not agree that a maximum
drift reduction of 99 % has been demonstrated and is attainable in practice and is of the
opinion that the figure of 99% should be changed to 85%, based on the data shown in
Table 1 (Van de Zande et al., 2006; Kop, 2001; personal communication G.A. Matthews,
2006, and expert judgement of the PPR Panel).
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b)

c)

The 90% maximum mitigation value for runoff ignores the Report’s own summary in Vol.
2 Table 1.8. No evidence for 90% reduction of weakly soil-sorbed pesticides is presented,
except for the obvious case of elimination of use. Thus the “90%” value proposed is
possible only with strongly-sorbed pesticides, i.e., pesticides with a Koc value of at least
2000 I/kg (see Report Vol. 1, p. 78, line 19). ). Even in the case of strongly-sorbed
pesticides the PPR Panel was not given enough information describing the specific
circumstances under which the 90% or similar mitigation occurs. It is well known that
the effect of a vegetated buffer strip is strongly dependent on a number of factors such
as slope, soil type, area ratio of field to buffer, etc. These factors are not explored in the
Report but all buffer experiments are simply correlated with buffer width. The PPR Panel
is of the opinion that unless the specific conditions necessary for a given reduction are
provided, the proposed mitigation factor is not defensible. Part of the problem may stem
from what appears to be an assumption in the Report, namely that sediment load
reductions observed from mitigation measures are the same as runoff water volume
reductions, which is not the case.

The PPR Panel has also concerns about the proposed additional options for mitigating
risk for drain flow proposed in Vol. 1, section 3.6. In this section it is assumed that the
presence of field drains is the ‘cause’ of any pesticide losses and thus a restriction of use
on ‘drained soil’ will give 100% reduction. The PPR Panel does not agree that this will be
the case because it is the inherent soil conditions (seasonal water logging within soil
layers) that provide the potential for rapid transport of pesticides to surface waters.
Installation of field drainage in such soils usually depends on both crop requirements
and socio-economic constraints but, if installed, merely results in slightly increased
losses. Pesticides applied to slowly permeable seasonally wet soils that do not have any
field drains installed will still be lost preferentially by rapid transport routes because the
soil will be much more subject to saturation runoff losses during the late autumn and
winter months. The work on drainage restrictors reported in Vol. 2, section 1.5.3.7 shows
that any restriction of the effectiveness of field drains will have virtually no effect on
losses of more mobile compounds. The PPR Panel therefore suggest that any mitigation
option involving blanket restrictions will need to be applied on the basis of soil type,
rather than field drainage practice, for example “do not apply to soils susceptible to
periodic water logging because of slow permeability or rising ground water tables”. The
PPR Panel suggests changing Table 5 (Vol. 1) accordingly. The PPR Panel does not agree
with the proposed reduction of 100%.

Table 1: Factors considered as having an important effect on the reduction level (ho

completeness assumed).

Factor

Description Change in Drift Compliance

Spray quality | Coarse* Up to 85% reduction Already adopted by many

farmers.

Air Induction (Al) nozzles Air induction nozzles
provide 75% drift reduction. significantly reduce drift.
But possibly up to 96% But efficacy may be
reduction. reduced if too coarse a
spray is used, especially
with contact acting
pesticides.

Boom height | 50cm above Drift is increased, if boom is Modern sprayers have

crop higher than 50 cm, especially | better boom stability, but
at faster forward speeds. boom height will vary while

spraying.
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Wind speed <5km/h Drift increased when wind Gusts can occur.
>1km/h speed exceeds 5 km/h, but Wind direction can also
there is also a risk of smaller | change, affecting extent of
droplets travelling further if drift.
no wind.
Forward 5-7km/h Drift increased by 4 - 6 % for | Trend to higher speed
speed each increase of 3km/h speeds for rapid treatment
when conditions are
favourable
No-spray Width set for Up to 85% drift reduction esp. | Acceptable especially with

‘buffer’ zone

pesticide

if with tall vegetation.
Unmown grass with wild
flowers provides best drift
reduction.

conservation farming.
Buffer width can be
reduced with Drift
Reduction Technology.

Hedgerow Must be higher Drift reduction affected by Accepted as windbreak, but
than crop porosity of hedge, allowing air | not all fields have hedges.
without major flow and filtration of droplets.
gaps.

Downward- Only use if crop | Drift reduction depends on Expensive equipment, so

directed air acts as a filter of | crop canopy. May increase adopted by only a small

assistance spray drift if poor retention of spray. | proportion of farmers.

Up to 70% drift reduction with
low-drift nozzle and boom
50cm above crop

* assumes operating pressure at the nozzle ensures that the spray quality is coarse
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3.3.  COMMENTS ON “INCORPORATING REFINEMENTS AND MITIGATION INTO EXPOSURE ASSESSMENT AT
STEP 4" (VoL. 1, SEC. 4)

3.3.1 Comment on new scenario development

The PPR Panel agrees with the Recommendations 7 and 8 on the applicability of Step 4
modelling as support for proposals of exposure mitigation. Nevertheless, the PPR Panel agrees
that there are likely to be some cases where development of new scenarios may be necessary
to address specific uses not properly covered by the FOCUSsw Step 3 scenarios. It also agrees
with Recommendation 9 that, in such cases, the procedures for overlaying soil, climate, slope
and cropping data outlined by the FOCUSsw Scenarios Group should be followed. However, the
PPR Panel does not agree that the procedure outlined in Annex A1l of Volume 1 is an
appropriate example. The reasons for this are given in section 3.7 of this opinion where an
alternative generic method is suggested.

3.3.2 Comments on probabilistic modelling

The Report recommends (Recommendation 10) that probabilistic methods “can be applied as
one of the approaches to refining assessments of exposure and/or at Step 4 and that this
conclusion is equally applicable for the aquatic and terrestrial compartments”. The PPR Panel
strongly recommends that this recommendation should be revised to emphasise that
probabilistic assessments should only be accepted when they are conducted in an appropriate
manner. This is essential to avoid potential pitfalls and disadvantages (some of which are listed
in Vol. 1, p. 41) and to ensure the results are reliable. It would also be relevant to add that
probabilistic methods can be applied to effects assessment as well as exposure.

Although there is not yet any officially accepted guidance on the appropriate use of probabilistic
methods for EU pesticide risk assessments, the reader can be referred to some useful sources
of advice, including some already cited in Vol. 1. The PPR Panel recommends that the Report
should also advise readers to follow the US EPA’s general guidance on criteria for acceptance of
Monte Carlo assessments (US EPA, 1997).

The FOCUS work group implies that, in the short term, probabilistic methods will be limited to
quantifying variation in weather between years (Vol. 1, p. 42 and, more strongly, Vol. 2, p. 180).
The PPR Panel suggests that it might be equally desirable and feasible to quantify variation in
application dates, since runoff depends strongly on the time interval between application date
and rainfall events. It should be added that, in any probabilistic assessment, those parameters
which remain deterministic should be fixed to appropriate values, which are selected so as to
achieve an appropriate overall degree of conservatism in the results. This implies that the fixed
parameters should be kept at the values currently used in Step 3, unless appropriate work is
done to calibrate the conservatism provided by different values at Step 4.

Another factor currently inhibiting the uptake of probabilistic methods is the lack of established
approaches and criteria for using probabilistic outputs in decision-making. The PPR Panel
recommends that efforts be made to fill this gap. Until this is done, it will be necessary for
probabilistic outputs to be considered case-by-case.

In Volume 2 of the Report, the description of types of probabilistic output on p. 175 (lines 1-6) is
difficult to understand (e.g. it is not obvious what the “vertical lines” refer to unless one has seen
graphs of this type). Also, only two of the possible options for probabilistic output are described.

It is important in probabilistic assessments to distinguish between uncertainty and variability
and treat them appropriately (US EPA, 1997). Currently the Report is vague about this. For
example, Vol. 2, p. 176 says it may be necessary to address some of the more significant
uncertainties through a form of probabilistic modelling, and then says (apparently as an
example) that Monte Carlo is often used to address the impact of variability (lines 8-10). This
should be revised to state more clearly that probabilistic methods can be used to quantify
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variability and/or uncertainty. Currently, most references to probabilistic modelling in the Report
appear to relate to quantifying variability. The PPR Panel recommends that consideration
should also be given to quantifying uncertainty to provide confidence intervals on the outputs,
especially if some of the inputs are subject to substantial sampling uncertainty (i.e. estimated
from small datasets) or measurement uncertainty.

In Vol. 2, p. 177, lines 19-20, repeating FOCUS calculations with different sets of parameter
values are described as a “manual” probabilistic assessment. These calculations would more
properly be described as sensitivity analysis or scenario analysis. It cannot be regarded as
“probabilistic” unless the process reflects in some way the relative probability of alternative
parameter values (e.g. by sampling from distributions as in Monte Carlo).

3.3.3 Comments on catchment scale modelling

Recommendation 11, not to recommend routine inclusion of catchment modelling into
ecological risk assessment is supported by the PPR Panel but the recommendations that
“catchment scale modelling may be useful in linking the requirements under 91/414/EC with
those of the Water Framework Directive” is not clear to the PPR Panel. How could product
assessment and monitoring be linked if there are no tools available that allow catchment scale
assessment for pesticide registration? However, the PPR Panel does support the notion that the
assessment at authorisation should function as a tool for meeting the requirements under the
WEFD (EU, 2000) and is of the opinion that further research in that area should be carried out.
The PPR Panel therefore recommends that the development of validated catchment modelling
approaches, linked to Step 3 scenarios should be addressed as a priority to support European
level regulation and catchment monitoring requirements.

The Report proposes refinements of the FOCUS Step 3 catchment parameterisation in Vol. 2, p.
151, Box 12 and p. 109 (the factors to change with respect to the catchment size and its
characteristics). In view of the simplistic and relatively non-mechanistic way in which the FOCUS
Step 3 scenarios calculate inputs from the up-stream catchment, the PPR Panel does not agree
that such modifications are scientifically acceptable. Instead the PPR Panel proposes that any
refinements of Step 3 scenarios using catchment characteristics should be carried out using a
more realistic and mechanistic catchment model in a similar way to the example outlined in A2
of the Report.

3.3.4 Comments on chemical monitoring data

Recommendation 12 is on the use of appropriate monitoring data. For refined higher tier
approach the consideration of existing monitoring data is supported by the PPR Panel but only
when the uncertainties mentioned in section 4.3.4. of Vol. 1 are taken into account. However,
the PPR Panel would like to point out that the Report does not reflect the state of the art of the
surface water monitoring programmes carried out in the different EU Member States. Neither
does the document take into account the EU requirements on environmental quality standards
(as indicated by the Chemical Monitoring Activity - CMA) carried out in DG Environment, or the
Water Framework Directive (EU, 2000) implementation concerning both chemical and biological
data requirements. The accessibility of the data produced by the application of the above
directives is undergoing testing by each Member State through the informatic tool Water
Information System Environment where pesticide measurement together with biological data
will be available for all the stakeholders at the EU level.

Following these remarks, the PPR Panel considers that monitoring data on the quality of surface
water reported at EU level are probably useful as background information, both in large scale
and in preliminary or complementary assessment of the water quality. However, nhone of the
monitoring schemes appears suitable to detect short-term contamination peaks (such as
caused by runoff events) which can have, nevertheless, significant population-level effects (Liess
& Von der Ohe, 2005). Therefore, the data will be not be applicable in certain cases, such as for
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specific pesticide risk assessments (where they cannot replace either exposure or effects
assessment), or for modelling studies and their parameterization, mainly at catchment scale.
For specific monitoring studies a detailed and appropriate sampling plan is necessary, possibly
incorporating sampling (both biological and chemical) regimes which are event-triggered (such
as from runoff or spray drift entries) rather than at regular intervals (where short-term events
may be overlooked).

3.4. COMMENTS ON “METHODS AND DATA FOR DESCRIBING AGRICULTURAL LANDSCAPES” (VOL. 1,
SEC. 5)

The PPR Panel agrees with Recommendations 13, 14, 15 concerning the need for full
justification and documentation of the approach used to generate and analyse data, the
rationale for site selection and the methodology and data processing used in any geographical
information system (GIS) analysis. It further recommends that any landscape analysis used to
support Step 4 refinements should be clearly linked to the results from the Step 3 risk
assessment and resulting problem formulation. The methods used should be appropriate for
providing a more comprehensive and realistic set of exposure data for the proposed use for
which the Step 3 scenario(s) have indicated a possible risk assessment problem.

The PPR Panel also strongly endorses Recommendation 16 that any site selection process
should include an appropriate examination to place the selected site in its broader EU-wide use
context. It recognises that Vol. 2, section 2.3.5 of the Report provides such examples but
believes they are too specific to a single issue, namely spray drift. Issues related to drainage and
runoff are likely to be more complex as the additional factors of soil and climate need to be
included. The PPR Panel therefore recommends that any site-selection process should include
an EU-wide context setting step using the generic methodology outlined in Vol. 1, section 3.7
(Identification of new scenario locations at Step 4).

The PPR Panel recognises that the data sources listed in the Report are comprehensive and
reflect the state of the art at the time of the Report. However, the PPR Panel also agrees that
the availability of datasets is a rapidly evolving and changing area. The PPR Panel believes that
availability of state of the art pan-European data is critical for establishing confidence in any
Step 4 refinement based on analysis of agricultural landscapes and therefore proposes that a
procedure be established to compile and maintain state of the art pan-European databases to
support European level risk assessment for plant protection products.

3.5  COMMENTS ON “RECOMMENDATIONS FOR FURTHER WORK” (VOL. 1, SEC. 7)

The PPR Panel agrees with Recommendations 23 and 24 that new working groups are needed
to further improve the landscape analysis, modelling, mitigation approaches and ecological
characteristics. In this case they should address the open questions raised in this and in other
relevant reports (SETAC, 2005). In addition the suggestion in Recommendation 25 to develop
complementary approaches for terrestrial systems is welcomed by the PPR Panel.

3.6  COMMENTS ON “IDENTIFICATION OF NEW SCENARIO LOCATIONS AT STEP 4” (VOL. 1, APP. A1)

The PPR Panel does not agree that the methodology described in this example is appropriate.
Whereas, the PPR Panel does agree that the main climatic ‘drivers’ for pesticide losses via
drainage or runoff can be identified, they are likely to be both route- (drainage or runoff) and
model-specific and should only be identified after some sensitivity analysis has been carried out
with the chosen model. In addition, the PPR Panel does not believe that the identified individual
risk drivers can be combined in a simple probabilistic way assuming an equal impact from each
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of the factors and a normal distribution of the factors within the area of interest. The relative
importance of any single climatic factor is likely to be highly variable depending on the
interaction between compound physico-chemical properties and soil properties. The PPR Panel
therefore does not consider it scientifically justifiable to adopt such a simplistic statistical
approach to combine factors in the way demonstrated. Instead, the PPR Panel suggests that a
more acceptable generic method for the development of new scenarios would be as follows:

* Use spatial cropping data and statistics to identify the area of interest for the proposed
use.

¢ Identify the model-specific driving climatic variables using a sensitivity analysis of the
appropriate environmental fate models.

* Map the spatial distribution of the identified climatic variables within the area of interest
using the best available climatic datasets.

¢ |dentify the model-specific driving soil (and slope) variables using a sensitivity analysis of
the appropriate environmental fate models.

* Map the spatial distribution of the identified soil (and slope) variables within the area of
interest using the best available soil and slope datasets.

¢ Overlay the spatial datasets to identify one or more combinations that represent real
locations that combine the identified model-specific worst-case characteristics for
drainage or runoff.

3.7  COMMENTS ON “EXAMPLE OF REFINED RA — FUNEN” (VOL. 1, APP. A2)

The PPR Panel consider that this example provides a very good illustration of how a significantly
more refined type of risk assessment can be carried out at Step 4 by using a much more
sophisticated modelling procedure to produce a range of PEC within a ‘real’ catchment that has
close affinities with a specific FOCUSsw scenario. The strong points of the methodology are that:

* It demonstrates a direct link with the specific Step 3 scenario for which a risk was
identified.

¢ |t puts the problem FOCUS scenario into a ‘real’ context and provides time series of PEC
within sub-catchments of similar size to the conceptual catchment of the FOCUS
scenarios, as well as within larger sized sub-catchments.

¢ The extensive background data available for the catchment, together with its validated
hydrology give a high level of confidence in modelled results.

* The comprehensive PEC results provided from the model can be considered in a
probabilistic way and examined in detail to identify causes of signhificant concentration
peaks. It thus provides a significantly improved basis for decision making.

However, the PPR Panel would also point out that:
¢ Not many catchments within Europe are currently characterised at this level of detail or
linked to specific Step 3 scenarios.

¢ The example uses only four years of weather data to produce the PEC time series.
Ideally, at least 20 years of data would be provided to ensure that extreme weather
events were encompassed in the simulation.

* It is not clear whether the original D4 problem was related to input from spray drift or
from drainage. Ideally, the problem formulation step would include such an assessment.
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3.8 COMMENTS ON “EXAMPLE OF REFINED RA — BRIMSTONE” (VOL. 1, APP. A3)

Based on the provided information, the PPR Panel has serious doubts whether this example of a
refined risk assessment is scientifically robust enough. These doubts are based on the concerns
in the following paragraphs. It is possible that providing more information in a revised version
would remove these doubts.

The refined risk assessment aims at refuting calculations for the D2-Brimstone scenario (i.e.
FOCUS Step 3). The Brimstone-D2 scenario uses a 16-month weather series with 623 mm
annual rainfall in the last 12 months which generated a worst case water recharge according to
FOCUS (2001). Appendix A3 uses four approximately equal climatic classes (dry - medium -
wet - very wet) with yearly rainfall of <625 mm, 625-750 mm, 750-850 mm and >850 mm
respectively. So the D2-Brimstone scenario would be classified as a dry climate in Appendix A3
while FOCUS (2001) classified it as worst case with respect to recharge. This is a surprising
difference for a risk assessor which is nowhere mentioned or discussed.

In the refined risk assessment, new scenarios were developed which imply that new soil profiles
and new climate characteristics were selected. Appendix A3 shows that the ‘dry’ D2-Brimstone
scenario generates a higher PEC than the very wet scenario for the soil that is most similar to
the D2-Brimstone soil (i.e. Denchworth) in the refined risk assessment: the PEC for D2-
Brimstone was 44 pg/L for an annual rainfall of 623 mm whereas the maximum PEC for the
Denchworth soil in the refined risk assessment was 42 pg/L (maximum of 30 annual values)
with a maximum annual rainfall of 1361 mm. This indicates that the selection and
parameterisation of the soil profiles in the refined risk assessment had a larger influence on the
outcome than the selection and parameterisation of the climate classes. Therefore the PPR
Panel focussed its attention on the soil profiles.

For an adequate justification of the selection procedure of the soil profiles the PPR Panel
considers more information necessary on the number of soil series within each class of soils
and on e.g. the median and variability of the clay contents of a number of soil series at the
vulnerable end of each soil class.

The D2-Brimstone soil-profile represents a 75t percentile worst-case for preferential flow in the
Denchworth soil series (i.e. a 75t percentile clay content of 54%). The refined risk assessment
uses also this Denchworth soil series (as a representative series of one of the five soil classes
considered) but uses the average clay content from this series (i.e. 43%). So the change from 54
to 43% clay resulted only in a small change of the PEC (from 44 Lg/L to 42 ug/L) despite a
considerable increase of annual rainfall (from 623 mm to probably close to 1361 mm). This
implies a large effect of this change in clay content on the PEC. There are two possible causes
for this large effect: the change in clay content itself or a difference in the procedure of the
MACRO parameterisation. The parameterisation for the D2-Brimstone soil profile has been
based on MACRO calibration to measurements at the Brimstone experimental field (FOCUS,
2001). Appendix A3 refers to Brown et al. (2004) for the description of the MACRO
parameterisation in the refined risk assessment. One of the most important MACRO parameters
for pesticide leaching in structured soils is the aggregate half-width (“ASCALE”). Brown et al.
(2004) indicate that this half-width was selected from basic descriptions of soil structure using
rules proposed by Jarvis et al. (1997). On the basis of this, the PPR Panel considers the MACRO
parameterisation of the D2-Brimstone soil profile to be of higher quality than the MACRO
parameterisation of the Denchworth soil in the refined risk assessment. Appendix A3 and Brown
et al. (2004) do not describe the values selected for parameters such as ASCALE as used in the
refined risk assessment. So it is possible that the lower PEC values in the refined risk
assessment have been caused mainly by a less reliable parameterisation procedure of MACRO
rather than by a lower clay content. The former would be difficult to defend as a scientifically
robust refined risk assessment.
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3.9  COMMENTS ON “EXAMPLE OF REFINED RA- VALENCIA” (VOL. 1, APP. A4)

Example 4 of the Report (pp. 117-133) is a refined risk assessment for an insecticide (EC) to
support listing on Annex | (EU) and national (MS) registration procedures for use in citrus. Step 3
calculation suggested potential concerns of acute risk for fish and aquatic invertebrates in the
FOCUSsw scenario named R4 and D6. To refine this assessment the Step 4 calculation was then
based on: (a) using spray-drift loading calculated according to FOCUS drift calculator; (b) spray-
drift loading into the edge of the field water bodies categorized by GIS; (¢) an agricultural
landscape with the presence of citrus. The landscape-level PEC in each of the surface water
bodies were calculated in this scenario.

The PPR Panel considers this landscape-level risk assessment (LRA) example a generic and
broad approach easy to follow by model users in similar situations and easy to understand for
the assessors. The stepwise approach and the down scaling from the EU to the regional scales
are correct. The method developed on PECsw calculations for several thousand water bodies
based on landscape is considered robust and valid. Nevertheless the PPR Panel believes that
the example is lacking information to complete an acceptable landscape risk assessment. In
fact the method reflects only slightly recommendations 13 and 14 of the Report and if this is
due to text length constraints then basic information about the method and its application
should be provided in the final Report. The PPR Panel recognizes a number of scientific data
requirements in the present example listed below:

* Demonstrate that the conservative assumptions set are valid. While upstream dilution is
clearly a conservative assumption, a predetermined day for the application time of the
whole landscape cannot be a conservative assumption for long term exposure of surface
water bodies. Because all parameters set in the scenario must be realistic and scientifically
valid we expect the author of the risk refinement to furnish the measured or estimated data
to support these assumptions. For old pesticides the actual use must be monitored by a
farm survey; for the new substances the potential use can be predicted based on the
agronomic characteristics of the area and crop (efficacy and pest phenology). The PPR Panel
believes this is essential for a realistic assessment of the pesticide loading and of its
application time in the scenario. For transparency the information must be included in the
Report.

* Demonstrate the representativeness of the scenario and how it represents the European
conditions (or Member State level in case of national registration). The PPR Panel
recognizes that the scenario selection needs an appropriate statistical analysis itself and of
the main factors affecting pesticide fate in this ecosystem. The site selection based only on
GIS analysis of the citrus EU distribution is not exhaustive and doesn't necessarily represent
the European characteristics of the citrus crop area cultivated in the whole of Europe (type of
soil, irrigation, rainfall, temperature, hydraulic plan, plant distribution in the field, plant
shape, soil slope). The minimum data requirement when developing citrus scenario must be
in line with the FOCUSsw approach, that is, it must include information on parameters
affecting the pesticide fate. The reader should recognize that the citrus scenario selected is
representative because it covers representative properties in a greater area where the crop
is cultivated.

e Calculate PEC for all the entry routes selected. The Valencia example considers only the drift
as entry route of exposure to surface water bodies because of the result of FOCUS Step 3
and the information patched through satellite photographs. The PPR Panel disagrees with
the above assumption because it demonstrates the low representation of the scenario
chosen: citrus crops in EU-wide area must grow in well-drained soil and in intensive irrigation
system, both factors affecting the drainage. The entire entry route should be assessed and if
not present in one scenario an additional scenario must be included.

* Report the application technology used and how this affects the PEC calculation. Very often
pesticide application in citrus crops is manual. The look up table of the FOCUS drift
calculator does not include citrus crop, neither does the manual application. The PPR Panel
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again recognizes that this agronomic aspect should be taken in account when exposure and
risk are refined. For transparency reasons application of the technology and its
consequences on pesticide drift should be demonstrated through calculation or
measurement.

« Demonstrate the relevance of the water bodies and their vulnerability. To support the
ecological considerations such as the statement on artificial channel reported in the
example calculation, measurement or field scouting is mandatory. The use of monitoring
data at this stage could be used for confirmation and for understanding the vulnerability of
the whole area selected.

3.10 COMMENTS ON PROPOSED METHODOLOGIES IN VOLUME 2 (“BOXES”)

The proposal to use time dependent sorption values for runoff and drainage (Box 1) is agreed by
the PPR Panel, however not for the PRZM submodel because the scientific approach used for
increasing sorption is inconsistent. To solve correctly the sorption process in soil the scientific
representation should include its time dependence and the kinetics of sorption in conditions of
equilibrium and disequilibrium. The proposed refinement with PRZM on “entering a time series
of sorption values with the time that permits the model to represent the time-dependent
sorption in soil” cannot be considered a scientifically valid approach. Reasonably the PPR Panel
recognized this fact and recommends for comprehensive simulations the use of better tools
available such as PEARL and MACRO 5.

Concerning the inclusion of photolysis in water and on plant and soil surface (Box 2) is for the
PPR Panel no problem but practical and useful scenarios are not given. The PPR Panel is thus of
the opinion that more guidance is needed to include photolysis into Step 4 exposure
assessment.

The PPR Panel accepts the proposals formulated in Boxes 3, 4 and 5 on respectively, the
modelling of metabolites, the proposal for refinements for simulation of controlled release
formulations or incorporation in soil (e.g. slow release) and the change of drift parameters in the
drift calculator.

The PPR Panel does not agree with the proposal (Box 6) not to include dry deposition from air
into the Step 4 scenarios. It is the opinion of the PPR Panel that conservative assumptions have
to be made in the absence of satisfactory knowledge. In this context the PPR Panel would refer
to the FOCUS (2006) and to previous EFSA opinions (e.g. EFSA, 2004).

Box 7 recommends performing a higher tier wash off study to refine the wash off rate constant
for use in regulatory modelling. The PPR Panel considers a single study only acceptable if it can
be demonstrated that this study was conducted under conditions that are conservative for the
risk assessment. Otherwise there can be no reasonable certainty that the results of such a study
can be extrapolated to all use conditions of the pesticide.

Box 7 refers furthermore to the FOCUS Step 3 procedure for estimating this constant (i.e. an
equation based on correlation with the water solubility). Leistra (2005) reviewed this procedure
and also the available wash off literature. He concluded that (i) the data on which this equation
was based could not be retrieved from literature, and that (ii) this equation seems to
overestimate the wash off. This implies that the approach in the FOCUS Step 3 procedure for
estimating the wash off may not be conservative enough. The PPR Panel recommends therefore
that the Report provides also guidance to revise the FOCUS Step 3 procedure for estimating the
wash off rate constant in order to avoid overestimation of wash off in the risk assessment.

The PPR Panel accepts the proposed methodologies on the practical Step 4 refinements within
the FOCUS modelling framework for respectively, the modification of PRZM runoff
parameterization of runoff and erosion (Box 8 ). Given the PPR Panel’s concern for the need for
buffer design information, the change of PRZM runoff output to simulate the effect of buffer
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strips (Box 9) is not accepted (see comments above on the proposed mitigation amounts). The
change of MACRO parameterisation for drainage (Box 10) is accepted by the PPR Panel. The
PPR Panel agrees on the exclusion of colloidal transport for drainage (Box 11).

The PPR Panel has commented on the statements in Box 12 concerning the high degree of
conservatism for the Step 3 calculations of transport in water bodies (see comment in 3.3.3).

CONCLUSIONS AND RECOMMENDATIONS

The Scientific Panel on Plant Protection Products and their Residues concludes that the FOCUS
Landscape & Mitigation Report can be considered as an extension of the FOCUS Surface Water
Report because it is a higher tier (Step 4) assessment of the Step 1, 2 and 3 risk assessments
in the latter report.

The Report gives an extensive overview of the state of the art in the fields of environmental
science and agronomic technology related to the landscape and mitigation factors in aquatic
ecological risk assessment. Nevertheless the PPR Panel wants to make some remarks on
certain aspects treated in the Report:

(0]

The Report gives only proposals and recommendations but not really a ready-for-use
methodology giving a standard scenario for risk assessors. This kind of ad hoc approach
without preliminary fixed rules for harmonisation is more or less based on a kind of
expert judgment of the most realistic situations and conditions but lacking the
discipline of the decision process of other FOCUS procedures. However, the PPR Panel
is aware of the difficulties involved with the development of higher tier assessments
and the impossibilities to implement a unique standard method for the multitude of
possible mitigation measures and model refinements.

Information necessary to accept the proposals to mitigate drift, drainage and run-off is
often missing or unsatisfactory. E.g. in the case of runoff, most of the given reduction
figures are determined in experiments whose conditions are not adequately described
and whose relevance to real situations is not demonstrated. There can be differences
between proposals of mitigation measures and their application in practice.

The PPR Panel would like to stress the general need to improve further the validation of
the exposure models and especially of the new elements of the exposure models that
are needed for the refinements. The validation of a model has to be based on
comparisons between model output and field measurements. In such a comparison not
only the model itself is tested but always also the procedures for estimating the model
input. The validation has to be assessed for the full range of pesticides and of relevant
field conditions.

The PPR Panel has some reservations on the use of uncertainty factors in the risk
assessment process. This is always a difficult point because the approach is often
empirical and subjective. The degree of uncertainty is also related to a kind of risk
management which is often not scientific. Especially in this Report this aspect is more
crucial because there is a close link with ecotoxicological aspects. The PPR Panel refers
to its previous opinions on uncertainty (assessment) factors for the aquatic environment
for lower and higher tiers (EFSA, 2005b & 2006b) where objective and statistical
methods were proposed at least for the issue of reducing the factor when additional
data from other species are available.

The PPR Panel is of the opinion that the methodology for landscape selection is not
always well defined. The possibility of different approaches in the selection procedure of
the landscape type can result in different risk assessments.
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It is further the opinion of the PPR Panel that probabilistic methods are suitable for
both effect and exposure assessment but it is necessary to apply these in an
appropriate way.

It is the opinion of the PPR Panel that a realistic effect assessment should include as
well (i) long-term effects of short-term contamination (ii) interaction of the effect of
toxicants with other stressors (competition, predation, environmental stressors) and (iii)
recovery.

The PPR Panel is of the opinion that there is a need for a better description when a field
scale or landscape scale is needed from the point of view which the ecotoxicological
effect is to be evaluated.

The PPR Panel is concerned that some emission routes are not taken into consideration
in the Report, e.g. non spray applications and emission by air.

In the following, the main conclusions and recommendations of the PPR Panel are provided:

1.

The PPR Panel has given its comments on the 25 Recommendations in Volume 1 of the
Report. The PPR Panel agrees on most of the proposed Recommendations in the Report
but disagrees on the conclusions in Recommendation 6 concerning the proposed
maxima of mitigation (Vol.1, Table 5) for drift, surface runoff and erosion, and drain flow
which are not accepted by the PPR Panel and other recommendations are proposed.

Before implementing the proposals of the Report concerning eco(toxico)logcial
characteristics in assessment scenarios, a clear definition of the protection goal(s) of the
assessment is necessary.

The more different (types of) refinements are combined in an assessment, the more site-
specific the result may be, and accordingly limited in its applicability to wider areas. The
Report should be reviewed as to which refinement options are suitable to be applied in
product authorisations on national scale.

The PPR Panel is of the opinion that there is no information that temporal or ephemeral
water bodies are not by definition (as implied in Recommendation 18) more resilient
also to pesticide impact.

A differentiation in ecological characteristics appears unlikely to provide applicants and
regulators with sufficient discriminatory power to differentiate between intended uses,
and/or to provide clear and practicable use instructions as risk mitigation measures.

More research is needed on improving the understanding of toxic effects on organisms
of different water body and life history types, including preconditions and processes of
recovery.

Improved knowledge on the interaction between fate and ecotoxicology evaluations
through all tiers of the assessment bears significant opportunities to increase the
usefulness of the existing data and scenarios. This applies also to improved use of
toxicokinetic information which can already be gained from existing study types. The
PPR Panel thus recommends that these approaches be investigated more
systematically.

With the caveats outlined above, the PPR Panel in principle agrees with the approach
behind Recommendations 17, 18, 19, 20, 21 & 22 that more knowledge on ecological
characteristics of different water body types could eventually be useful for improving risk
assessments but that more research is needed first. The PPR Panel realises that current
higher tier approaches need to be reconsidered accordingly.

There is a need for training for implementations and for monitoring results for feedback
into the risk model. In view of the extent and very technical nature of this document, the
implementation of methods and recommendations in the Report requires that regular
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training courses be held for MS authorities and registrants to illustrate the theory and
provide practical experience in the evaluation of laboratory and field data using the
software tools proposed in the Report.

10. There is a need for continuous (periodical) updating of developments in the methodology
and data requirements.

11. There is a need for harmonisation of the different systems used by the member states
(e.g., Focus drift calculator as standard for al drift effects).

12.The PPR Panel proposes to formulate advice to risk management on ecological
protection goals in terms of critical effect values so that authorities can decide on field
study results and translate backwards to lower tier benchmarks.

13. The Panel suggests providing clarity about the relationship between the Annex | risk
assessment strategy and national decision making under the “Uniform Principles” and
the resulting implications for risk assessment by Member States.

14.The Water Framework Directive (EU, 2000) assumes that use of pesticides in
accordance with Directive 91/414/EEC will lead to compliance with the chemical
standards (MAC and AA) of the WFD. However, the risk model under Directive
91/414/EEC is not capable of assessing this assertion: compliance at the local field
scale does not guarantee compliance at the regional scale.

15. Comparison exercises or ring-tests should be organized to attain comparability of the
results. Therefore, the PPR Panel recommends that ring-tests are carried out, where MS,
registrants and other intended users derive surface water risk assessment scenarios for
a series of substances and circumstances, to ensure that the proposed procedures in the
Report are intelligible, robust and precise enough.

16.The PPR Panel recommends that the Report should be revised to include (1) a
systematic evaluation of uncertainties associated with key quantitative statements in
the Report, including statements about the potential impact of mitigation measures on
exposure, and (2) a requirement for every Step 4 assessment to contain a systematic
evaluation of uncertainties, comprising a list of known uncertainties and a quantitative
or qualitative evaluation of their impact on the assessment conclusions.

17.The PPR Panel recommends that the guidance for systematic identification and
evaluation of uncertainties should include reference to probabilistic methods in which
uncertainty is quantified using probability distributions, sensitivity analysis where the
assessment is repeated with alternative input data or assumptions to assess their
influence, and qualitative methods such as tabulating sources of uncertainty (for an
example, see EFSA 2006).

18. The PPR Panel wishes to draw attention to the fact that some of the refinement options
considered in the Report may result in new or modified scenarios, which may have
different geographic applicability compared to the existing scenarios of FOCUS Step 3.
The PPR Panel therefore recommends the geographic applicability of each refined
assessment should be evaluated by estimating the percentage of relevant agricultural
land that it “protects”, as was done for the original FOCUS scenarios.

19. The PPR Panel recommends that Recommendation 10 of the Report should be revised
to emphasise that probabilistic assessments should only be accepted when they are
conducted in an appropriate manner, taking account of available guidance such as the
US EPA'’s criteria for acceptance of Monte Carlo assessments (US EPA, 1997).

The PPR Panel wants to express its appreciation of the production of the Report and considers
it as an important milestone of higher tier risk assessment. The Report is the result of an
enormous effort to achieve a level 4 risk assessment based on recent developments in the
fields of landscape modelling, ecotoxicology, probabilistic approaches, etc. This is finalized in
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the description of a series of new approaches for risk assessment which are very promising. On
the other hand, this has lead to a number of only partly resolved issues which are not yet ready
for risk assessment application for several reasons (lack of data, no validation, uncertainties,
etc.). These aspects are discussed in the Report but precise conclusions on the practical
applicability are sometimes unclear and therefore not yet ready for risk assessment
application. The PPR Panel shares the strong recommendations in the Report to support
further scientific research in this field.

Considering the above remarks the PPR Panel finds that the Report is lacking some
clarifications on the way level 4 risk assessment should be carried out. Therefore the PPR
Panel recommends identifying clearly all the methodologies which are possible at the moment
with an acceptable degree of applicability and certainty for risk assessors. This includes that, in
practice, a certain number of methodologies, which are given in Vol. 2 (the so called “Boxes”),
have to be worked out in such a way that they can be used as guidance documents for the risk
assessor. The PPR Panel is also of the opinion that some extra guidance (“Boxes”) is needed in
order to clarify some confusions which have to be resolved (e.g. runoff calculation of upstream
applications). Also a precise table of all input parameters and modelling functions which have
to be used for the calculation of the endpoints is crucial for the transparency and reproducibility
of the assessment.

The PPR Panel is of the opinion that the approaches which cannot be applied in an (as yet)
approved way, because of missing satisfactory scientific support and validation, can not be
accepted as level 4 risk assessment without further investigations. The PPR Panel is of the
opinion that a lot of efforts is still needed for the practical application of these methodologies.
Special attention must be paid to the evaluation of all factors related to uncertainty and
validation. It is the view of the PPR Panel that on this problem no clear answers and guidance
are given.

The PPR Panel has concluded that the Report is a very promising vision for higher tier
approaches to risk assessment but that it needs to be revised before it can be accepted as
guidance to be used in an appropriate and consistent way by risk assessors.
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APPENDIX I: GLOSSARY

ASCALE Aggregate half-width. MACRO parameters for pesticide leaching in structured soils.
Controls the movement of water and solute between the micropore and
macropore domains.

CMA Chemical Monitoring Activity

D2, D4, D6, R4 FOCUS Step 3 scenarios

EC European Commission

EU European Union

FOCUS Forum for the Co-ordination of pesticide fate models and their Use

FOCUSsw FOCUS Surface Water

GAP Good Agricultural Practice

GIS Geographical information system

Koc Organic carbon adsorption coefficient

I/kg Liter/kilogramme

LRA Landscape-level risk assessment

MAC Maximum acceptable concentration

MACRO a physically-based one-dimensional numerical model of water flow and reactive
solute transport in field soils

mesocosm, Specifically designed model ecosystems used to investigate pesticide effects on

microcosm communities of organisms, and/or the environmental fate of pesticides. The
Guidance Document on Aquatic Ecotoxicology (EC, 2002) defines microcosms as
indoor multi-species tests and mesocosms as outdoor multispecies tests. This
definition is in line with other relevant publications (e.g., Campbell et al., 1999).
The PPR Panel follows that definition. Mesocosm are also larger than microcosms.

MS Member State

PEARL Pesticide Emission Assessment at Regional and Local scales

PEC Predicted Environmental Concentration

PPR Panel Scientific Panel on Plant Health, Plant Protection Products and their Residues

PRAPeR EFSA’s Pesticide Risk Assessment Peer Review Unit

PRZM Pesticide Root Zone Model

RA Risk Assessment

DG-SANCO European Commission Health and Consumer Protection Directorate General

SETAC Society of Environmental Toxicology and Chemistry

SW Surface water

TER Toxicity-Exposure-Ratio

TOXSWA Toxic substances in surface waters; describes the exchange flux between water

and atmosphere by the film model of two laminar layers at an interface.

Uncertainty

Uncertainty results from limitations in knowledge, for example if the
measurements are subject to experimental error or if the extrapolation is
approximate.

Uniform Annex VI of Directive 91/414/EEC: establishing common criteria for evaluating

Principles products at a national level were published on 27 September 1997 (0J L265,
p.87).

US EPA United States Environmental Protection Agency

WFD Water Framework Directive
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APPENDIX lI: LisT OF FOCUS RECOMMENDATIONS AND REFINEMENTS

No.

FOCUS Recommendations

Ecological risk assessment for the aquatic compartment to support Annex I listing should remain at the
field scale. The influence of landscape on the risk assessment should be evaluated by dividing the
landscape into parcels in order to investigate how parameters influencing risk at the field scale are
distributed within the wider environment.

There is already sufficient evidence to implement certain measures into ecological risk assessment and
it is recommended that this is done immediately. Authorisations of products that present unacceptable
ecological risk under standard use conditions can be made subject to the application of suitable
restrictions ensuring mitigation of the risk. These mitigation measures should be grouped by the extent
to which they reduce exposure in the following categories: 50, 75, 90, 95 and 99%. The Work Group has
adopted a reasonable worst-case approach in assigning measures to different categories (e.g. exposure
reductions based on larger datasets are assigned as a nominal 10t percentile of the actual range of
efficacy).

For these reasons, it is recommended that a sequential procedure is adopted for incorporating
mitigation measures into ecological risk assessment (Figure 1).

Whereas mitigation of spray drift is generally well-developed, further work is recommended as a priority
to develop mitigation measures for exposure via surface runoff and drainflow.

It was agreed that the impact of such influences may be significant and that further work is required to
develop and evaluate such approaches. However, as the scale of the risk assessment currently remains
at field level, it is not recommended that such landscape processes are implemented into the
assessment at the present time.

It is recommended that the maximum values identified in Table 5 act as an absolute cap for the
incorporation of mitigation into risk assessments for Annex 1 listing (more differentiated maxima can
be derived on a case-by-case basis according to the use conditions and options for mitigation).

Any change to the Step 3 scenarios is considered to be a Step 4 calculation and this should be clearly
stated in the monograph.

To support any proposal for exposure mitigation, it is appropriate to demonstrate the potential effect of
the mitigation through the use of refined Step 4 modelling.

It is strongly recommended that the location of additional scenarios should follow the procedures for
overlaying data (i.e. soil, climate, slope, cropping) outlined by the FOCUS surface water scenarios group.

10

It is recommended that probabilistic methods can be applied as one of the approaches to refining
assessments of exposure and/or effects at Step 4 and that this conclusion is equally applicable for the
aquatic and terrestrial compartments.

11

The group does not recommend routine inclusion of catchment modelling into ecological risk
assessment to support Annex | listing, but these models may be useful in linking the requirements
under 91/414/EC with those of the Water Framework Directive.

12

Appropriate monitoring data for example compounds can provide support for refined or higher-tier risk
assessments (e.g. landscape assessments, catchment modelling, probabilistic techniques).

13

When using landscape analysis to support higher-tier assessments, a full justification should be
provided for the approach used to generate and analyse data and of subsequent use in modelling.

14

The rationale and justification for the site selection should be thoroughly documented.

15

For complete understanding and transparency, when GIS and landscape-level information are used at
Step 4, a thorough description of the GIS data, processing and methodology should be presented in the
report so that the reader can properly evaluate the process and the results.

16

If not well documented in the site selection process, an appropriate EU-wide examination should be
conducted to set the results for the site/region that has been examined into a broader context.

17

It is therefore recommended that in the future, ecological scenarios are further developed to
accompany the fate scenarios at Step 3. The work would need to be accompanied by a consideration of
use within regulatory practice and clear demonstration of the area and/or environmental conditions for
which a particular scenario is representative.

18

Further work is recommended to differentiate these more resilient water body types from permanent
waters.

19

When establishing ecological scenarios, it is recommended that typical physical and chemical
characteristics are included.

20

It is recommended that when establishing ecological scenarios, due attention is given to defining those
ecological factors that may also influence fate processes.
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21

Further development of the basic science, experimental options and modelling in this area is
recommended.

22

It is recommended that research into these approaches (Calow, WEBFRAM,FreshwaterLife) is supported
and continued in the future.

23

A new working group should be considered to further improve landscape analysis, modelling and
mitigation approaches.

24

A new working group should be considered to develop the ecological characteristics of the FOCUS
surface water scenarios for use in higher-tier exposure modelling and effects assessments.

25

Whilst the work presented here has focused on aquatic systems, many of the methods and approaches
may be transferable to the terrestrial compartment. Nevertheless, complementary approaches should
be developed for terrestrial systems in the future.

Boxes in Volume 2 / Refinements

Sorption: Practical Step 4 refinements within the FOCUS modelling framework

Photolysis: Practical Step 4 refinements within the FOCUS modelling framework

Modelling of metabolites within the FOCUS modelling framework

Formulations: Practical Step 4 refinements within the FOCUS modelling framework

Drift: Practical Step 4 refinements within the FOCUS modelling framework

Dry deposition: Practical Step 4 refinements within the FOCUS modelling framework

Foliar dissipation and washoff: Practical Step 4 refinements within the FOCUS modelling framework

Runoff and erosion: Practical Step 4 refinements within the FOCUS modelling framework

Mitigation of runoff and erosion: Practical Step 4 refinements within the FOCUS modelling Framework

o

Drainage: Practical Step 4 refinements within the FOCUS modelling framework

=

Colloidal transport: Practical Step 4 refinements within the FOCUS modelling framework

RPIRIEPROONOOSWNE-
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Transport in water bodies: Practical Step 4 refinements within the FOCUS modelling framework
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