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Introduction

The XVIII Symposium on Pesticide Chemistry, themed "Next Generation Solutions and Sustainable
Frontiers," addresses the vital challenge of balancing global agricultural productivity with
environmental protection. Rooted in a long-standing tradition established at the Universita Cattolica del
Sacro Cuore by Professors Attilio del Re and Paolo Fontana, alongside key international contributors,
this gathering serves as a premier venue for evaluating the fate, exposure, and ecotoxicology of plant
protection products. Today's landscape of pesticide science is rapidly advancing through high-resolution
analytical surveillance, multi-scale environmental fate modeling, precision application technologies,
and sophisticated risk assessment frameworks.

The primary aim and scope of the symposium center on creating an interdisciplinary platform where
academic researchers, regulatory authorities, and industry experts can bridge the gap between scientific
innovation and policy implementation. By examining chemical dynamics across air, soil, and water,
assessing non-target impacts, and evaluating novel technology integration, the symposium aims to
refine safety paradigms and accelerate the adoption of sustainable agricultural practices worldwide.

To achieve these goals, the scientific program is structured across four dedicated sessions that address
the lifecycle and impact of plant protection products. The first session focuses on pesticide behavior
and monitoring in air, soil, water, and non-target organisms, highlighting high-resolution mass
spectrometry and compound-specific isotope analysis to track chemical fate and legacy pollutants. The
second session advances predictive exposure and effect modeling across multi-scale scenarios,
integrating mechanistic tools and dynamic models to capture landscape-level transport. The third
session explores new frontiers in application technology and mitigation, evaluating precision drift
control, spot-spraying, and advanced oxidation techniques to reduce environmental loads. Finally, the
fourth session targets policy uptake and governance, translating empirical data into harmonized
indicators, environmental monitoring networks, and adaptive regulatory frameworks for sustainable
risk management. Ultimately, synthesising these four dimensions demonstrates that advancing pesticide
science requires a holistic approach, where field-level observations directly inform predictive models,
technological innovations reduce environmental loads, and robust evidence shapes adaptive policy. The
proceedings compiled in this volume reflect this integrated trajectory, offering a comprehensive
scientific foundation to guide future research, regulatory decisions, and field application strategies
toward true agricultural sustainability.

Diego Voccia, Leilei Zhang, Veronica Ferrari
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SESSION I — PESTICIDES MONITORING AND BEHAVIOR IN AIR, SOIL
AND WATER AND NON-TARGET ORGANISMS.

Chairs: Luigi Lucini, Dimitrios Karpouzas

This session focuses on how pesticides and their transformation products are detected, transported,
transformed, and retained in environmental compartments such as air, soil, surface water, groundwater,
sediments, and biota. A major theme is the improvement of monitoring strategies through advanced
analytical methods, including LC-HRMS, targeted and untargeted screening, passive samplers, and
compound-specific isotope analysis. Several contributions show that conventional monitoring often
misses unexpected metabolites, legacy compounds, or short-term contamination peaks. Case studies
from Austria, France, Norway, Belgium, North America, and other regions highlight the persistence of
pesticides in soils, rainfall, groundwater, orchards, railway soils, and small agricultural water bodies.
The session also emphasizes the importance of transformation products, which can be more mobile or
persistent than parent compounds. Contributions on chlordecone, atrazine, toltrazuril, copper,
microplastics, and dazomet/MITC show how soil properties, temperature, degradation, sorption,
formulation, and co-contaminants influence environmental fate. Overall, the session argues for more
harmonized, long-term, and multi-compartment monitoring systems that can better support

environmental risk assessment and policy decisions.
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KEYNOTE LECTURE

COMPREHENSIVE PESTICIDE MONITORING IN FOOD AND FEED: INTEGRATING
TARGETED AND UNTARGETED ANALYSIS

Ivan Aloisi, Paul Zomer, Hans Mol

Presenter Ivan Aloisi

Wageningen Food Safety Research
Akkermaalsbos 2

Wageningen — The Netherlands
Ivan.aloisi@wur.nl

OBJECTIVES
e Development and application of a single analytical method enabling targeted quantitative
analysis and non-targeted qualitative screening of pesticides from a single data file.
e Demonstrate the advantages of LC-HRMS for simultaneous targeted quantification and non-
target pesticide screening.

HIGHLIGHTS
- Description on the current state-of-the-art analytical approach for combined quantitative
determination of frequently found pesticides and qualitative screening for 1000+ others in
food and feed
- Detection of unexpected pesticides, other food toxicants, and metabolites beyond routine
monitoring scope.
- Discussion of current challenges on implementation of LC-HRMS in routine laboratories.
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INPUT OF PLANT PROTECTION PRODUCTS INTO GROUNDWATER VIA BANK
FILTRATION: A REVIEW

Uta Ulrich, Lukas P Loose, Anna Wendell, Nicola Fohrer

Presenter Uta Ulrich

Institute of Natural Resource Conservation, Kiel University
Olshausenstr. 75
Kiel-Germany

OBJECTIVES

Review the current evidence on the transport of plant protection products (PPPs) from surface
water to groundwater through bank filtration (BF).

Compile and evaluate reported bank filtration rates (BFRs) for PPPs based on field and
laboratory studies.

Identify the main hydrogeological, hydrological, physicochemical and biological factors
controlling PPP retention during BF.

Assess the current state of knowledge and methodological limitations affecting the prediction
of BF effectiveness for groundwater protection

HIGHLIGHTS

A systematic review of 174 peer-reviewed field and laboratory studies was conducted.
Reported retention of PPPs during BF was highly variable, with BFRs ranging from —125%
(concentration increase) to +100% (complete retention) for individual active substances.
Retention was influenced by multiple interacting factors, including retention time, flow
distance, subsurface properties, flow velocity, hydrometeorological conditions, PPP properties,
inflow concentrations, temperature, redox conditions, DOC/TOC, and microbial activity.
Strong interdependencies among controlling factors hinder the identification of individual
cause—effect relationships.

Methodological heterogeneity among studies limits comparability and introduces uncertainty
into groundwater risk assessments.
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COMPOUND-SPECIFIC ISOTOPE ANALYSIS FOR ASSESSING BIODEGRADATION OF
ORGANIC CONTAMINANTS IN AQUATIC ENVIRONMENTS: A LITERATURE-BASED
REVIEW

Mattia Rossi, Diego Voccia, Lucrezia Lamastra, EnricoMaria Selmo, Paola lacumin, Marco Bartoli

Presenter Mattia Rossi

Department of Chemical Science, Life Sciences and
Environmental Sustainability (Unipr)

Parco Area delle Scienze, 157/a

Parma (Italy)

Email: mattia.rossi@unipr.it

OBJECTIVES

To compile and critically analyze published data on the biodegradation of pesticides in aquatic
environments using Compound-Specific Isotope Analysis (CSIA).

To evaluate how environmental parameters such as temperature, salinity, and pH influence
1sotope fractionation and biodegradation kinetics of organic contaminants.

To develop a structured literature-derived database of isotope fractionation factors, providing a
reference tool for interpreting CSIA data and improving the assessment of contaminant
degradation in water systems.

HIGHLIGHTS

Compound-Specific Isotope Analysis (CSIA) is a key tool for distinguishing biodegradation
from non-degradative processes in organic contaminant fate studies [1].

Isotope fractionation during microbial transformation of organic pollutants provides
quantitative constraints on reaction mechanisms and pathways [2].

Environmental factors such as temperature, pH, and redox conditions can significantly affect
isotope fractionation and must be accounted for in data interpretation [3].

Literature-based isotope fractionation datasets improve the reliability of CSIA applications for
contaminant source identification and degradation assessment [4].

The integration of CSIA into environmental studies improves our ability to understand
contaminant behavior and assess degradation pathways in complex aquatic systems. [5].
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PASSIVE SAMPLERS TO FACILITATE THE ASSESSMENT AND MONITORING OF
CONTAMINATION IN FRESHWATER ENVIRONMENTS

Christelle Margoum, Benoit Sarrazin, Yannick Boissieux, Anae Degache, Alexandra Gruat, Céline
Guillemain, Thibaud Pandelakis, Véronique Gouy-Boussada

Presenter Christelle Margoum

INRAE, UR RiverLy

5 rue de la Doua

69100 Villeurbanne, France
Christelle.margoum@inrae. fr

OBJECTIVES

Monitor the effects of land-use management in small agricultural watersheds and of
implemented agri-environmental measures on water quality.

Assess the relevance and feasibility of using user-friendly integrative passive samplers, such as
small composite silicone rods PACSiR [1], to obtain a better integrated overview of the spatial
and temporal contamination of aquatic environments by various agricultural pesticides.

HIGHLIGHTS

PACSIR integrative samplers are particularly useful for accurately and easily assessing the
average concentration of pesticides in water.

PACSIR samplers are deployed continuously on-site, collected every two weeks, and the ones
to be analyzed are selected retrospectively based on hydrological measurements and growing
seasons.

The implementation of PACSiR samplers combined with LC-MSMS analysis allowed to reach
limits of quantification lower than 1 ng/L for pesticides in water.

Compared with spot water samples, the PACSiR integrative sampler makes it possible to
detect and quantify a greater number of pesticides with a wide range of physicochemical
properties.

The ability to store and to select samples for analysis retrospectively allows for more targeted
analyses and reduced costs for long-term monitoring.
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- A three-year monitoring program at four sites in the Dombes region (France) has revealed a
relationship between the presence of pesticides and land use, as well as with the ban on the use
of certain active substances.
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Overview of spatio temporal variability of the cumulative concentrations of pesticides accumulated on
PACSIR rods on two sites and over different deployment periods within a year
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NOVEL HRMS APPROACHES FOR IDENTIFYING TRANSFORMATION PRODUCTS OF
THE ANTIPARASITIC TOLTRAZURIL, COMBINED WITH PREDICTIVE TOOLS TO
ASSESS THEIR ENVIRONMENTAL FATE

Venetios Michelioudakis, Leilei Zhang, Pier Paolo Becchi, Federico Ferrari, Luigi Lucini

Presenter Venetios Michelioudakis

AEIFORIA
Str. Faggiola 12/16
Gariga di Podenzano, PC, Italy

Universita Cattolica del Sacro Cuore
Via E. Parmense 84
Piacenza-Italy

OBJECTIVES
e Identify toltrazuril transformation products (TPs) using HRMS and in silico tools.
e Assess environmental and biological impacts of toltrazuril and its TPs.

HIGHLIGHTS
- HRMS suspect & non-target screening revealed toltrazuril TPs.
- CFM-ID, SIRIUS & prediction tools supported TP identification.
- 12 novel TPs identified
- TyPol enabled TP prioritization for environmental risk.
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Prediction of plausible TPs starting from toltrazuril using eawag and other software [1] to create a
database based on the microbial and abiotic degradation of toltrazuril.

REFERENCES
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workflows for suspect screening of unknown tebuconazole transformation products in environmental samples by UHPLC-
HRMS, Journal of Hazardous Materials, Volume 440, 2022
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SMALL LENTIC WATER BODIES AS SINKS AND SOURCES OF PESTICIDES AND
TRANSFORMATION PRODUCTS IN AGRICULTURAL LANDSCAPES

Lukas Paul Loose, Nicola Fohrer, Uta Ulrich

Presenter Lukas Paul Loose

Department of Hydrology and Water Resources Management,
Kiel University

Olshausenstral3e 75, 24118

Kiel - Germany

OBJECTIVES

To characterize the temporal and spatial dynamics of pesticides and transformation products
(TPs) in small lentic water bodies embedded in agricultural landscapes.

To identify contamination patterns and transport pathways of pesticides and TPs by comparing
surface water, shallow groundwater, piezometers, and drainage inflows and outflows.

HIGHLIGHTS

Two-year monitoring revealed strong temporal and spatial variability in pesticide
contamination.

Pesticide and TP concentrations showed pronounced seasonal dynamics.

Concentration peaks followed pesticide applications and rainfall-driven hydrological events.
Mobile and persistent TPs, especially from metazachlor and flufenacet, dominated
contamination.

Groundwater, subsurface flow, and drainage pathways were key transport routes.

Small lentic water bodies acted as both sinks and sources of pesticide loads.

24



1.4

1.2 A
1.0
0.8
0.6
0.4 1
0.2 1

— Water level
Precipitation

Water level (m)

F5

F10
F15
20
25
30

0.0 T 1 T T T

— Total mass
600

500 -
400 -
300 A
200
100 -

Total mass (mg)

Summed concentration

L6
L5
¥
L3

Frl

(-1 Brl) uoljesUEdUOD PRWWNS  (;_p ww) uonendidald

180
160 -
140
120 A
100
80 -
60 -
40 4
20 A
0
—20

B GW1/P1 B GW3/P3 Wl P4
. Gw2 . P2

md

Daily inflow/outflow loads (mg d-1)

Filling

Drying

Plateau :

Sep 2020 A
Oct 2020 4
Nov 2020 -
Dec 2020 A
Jan 2021
Feb 2021 4
Mar 2021 -

Apr 2021 4

May 2021 -

Jun 2021 4

Jul 2021 4

Aug 2021 4

o

S Sep 2021 -

™

May 2022 -
Jun 2022 {

T
o~
o~
(=]
o~

.
Q
<

Oct 2021 4
Nov 2021 -
Dec 2021 A
Jan 2022
Feb2022{
Mar 2022 -

Jul 2022
Aug 2022

Sep 2022 -

Hydrological and pesticide mass dynamics in lentic small water body (LSWB) S across the monitoring
period. The upper part of the figure shows daily precipitation and pond water level. The middle section
displays total pesticide concentrations in pond water alongside the calculated total pesticide mass in
the pond. The lower section illustrates daily pesticide loads entering (positive) and leaving (negative)
the pond via different pathways, including groundwater pipes (GW) and piezometers (P).

25



XVIII Symposium in Pesticide Chemistry

PESTICIDE MONITORING IN THE EU NORTHERN ZONE — DATA GAPS AND
SUGGESTIONS FOR IMPROVEMENTS

Kati Rdsdnen, Lotta Kaila, Irene Vinninen, Terho Hyvénen, Katri Siimes, lan C.W. Hardy, Marit
Almvik, Roger Holten, Kathinka Lang, Alina Koch, Bodil Lindstrom, Anders R. Johnsen, Viktorija
Zagorska, Daiva Sileikiené, Laima Cesoniené, Helen Karasali, Marleena Hagner

Presenter Lotta Katia

Natural Resources Institute Finland (Luke)
Latokartanonkaari 9

Helsinki - Finland

lotta.kaila@luke.fi

OBJECTIVES

provide an overview of pesticide monitoring in the EU Northern Zone (NZ) countries
highlight progress and remaining challenges compared with a review conducted ten years ago
improve the comparability of information on pesticide sales, use and environmental residues
identify data gaps affecting the assessment of the environmental risks of pesticide use

HIGHLIGHTS

Pesticides are used less in Northern Zone (NZ) countries than in other parts of Europe. Usage
levels are relatively similar across the NZ countries.

Inconsistent monitoring of pesticide residues in the environment limits the availability of
reliable and comprehensive information needed for evidence-based policymaking.

Without consistent and harmonized monitoring of pesticide residues, early warning signs may
go unnoticed, and our understanding of long-term environmental impacts remains limited.
National project-based data cannot replace systematic monitoring for policy decision-making.
Data gaps hinder the assessment of the risks of pesticide use across Europe.
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PESTICIDES IN AIR AND SOIL IN AUSTRIA

Wolfgang Friesl-Hanl, Monika Tulipan, Wolfgang Moche, Philipp Steinbichl, Maria Uhl

Presenter Wolfgang Friesl-Hanl

Environment Agency Austria
Spittelauer Lénde 5
1090 Vienna, Austria

OBJECTIVES

Providing an overview of pesticide monitoring activities in Austria and presenting results from
recent investigations in AIR and SOIL.

Demonstrating the occurrence of both currently used pesticides and legacy pollutants, such as
DDT and HCB, in different environmental compartments.

The presentation also aimed to support future monitoring strategies by identifying knowledge
gaps and discussing priorities for long-term environmental surveillance.

HIGHLIGHTS

Air monitoring in 2024 detected 47 active substances and 4 metabolites, including several
pesticides that are no longer approved for use.

The AustroPOPs project confirmed the presence of persistent organic pollutants as well as
selected currently used pesticides in Austrian agricultural and forest soils.

Comparison with MONARPOP results showed that persistent pesticides can still be detected
decades after their application underlining their long-term environmental relevance.
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FROM NER FORMATION TO RISK ASSESSMENT: A FOUR POOL KINETIC TOOL FOR
REGULATORY EVALUATION

Wenkui He, Michael Xiao Huang, Kari Lynn, Hazel Walshaw, Mitchell Burns, Christiaan Wijntjes,
Abhinaya Nagisetty

Presenter Wenkui He

Corteva Agriscience Germany GmbH
Riedenburger Str. 7, 81677 Munich
Germany

wenkui.he@corteva.com

OBJECTIVES

Develop an analysis tool based on the four-pool kinetic framework to support interpretation of
NER data from OECD 307 studies.
Identify compounds that kinetically drive NER formation.

Support more targeted evaluation of NER relevance in environmental fate and ecotoxicological
risk assessment.

HIGHLIGHTS

A dedicated tool based on a refined four-pool kinetic framework [1] was developed for
analysis of OECD 307 studies.

Distinction between parent-driven and metabolite-driven NER enables identification of key
contributors. The tool supports identification of compounds that kinetically drive NER
formation.

The approach improves interpretation of NER relevance for persistence and risk assessment
using existing studies. The method is compatible with current regulatory frameworks and
strengthens weight-of-evidence evaluation.
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VARIATION OF CHLORDECONE SORPTION AND DESORPTION PROPERTIES
FOLLOWING SOIL VARIATION IN A TROPICAL VOLCANIC ISLAND

Lynda Pavy, Anatja Samouelian, Antoine Richard, Sophie Cornu, Sandrine Negro, Nazaire Robin,
Marc Volt
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INRAE — IMR LISAH
2, place Pierre Viala
Montpellier — France
lynda.pavy@inrae.fr

OBJECTIVES

Learn more about the drivers of the large variability of sorption coefficients of chlordecone
(CLD) in tropical volcanic soils.

HIGHLIGHTS

Ten soils were collected along an Andosol-Nitisol toposequence in the south of the island of
Basse-Terre (Guadeloupe -French West Indies), an area highly impacted by chlordecone
contamination. The characterization of their pedological properties showed a high heterogeneity
covering a wide range of organic matter contents, and mineralogical composition.

The measurement of sorption kinetics of CLD revealed two categories of behaviors according
to the soil properties. Fast kinetics for soils with high organic carbon content and slower ones
in two steps for the others.

Sorption coefficients measured at equilibrium varied largely between soil types (Kd from 5 to
163 L.kg™!). The strong positive correlation with organic matter content was also confirmed. The
link with soil mineralogy was furthermore investigated.

Desorption coefficients also presented a high variability and hysteresis was observed on all
samples.
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OBJECTIVES

Test the assumption in VFSMOD that adsorption to vegetation surfaces is a negligible sink for
dissolved chemicals in surface flow through a VFS[?3],

Test the assumption in VFSMOD that plant uptake is a negligible sink of pesticides between
events.

HIGHLIGHTS

Plant adsorption kinetics and isotherms were determined in batch reactors and flow cells, and
uptake factors were determined in a hydroponic setup!!.

Mesoscale lab-based VFS experiments were used to determine adsorption to vegetation and
plant uptake under realistic, dynamic multi-event conditions.

Batch plant sorption tests reached equilibrium quickly (~1 h) with Freundlich behavior
converging to linear (n=1) indicating that instantaneous linear isotherms are sufficient.
Neglecting adsorption to aboveground vegetation overestimated observed runoff concentrations
by 0.24 -12.4%.

Transpiration Stream Concentration Factor (TSCF) ranged from 0.30 — 1.4, which
overestimated observed uptake by 2-9x.

Adsorption to aboveground biomass and plant uptake contributed <1% of input mass to trapped
residues, a total effect smaller than uncertainties in other processes, which supports their
exclusion from VFSMOD.

34



A. Hydroponic apparatus for quantifying pesticide uptake; B. Batch reactors for quantifying
equilibrium adsorption isotherms and adsorption kinetics; C. Flow cell for quantifying adsorption in a
dynamic flow scenario
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OBJECTIVES

Investigate the leaching dynamics of aged residues of atrazine and desethyl-atrazine in railway
soils using lysimeters
Modeling of leachate concentrations and estimation of dissipation half-lives

HIGHLIGHTS

Contaminated material was collected from two sites during railway construction work, placed
in two lysimeters each, and exposed to ambient temperatures and rainfall [1]

Atrazine and desethyl-atrazine were found in leachate at concentrations of 0.05-1.4 pg/L and
0.08-0.83 ng/L, respectively

Concentrations varied depending on the lysimeter material and showed a pronounced
seasonality with higher values in summer and lower values in winter, suggesting that desorption
from soil and resulting leaching may be temperature-dependent (see also poster S1P11)

Over the years, concentrations have been slowly decreasing

Concentration curves could be described using a sinusoidal model to account for the seasonal
variations combined with an exponential term to describe the concentration decline

Minima and maxima of the fitted curves lag behind those of air temperature (by 26-50 d,
depending on substance and the material in the lysimeters)

Extrapolated dissipation half-lives are in the range of 8—17 years for atrazine and 5—11 years for
desethyl-atrazine

It may therefore take decades for the concentrations in the leachate to fall below the parametric
limit value of 0.1 pg/L
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Air temperatures (left) and concentrations of atrazine (middle) and desethyl-atrazine (right) in leachate
from one of the lysimeters (La), filled with soil from a railway track that had been treated with atrazine
more than 30 years ago (dimensions, 0.5 m> x 1.4 m). Points represent measured values, red lines
simulated values, and the violet range indicates confidence intervals.
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OBJECTIVES

Assess the behavior of S-ABA in three contrasting soils (two alkaline and one acidic) through
the analysis of its sorption and dissipation processes [1].

Evaluate the germination inhibitory effects of S-ABA on sensitive plant species in relation to its
availability in different soils.

HIGHLIGHTS

Soil properties influenced the behavior and biological activity of S-ABA in three contrasting
soils.

In alkaline soils, S-ABA exhibited low sorption and persistence.

The acidic soil promoted greater sorption and persistence of S-ABA compared with the alkaline
soils.

S-ABA inhibited the germination of the tested species, with Eruca sativa being the most
sensitive.

The inhibitory activity of S-ABA decreased significantly in the presence of soil, with
biodegradation being the main process responsible for the loss of activity.

38



¥

Hordeum
vulgare

Allium Lactuca

porrum sativa

Sorption \/ Sorption \|/ Sorption /\
/]\Diss;paﬁon \l/ Bioactivity /]\Dissipation \l/Bioacﬁvity \l/Dissipation /I\Bioacb'wty

Alkaline Soil Alkaline Soil Acid Soil
(Sandy Loam) (Sandy Clay Loam) (Sandy Loam)
REFERENCES

[1] M. Elsner, L. Zwank, D. Hunkeler, and R. P. Schwarzenbach, “A new concept linking observable stable isotope
fractionation to transformation pathways of organic pollutants,” Environmental Science & Technology, vol. 39, no. 18, pp.
68966916, 2005, doi: 10.1021/es0504587.

[2] M. Elsner, “Stable isotope fractionation to investigate natural transformation mechanisms of organic contaminants:
principles, prospects and limitations,” Journal of Environmental Monitoring, vol. 12, no. 11, pp. 2005-2031, 2010, doi:
10.1039/COEMO00277A.

[3] M. Elsner and G. Imfeld, “Compound-specific isotope analysis (CSIA) of micropollutants in the environment—current
developments and future challenges,” Current Opinion in Biotechnology, vol. 41, pp. 60-66, 2016, doi:
10.1016/j.copbio.2016.05.002.

[4] M. A. Jochmann, T. B. Hofstetter, and M. Elsner, “Current challenges in compound-specific stable isotope analysis of
environmental organic contaminants,” Analytical and Bioanalytical Chemistry, vol. 403, pp. 217-235, 2012.

[5] T. B. Hofstetter, R. Bakkour, D. Buchner, H. Eisenmann, A. Fischer, M. Gehre, S. B. Haderlein, P. Hohener, D. Hunkeler,
G. Imfeld, M. A. Jochmann, S. Kiimmel, P. R. Martin, S. G. Pati, T. C. Schmidt, C. Vogt, and M. Elsner, “Perspectives of
compound-specific isotope analysis of organic contaminants for assessing environmental fate and managing chemical
pollution,” Nature Water, vol. 2, no. 1, pp. 14-30, Jan. 2024, doi: 10.1038/s44221-023-00176-4

[6] A. E. Hartenbach, T. B. Hofstetter, P. R. Tentscher, S. Canonica, M. Berg, and R. P. Schwarzenbach, “Carbon, Hydrogen,
and Nitrogen Isotope Fractionation During Light-Induced Transformations of Atrazine,” Environmental Science &
Technology, vol. 42, no. 21, pp. 7751-7756, Nov. 2008, doi: 10.1021/es800356h.

39



XVIII Symposium in Pesticide Chemistry

A PROPOSAL FOR HARMONIZED GATHERING OF EU SURFACE WATER
MONITORING DATA OF PLANT PROTECTION PRODUCT ASSESSMENT

Monika Maleri, Folkert Bauer, Christopher Hassinger, Dirk Liss, Sarah McManus, Stephan Partsch,
Dieter Schaefer, Gregor Spickermann, Robin Sur

Presenter Monika Maleri

Corteva Agriscience
Riedenburger Str. 7
Miinchen — Germany
monika.maleri@corteva.com

OBJECTIVES
Establish a baseline of quality criteria for EU surface water monitoring data on plant protection products

(PPPs); addressing current deficiencies and inconsistencies and enabling their reliable use for
contextualization and evaluation against environmental quality standards (EQS).

HIGHLIGHTS

Change is needed to maximise the value of surface water (SW) monitoring data.

Extensive chemical SW data exists across Europe.

The WISE database [1] of the European Environment Agency is the only central register but
contains only a fraction of the measurements collected by MS.

Compliance assessment for pesticides with environmental quality standards (EQSs) remains
challenging due to limited data accessibility.

Varying data quality and heterogeneous quality standards across Member States (MS).
Metadata (e.g., date, coordinates, crop distribution, landscape characteristics, PPP use, urban and
industrial emissions) is needed to interpret emission sources and pathways to allow deriving
effective risk mitigation strategies to reduce emissions in practice.

Although EQS derivation follows CIS Guidance 27 [2], values for the same compound often
vary across MS (see example in Table 1).
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Table 1: EQS values for glyphosate in SW

2026
cz! | IE! I SE! | SI SK' | UK? |rev of
WFD?
ug/L
AA-
EOS 36 60 0.1 100 20 15 196 86.7
MAC- 398!
- - - - 20 |- 398.6
EOS 95%ile

! Extract from EEA WISE, according to RBMP2, ° National guidance; * Freshwater EQS for water not
intended for abstraction as drinking water; Directive 2026/805 [3] amending Directive 2000/60/EC

[4]
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OBJECTIVES

Map Synergy: Evaluate the distinct physical and chemical mechanisms driving microplastic
(MP) and pesticide co-contamination.

Contrast Polymers: Compare traditional Polyethylene (PE) against biodegradable Polylactic
Acid (PLA) to prove how plastic type alters environmental risk.

Quantify Fate: Analyze how plastic aging changes the soil adsorption, leaching potential, and
degradation half-lives of target pesticide classes.

Assess Toxicity: Determine the synergistic impacts of polymer-chemical mixtures on soil health,
microflora, and earthworm survival.

Propose Frameworks: Advance agricultural risk assessment models by integrating highly
specific polymer-pesticide interaction variables.

HIGHLIGHTS

The Combo Matters: Environmental outcomes are not uniform: toxic fate depends entirely on
the specific MP polymer and pesticide class pairing.

PE as a Sponge: Traditional Polyethylene aggressively binds non-polar organophosphates,
locking toxins in the soil profile and extending their chemical half-lives.

PLA as a Disruptor: Biodegradable Polylactic Acid exhibits lower binding but drops local soil
pH, completely shifting bacterial communities and accelerating antibiotic resistance.

The Aging Trap: UV and tillage weathering turn pristine plastic fragments into rough, cracked
vectors that absorb up to 2.5x higher pesticide loads.
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- Magnified Bio-Toxicity: Ingested plastic particles release concentrated chemical doses inside
earthworm guts, causing severe cellular inflammation and stunting crop growth.
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OBJECTIVES

Access to publicly available environmental monitoring data has expanded significantly over the past
two decades, driven by open-data policies and regulatory requirements such as the Public Access to
Environmental Information Directive (2003/4/EC). These datasets are generated by national and
regional authorities and water utilities using differing sampling protocols, analytical methods, and
reporting standards. As a result, while data availability has increased, variability in structure, scope, and
accessibility continues to limit effective integration and use. A key challenge lies in the lack of
consistent guidance for environmental monitoring data analysis and interpretation. Regulatory
frameworks and authorities apply differing methodologies, assumptions, and thresholds, reducing
comparability and reproducibility of outcomes. To address this, we synthesised guidance from multiple
regulatory sources across a range of jurisdictions to define a unified framework for data analysis and
interpretation. This framework has been implemented within an interactive R-Shiny environmental
monitoring dashboard built on the EnviroDataMonitor vB2.0.1 database.

HIGHLIGHTS

The dashboard enables consistent analysis across heterogeneous datasets by standardising analytical
workflows and outputs, while providing a range of calculation options aligned with regulatory
practices, guidance and reporting in the EU [including the WFD (2000/60/EC), QA/QC Directive (EC
2009/90/EC)], UK (UKTAG, 2013), Switzerland (Schorr et al., 2025), Netherlands (IPLO, 2026), as
well as the US (EPA, 2009) and internationally (ISO, 2008).

The options implemented and assessed address, amongst others:
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- The calculation of standard WFD and national statistical endpoints (e.g. the UK utilises a 95%
percentile for acute risk assessment);

- Utilising non-detect data with options ranging from substitution to non-parametric, semi- and
parametric approaches;

- The calculation of confidence thresholds for statistical endpoints;

- The use of time- and flow-weighted data (e.g. in Switzerland);

- Arange of default EU and national environmental quality standards included for consideration
by users.

The dashboard and the implemented analytical approaches facilitate transparent comparison of results
and supports more reproducible and robust chemical risk assessments. By improving consistency and
transparency in data analysis, the approach helps reduce variability in interpretation across
stakeholders, supporting more robust and defensible decision-making. This work aims to stimulate
discussion on best practices for environmental monitoring data analysis and highlights the role of
open-source, well-documented methods and tools in improving consistency, transparency, and
regulatory applicability.
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OBJECTIVES

Deploy and operate a multi-state rainfall monitoring network across six states (Texas, Arkansas,
Missouri, Illinois, Iowa, and Minnesota) in 2022 and eight states (Arkansas, Illinois, Indiana,
Iowa, Minnesota, Missouri, South Dakota, and Texas) in 2023 to characterize the occurrence of
dicamba and 2,4-D in precipitation across agricultural landscapes.

Implement a combination of novel and previously tested sampling methodologies to generate a
spatially and temporally resolved, high-resolution dataset of herbicide residues in rainfall.

HIGHLIGHTS

There were 24 sites across 6 states in 2022 (12-to-17-week sampling period). 23 sites across 8
states in 2023 (14-to-21-week sampling period).

777 and 531 rainfall samples were collected in 2022 and 2023, respectively, using N-CON
ADS 00-120 wet deposition samplers and ISCO autosamplers.

In 2022, samples were collected on a discrete event/day basis. In 2023, this was updated to
weekly composites into a single 20 L bottle.

In 2022, 90th percentile rainwater concentrations were 0.38 pg/L and 0.19 pg/L for dicamba
and 2,4-D, respectively.
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OBJECTIVES

Understand the influence of temperature and flow rate on the leaching behavior of legacy
residues of atrazine in subsoil from an old railway track last treated with atrazine at least two
decades back.

Gain insight into the long-term perspective of the residues in subsoil and their potential to
contaminate groundwater.

HIGHLIGHTS

Leaching of atrazine residues in subsoil from an old railway track was investigated in soil
column experiments with two identical columns (5 x 30 cm, D x L) under saturated
conditions.

Soil columns were operated under different temperature (one column at 20 and 5°C , the other
at 20 and 30°C) and flow rate (corresponding to precipitation of 37 or 183 mm/day)
conditions.

Concentrations of atrazine (and its metabolites desethyl-atrazine and deisopropyl-atrazine) in
leachate were clearly temperature dependent. A change in temperature from 20° to 30°C
increased leaching while a change from 20° to 5°C led to a substantial drop in leachate
concentration.

The strong temperature dependence explains the observed seasonality of atrazine
concentrations in leachate of lysimeters filled with the same subsoil material [1] (see also
poster S1P0S).
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- an increase in flow rate led to lower atrazine concentrations in leachate, indicating a strong
kinetic component in the leaching behavior.

- Preliminary modelling of the leaching experiments with HYDRUS-1D indicates that the
leaching behavior can be adequately described with a two-site kinetic sorption model.

- After two months of column operation (equivalent to 2.5 m of precipitation), the residual mass
of atrazine and metabolites in the soil was approximately equal to the amount that had leached.

This indicates that this material will be a significant source of the substances for many years
(see also poster S1P0S5).
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Elution profiles of atrazine from a railway subsoil. Two identical columns were operated under
saturated conditions at different temperature and flow regimes. Points represent measured

concentrations, the lines are from preliminary fitting of a two-site kinetic sorption model with
HYDRUS-1D.

REFERENCES

[1] L.J. Buerge, R. Kasteel, and T. Poiger, “Leaching of herbicides and their metabolites in lysimeters filled with soils from
railway tracks” Sci. Total Environ. 909, 168396, 2024, doi: 10.1016/j.scitotenv.2023.168396.

49



XVIII Symposium in Pesticide Chemistry

PESTICIDES ARE ALLAROUND US - A CASE STUDY FROM ORCHARDS IN WESTERN
NORWAY

Roger Holten, Lina Aarsbog, Marit Almvik, Henriette Engen Berg, Sam Celentano, Signe Glommen,
Ivo Havranek Guldberg, Helene Lunder Halvorsen, Thomas Harris, Bjorn Arild Hatteland, Lisa
Karine Haugland, Trude Magnussen, Sven Roar Odenmarck, Pia Bokwa Pedersen, Sara Rodrigues de
Miranda

Presenter Roger Holten

Norwegian Institute of Bioeconomy Research, NIBIO
Hogskoleveien 7

As — Norway

roger.holten@nibio.no

OBJECTIVES
e Mapping pesticide exposure in different environmental compartments in orchards in Norway.
e Mapping hoverfly abundance and distribution in flowering vegetation around orchards.

HIGHLIGHTS

Environmental distribution of pesticides in orchard systems in Norway remains poorly characterized.
In Norway, pesticide monitoring is conducted through the Norwegian Agricultural Environmental
Monitoring Program (JOVA) but limited to five catchments, primarily representing cereals, potatoes,
vegetables, and grass production, with orchard systems largely excluded. To address this gap, targeted
studies have been conducted since 2019 in a major orchard area in Western Norway. Multiple
environmental compartments have been sampled at several locations, included in one organic orchard
and analyzed for pesticides and metabolites
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Sampling was performed from multiple compartments, e.g. air, insects, water, soil and vegetation
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OBJECTIVES
* Investigate organic molecules that have been little or not studied, throughout France — with a
particular focus on pesticide metabolites as these transformation products, often more mobile
and persistent than the parent active substances,
* to provide new insights for the review of the national groundwater monitoring program in
accordance with the WFD

HIGHLIGHTS
- At national scale, draw up a consolidated list of molecules to be analyzed (multi-criteria
analysis)
- Approximately 100 targeted metabolites
- Development of new analytical methods (LC-MS/MS and IC-MS/MS) for targeted analysis
- Deployment of LC-HRMS approaches for non-targeted analysis
- Build a reusable digital sample bank
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OBJECTIVES

Leveraging comprehensive experimental efate data from plant protection product (PPP)
regulated by EC 1107/2009, we systematically compared degradation half-lives derived from
dark and irradiated experimental setups across substances with diverse efate profiles.

We aim to elucidate light-enhanced degradation in W-S systems and to pave the way toward a
more realistic and consistent consideration to incorporate irradiation scenarios in water—
sediment studies across different chemicals and regulatory frameworks.

HIGHLIGHTS

Most PPPs (75%) showed a 2- to >1000-fold enhancement in total system degradation,
irrespective of their aqueous photodegradability. This indicates overall light-enhanced
biodegradation.

Light exposure had no impact on the overall efate metabolic profiles.

We proposed a workflow to define realistic irradiation scenarios (e.g. for EU FOCUS water
locations) to pave the way toward a more realistic and consistent consideration to incorporate
irradiation scenarios into W-S studies.
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COPPER IN SOIL AND ITS EFFECTS ON SOIL MICROBIOTA IN ORCHARDS
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OBJECTIVES
e Mapping Copper concentrations in soil in transects through orchards with varying production
intensity.

e Mapping of soil microflora

e Mapping distribution of antimicrobial resistance (AMR) and antimicrobial resistance genes
(ARG).

HIGHLIGHTS
Copper is an important fungicide used in both conventional and organic fruit production in
Norway and across the world. Copper can, under given conditions, pose a risk to aquatic
organisms and has also been shown to be a potential driver of antimicrobial resistance in the
environment. Copper is under the threat of being banned as a fungicide in EU, partly due to
environmental issues, so mapping and documenting copper concentrations in the environment
and possible correlations to shifts in the microbial community or AMR development is
important.
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ESTIMATION OF TWO DAZOMET FORMULATIONS DURING SOIL MECHANICAL
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OBJECTIVES
The objective of this study was:

to assess occupational exposure of the tractor driver and the bystanders to DAZOMET and
methylisothiocyanate (MITC), during and after the application of DAZOMET GR (in the
Trial 1) and of Basamid Granulat ® (in the Trial 2), both applied at 500 kg/ha through soil
mix followed by mulching.

To compare the Dazomet and MITC emission/dissipation from two formulations

To measure Dazomet particulate emission from application machinery

To measure Dazomet particulate emission in air during application in greenhouse and
following ground deposition

To measure MITC vapor emission in air during and after application in greenhouse

HIGHLIGHTS

In both trials no potential exposure to MITC was measured on the operator

In the first trial the inhalatory potential exposure to Dazomet was 170 ug/m? while was below
LOQ (25 ug/m?®) in the second trial

Inside the greenhouses the higher concentration of MITC has ben assessed after 52 hours after
application in both trials

From the data obtained is observed the formulation DAZOMET GR shows higher DAZOMET
exposure to worker and higher MITC emission in atmosphere after soil application.
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Graph: MITC air concentration in the greenhouses from application until the following 72 hours
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SESSION II - MODELLING PESTICIDES FATE, EXPOSURE, EFFECTS:
MULTI-SCALE ENVIRONMENTAL SCENARIOS AND RECENT
DEVELOPMENT

Chairs: Nicoleta Alina Suciu, Bernhard Gottesbiiren

Session II is centred on the development, validation, and regulatory use of models for pesticide fate and
exposure across multiple spatial scales, from field plots to landscapes and national or European
scenarios. The keynote and several contributions discuss recent advances in VFSMOD, SPOTMOD,
FLUXMOD, SWAT, GeoPELMO, GeoPEARL, RiceWQ/RivWQ, CATCH, and xLandscape. A
recurring issue is how to make models more realistic without losing transparency or regulatory usability.
Presentations address macropore flow, drainage, runoff, spray drift, volatilization, vegetated filter strips,
rice paddy water management, sediment properties, groundwater vulnerability, and spatially distributed
leaching. Many contributions show that exposure estimates are strongly influenced by local soil,
climate, hydrology, crop management, and substance properties, and that simple linear scaling is often
insufficient. Another important theme is the connection between exposure models and ecological effect
models, including TKTD, population, individual-based, and landscape models. The ELINK-2
contributions are especially important because they aim to integrate exposure and effect assessment
across small, field, and landscape scales. Overall, this session presents modelling as a bridge between

monitoring data, mechanistic understanding, and higher-tier regulatory risk assessment.
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OBJECTIVES

Assessing pesticide runoff risk increasingly requires linking fine-scale process measurements with
mechanistic simulations capable of resolving realistic risk exposure scenarios including conventional
field assessments, spatially explicit approaches and new precision agriculture pesticide application
conditions. Vegetative filter strips (VFS) provide a rich model system to explore complex dynamics
among the soil-water-vegetation-pesticide components. From the systematic analysis of VFS processes
and data, new insights into pesticide risk pathways and algorithms can be elucidated and tested that are
not only specific to the buffer function but generalizable to other field conditions. This keynote
summarizes recent (2025-2026) developments from our group spanning four connected efforts: (i) core
numerical and process upgrades to VFSMOD, the vegetative filter strip hydrology, sediment and
pesticide-transport model at the foundation of edge-of-field exposure assessment; (ii)) SPOTMOD, a
new 2D mechanistic framework coupling PRZM, VFSMOD and a TOXSWA metamodel to quantify
runoff and predicted environmental concentrations in surface water (PEC,w) from precision (spot)
pesticide applications; (ii1) targeted high-resolution mesoscale and hydroponic experiments quantifying
VFS vegetation sorption, plant uptake and inter-event remobilization of trapped residues; and (iv)
FLUXMOD, a new process-based framework for simulating pesticide volatilization flux from soil.
Together, these developments close key gaps between measured process behavior and higher-tier
regulatory exposure modeling.

HIGHLIGHTS
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Mesoscale VFS monolith and hydroponic/batch experiments (Howe et al., see other
presentations in this Symposium) showed that vegetation adsorption and plant uptake contribute
<1% of trapped pesticide mass, supporting their exclusion from VFSMOD [1],[2], while
representing drained-to-equilibrium leaching after runoff events improved simulated
remobilization of trapped residues from NSE = 0.704 to 0.994 [3],[4].

VFSMOD core engine (4.6.2.1) incorporates new processes and refinements for realistic
assessments: a Freundlich non-linear sorption/leaching solution with secant (chord) retardation,
an automatic Courant-based node-selection rule, improved bivariate Petrov-Galerkin
stabilization were derived from method-of-characteristics benchmarking, flexible multispecies
degradation (parent and products), and sediment/pesticide mass-balance and Green-Ampt
infiltration fixes now support the very small buffer segments required by SPOTMOD [5],[6].
SPOTMOD couples PRZM (treated spots) and VFSMOD (untreated downslope sinks) with a
TOXSWA metamodel to derive long-term PECw for precision applications; hydrology was
validated against full-field PRZM across the FOCUS R1-R4 scenarios (NSE = 0.927-0.997,
PBIAS < 10%) [5],[7].

CONVISO (Olivares-Rivas et al., see other presentations in this Symposium) applies
SPOTMOD to real application/weed maps — scattered thistle infestations in French arable
fields, a dense soybean weed pressure map in Ohio, and standard band-application patterns —
showing that mechanistic, spatially explicit reduction in runoff exposure departs substantially
from a simple linear scaling by treated area.

Resolutions from the 2024 Piacenza VFSMOD Workshop (Sur et al., see other presentations in
this Symposium) have been addressed through a technical report and peer-reviewed publication,
and a regulatory guidance/harmonization pathway is now being pursued to broaden VFSMOD’s
acceptance by EU regulatory authorities [8],[9].

FLUXMOD (Hong et al., see other presentations in this Symposium), a new mechanistic
volatilization framework coupling an application soil leaching component, hourly FAO-56 soil-
water dynamics with a resistance-based soil-atmosphere pesticide exchange formulation,
reproduced soil moisture (NSE < 0.946) and dicamba volatilization flux (KGE < 0.916) across
23 field trials; global sensitivity analysis identified field capacity, Henry’s constant and organic
carbon as the dominant controls [10].

Collectively, these advances demonstrate a validated, measurement-constrained modeling chain
— from soil- and plant-scale process data through field-scale runoff and volatilization
simulation — that is directly applicable
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Figure 1. Conceptual linkage of the four efforts summarized in this keynote: mesoscale/hydroponic measurements
and field volatilization trials parameterize and validate the VFSMOD core engine and FLUXMOD, VFSMOD
underpins SPOTMOD, which is applied to real-world fields through CONVISO,; VFSMOD advances also feed
the Piacenza Workshop regulatory pathway. All four strands converge on precision-agriculture pesticide
exposure and risk assessment (PEC.w).
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OBJECTIVES
e Description of differences of macropore approaches flow in regulatory models
e Critical evaluation of the different macropore concepts

e Comparison of simulations with the different concepts in GeoPELMO-DE with macropores and
FOCUS-MACRO

HIGHLIGHTS

The macropore version of PELMO [1] in the spatially distributed leaching model GeoPELMO DE [2]
uses a simplified conceptual macropore approach enabling large-scale assessments with much shorter
calculation times compared to FOCUS-MACRO [3]. Key processes (e.g. matrix exchange,
degradation in macropores) are not explicitly represented in PELMO. First comparison with MACRO
for 9 dummy compounds and 6 regulatory scenarios shows systematic differences in water fluxes and
substance concentrations [4]. Largest deviations occur in drainage-driven scenarios. Due to the
significant impact on PECgw further testing and validation of macropore flow in PELMO should be
carried out before using GeoPELMO-DE for regulatory purposes.
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Graphical representation of the macropore flow concepts in GeoPELMO-DE and FOCUS-MACRO.
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OBJECTIVES

Evaluate the relevance of current SANCO and draft MedRice scenarios against actual European
rice cultivation practices.

Assess the impact of water management and application timing on exposure estimates.
Compare exposure estimates derived using MedRice and the coupled RiceWQ/RivWQ
modelling approach.

HIGHLIGHTS

European rice cultivation involves dynamic flooding—drying cycles that are not represented in
the static MedRice framework.

RiceWQ/RivWQ simulations explicitly capture hydrological dynamics, paddy—canal
interactions, and metabolite formation and degradation processes.

PECsw values differ substantially between RiceWQ/RivWQ and MedRice, with larger
differences for metabolites than for parent compounds.

Incorporating regionally representative, dynamic modelling improves the scientific robustness
and regulatory relevance of rice ERA.
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OBJECTIVES

Perform a systematic evaluation of the FOCUS SW Repair framework across a representative
set of substances, crops and application patterns.

Document exposure outputs under revised modelling concepts and compare them transparently
with the legacy FOCUS SW framework.

Assess differences using percentile-based comparison metrics (52.5", 77.5%, 87.5" percentiles)
of annual maximum PECgsw over 20 years, consistent with the percentile range in the EFSA
Scientific Report on FOCUS SW Repair [1].

HIGHLIGHTS

FOCUS SW Repair generally produced higher PECSW values than the legacy framework
across most scenarios, with differences increasing at higher percentiles.

The magnitude of differences was strongly scenario-, crop- and percentile-dependent,
spanning several orders of magnitude, and no uniform scaling factor could be identified.
Variability between crop groups was observed, with particularly high variability in arable
crops, while drift-dominated crops showed comparatively lower variability.

Inclusion of metabolites substantially increased computational demand and resulted in an
approximate fivefold increase in calculation time compared to the legacy framework.
Project sizes and data handling requirements increased considerably, creating practical
constraints for storage, transfer and processing.
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- A limited number of unresolved software issues were identified, and additional follow-up
work is required prior to confirmatory reruns.

The figure below illustrates the variability and magnitude of differences between FOCUS SW Repair
and the legacy framework across scenarios and percentiles.

Difference between FOCUS SW Repair Step 3 PECg,, and FOCUS SW Legacy Step 3 PECg,
based on different percentiles (all compounds, winter cereals, maize, spring oilseed rape, potatoes, leafy vegetables)
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Figure: Ratio of PECsw (FOCUS SW Repair / Legacy) across FOCUS SW scenarios (D1-D6, R1-
R4), shown for selected percentiles of annual maximum PECsy.
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OBJECTIVES
To compare measured vegetative filter strip efficiencies from a controlled, realistic field experiment
with predicted VFS efficiencies from regulatory and site-specific modelling

HIGHLIGHTS

Vegetated filter strips (VFES) are routinely applied as a regulatory mitigation measure in European
surface water risk assessment for plant protection products, using either fixed reduction efficiencies
according to FOCUS Landscape [1] or scenario-specific modelling approaches such as SWAN-
VFSMOD (recently updated to become more realistic [2]). This study compares experimentally
observed VFS efficiencies under controlled conditions with mitigation assumptions applied in
regulatory exposure assessment frameworks.

A controlled GLP run-on study was conducted to assess retention of an active substance, its major
metabolite and a tracer, complemented by VFSMOD simulations under regulatory and site-specific
conditions. Experimental conditions were derived from FOCUS surface water scenarios [3] to represent
realistic high-end runoff and erosion boundary conditions.

VFSMOD [4] was applied both under regulatory configurations, i.e. SWAN-VFSMOD scenarios as 20-
year simulations in analogy to FOCUS surface water repair [5] and site-specific conditions. While
runoff volumes and dissolved loads of tracer and parent substance in VFS outflow were adequately
captured by the site-specific simulations, the dissolved load of the metabolite was consistently
overestimated, indicating additional dissipation processes not represented in the model.
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Figure 1: Measured vs. simulgted dissolved losses of the parent molecule in VFS outflow. 30/15: VFS
lengths in flow direction (ft). A, B, C: replicates. VKS A and VKS B: different parameterizations of
vertical saturated conductivity

A direct comparison of exported (mod meas) and simulated (mod_sim) dissolved losses for the parent
molecule (Figure 1) highlights a systematic pattern across VFS lengths (approx. 4.6 and 9.1 m).
However, it has to be noted that the simulations were uncalibrated and did not account for the natural
in-field variation of soil hydraulic properties.

Overall, the findings support a more nuanced interpretation of observed and predicted runoff
mitigation by VFS, showing that model performance depends on system conditions. While the
predictive capability of VFSMOD remains robust, additional processes such as abiotic degradation
during runoff may contribute to dissipation and thereby lead to a conservative representation of
metabolite transport.
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OBJECTIVES
Mobile and persistent pesticides and their transformation products pose a risk to water quality in
artificially drained agricultural lowlands. Subsurface drainage systems provide rapid transport
pathways from agricultural fields to surface waters, thereby reducing the residence time available for
retention and degradation processes [1], [2]. However, existing recommendations for reducing pesticide
losses predominantly address surface runoff, whereas targeted mitigation strategies for drained
agricultural land remain scarce [3].
The objective of this study was therefore to assess the effectiveness of field-based measures and
drainage control in reducing pesticide losses under different hydrological conditions. For this purpose,
the ecohydrological model SWAT+ was applied to a 100-ha agricultural farm under realistic
environmental and management conditions. The analysis addressed three main objectives:
e First, the potential of adapted field management to reduce losses of flufenacet and its
transformation products was assessed.
e Second, the contribution of subsurface drainage control to surface-water protection was
evaluated.
e Third, the effectiveness of combined mitigation measures was compared with that of individual
measures.

HIGHLIGHTS
- Pesticide losses and mitigation effectiveness varied spatially and temporally.
- Drainage control was more effective than field-based measures in reducing pesticide losses.
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- Field-specific and weather-adapted drainage control increased the reduction in pesticide
transport.

- Mitigation effectiveness depended on compound-specific properties and field-scale
hydrological conditions.

- Combining mitigation measures enhanced the net reduction in pesticide transport.
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OBJECTIVES

The development of a methodology is presented, accompanied by the simulation tool (CATCH 1.0),
designed to assess whether authorised uses of pesticides in agriculture could lead to exceedances of
Water Framework Directive (WFD) environmental quality standards in Dutch surface waters.

HIGHLIGHTS

Recent monitoring shows several pesticides exceed WFD standards even when products are
used according to existing authorisations.

The gap arises because authorisation procedures assess risks at the edge-of-field scale, whereas
WEFD compliance is evaluated at the larger waterbody scale, often with stricter environmental
quality standards.

CATCH 1.0 links emissions from agricultural fields to concentrations in waterbodies by
integrating emission modelling with hydrological transport modelling.

Simulations were carried out for 735 WFD waterbodies, using three illustrative substances.
Results highlight differences arising from application practices, spatial distribution, and
substance properties.

The tool functions as a screening instrument and has limitations, including a focus on
agricultural sources (other emission sources excluded).

CATCH 1.0 is an initial step towards aligning authorisations with WFD objectives, supporting
informed decision-making, the reassessment of substances, and the reduction of exceedances in
WFD waterbodies.
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Conceptual diagram of the modelled route by which pesticides move from treated fields, through edge-
of-field ditches and the sub-catchment, and ultimately into WFD waterbodies.
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OBJECTIVES

Obtain data to define more realistic sediment properties in freshwater small bodies located edge-
of-field. Key elements are: (i) depth dependent properties of bulk density, porosity, and organic
matter content; (ii) differentiated for type of waterbody: ditch, stream and pond; and (iii)
characterize the sediment in the same major agricultural areas as the ten current scenarios
represent.

To improve the sediment descriptions of the EU-FOCUS surface water scenarios [1] [2] to
improve the quality of the aquatic risk assessment.

HIGHLIGHTS

The targeted literature review showed a lack of a standardized methodology, for depth
discretization of the samples and often missing combination of organic matter and bulk
density measurement, critically restricting the usability of the data.

Water bodies were selected in the vicinity (i.e., 30 km) of the existing scenario location
coordinates. The sediment of 30 water bodies; 8 ditches, 16 streams and 6 ponds, was
sampled. 20 Cores were taken in a stretch of 100 m for ditches and streams and scaled to size
for the ponds. From each core 0-2, 2-5 and 5-10-cm layers were sampled. Determined was
bulk density, porosity and organic matter content.
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- Recommendations are given on how the data can be used to enable a more realistic (and/or
conservative) risk assessment for benthic organisms and rooted water plants in the registration
procedure at EU level.
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Example of sediment property profiles for a stream and for a pond. Sediment properties of the three
layers, 0-2 cm, 2-5 cm and 5-10 cm depth. The left part of each graph shows. porosity (in volume %,
blue). The right part of each graph shows: sediment bulk density (in g/cm3). The values of porosity and
bulk density of the three layers are indicated. The bulk density is discriminated in (i) bulk OM density
(brown), (ii) together with the granular fraction < 2mm defined as fine sediment material (sum of brown
and grey), and (iii) bulk stone density (dark grey).
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OBJECTIVES
e To develop and apply a tiered approach to estimate PECair for a volatile soil metabolite
e To compare flux rates derived from aerobic soil studies and field volatility studies

HIGHLIGHTS
- PECair of a soil metabolite was estimated using a tiered approach combining aerobic laboratory
(Tier 1) and field volatility (Tier 2) data
- InTier 1, PECair was estimated using volatilization rates from aerobic soil studies within a box
model incorporating adjusted soil loading and key environmental parameters.
- In Tier 2, PECair was derived from a field volatility study using continuous air monitoring and
meteorological data to quantify post-application emissions via the IHF method.
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A single on-field air sampling station located near the center of each plot ran continuously. Flux
monitoring (field volatility) was conducted using a single in-field air profile monitoring station (center
mast) with duplicate collectors at five heights (0.15, 0.33, 0.55, 0.9, and 1.5 m above the soil surface).

Each collector contained a single XAD-2 OVS sorbent tube connected with Tygon tubing and attached
to an air sampling pump (1 L/min).
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OBJECTIVES
e Explaining practical limitation of current version of the aged sorption guidance
e Demonstrating evidence of aged sorption processes under field conditions
e Introducing the PS5 metric to check available field studies for the relevance of aged sorption

e Proposing changes to the current guidance to allow for the combination of aged sorption and
field DegT50 values

HIGHLIGHTS

Aged sorption reduces the downward transport of organic substances in soil over time and is a key
process for pesticide exposure. Its regulatory relevance was established through EU guidance [1], [2].
However, in most cases the guidance restricts the combination with field DegT50 values, strongly
limiting practicasl application. Recent scientific evidence confirms the validity of applying aged
sorption under field conditions [3]. No conceptual conflict or double counting occurs. An updated
regulatory guidance enabling combined use of aged sorption with field DegT50 values has therefore
been proposed. Further progress now requires regulatory action to translate these scientific findings into
practice.
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OBJECTIVES

Elevated concentrations of 1,2,4-triazole, a metabolite formed from various antifungal compounds,
have been detected in surface-water-based drinking water production facilities in West-Flanders
(Belgium). Due to the reliance on large, cross-boundary catchments, these systems are particularly
vulnerable to complex contamination patterns [1]. This study aims to identify the sources, transport
routes, and transformation processes of 1,2,4-triazole to support effective mitigation strategies. A
comprehensive multi-method approach was applied, integrating literature review, GIS-based spatial
modelling, targeted monitoring, and advanced analytical techniques including non-target analysis, to
disentangle diffuse and point source contributions and identify transformation products contributing to
observed concentrations. Diffuse agricultural pressure was assessed using a GIS-based theoretical
spatial model building on FOCUS Step 1 principles, incorporating crop distribution, authorized
pesticide use, and relevant substance properties.

HIGHLIGHTS

- Elevated 1,2,4-triazole concentrations detected in drinking water production systems in West
Flanders.

- Point sources (industry and wastewater treatment plants) linked to highest observed
concentrations.

- Diffuse agricultural inputs cause minor exceedances in absence of point sources.

- Spatial modelling identified highest upstream pressure from cereals, potatoes, and vegetables
(Figure 1).
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- Concentrations of 1,2,4-triazole increase during drinking water treatment, especially in summer.
- Non-target analysis revealed unknown intermediates degrading into 1,2,4-triazole.
- Approach supports identification and management of emerging contaminants in drinking water.
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Figure 1: Theoretical spatial pressure patterns for the total 1,2,4-triazole in surface water from plant
protection products for the different Water Production Centers (WPC) in West-Flanders, Belgium.
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OBJECTIVES

Assess which site characteristics control the occurrence of pesticide active substances and
metabolites in groundwater across Germany.

Develop machine-learning models to quantify and spatially predict groundwater vulnerability
based on harmonised monitoring data from more than 26,000 wells.

Evaluate whether monitoring data can support the development of a nationwide groundwater
vulnerability index for plant protection products (PPPs).

Derive recommendations for the selection of monitoring sites in targeted post-registration
groundwater monitoring studies.

HIGHLIGHTS

A harmonised national database comprising >26,000 monitoring wells and >500 active
substances and metabolites was established.

More than 95% of all measurements were below the limit of quantification, requiring a
classification approach based on concentration classes.

Robust random forest and neural network classification models were developed for eight
mobile and persistent pesticide metabolites, while comparable models for active substances
and substance groups could not be established due to the high proportion of censored
measurements

Agricultural land use, particularly the area of the main crop associated with the respective
parent compound, was identified as the most important predictor of metabolite occurrence.
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- Filter depth, sand content and groundwater recharge showed secondary importance, while
hydrogeological properties such as aquifer type and hydraulic conductivity had comparatively
low influence.

- Vulnerability could not be reliably separated from actual pesticide use patterns and only a
limited number of compounds provided a sufficient basis for robust model development,
preventing the derivation of a robust nationwide groundwater vulnerability index

- Comparisons with existing vulnerability assessment approaches and process-based leaching
models showed limited correspondence with monitoring observations. The high mobility of
the investigated compounds is discussed as one possible explanation.

- For future targeted monitoring studies and site selection, site-specific information and local
expert knowledge remain essential.

- Harmonisation of monitoring programmes and laboratory analytics (LOQ/LOD) would
substantially improve future vulnerability assessments.
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Example of permutation feature importances derived from the Random Forest model for metazachlor
ESA. Features are ordered by decreasing importance. Error bars represent the standard deviation
across ten model training seeds and colours indicate the feature category.
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INTRODUCTION

Spatially distributed leaching modelling (SDLM) of pesticides is a methodology to estimate the
leaching potential over large spatial extents such as the national or European scale. SDLM is described
in the FOCUS groundwater report [1] as a higher tier of the leaching risk assessment and is already
used in the national authorization procedure of some EU-countries. Additionally, SDLM can help put
groundwater monitoring programs into context [2].

OBJECTIVES

A SETAC working group was formed in 2020 with the main objective to deliver a harmonised
modelling framework including the data needed to run the model, and documents describing the use of
the framework in regulatory assessments. The framework will serve Tier-3B and Tier-4 of the
groundwater risk assessment scheme [3]. At Tier 3B, the framework delivers the same exposure
assessment goal as currently used in Tier 1 and 2 of the FOCUS groundwater report (i.e., the overall
90th-percentile of the leaching concentration at 1-m depth).

HIGHLIGHTS
Two spatially distributed leaching models have been developed within the working group, namely
GeoPEARL-EU and GeoPELMO-EU. These models have been used to compute the 90th-percentile
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overall leaching concentration by running approximately 10,000 scenarios consisting of unique
combinations of land-cover, climate and soil data. The models were used at both Tier-3B, and Tier-4.
The Tier-3B results have been aggregated on the FOCUS zone level to compare them to Tier 1. The
Tier 1 simulations were computed with FOCUSPEARL and FOCUSPELMO. Results show that the
leaching concentration simulated at Tier-3B is generally lower than the leaching concentration
simulated at Tier-1 (Figure 1). This means that the FOCUS scenarios are sufficiently conservative and
that an update of these scenarios is not necessary.
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Figure I - Target percentile of the leaching concentration of an example substance at 1-m depth. For
Tier 1, this is the 80th-percentile in time and space, while for Tier 3B this is the overall 90th-percentile

Another aim of SDLM is to put groundwater monitoring sites into context (Tier-4 of the FOCUS
groundwater leaching assessment) [3]. For this purpose, simulations have been carried out for a set of
theoretical monitoring sites. In these simulations, site-specific soil, crop and climate data are used. The
simulated leaching concentration are then plotted on the cumulative frequency distribution of the
leached mass flux simulated with SDLM to show whether the selected monitoring sites represent
vulnerable locations. Preliminary results show that GeoPELMO-EU and GeoPEARL-EU deliver
approximately the same results.
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OBJECTIVES

This work investigated which adjustments are required to apply spatially distributed leaching modelling
(SDLM) for a robust and reliable groundwater assessment of pesticides across the agricultural area of
Germany [1]. A new version of GeoPELMO DE was developed and evaluated to account for surface
runoff, preferential (macropore) flow and drainage in addition to chromatographic (matrix) flow, with
the aim of improving the prediction of leaching for active substances and metabolites under German
conditions (see also S2P01).

HIGHLIGHTS

- Anew version of GeoPELMO DE was developed to additionally account for runoff, macropore
flow and drainage

- Nationwide climate, soil and groundwater datasets were reviewed and adapted

- Lysimeter results and Danish PLAP monitoring data supported calibration of macropore flow in
PELMO

- Runoff & drainage had the strongest influence on water balance, while macropore flow and
parametrization of OC-contents in subsoils most strongly affected percolate concentrations

- Nationwide predicted leachate concentrations were often more conservative than the FOCUS
Hamburg scenario
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Protection level of FOCUS Hamburg Scenario compared to GeoPELMO DE (only FOCUS approach)
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The predicted environmental concentrations (PECs) from the FOCUS Hamburg scenario are compared
with the 80th spatial percentile concentration from GeoPELMO DE (version FOCUS matrix flow).
Evaluation of a large number of active substances and metabolites using GeoPELMO DE L shows that
the protection level of the FOCUS Hamburg scenario varies strongly between the compounds.
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OBJECTIVES

Reliable pesticide exposure assessments require models that capture all major transport pathways.
While the Soil and Water Assessment Tool (SWAT+) is widely used for landscape-scale pesticide
modeling, it lacks a process-based representation of spray drift — a pathway that can contribute
substantially to surface water contamination. Empirical drift approaches previously coupled with SWAT
oversimplify spatial relationships between application and non-target areas and have been shown to
introduce large uncertainties.

We present the first integration of the mechanistic Droplet and Atmospheric Dispersion drift (DAD-
drift) model into a high-resolution SWAT+ model, applied to the upper Funne catchment, an agriculture-
dominated lowland basin in North Rhine-Westphalia, Germany. A realistic 5-year crop rotation with
seven active ingredients (two fungicides, five herbicides) was simulated using publicly available data.
An ensemble of 20 hydrological parameterizations was used to quantify uncertainty in predicted
environmental concentrations.

HIGHLIGHTS

Results show that including spray drift markedly increases predicted pesticide concentrations in surface
waters. The effect is strongest for immobile, strongly sorbing substances, where spray drift became the
dominant transport pathway and increased maximum concentrations by several orders of magnitude.
For mobile substances, hydrological pathways such as tile drainage and interflow governed transport
dynamics, but spray drift still produced additional concentration peaks immediately after application.
Ensemble simulations revealed that hydrological parameterization uncertainty propagates directly into
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exposure predictions, underscoring the need for multi-realization approaches when quantifying the
contribution of individual transport pathways.

This study demonstrates that spray drift must be explicitly represented in landscape-scale exposure
assessments. The combined SWAT+-DAD-drift framework provides a transferable tool for linking
agricultural practices with water quality and for evaluating the effectiveness of mitigation measures
such as no-spray buffer strips and drift-reducing nozzles at the catchment scale.
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BEST PRACTICES FOR GIS DATASETS — ORGANIZATION AND VERSION CONTROL
FOR USE IN RISK ASSESSMENT
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Germany
gregor.spickermann@adama.com

OBJECTIVES

The objective of this work is to define and promote best practices for the management, organization,
and version control of Geographic Information System (GIS) datasets used in environmental and
regulatory risk assessment.

Specifically, this contribution aims to:

e Establish structured approaches for organizing GIS datasets to ensure consistency and usability

e Highlight the importance of metadata in improving transparency and reproducibility

e Describe effective version control strategies for multi-user environments

e Emphasize the need for full documentation of data processing workflows, including software
tools and versions used

e Data creation, storage and distribution should follow best practices and standards to ensure
consistency and reliability

e Demonstrate how robust GIS data management supports high-quality risk assessments,
particularly for Plant Protection Products (PPPs)

HIGHLIGHTS
- Structured GIS data organization improves reliability and reduces analytical errors
- Standardized naming conventions and coordinate systems ensure consistency across datasets
- Metadata is essential for transparency, traceability, and reproducibility
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Conceptual framework for GIS data management in environmental risk assessment.

for reproducibility
High-quality GIS data management directly supports robust environmental risk assessments
and regulatory decision-making

Objectives:

= Structured organisation

= Metadata standards

= \ersion control

= PPPrisk assessment
support

REFERENCES

[1] Geospatial One Stop Best Practices White Paper.

Implementation

y

Best practice:

Naming conventions
Coordinate reference
system harmonisation
Metadata documentation
Versioned geodatabases

Version control mechanisms enable secure collaboration and change tracking
Full documentation of data processing workflows, including software and versions, is critical

Qutcomes:

= Reliable analyses

= Reproducibility

= Collaboration

= |mproved regulatory
decisions

Value & impact

group/meeting-minutes/2002%20meeting%20minutes/may/5-01-02_reformat verl1.pdf.

(2]

Overview of Best Practices for Management of Environmental Geospatial Data.

1.itrcweb.org/overview-of-best-practices-for-management-of-environmental-geospatial-data/.
[3] Versioning Data Is About More than Revisions: A Conceptual Framework and Proposed Principles. Source:
https://datascience.codata.org/articles/dsj-2021-012.
[4] Environmental Data Management (EDM) Best Practices. Source: https://edm-1.itrcweb.org/environmental-data-
management-systems/.

(3]

Versioning 101:

Essential

information about

https://www.esri.com/news/arcuser/0110/versioning101.html.
[6] 5 best practices for utilizing GIS data. Source: https://www.govl.com/product-news/articles/5-best-practices-for-
utilizing-gis-data-white-paper-80pgrprMRvo W 5bos/.

ArcSDE

geodatabases.

Source: https://www.fgdc.gov/organization/coordination-

https://edm-

Source:
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DEVELOPING A DEB-ABM FOR A TERRESTRIAL ARTHROPOD TO BRIDGE THE GAP
BETWEEN FATE MODELLING RESULTS AND EFFECT MODEL APPROACHES ON A
LANDSCAPE SCALE

Leonhard Biirger, Dana Bashkir, Annika Mangold-Doring, Bas Buddendorf

Presenter Leonhard Biirger
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Droevendaalsesteeg 3

Wageningen - The Netherlands
Leo.buerger@wur.nl

OBJECTIVES

Implementation of existing pesticide effect modelling approaches for one terrestrial arthropod
species, from the individual up to the population level in a landscape

Combination of different submodules into one landscape model using fate model endpoints as
input

HIGHLIGHTS

Development of an individual based dynamic energy budget (DEB [1]) model for the
terrestrial leaf-dwelling pirate bug Orius laevigatus based on openly available Add-my-pet
data and parameters [2]

Integration of a toxicokinetic-toxicodynamic (TKTD) based pesticide effect module based on
BufferGUTS [3] and calibration with laboratory data

Definition and implementation of an agent-based landscape ecological model for the same
Orius species based on literature sources

Developed models can be used in isolation or as submodules in other (landscape) modelling
frameworks

Assessment of the potential of combining these model approaches into the xLandscape
landscape modelling framework to be used together with fate modelling endpoints
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Graphical abstract of the current and future modelling frameworks to assess landscape scale

pesticide risks of terrestrial arthropod species.
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OBJECTIVES

Introduction of a scenario based landscape modelling approach designed to evaluate how
precision spot application strategies [1, 2] influence aquatic risk under realistic environmental
conditions. The approach combines process based simulation of spray drift and hydrological
transport with mechanistic effect modelling across spatial scales using xLandscape [3, 4].
Local meteorology, crop management and application parameters are explicitly represented,
while heterogeneous spot spray patterns are derived from infestation intensity and patch size
distributions [5]. Time resolved exposure profiles in surface waters are subsequently translated
into effects using a toxicokinetic—toxicodynamic model for Lemna sp. [6].

HIGHLIGHTS

The methodology was applied to early season herbicide use in oilseed rape within a 54 km?
agricultural catchment in North Rhine Westphalia, Germany. Precision spot application reduced
aquatic exposure by an additional factor of approximately 3.5.

The results illustrate how linking application technology with fate, exposure and effect
modelling enables integrated risk assessment at the landscape scale. Such approaches provide a
transparent basis for incorporating precision agriculture into pesticide risk assessment and
support science based decision making for sustainable pesticide management.
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(a) Broadcast application (b) Spot application {25% infestation)
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Hllustration of drift deposition simulated with a physical based drift model for (a) broadcast (left) and
(b) spot (right) application across a ~100 ha study site (North Rhine-Westphalia, Germany),
considering a northwest wind direction at 4.3 m/s. Note: physical barriers such as hedges and trees
are not considered in drift simulations.
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ELINK-2: INTEGRATED EXPOSURE AND EFFECT MODELLING AT DIFFERENT
SPATIAL SCALES
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OBJECTIVES

Advance the integration of exposure and effect modelling across spatial scales to improve
environmental risk assessment of agrochemicals.

Develop and test scenario-based approaches that incorporate spatial heterogeneity in aquatic
and terrestrial ecosystems.

HIGHLIGHTS

Multi-scale approach covering small (EL-SA), field (EL-ME), and landscape scales (EL-

LA terra and EL-LA_aqua).

Terrestrial focus on the arthropod Bembidion across all terrestrial working groups to ensure
consistency and comparability.

Inclusion of additional soil organisms (earthworms and springtails) in the small-scale group
(EL-SA).

Emphasis on precision application farming scenarios in EL-SA and EL-ME to reflect realistic
and emerging agricultural practices.

Aquatic landscape-scale assessment includes species with differing mobility: Lemna, Asellus,
and stickleback.

Use of the xLandscape modelling environment to support spatially explicit landscape-level
analyses.

Strong coordination via the EL-DA group providing standardised test datasets and
methodological support.
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- Observers and other interested parties can keep up to date with progress on the official website

[1].
— EL-LA-
EL-SA EL-ME TERRA
Small scale: Medium/field scale: Large scale: landscape Large scale: landscape
modelling at the interface modelling at edge-of-field modelling related to modelling related to
scale of plant / soil and field scale aquatic non-target terrestrial non-target
organisms/ e
EL-DA
Generic methodology of
spatial data

Aims and Scope of ELINK-2 working group. The SETAC endorsed workshop started in March 2026
with a first face to face meeting where the different working groups discussed case studies. It is

envisaged to present results in 2027. Picture EL-SA: PEC soil guidance (EFSA 2017), Picture EL-ME:
https://www.pesticidemodels.eu/toxswa
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MODELLING OF PESTICIDES IN GERMANY WITH GEOPELMO DE
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OBJECTIVES

This work was conducted to identify agricultural areas in Germany with high risk for leaching by
using the method of spatially distributed leaching modelling (SDLM) [1]. A new version of
GeoPELMO DE was developed that considers surface runoff, preferential (macropore) flow and
drainage beside chromatographic (matrix) flow. Nationwide predicted leachate concentrations are
often more conservative than the currently used national approach based on the FOCUS Hamburg
scenario (S2013). This finding is consequently observed across the tested modelling approaches,
FOCUS leaching approach based on matrix flow or an extended approach including runoff,
macropore flow and drainage is used.

HIGHLIGHTS

National scenarios, for example also the Hohwacht scenario, were selected and tested on
several pesticides to analyse whether they represent a targeted 80™ spatial percentiles.

Some scenarios represent a rather narrow percentile range around the 80™ percentile, while
others represent a very broad range of percentiles. Differences were identified for active
substances and metabolites.

The results were more heterogeneous when additional processes were included in the
modelling.

This raises the question whether only spatial models are able to equally predict an accurate
temporal and spatial percentile for pesticides. Individual climate-soil-combinations can serve
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as an approximation, but it must be expected that there may be deviations from the results of a
geo-version of the model.

Protection level of scenario “6135/2620/Hohwacht” compared to GeoPELMO DE (FOCUS L+R+M+D)
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As an example, the predicted environmental concentrations (PECs) from the new scenario Hohwacht
are compared with the 80" spatial percentile concentration from GeoPELMO DE (version FOCUS
Leaching~+Runoff+Macropore flow+Drainage). The evaluation of several active substances and their
main metabolites shows that a single scenario like Hohwacht does not represent a stable targeted
spatial percentile for the different investigated compounds.

REFERENCES
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33/2026, 290pp. Apr. 2026, https://doi.org/10.60810/openumwelt-8431.
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OBJECTIVES
The poster presents a hybrid solution to model pesticide transport in landscapes that combines an Al
meta-model with a mechanistic model to simulate pesticide concentrations in runoff water at the

catchment scale. This low-CPU-time approach enables intensive numerical simulations, supporting
the design of sustainable landscape-diversification strategies.

HIGHLIGHTS

The approach couples in the OpenFLUID modeling platform': i) a field scale metamodel that
simulates the dynamics runoff and its pesticide concentrations, with i) a mechanistic surface
transfer modele and the MHYDAS? flow structure

The field scale metamodel was constructed by linking two LSTM neural networks trained on
pesticide transport simulations runed with MHYDAS*.

At the field scale, the overall performance in reproducing multi-year records of herbicide
flows is excellent, but zero flow periods are underestimated.

CPU times are reduced by ~90 % (field*) and ~76 % (catchment®) respectively.
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Flowchart of the mechanistic-AI hybrid approach. Metamodeling of the field modules of
MHYDAS-Pesticides was carried out following a thorough validation of its ability to reproduce 20 years
of field diuron and glyphosate export in runoff in that context.’
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FIT-FOR-PURPOSE RISK ASSESSMENT OF LOW-CONCERN ACTIVE SUBSTANCES
(LCASS) — A STARTING POINT FOR A TAILORED GROUNDWATER RISK ASSESSMENT
OF BIOPESTICIDES AND INORGANICS?
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OBJECTIVES

e Identify key challenges in groundwater (GW) risk assessment under Reg. (EC) No
1107/2009 for biopesticides and inorganic substances;

e  Evaluate limitations of current modelling approaches (e.g., FOCUS) when applied to non-
conventional substances;

e  Examine the applicability of the fit-for-purpose LCAS framework [1] to address data gaps
and modelling constraints;

e  Demonstrate how tailored approaches improve realism, consistency, and proportionality in
GW risk assessment.

HIGHLIGHTS

- Current GW modelling approaches are not fit-for-purpose for biopesticides and inorganic
active substances under Regulation (EC) No 1107/2009, particularly the 0.1 pg/L GW limit,
challenging due to data gaps and unrealistic worst-case assumptions;

- Botanical mixtures, microbial metabolites, and inorganic compounds present specific
assessment limitations not captured by FOCUS models;

- The LCAS framework integrates non-standard approaches (e.g. data waivers) to assess the
likelihood of breaching the protection goal already at early stages (see table below);

- Fit-for-purpose approaches can improve realism, consistency, and proportionality of GW risk
assessments for low-risk substances.

104



Pathways to Harm — Regulation (EC) No 1107/2009 vs LCAS methodology following [1] (orange = similar, green =
additional approach).

Event (=Step)

LCAS methodology

1: Use of PPP containing active
substance

similar approach to EC Regulation 1107/2009:

Assess likelihood of exposure to
soil

nature and manner of use of plant protection products containing the active substance determines soil contamination

2: Soil is exposed to active
substance

additional approaches to EC Regulation 1107/2009:

Determine if assessment for
degradation products is needed

absence of hazard due to degradation products is justified based on the combination of natural occurrence in soil or
history of use (of the active substance or the degradation products) and absence of indications for adverse effects

Assess likelihood of mobility of
the substance in soil

additional approaches to EC Regulation 1107/2009:

assess likelihood of mobility of the substance in soil, e.g., based on Koc value, see Assessing soil contamination: A
reference manual (fao.org) [2]

3.a/b: Substance is mobile in soil

additional approaches to EC Regulation 1107/2009:

Determine PECgroundwater

- using either endpoints derived from guideline studies, or where appropriate from alternative methods (e.g., QSAR,
read across) or default values (e.g., based on ready biodegradability)

- adequate justification that the parametric value is not breached (e.g., combining natural occurrence data in soil,
history of use and absence of groundwater concentrations > 0.1pg/L)

4.a/blc: Harm

similar triggers to EC Regulation 1107/2009:

parametric drinking water limit for organic pesticides (0.1 pg/L or 0.5 pg/L, resp.) or > 1/10 ADI or max concentration
for inorganic pesticides

Aims and Scope of ELINK-2 working group. The SETAC endorsed workshop started in March 2026
with a first face to face meeting where the different working groups discussed case studies. It is
envisaged to present results in 2027. Picture EL-SA: PEC soil guidance (EFSA 2017), Picture EL-ME:
https://www.pesticidemodels.eu/toxswa

REFERENCES
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OBJECTIVES

The MACRO model is a cornerstone of regulatory pesticide fate assessment within the FOCUS Surface
Water (SW) framework, providing a physically based simulation of macropore flow and solute transport
in structured soils. The MACRO model is also employed in the UK higher tier drainflow assessment.
The original drainflow scenarios were parameterized using MACRO 4.3b, calibrated and validated
against field data to ensure realistic hydrological behaviour.

With the release of MACRO 5.2, several technical updates were implemented. While these updates
improve model flexibility and performance, early comparisons indicated that outputs for standard
scenarios may deviate from those generated with the earlier model version, potentially affecting
regulatory consistency.

HIGHLIGHTS

A detailed comparison of process implementation and parameterization between the MACRO versions
has been conducted based on the technical manuals of MACRO 4.3b and MACRO 5.0, the change
document of MACRO 5.2 and model input-output files. The evaluation identified eight categories of
changes.
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a) Adjusted numerical solver technique (change from
explicit with fixed time-stepping to implicit finite-difference procedure
for the micropore = matrix domain)

b) Internal EVAPORATE calculation (by Penman-Monteith
instead of reading PET time series from file, used for UK HTD but
not used for FOCUS D)

G) Finer vertical resolution (numerical layers increased from 15 to 60)

d) Use of modified van Genuchten equation (instead of
Mualem-type function for matrix hydraulic conductivity paired with
Brooks-Corey retention in MACRO 4.3)

e) Several newly introduced parameter (due to changes in

f)

process implementation, such as van Genuchten, crop management, ._.)

Scenario-specific FRACMAC values (fraction of sorption sites
located in the macropore domain)

Changes since MACRO version 5.0:

g) Modified Walker equation with new lower limit (deviation from

FOCUS: no degradation if soil moisture is < 0.5 8,, [wilting point])

h) Modified bottom boundary condition (preventing any upward

flow from groundwater into unsaturated soil profile)

Systematic simulations with MACRO 5.2 have been started in order to identify a suitable re-
parameterization to restore better agreement with 4.3b reference loads while maintaining physical

plausibility.
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SIMULATION OF MICROTOPOGRAPHY AND PRECISION APPLICATION TO
MITIGATE TRANSPORT OF PLANT PROTECTION PRODUCTS VIA RUNOFF AND
EROSION USING A FULLY INTEGRATED SURFACE WATER-GROUNDWATER MODEL
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OBJECTIVES

* To extend the capability of the physics-based, fully integrated, 3D hydrological fate and
transport model HydroGeoSphere (HGS) for simulation of transport of plant protection products
(PPPs) via runoff and erosion;

* To verify HGS runoff generation, PPP concentrations dissolved in runoff and adhered to eroded
sediment against the PRZM model; and,

* To demonstrate the effects of reduced PPP application through banded application to potato
ridges and to simulate reduced runoff and PPP transport through the use of microdams.

HIGHLIGHTS

- Banded PPP application to potato ridges resulted in lower simulated PPP mass transport via runoff
and erosion compared to broadcast application; and,

- Use of microdams in the furrows between potato ridges reduced total runoff and increased
infiltration, thereby reducing PPP transport via runoff and erosion.
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Simulated 3D PPP concentrations in soil (dissolved phase) and ponded surface water behind
microdams three days after banded PPP application to potato ridges, for the spring 1993 PPP
application in the FOCUS R3 (Bologna) runoff scenario HGS model with a potato crop and low sorbing
Test Substance 1 (FOCUS, 2001).

REFERENCES

[11 FOCUS (2001). FOCUS surface water scenarios in the EU evaluation process under 91/414/EEC. Report of the
FOCUS working group on surface water scenarios. EC Doc. Ref. SANC0/4802/2001-rev.2 Version 1.4 (May 2015).
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OBJECTIVES
e The leaching potential of agrochemicals with pH-dependent sorption and degradation in the
EU was evaluated.
e Spatial soil pH mapping and long-term groundwater monitoring data were used to assess and
support leaching risk mitigation.

HIGHLIGHTS

- Spatial mapping identified EU agricultural areas vulnerable to pH-dependent leaching across
crop types, supporting appropriate label restrictions. Crop production areas in Europe were
identified using multiple datasets, including CORINE 2018, EUCropMap 2018, Eurostat
Agricultural Census data, and the RapeSeedMap 10 database. Soil pH(H20) data was obtained
from the SoilGridTM database.

- We utilized a platform to collect and analyze long-term public groundwater monitoring data,
demonstrating low leaching risk.
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Monitoring Across Key EU Regions
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OBJECTIVES

e Calculation of Predicted Environmental Concentrations in paddy water (PECpw), soil
(PECsor), surface water (PECsw) and groundwater (PECgw) for six herbicides commonly
used in Italian rice cultivation using the higher-tier models RICEWQ (v1.92), RIVWQ
(v2.0.6), and VADOFT [1] across representative pedoclimatic units of the Lomellina area
(Lombardy Region, Northern Italy) under three irrigation strategies (wet seeding and
traditional flooding - WFL; dry seeding and delayed flooding - DFL; wet seeding and
alternated wetting and drying - AWD).

e Comparison of maximum PECsw values with recent publicly available monitoring data from
surface water bodies in Lomellina and with the EU-agreed Regulatory Acceptable
Concentrations (RAC) for aquatic organisms.

e Identification of key drivers affecting PECgw variability and comparison with outcomes
derived from the soil cluster scenarios currently proposed in the pesticide regulatory context.

HIGHLIGHTS
- Maximum PECsw values are generally consistent with maximum monitored concentrations,
with the exception of AMPA which shows higher monitored values likely due to contributions
from multiple non-agricultural sources.
- All the substances and scenarios under assessment show an acceptable risk for aquatic
organisms, with a high margin of safety for glyphosate and AMPA.
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- Seepage rate and flooding duration are consistently identified as the main drivers of PECgw
variability, with seepage rate emerging as a key factor controlling groundwater contamination
risk.

Aquatic risk assessment (PEC/RAC ratio)
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Figure 1. Aquatic risk assessment based on maximum PECsy/RAC ratios for the selected compounds
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Figure 2. Maximum PECcw as a function of seepage rate for imazamox under three irrigation
strategies
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OBJECTIVES

Evaluate the performance of the recently updated remobilization process in VFSMOD!-2

Improve the process description by allowing the soil surface mixing layer to drain to field
capacity after the rainfall event and leaching of associated dissolved mass before quantifying
degradation between events.

HIGHLIGHTS

High resolution experimental data was collected using a rain simulator (3m x 3m x 3m) and
VFS monolith (1.2m x 1.2m x 0.4m) instrumented to record inputs, outputs, and in-soil
measurements.

Three pesticides (Mesosulfuron, Fluopyram, Diflufenican) with a wide range of sorption
characteristics were monitored over three consecutive rainfall-runoff events separated by one-
week dry periods.

Laboratory experiments were simulated with two VFSMOD versions: the recently updated full
porewater remobilization, and with the proposed drained to equilibrium leaching

With full porewater remobilization, VFSMOD predictions of pesticide remobilization had a
mean Nash-Sutcliffe Efficiency (NSE)(=R?) of 0.704, while incorporating drained to
equilibrium leaching markedly improved performance to NSE= 0.994.

Representing drained to equilibrium leaching after runoff events substantially improves
prediction of remobilization of pesticide residues trapped in VFS.
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- This work directly quantifies VFS pesticide remobilization in experimental settings for the
first time.
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OBJECTIVES

Pesticide volatilization from soil can be an important off-target exposure pathway following
agricultural application, yet current regulatory approaches often rely on simplified, time-invariant
physicochemical indicators or fixed emission fractions [1]. This study developed and evaluated
FLUXMOD, a mechanistic, process-based modeling framework that explicitly couples initial
pesticide leaching during the initial pesticide application, hourly soil moisture dynamics (FAO-56
water balance with Penman-Monteith evapotranspiration), liquid-phase pesticide mass balance in a
near-surface mixing layer, and a resistance-based soil-atmosphere exchange formulation to simulate
time-resolved volatilization fluxes under field conditions. The framework was calibrated and
validated against multi-site field measurements and subjected to Global Sensitivity Analysis (GSA) to
identify key controls on emission dynamics.

HIGHLIGHTS

-  FLUXMAOD integrates four coupled process modules: (i) infiltration and leaching during the
initial pesticide application; (ii) hourly FAO-56 soil water balance; (iii) liquid-phase pesticide
mass balance with Koc-based sorption equilibrium in a near-surface mixing layer; and (iv)
resistance-based soil-atmosphere exchange flux using Henry’s law gas—liquid partitioning [1].

- The model was calibrated and validated against multi-site field datasets including time-
resolved dicamba volatilization flux measurements from 23 field trials across six geographic
locations [2] and concurrent soil moisture observations.
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- Soil moisture simulations showed strong agreement with field observations (NSE < 0.946),
consistent with the established role of soil water content in controlling near-surface pesticide
phase partitioning [3].

- Simulated volatilization fluxes reproduced observed complex temporal dynamics and emission
magnitudes across study sites (KGE < 0.916), capturing diurnal emission peaks characteristic
of the early post-application period.

- Global Sensitivity Analysis using Sobol indices [4] identified field capacity (6) as the
dominant control on soil moisture, while Henry’s constant (H) and organic carbon content
(OC) were the primary drivers of volatilization flux variability.

- Cumulative first-order sensitivity indices (XS; = 0.58-0.79) reveal strong parameter
interactions, confirming that volatilization dynamics are governed by coupled
physicochemical, soil, and environmental processes—not by any single indicator [5].

- Simulated high-percentile (P90) emission levels were consistent with field-observed flux
distributions, supporting FLUXMOD’s suitability for conservative pesticide exposure
assessments in regulatory risk evaluation [6].

- Future work will couple FLUXMOD with atmospheric dispersion models (e.g., AERMOD) to
enable regional-scale evaluation of downwind pesticide concentrations and human/ecological
exposure.
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OBJECTIVES

Development and demonstration of concepts for linking mechanistic exposure and effect
models at the small spatial scale, with a focus on soil organisms and non-target arthropods.
Exploration of how small-scale exposure—effect relationships inform and improve consistency
with medium- and landscape-scale modelling approaches within ELINK-2.

Evaluation of the coupling between mechanistic soil exposure models (including adaptations
of regulatory tools) and effect models, such as individual-based population models and TKTD
approaches.

Assessment of the relevance of spatial heterogeneity, arising from precision application
techniques (e.g. patch, band, and spot applications) and organism movement, for exposure and
risk characterization.

Contribution to harmonized cross-scale case studies within ELINK-2, enabling comparison of
exposure—effect linkages and supporting integrated assessment frameworks.

HIGHLIGHTS

Small-scale modelling demonstrates that spatial heterogeneity and organism movement can
critically influence exposure—effect relationships and may require spatially explicit
approaches.
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- Coupling of exposure and effect models at the small scale enables process-based
understanding that supports interpretation and extrapolation to higher-tier assessments.

- Harmonized case studies across ELINK-2 can reveal temporal and spatial mismatches
between exposure profiles and effect model requirements.

- Integration across scales highlights methodological limitations and key data gaps, supporting
prioritization of future model development.

- The EL-SA work contributes to a coherent, scale-explicit risk assessment framework,
improving ecological realism while maintaining regulatory relevance; see [1].

Collembola Model 1
(Meli et al)

NTA Movement Model
(Becher et al)

Collembola Model 2
(Roeben et al)

From landscape to small scale. Within the EL-SA group we will look at different models and their scales:
The NTA model will look at the movement of NTA within a plant, which can lead to very different
exposure pattern [2]. The Collembola Model 1 will look at a field from a horizontal perspective, with a
focus on precision application pattern [3]. The Collembola Model 2 will take a horizontal view [4].
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OBJECTIVES

The medium scale in ELINK-2 is the scale of a single agricultural field and its imme-diate
surroundings (field margins), thus covering the basic spatial unit for regulatory risk assessment of
pesticides. The EL-ME medium-scale modelling is fully aligned with the large-scale (EL-LA_Terra)
and small-scale (EL-SA) modelling, applying the same basic parameterization regarding
environmental (weather, soil, topography etc.) and agronomic (crop, pesticide treatments, crop
rotation etc.) aspects. The same expo-sure models (even the same exposure concentrations, where
applicable) are used to address the medium-scale exposure routes relevant for the investigated species,
the ground beetle Bembidion: in-field soil deposition from direct application and spray drift, as well
as off-field soil deposition from spray drift; in addition, temporal and spatial variation of substance
concentrations in soil will be calculated. To predict the effects of applied pesticides, similar effect
models are used across spatial scales, with aligned parameterization.

special aspect of EL-ME will be the explicit consideration of precision application: various patch
application patterns based on real-world application maps will be used to represent realistic in-field
heterogeneity of exposure. Standard broadcast applica-tions will be modelled to represent
homogeneous baseline exposure for comparison. Each exposure scenario will be combined with a
simple (fixed effect threshold, eco-logy not considered) and with a more ecologically realistic
(population modelling, ecology explicitly considered) effect modelling scenario.
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This approach allows a robust analysis of the feasibility and plausibility of combined ecological
modelling at the highly relevant field scale, under heterogeneous exposure situations. It will also
reveal gaps and deficiencies that require further work.

The poster explains the medium-scale modelling concept of ELINK-2 and presents the selected
exposure and effect models (including necessary adaptations) with their full parameterization.

HIGHLIGHTS
- Predicting the effects of pesticides on a non-target arthropod at field-scale
- Linking exposure and effect modelling in a common data framework across scales
- Heterogeneity of exposure based on realistic precision application patterns
- Impact of exposure heterogeneity and level of ecological detail on modelling results.
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Conceptual approach of EL-ME modelling: Exposure on and in soil predicted with standard
regulatory exposure models considering direct overspray and spray drift (top right), effects on non-
target arthropods predicted with the Bembidion model in a broadcast application scenario (top left)
and a precision application scenario (bottom left); both scenarios modelled with simple and complex
ecology.
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OBJECTIVES
e Develop and apply a spatially explicit modelling framework linking pesticide exposure and
effects on a non-target arthropod (Bembidion lampros) across terrestrial landscapes.
¢ Evaluate the influence of spatial heterogeneity — including crop diversity and proportion of
natural habitat — on species abundance and population resilience under realistic agricultural
scenarios
o Evaluate the level of effects at landscape level when allowing for level of effects in-field

HIGHLIGHTS

- Focus on Bembidion lampros, a ground-dwelling predator central to European agricultural
ecosystems, as the focal species for the terrestrial landscape working group.

- Further development of an existing population model to evaluate abundance and persistence
across spatial units: in-field, off-field, and landscape-wide.

- Simulation of multiple applications of a single compound under realistic Good Agricultural
Practice (GAP) and multi-year crop rotations.

- Scenario design ranges from low to high crop diversity and from no natural habitat to 80%
natural habitat, ensuring representativeness and regulatory relevance.

- Builds on the legacy of the 2007 ELink workshop and responds to the 2025 EU Modelling
Workshop call for frameworks addressing spatial heterogeneity.
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- Part of the broader ELink?2 initiative leveraging existing modelling tools to explore pesticide
exposure and effects within realistic agricultural environments.

- Aims to provide mechanistic understanding of how landscape structure influences species
resilience, informing science-based risk assessments across spatial scales.

REFERENCES
[1] SETAC endorsed ELINK-2 workshop. (2026). ELINK-2: Linking exposure and effect modelling.
https://www.setac.org/elink2
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OBJECTIVES

Aquatic risk assessment of plant protection products within the European regulatory
framework follows a tiered approach, where lower tiers apply conservative edge of field
scenarios, while higher tiers allow refinement through increased ecological and spatial realism
where scientifically justified. Landscape scale modelling provides a means to explore this
additional realism in higher tier assessments.

Although a wide range of tools and models for PPP exposure and effects is available, their
combined and consistent application across spatial scales has not yet been corroborated for
regulatory risk assessment. In parallel, interest is increasing in approaches that support
catchment scale risk management and stewardship in line with wider EU water protection
objectives.

HIGHLIGHTS

Model applications were implemented within the xLandscape framework [1], integrating
established regulatory exposure models for spray drift, runoff, drainage, and aquatic fate with
mechanistic effect models.

This poster presents discussion points and planned work from the aquatic landscape working
group (EL-LA-AQUA) of the ELINK-2 initiative [https://elink2.info/], reflecting exchanges
during the first face-to-face workshop held in March 2026. The workshop explored the
applicability, transparency, and regulatory relevance of landscape-scale aquatic risk
assessment using linked exposure and effect models, building on established regulatory
concepts and tiered risk assessment principles.
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- Ongoing work within ELINK-2 aims to provide a proof of concept for technical
implementation and to identify key challenges for future work, including mixture toxicity, data
availability, validation strategies, transparent uncertainty communication, and pragmatic
pathways for regulatory consideration.

Figure of three illustrative case studies defined for agricultural catchments: (i) macrophytes exposed
to a herbicide using a toxicokinetic—toxicodynamic model for Lemna spp. [2]; (ii) aquatic invertebrates
exposed to an insecticide using an individual based model for Asellus aquaticus [3]; and (iii) fish
exposed to a fungicide using an individual based stickleback model [4] incorporating habitat structure
and organism mobility.

REFERENCES
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OBJECTIVES
Identify the challenges of linking spatially and temporally explicit exposure models to effects

models as a key goal of the ELINK-2 project [1]

Establish what existing exposure models at the plant, field, and landscape-scale can and
cannot deliver in terms of data quality, spatial and temporal resolution, and represented
processes

Evaluate the suitability of regulatory tools (e.g., PERSAM, PEARL, PELMO) and the
modular landscape modeling framework xLandscape for coupled risk assessment
Assess model compatibility with crop-specific application scenarios, crop rotations, drift
inputs, and linkage to effects models, including TKTD-based approaches

HIGHLIGHTS

Field-scale assessments rely on 1D model outputs; a gap remains for 2D approaches that
simulate horizontal soil concentration gradients

Landscape-scale parameterisation challenges are illustrated using the Funne catchment,
Germany

Temporal mismatches between exposure and TKTD-based effects models are identified
Data gaps are mapped across scales, establishing a framework for prioritising model
development and linkages within ELINK-2

REFERENCES
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OBJECTIVES & HIGHLIGHTS

The European Food Safety Authority (EFSA) has released a guidance (EFSA, 2017%) providing the
methodology for calculating the predicted environmental concentrations of active substances and
transformation products in soil (PECsoil) which can be used to conduct terrestrial risk assessments in
the context of the Regulation (EC) No 1107/2009. This guidance on PECsoil calculations aims to ensure
a more robust estimation of the exposure levels for soil organisms following application of Plant
Protection Product (PPP). The methodology relies on specific soil scenarios taking into account
knowledge on soil, weather and crop. The PECsoil calculations for the active substance and/or its
metabolite(s) require only a few input parameters mainly related to (a) the application conditions of
PPP (e.g., crop, application rate, crop growth stage, application method) and (b) the properties of the
active substance/metabolite(s) (e.g., soil degradation and soil mobility). To facilitate the calculations,
the analytical PERSAM tool has been released in addition to updated versions of the existing FOCUS
numerical tools.

This work focuses on how variations in several input parameters related to (a) the assessed compound
(especially soil degradation half-life, DTso and soil mobility, Koc) and (b) the type of annual crops and
application periods, affect PECsoil estimates under the EFSA methodology (2017). The PECsoil were
calculated based on the recommendations of this guidance for several combinations of input parameters
(DTso/Koc), and different types of annual crops. Additionally, a statistical analysis was also conducted
on some of these crops to characterise in detail the impact of the selected input parameters on the
PECsoil results.
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This poster presents an analysis of sensitivity of the PERSAM model against the selected input
parameters in order to better anticipate its use in risk assessment for annual crops.

REFERENCES
[1]® EFSA Journal 2017;15(10):4982
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SESSION III - NEW FRONTIERS IN PESTICIDE SCIENCE: LINKING
APPLICATION TECHNOLOGY, EXPOSURE AND EFFECT RISK
ASSESSMENT

Chairs: Lucrezia Lamastra, Marc Voltz

his session explores how new pesticide application technologies can be incorporated into exposure and
effect risk assessment. The dominant theme is precision application, including banded spraying, spot
spraying, patch application, variable-rate application, UAV spraying, and 3D canopy-targeted
application in vineyards and orchards. Several contributions argue that precision technologies can
reduce total pesticide use and off-target exposure, but that their environmental benefit depends strongly
on spatial patterns, proximity to water bodies or field margins, crop structure, equipment type, and
meteorological conditions. SPOTMOD and related case studies show how real application maps can be
used to simulate runoff from treated and untreated field areas, while drift models estimate off-field
deposition. EUPAF contributions propose tiered frameworks for integrating precision application into
EU regulatory assessment, from simple conversion factors to advanced spatially explicit modelling.
GIS data, LiDAR, remote sensing, machinery records, drone imagery, and local weather data are
presented as key inputs for future field-specific exposure assessment. The session also discusses the
need to link application technology with ecological effect assessment, rather than treating exposure
reduction as a purely technical matter. Overall, Session III frames precision agriculture as a promising
but complex frontier that requires harmonized terminology, better data, technology-specific validation,

and regulatory adaptation.
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The use of pesticides to protect crops from various pests leads to contamination of all environmental
compartments, thereby exposing ecosystems and populations. This issue arises in the food system and
One Health contexts. Different exposure pathways of ecosytems and human population are involved:
by hydrological and atmospheric transfers for the former and by ingestion, cutaneous and inhalation for
the latter. Effects on organisms may be at the individual and populational scales. Currently, risk
assessment is essentially done per active substance and per treated field and there are several limits in
current regulatory risk assessment regarding the "air chapter".

With a focus on atmospheric compartment, this presentation will highlight some recent developments
such as modelling approaches based on process-based modelling at different scales (local, landscape,
regional/national) to answer to different questions on environmental dissipation of pesticides, machine
learning approaches to predict pesticide concentrations in the air or in silico approaches to explore
environmental behaviour and health effects. This overview will be completed by epidemiologic
approaches carried out to identify potential links between exposure and childhood asthma. Regarding
experimental approaches, new data on degradation in the atmosphere allowing the identification of
transformation products will be presented as well as protocols set up in vitro to identify toxicological
effects on pulmonary cells. This overview will be completed by management practices identified to
limit pesticide dissipation through the atmosphere and thus exposure. The need for interdisciplinary
approaches will be emphasized.

Remaining challenges will be identified, such as the assessment of the contribution of each pathway of
exposure or the estimation of the different uncertainties in the chain Agricultural practices — effects,
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including the required knowledge on agricultural practices to spatialize pesticide dissipation in the
environment. We will also identify the need for further developments regarding mixture of active
ingredients or transformation products, the description within the model of new agricultural or the
identification of agricultural pesticide management practices reducing exposure and effects in a One
Health approach.
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OBJECTIVES

As European agriculture embraces precision agriculture (PA), environmental risk assessment (ERA) of
plant protection products (PPPs) must advance to reflect the reduced enviornmental exposure from non-
full field applications. Two common forms of precision agriculture are banded and regular spot
applications, where PPPs are applied in bands, or in a regularly spaced spot pattern. Here we present a
mathematical method for deriving off field spray deposition from banded or spot application from a full
field spray drift curve for the surface water ERA. This method is drift curve agnostic and can be applied
to any band and spot geometries as the crop agronomy requires. This methodology could be applied in
ERAs by adapting regulatory accepted full field drift curves without the need for additional
experimental data specific to PA spray equipment.

We also debut the new BRASS method (Buffers for the Risk Assessment of Spot Spraying) for
estimating spray drift and calculating “on the fly” minimum buffer zones for pre-defined spray maps.

HIGHLIGHTS
- A derivation of the method for estimating banded application drift.
- A demonstrative analysis of the potential reduction when applied to the EU risk
assessment, FOCUS Surface Water [1]
- A demonstration of the BRASS method to estimate spray deposition from a spray map and
calculate a real time minimum buffer.
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Potential reductions in spray drift for banded applications for various row widths when using the
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A demonstration of the BRASS methodology where a pre-defined spray map (top, red = spray) is

converted into a per-pixel spray deposition (middle) and then can be summed into a per column drift
deposition (bottom)

REFERENCES

[1] FOCUS (2001). “FOCUS Surface Water Scenarios in the EU Evaluation Process under 91/414/EEC”. Report of the
FOCUS Working Group on Surface Water Scenarios, EC Document Reference SANCO/4802/2001-rev.2. 245 pp.
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ESTIMATING GROUNDWATER EXPOSURE CONCENTRATIONS FOR PRECISION
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OBJECTIVES
Evaluate the mostappropriate approach to estimate groundwater concentration for precision
application technology.
o Evaluate the recommendation from  the European Precision = Application = Task  Force
(EUPAF) that directly scaling broadcast PECgyw [1] values by
the treated field fraction is protective for parent and metabolite substances for the groundwater
exposure assessment.

HIGHLIGHTS

- The non-linearity of Freundlich sorption [2] is the key driver for the substance partitioning
between the solid and liquid phases.

- Directly scaling the broadcast PECgw by the fraction of the field treated is a scientifically
defensible and conservative approach to evaluate groundwater concentration for parent
substances for Precision Application.

- For parent substances where strong non-linear sorption behavior is present, directly scaling
PECgw results in higher predicted groundwater concentration than using a reduced rate [3] for
precision application evaluation.
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OBJECTIVES

Field “spot treatments” of agrochemicals based on proximal or remote sensing weed or
plant infestation maps and high-precision application technology can significantly reduce chemical
input and the associated economic cost to the farmer, while also lowering off-field drift and surface
runoff to adjacent water bodies and terrestrial habitats relative to conventional broadcast applications.
While the quantification of drift reduction with spot applications is advancing, very limited work exists
on the quantification of potential pesticide runoff reduction. The objectives of this work are: (i) to
present the theoretical background of SPOTMOD, a new 2D mechanistic exposure-modelling
framework coupling PRZM, VFSMOD and TOXSWA to quantify pesticide runoff from precision (spot)
applications and derive long-term predicted environmental concentrations in surface water (PECsw);
and (i) to validate the consistency of SPOTMOD hydrology against full-field PRZM runoff across the
FOCUS R1-R4 surface-water scenarios.

HIGHLIGHTS

- POTMOD represents sources (runoff generated on treated spots) and sinks (infiltration,
sedimentation and pesticide trapping on downslope untreated segments), including the effect
of variable crop vegetation conditions on infiltration and sedimentation over the cropping
season.

- It accommodates variable spot size and treated-area fraction, and variable spatial application
patterns ((quasi-)random and observed weed maps), enabling realistic worst-case exposure
assessment.
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- Hydrology consistency was validated against full-field PRZM for two representative crops
(potatoes and maize) across the FOCUS R1-R4 scenarios [4], using 11 storms spanning the
1st—99th percentiles of the storm-magnitude distribution.

- Ifin PRZM a snowmelt event generates surface runoff, this is passed on to VFSMOD, but
these correspond to small, low-risk events.

- Full-field SPOTMOD (VFSMOD) and PRZM runoff agreed very closely (NSE = 0.927—
0.997, RMSE = 0.251-0.397 m?, PBIAS < 10%), ensuring hydrological consistency of both
models within SPOTMOD.
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SPOTMOD model design. The field is divided into slope-direction strips the width of the treated
spots, treated spots (sources) are simulated with PRZM and the downslope untreated segments (sinks)
with VFSMOD. Edge-of-field runoff (dQ), erosion (dE) and pesticide (dP) contributions of each strip
are summed over the field and fed to a TOXSWA metamodel to compute PECsg,.
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OBJECTIVES
A new model, SPOTMOD, simulates spatially explicit pesticide runoff following precision
applications. It combines treated spot areas (simulated with PRZM [1]) and untreated downslope areas
(simulated with VFSMOD [2]) along the main flow direction to the field edge. Runoff at the field edge
is routed to adjacent waterbodies to estimate predicted environmental concentrations in surface water
(PECsw) using a TOXSWA metamodel [3]. Our objective is to conduct a series of case studies to
quantify pesticide inputs to field-adjacent waterbodies following precision application in arable fields:
1. Thistles in arable fields in France (scattered distribution, with treatment maps refined to 1-
hectare resolution in line with current European regulatory frameworks).
2. Weeds in a soybean field in Ohio (high density near the field edges and adjacent waterbody,
using the full ~12-hectare field map).
3. Standard band application (using a pattern currently applied in a regulatory context).
In addition to SPOTMOD-simulated runoff, drift inputs are simulated with SiMoD [4] on the same
treatment maps to provide a more complete assessment of potential pesticide entries. Results are
compared with PECsw from standard FOCUS calculations using PRZM, assuming a broadcast
application and an application rate scaled to the treated proportion of the field.

HIGHLIGHTS
- SPOTMOD simulates spatially explicit, two-dimensional pesticide runoff across various map
types (square, non-square, and repeating band patterns), using either predefined or user-
defined treatment maps.
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- SPOTMOD’s built-in weather, crop, and soil parametrizations are based on existing FOCUS
scenarios, but they can be easily adapted to other conditions.

- As a mechanistic model, VFSMOD captures pesticide retention in untreated field areas,
reducing runoff entries to waterbodies beyond those predicted by a simple linear reduction in
application rate.

- The spatial distribution of spot applications to match field infestations patterns strongly affects
the reduction in pesticide runoff from the field.

- Drift and runoff can be quantified with separate models, and the combined outputs can feed
regulatory tools (e.g., FOCUS TOXSWA) for higher-tier simulations.

- SPOTMOD was conceived to align with existing regulatory frameworks and tools, so its
implementation as a higher-tier software should be straightforward.
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TR: treated rate. Left: simulated application pattern; black spots represent treated areas and white
spots untreated ones,; runoff flows from left to right. Right: PECsw for an herbicide applied to thistles
in French fields, showing standard broadcast application (PRZM), linear reduction based on the
proportion of treated area (PRZM), and mechanistic reduction calculated with SPOTMOD. The
herbicide has a Kroc of 1000 L/kg and a DTso of 100 days. Weather and soil conditions correspond to
the FOCUS R4 scenario. Maize was selected as a crop for this simulation.
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OBJECTIVES

e C(Create a scientific platform for connecting expertise in precision applications and risk
assessment and management [1].

e Identify use categories for precision applications and develop terminology to reflect these
categories in regulatory dossiers

e Propose options for reflections of precision application use categories in risk management and
risk assessment scenarios

HIGHLIGHTS
- Tiered assessment schemes and criteria are developed, if, when and how

1)

2)

3)

existing regulatory models and scenarios together with conversion factors could be utilized
to consider altered application rates for risk assessment

a) new predefined scenarios to reflect local conditions could be derived
b) new exposure figures (e.g. drift curves) could be derived for new techniques/technologies
for environmental exposure assessment and

new models, scenarios, and methodologies could be developed for comprehensive risk
assessments, e.g. web services, meta models under consideration of site-specific
environmental data at the time of application.

- A concept of Flexible Risk Mitigation is developed proposing regulatory-approved algorithms that
integrate predefined site characteristics e.g. soil type, and local site information e.g. wind speed to
support a flexible implementation of risk mitigation measures.
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Gabriel Pérez-Lucas, Marina Aliste, Aitor Campillo and Simon Navarro

Presenter Gabriel Perez Lucas

Department of Agricultural Chemistry, Geology and Pedology.
School of Chemistry. University of Murcia. Campus
Universitario de Espinardo. E-30100, Murcia. Spain.

OBJECTIVES

Evaluate the efficiency of the UV/persulfate advanced oxidation process in degrading two
widely used herbicides (terbuthylazine and isoproturon) in aqueous solutions.

Investigate the influence of UV irradiation wavelength (254 vs. 365 nm) on the degradation
kinetics of these herbicides.

Assess the effect of common inorganic anions (SO+*>", HCOs™ and CI") on the performance of
the AOP system, both individually and in combination.

Identify the main degradation intermediates and propose plausible reaction pathways involved
in the photodegradation process.

HIGHLIGHTS

The UV/S20s* process was highly efficient at degrading herbicides, achieving complete
removal (0.2 mg L) within 30 minutes under UV (365) nm with a persulfate dose of 250 mg
L

Faster degradation rates were observed at 254 nm than at 365 nm, although both wavelengths
enabled effective removal under optimised conditions.

Sulfate ions (SO4+*") had little effect on degradation efficiency, but the combined presence of
bicarbonate (HCOs") and chloride (CI") significantly reduced removal performance.

The inhibitory effect of (HCOs™) and (CI") is attributed to their interaction with reactive
radicals (HOe< and SOa¢"), forming less reactive species with lower redox potential.
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- The identified transformation pathways include dealkylation, dechlorination and
hydroxylation, which provide insight into the mechanistic aspects of herbicide
photodegradation.
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OBJECTIVES
Highlight the impact of agricultural waste and agro-industrial by-products on the behaviour of
pesticides, as a strategy for avoiding soil pollution from these xenobiotic compounds.
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HIGHLIGHTS

- Population growth directly correlates with increased food demand. This increasing demand is
revolutionizing the food, agricultural, and industrial sectors.

- Excessive and sometimes uncontrolled application of pesticides frequently results in pollution
of environmental compartments. In soil, pesticides undergo a complex process involving
adsorption (binding), degradation (microbial, chemical, and photochemical), and transport.

- Current models for managing agricultural residue and waste emphasize sustainability,
profitability, technical feasibility, and potential for adoption. Using waste from agricultural
crops and agri-food products as organic amendments is an effective method for retaining and
degrading the residues of pesticides in the soil environment.
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- Organic waste can be used fresh after a drying and shredding process or composted to stabilize
their organic matter content. converting plant-based biomass into biochar and incorporating it
into biobeds is an effective way to reduce pesticide pollution in soil.

- The choice of the most appropriate method will depend, in each case, on the available waste,
the necessary infrastructure for obtaining biochar or composted materials, the type of soil,
climatic conditions, and the physicochemical characteristics of each pesticide.
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Although faster degradation may seem beneficial for preventing accumulation, the increased application frequency due to more resilient pests
and the uncontrolled dispersal caused by extreme weather events negate any theoretical advantages. We are transitioning from a model of
‘localized pollution’ to one of ‘global chemical uncertainty’.

Behavior and fate of pesticides in the soil under climate change.
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OBJECTIVES

To harmonise between exposure and effect modelling in environmental risk assessment by
introducing and evaluating common conceptual frameworks across varying spatial and
application scenarios.

To assess and compare the applicability and limitations of Representative Elementary
Area/Volume (REA/REV) concepts and probabilistic approaches for improving risk
assessment under spatially heterogeneous and non-standard pesticide application patterns.

HIGHLIGHTS

Identification of REA/REV as a promising concept for simplifying and harmonising modelling
under regular and homogeneous exposure conditions.

Recognition of significant limitations of REA/REV when applied to spatially heterogeneous
practices such as precision or spot spraying.

Demonstration that proportional reductions in treated area (e.g. 10%) do not necessarily
translate into proportional reductions in biological effects or population impacts.

Emphasis on key ecological uncertainties, including individual exposure variability and
population-level responses under heterogeneous exposure conditions.

Introduction of probabilistic risk assessment as a robust complementary approach capable of
explicitly addressing spatial variability and biological diversity.

Highlighting the importance of species traits (e.g. mobility) in determining exposure—effect
relationships in complex landscapes.
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- Acknowledgement of increasing data availability and computational advances enabling wider

adoption of probabilistic approaches.
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Hllustration of in-field components and relation to off-field (non-target) aquatic landscape features
supporting probabilistic exposure assessment
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OBJECTIVES

Precision application (PA) technologies (e.g. band, spot, patch and variable rate spraying)
modify the spatial and temporal distribution of pesticide emissions after spraying compared
with broadcast applications.

Within the European Precision Application Task Force (EUPAF) [1], an inventory of process-
based exposure models was compiled and organised within a proposal for tiered exposure
assessment framework (PA-EXP-TIER-1 to PA-EXP-TIER-3) to clarify regulatory
applicability and identify priorities for further development.

HIGHLIGHTS

PA-EXP-TIER-1: Standard regulatory exposure models are applied unchanged, representing
PA via average-rate conversion across groundwater, surface water, and soil exposure pathways
(FOCUS/EFSA framework).

PA-EXP-TIER-2: Standard models are extended through site-specific risk characterisation
(Tier2a, harmonised geodata/software) and/or refined PA-specific conversion strategies
(Tier2b, e.g. drift curves).

PA-EXP-TIER-3: Advanced process-based models explicitly capture spatial heterogeneity and
local conditions, supported by metamodels and web services for scalable, efficient
landscape-scale exposure—effect assessment.
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- Further development is needed for pragmatic lower tier tools and online assessments, cloud-
based delivery, coupled exposure—eftects modelling, and implementation of digital innovations
(e.g. digital labels), supported by targeted proof-of-concept case studies.
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[1] EUPAF - European Precision Application Task Force, url:
https://www.bvl.bund.de/SharedDocs/Downloads/04 Pflanzenschutzmittel/01 EUPAF Information/Task Group 3 4 res
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OBJECTIVES

To evaluate how 3-D precision application (PA) technologies in structurally complex crops — orchards,
vineyards and bush crops — may affect the environmental risk assessment (ERA) of plant protection
products (PPPs). Unlike conventional broadcast applications, which assume a uniform 2-D distribution,
3-D PA aims to deliver product within the canopy volume and should, where it performs as intended,
reduce off-target exposure. However, PPP distribution in 3-D canopies is far more variable than in 2-D
crops, and achievable precision is strongly sprayer-dependent — air-assisted axial-fan sprayers being
less accurate than face-to-face (F2F) or directed low-drift systems. The aim is to assess whether current
ERA approaches capture these technology-specific exposure patterns, identify where adaptation is
needed, and outline a tiered, mass-balance-based framework that is scientifically sound, transparent and
regulatory-compatible — while being explicit about its limitations.

HIGHLIGHTS

- Precision Application of PPP to 3D Crops: GPS-guided sprayers, LiIDAR canopy mapping and
remote sensing enable site-specific dosing matched to canopy density, leaf area and fruit
distribution. The realized benefit is technology-dependent and not yet proven across the full range
of crops, canopies and sprayer configurations.

- Demonstrated savings (Xun ez al. 2023): In an apple orchard, a precision sprayer achieved > 60%
less ground drift (BBCH-72), 57.3% less at BBCH-99, and 43% lower pesticide use (vs. 12%
optimized). Comparable or larger savings exist for other technologies (e.g. F2F and CDA/rotary-
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atomizer systems, up to ~75% seasonal), so drift-mitigation and use-saving potential must be
classified by spraying technology and canopy structure, not as a generic PA attribute.

The critical role of airborne drift: PA is not equivalent to a drift-reduction technology (DRT).
Airborne drift in 3-D crops can be an order of magnitude higher than in arable spraying — higher
still in sparse or leafless canopies — affecting bystanders, residents, operators, workers and
pollinators, plus long-range off-site transport. Robust ERA therefore requires that airborne drift be
measured, not inferred.

Limitations of the current framework: FOCUS and EFSA models assume uniform, field-wide
application and treat 3-D crops only via generic in-row/inter-row "band" assumptions, missing the
patchy, phenology-, weather- and technology-dependent exposure of true 3-D PA. The band logic
already accepted for 2-D crops should extend to 3-D crops, and refinements must distinguish
wall/hedgerow versus globular (individual-tree) systems and address both horizontally and
vertically differentiated applications.

Proposed tiered assessment framework: Tier 1 (standard scenarios with conversion for treated
proportion and canopy interception); Tier 2a (refined site/drift-interface characterization); Tier 2b
(technology-specific source refinement); Tier 3 (site-specific, spatially explicit 3-D modelling).
Mass-balance representation — and its caveats: Realistic refinement partitions applied mass
across target row, in-field inter-row and off-field domains (frow, finter-row, fof-fieta) With interception
and drift terms summing to unity to avoid compounded worst cases. However, mass-balance closure
for 3-D crops is not yet established (historical recoveries ~ 50-150%) and credible partitioning
depends on measured airborne drift and resolving high canopy-capture heterogeneity.

Practical paths forward: 1) A Deposition Pathway Profiling Database (starting with experimental
deposition data from different contributors Performance Pulve, FR, Wageningen University
Research (WUR), NL and Julius-Kiihn-Institut (JKI) DE and 2) a "Target Application Equivalence"
concept (Ctgb/Dutch working group)/framework. If a PA technique results in the same or lower
average application rate per area compared to conventional methods, it can be considered equivalent
and with a better targeted technique the same (or approximately so) target canopy exposure can be
achieved with a lower overall application rate. The notifier then has the benefit of the lower
application rate in modelling with (theoretically) the same coverage and efficacy. This allows
existing risk assessments to remain valid, avoiding the need for new authorization.

Both routes should allow to integrate PA into existing frameworks, pending field experimentation
to characterize partitioning across crops, growth stages and technologies.
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OBJECTIVES

Integrating precision application (PA) into EU exposure assessment requires concepts that extend the
established FOCUS-based framework [1] without disrupting its consistency and harmonization. This
contribution sets out the conceptual building blocks and a tiered pathway for that integration. Before
finalized scenarios can be developed, the structure for characterizing PA-specific exposure patterns
must be described. Specifically, this work aims to:

e Establish a tiered structure that progressively refines exposure assessment for PA from simple
conversion and reduction factors at Tier 1, through GIS-based regional scenarios and
technology-specific refinements at Tier 2, to field-specific assessment at Tier 3.

e Provide concepts for translating real-world precision spray patterns into regulatory scenarios.

¢ Outline a development pathway that accommodates the diversity of PA technologies and
remains applicable across European regulatory zones, as a concrete step toward recognizing
the exposure-reducing potential of precision application within a harmonized, regulatory-
accepted framework.

HIGHLIGHTS
- Precision application can be integrated into EU risk assessment as an extension of the existing
FOCUS-based framework, preserving regulatory consistency.
- Atlower tiers, reduced field-scale application rates of PA can be captured through conversion
or reduction factors applied within standard FOCUS models, maintaining backward
compatibility with established registration procedures.

155



- Conversion factors are not universally applicable. Their validity depends on the exposure
pathway, holding where exposure is driven by the average field rate (e.g., groundwater
exposure) but breaking down where it depends on the spatial pattern and proximity to treated
areas (e.g., runoff, drift).

- The Representative Elementary Area (REA) concept defines the minimum spatial scale at
which exposure is relevant for effect assessment, providing a basis for accounting for
organism mobility when linking exposure and effects.

- Four statistical components: (1) field coverage ratio, (2) application zone characterization, (3)
spatial distribution analysis, and (4) edge analysis are proposed to characterize real-world
spray patterns and map them to idealized regulatory scenarios.

- Technology-specific drift reduction can replace standard regulatory assumptions where
supported by ISO 22866-compliant trial data, as illustrated by drift reduction potentials
recognized for advanced precision sprayers.

- Harmonized European and national GIS datasets enable the derivation of regionally
representative, predefined scenarios for relevant exposure pathways, supported by web
services that deliver site- and field-specific data.

- At the highest tier, field-specific inputs (e.g., as-applied maps, drone imagery, LIDAR-derived
vegetation structure, and local meteorology) can support exposure estimates reflecting actual
conditions at the time of application.

Tier 1 a
Standard Regulatory Assessment using a conversion factor —

CONVERSION
FACTOR

Tier 2a Tier 2b
7, o Standard Regulatory Standard Regulatory Assessment
=7, A Assessment using pre-defined using refined conversion
7 characterization of sites strategies
v Field specific risk
"’;"?‘* ) assessment
site-spe -
o /
soil properties 2t} Tier 3 R, |
presen%’:i‘:mgg‘r’g'a'“ﬁ’ & . Regulatory assessment using predefined site characteristics, I
target to be cof T : local site information available at the time of application and >
‘equipment specific models adapted for precision application |

Conceptual tiered framework for environmental exposure assessment of precision application.
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[1] FOCUS, "FOCUS Surface Water Scenarios in the EU Evaluation Process under 91/414/EEC," Report of the FOCUS
Working Group on Surface Water Scenarios, EC Document Reference SANCO/4802/2001-rev.2, 245 pp., 2001.
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OBJECTIVES

e Inventory suitable georeferenced environmental data sources at field/local, national/regional
and European/global scale for the main input domains required in plot-specific pesticide
exposure modelling, and assess how they can support the EUPAF PA-EXP tiers.

e Develop a tiered GIS-data provision concept that prioritises the best available source, applies
explicit quality and version control, and delivers model-ready parameters through
interoperable web services for PA-EXP-TIER-2a and PA-EXP-TIER-3 assessments.

HIGHLIGHTS

Candidate data sources were identified for all major environmental input domains: weather, field
geometry/land use, surface water, soil, topography, remote sensing/LiDAR and landscape
structure, and crop phenology.

A tiered “best available data” hierarchy is proposed: field/local data first, national/regional data
second, and European/global datasets as fallback where resolution and quality are sufficient.
PA-EXP-TIER-2a can be supported by harmonised predefined geodata, whereas PA-EXP-TIER-3
can additionally use field-specific and application-time information from sensors, machinery
records, drones or LiDAR.

The main implementation challenge is harmonisation of spatial/temporal resolution, access,
provenance, quality and version control - not a general lack of potentially useful GIS data.
Interoperable web services can check data availability and quality, select the best source, derive
exposure-relevant parameters and return standardised model-ready inputs.
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- SYNOPS-WEB demonstrates automated derivation of plot-specific distance to surface water,
terrain/flow accumulation, erosion potential and weather data [1].

- LiDAR-based services can characterise field margins, riparian vegetation and adjacent non-target

structures, providing high-resolution inputs for off-field exposure assessment.

s Y
FIELD / LOCAL DATA
Sensors - local weather - soil analysis
\_ application records - drone / LiDAR J WEB SERVICE

p N 1 Check availability
NATIONAL / REGIONAL DATA

Weather grids - soil maps - DTM 2 Check quality / version

NS LR A U / 3 Derive model parameters

( EUROPEAN DATA N 4 Return JSON /XML
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\_ EU-DEM - Copernicus /

PA-EXP-TIER-1 uses predefined regulatory scenarios; site-specific GIS is introduced in Tier 2a and Tier 3.

Tiered GIS-data provision for precision-application exposure modelling: field/local data are

prioritised, with national/regional and European sources used as fallback, interoperable web services

check availability and quality and derive model-ready parameters.

REFERENCES

[1]7J. Strassemeyer et al., “SYNOPS-WEB, an online tool for environmental risk assessment to evaluate pesticide
strategies on field level,” Crop Protection, 97, 28-44, 2017.
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OBJECTIVES

To evaluate whether distinct vermicompost-derived fractions (DOM1, DOM2, and percolate
V) differentially enhance salt stress tolerance in Arabidopsis thaliana.

To elucidate the physiological and biochemical mechanisms underlying vermicompost
fraction-mediated salt stress alleviation, with particular emphasis on photosynthetic
performance, oxidative stress regulation, and antioxidant defense responses.

To characterize metabolic reprogramming induced by different vermicompost fractions under
salinity stress and identify metabolic pathways associated with improved stress resilience.

HIGHLIGHTS

Distinct vermicompost fractions differently modulate salt stress tolerance in Arabidopsis.
Vermicompost fractions improve plant performance under salinity by enhancing
photosynthetic efficiency and reducing oxidative damage.

Untargeted metabolomics reveals extensive metabolic reprogramming associated with
vermicompost-mediated stress adaptation.

Vermicompost-derived organic fractions represent promising sustainable tools for improving
plant tolerance to abiotic stress.
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OBJECTIVES

Development of an innovative spraying system for the targeted application of plant protection
products (PPPs) via an unmanned aerial vehicle (UAV);

Field tests to determine optimal operating parameters (L/ha, flight altitude, flight speed,
canopy growth stage, etc.) for the targeted application of PPPs via UAV;

Comparison of the performance of the UAV and a conventional sprayer in terms of spray
distribution, application efficacy, and off-target losses.

HIGHLIGHTS

Preliminary semi-field and field results indicate that the UAV spray system developed,
together with the distribution protocol implemented, can effectively control grapevine downy
mildew (though further confirmation is required), even when spray deposition within the
canopy is less uniform than that achieved with conventional application technologies [1];
The study demonstrated that optimized UAV configurations can increase application
efficiency, approaching the performance of the tested air-blast sprayer when air inclusion
nozzles are used (in terms of the balance between canopy deposition and off-target losses)
(Fig.1) [2];

However, the development of dedicated UAV technology for the targeted application of PPPs
in vineyards demands further investigations, together with the development of dedicated
commercial solutions and PPP formulations suitable for UAV application;
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- In summary, UAV spray systems represent a highly promising tool for applying PPPs in
challenging environments but the scientific evidence regarding sustainability, efficacy, and

efficiency must be consolidated before authorizations for their use can be widely expanded.
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Figure 1. Mass balance of plant protection product (PPP) distribution of the UAV spray system,

equipped with conventional “UAV CN” and air inclusion nozzles “UAV DRN”, and the conventional

air-blast sprayer “Sprayer” application at grapevine growth stages BBCH 57 and BBCH §5.
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[1] Furiosi M., Triachini S., Beone G.M., Fontanella M.C., Gaaied S., Arbi G., Lomadze A., Grella M., Mozzanini E.,

Dicembrini E., Languasco L., Fittipaldi Broussard M., Nassi L., Caffi T., Suciu N.A (2025) “Aerial Spray Application of
Plant Protection Products for Grapevine Downy Mildew Control: Efficacy and Canopy Deposit Evaluation in Semi-Field
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SESSION 1V - ENHANCING POLICY UPTAKE THROUGH NEW OPTIONS
FOR PESTICIDES RISK ASSESSMENT AND MANAGEMENT

Chairs: Ettore Capri, Richard Maycock

Session IV shifts from scientific development to implementation, asking how new knowledge, tools,
and monitoring evidence can be translated into pesticide policy and risk management. A central
contribution proposes an adaptive pesticide authorization framework, arguing that current systems are
often too slow to incorporate monitoring data, new scientific findings, or emerging environmental
concerns. Several presentations focus on making existing tools more acceptable and useful for
regulators, including the wider regulatory uptake of VFSMOD and the use of catchment vulnerability
mapping to contextualize surface water monitoring. Other contributions explore more participatory and
digital approaches: serious games and stakeholder processes are presented as ways to support collective
action in catchments, while farm management information systems and field-specific digital risk
management are proposed as future pathways for tailored mitigation measures. The session also
addresses regulatory challenges linked to encapsulated slow-release formulations, aged sorption, rice
guidance, and pesticide risk indicators. The critique of HRI-1 highlights the need for indicators that
better reflect ecotoxicity, effective dose, and real risk reduction rather than relying mainly on quantity-
based metrics. Overall, this session emphasizes that better science alone is not enough: effective
pesticide management requires adaptive regulation, transparent communication, stakeholder
involvement, harmonized indicators, and digital tools that connect risk assessment to real agricultural

practice.
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INTRODUCTION

There is considerable concern in society and the scientific community about the use of pesticides. An
important reason is that new scientific insights into the effects of pesticide use on, for example,
biodiversity and groundwater are difficult to incorporate into the authorisation process. The Netherlands
has extensive monitoring data for groundwater and surface water [1], yet these data are barely used in
authorisation decisions. Moreover, there is limited policy urgency to improve the authorisation system.
While certain elements of the regulatory framework are revised and adapted, the system as a whole
remains inert and proved partly ineffective to prevent unacceptable pollution [1]. In this contribution,
we argue that not only the substances themselves, but also the authorisation framework should be
regularly evaluated utilising the available monitoring data and, where necessary, adapted.

INSUFFICIENT CAPACITY FOR LEARNING AND ADAPTATION

The current authorisation framework is based on models and guidelines developed in the period 1990-
2010. Although improvements have been made since then, progress has been slow. In addition, the
extensive groundwater and surface water monitoring networks are not being used sufficiently to
improve guidelines and models. While the Dutch Board for the Authorisation of Plant Protection
Products and Biocides (Ctgb) does reassess products when environmental standards are regularly
exceeded, these reassessments are largely based on the existing models and guidelines. As a result, they
generate only limited new insights [3]. This results in a lock-in: we know that there may be errors in
the core assumptions of the underlying legislation and it’s guidelines and models, but it is hardly
possible to improve the legal framework.

AN ADAPTIVE AUTHORISATION FRAMEWORK
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This shows that it necessary to move towards an adaptive authorisation framework in which monitoring
and evaluation are systematically used to improve the framework over time [3]. This means that when
environmental standards are exceeded on a structural basis, there must be a willingness to revise the
legal framework, if necessary. Under the current authorisation system, the primary focus is on operating
within the existing legal framework, which allows structural problems to persist. To achieve this, we
argue that a standing work group consisting of policy makers, risk assessors, and independent scientists
is needed. Such a group could help ensure that new scientific insights, monitoring data, and practical
experiences are systematically incorporated into regulatory frameworks. This would strengthen the
framework’s capacity to adapt to emerging knowledge and also societal concerns, while maintaining a
transparent and scientifically robust authorisation proces.

OMNIBUS PROPOSAL MAKES PERIODIC AND INDEPENDENT EVALUATION EVEN
MORE URGENT

The European Commission (EC) states that the administrative burden of the current authorisation
procedure is too large [4]. For this reason, the EC has proposed replacing the mandatory periodic
reassessment of active substances with a “risk-based system” that would no longer include a fixed
approval period. Under such a system, substances would only be reassessed if they are considered to
pose a risk to human health or the environment.

A scientific review of this proposed reform indicates that many aspects of the plan remain unclear [5].
In particular, there is uncertainty about the criteria that would trigger a reassessment and about which
authority would have the mandate to decide whether a reassessment is required. Also, no mechanism is
in place to evaluate approved substances against updated guidance or legislation. As a result, there is a
risk that the burden of proving the safety of plant protection products shifts from manufacturers to other
actors, such as regulators, researchers, or civil society organisations. If mandatory periodic
reassessment is indeed replaced by a risk-based system, regular evaluation of the authorisation
framework and signaling by an independent working group will become even more urgent.

REFERENCES

[1] See for example The pesticides Atlas.

[2] Duquesne et al. (2026). “Advancing environmental risk assessment (ERA) of plant protection products through a
systems-based approach to strengthen biodiversity protection”. Environment International
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Environmental Risk Assessment”. Environmental Science & Technology
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[6] Backhaus T. et al. (2026). “Periodic Reassessment or Permanent Approval? A Critical Analysis of the EU
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OBJECTIVES
e Summary of the findings from the 2024 Piacenza VFSMOD Workshop and the final resolutions
document

e Present state of science regarding the recent version of VFSMOD and SWAN
e Discuss options on how a wider acceptance of VFSMOD by regulatory authorities can be
accomplished

HIGHLIGHTS

The final resolutions of the 2024 Piacenza VFSMOD Workshop [1] contain actions and answers to
questions and comments from different EU regulators. We will present the state of science and
stakeholder discussions on the regulatory acceptance of VFSMOD. All major issues presented in the
resolution’s comments have been resolved through a technical report and a follow-up peer-reviewed
publication [2,3].

Now, a wider regulatory acceptance of VFSMOD needs to be achieved. We propose that a regulatory
guidance document be prepared and weigh options whether either by a mandate from COM to EFSA
or as a member state driven initiative in collaboration with different stakeholders and final note taking
by SCoPAFF.
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Comparison of predicted pesticide load reduction efficiency AP between new and previous SWAN-
VFESMOD for Koc = 100 L/kg, 30 mm rainfall, event duration = 8 h, and VL = 10 m [3].
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OBJECTIVES
Pesticide concentrations in European surface waters can exceed environmental quality standards, yet
monitoring networks cover only a fraction of agricultural catchments and capture peak exposures only
sporadically. Interpreting such data requires spatial context on how susceptible each catchment is to
pesticide transport (i.e., its catchment vulnerability). Such frameworks are well established for
groundwater [1] but lacking for surface water. This work develops and tests a framework for pesticides
in surface water, aiming to:
e Develop and compare two modelling approaches of fundamentally different complexity for
ranking catchment vulnerability.
e Validate both methods against surface water monitoring data and map vulnerability for three
herbicides across Flanders (Belgium).
e Demonstrate how vulnerability rankings contextualize monitoring data, guide cost-effective
monitoring, and target mitigation.

HIGHLIGHTS

- A newly developed hybrid GIS-based model and the process-based SWAT+ model [2]
converge on consistent catchment vulnerability rankings.

- Both models were validated against monitoring data from 237 catchments (2017-2021) plus
daily time series at intensively monitored sites.

- Correlations with observed loads and concentrations were moderate-to-strong for flufenacet
(0.51-0.70) and ethofumesate (0.42-0.84), weaker for metribuzin (0.14-0.49) due to its spatial
and temporal application pattern [3].
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- Highest vulnerability occurs in southwestern West Flanders and the southern hilly belt, driven
by topography, soil type, connectivity, and crop distribution.

- Across the seven monitored catchments, the two approaches gave identical vulnerability ranks
for 48% of catchment—substance combinations and agreed within two ranks for 91%,
demonstrating a robust framework.

- The models are complementary: the hybrid GIS model is efficient for screening and
monitoring prioritization, while SWAT+ adds mechanistic insight and concentrations
comparable to regulatory thresholds.

- Relying only on routinely available spatial data, the framework is transferable to data-limited
regions.

- The maps support risk assessment, monitoring-network design, and mitigation prioritization
under the WFD and Drinking Water Directive [4].
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Catchment pesticide vulnerability framework applied to Flanders (Belgium), mapped with the hybrid
GIS model and SWAT+.
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OBJECTIVES

Current pesticide risk assessment for rice in the European Union relies on the outdated MedRice
guidance (SANCO/1090/2000"). While the recent proposal by the International Centre for Pesticides
and Health Risk Prevention (ICPS?) is appreciated, it aims to harmonize assessment criteria and
improve environmental fate equations, it also requires technical refinements to reflect actual agricultural
practices. Notably, CropLife Europe has informally reviewed the draft and proactively collected
technical comments that are aligned among industry end users to ensure the new guidance would be
scientifically robust and operationally realistic.

HIGHLIGHTS

Protection Goals for Aquatic Organisms: A primary concern in the new draft is the proposal of a novel
in-field protection goal for aquatic organisms. The draft suggests protecting in-paddy aquatic
invertebrates and macrophytes to preserve the food supply for birds and mammals. However, this is
unrealistic because:

- Artificial Habitat: Rice paddies are secondary, non-permanent, and artificial ecosystems
managed primarily for rice production.

- Agronomic Practice: Aquatic and semi-aquatic macrophytes are considered pest species that
compete with rice; they are targets for herbicidal weeding, not subjects for protection.

- Water Management: Paddies are regularly drained for agronomic operations, preventing the
establishment of permanent aquatic communities. Consequently, the protection goal should be
updated to align with existing EFSA aquatic guidance, focusing on edge-of-field water bodies
rather than in-field environments.
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Technical Areas for Improvement: To enhance the scientific robustness of the guidance, technical
comments can be clustered into three key areas:
- Environmental Fate and Behavior:

o Soil Characteristics: The draft proposes a drastic reduction of soil organic carbon (OC)
content (from 1.8% to 0.9% for clayey scenarios) based on outdated datasets from 1990.
This does not reflect typical rice paddy soils, which are known to be significant carbon
stores.

o Model Refinement: There is a need for more versatility in modeling wet/dry periods and
providing better descriptions for calculating metabolite concentrations. Inconsistent
approaches to infiltration rates between sandy and clayey scenarios must also be
addressed.

- Ecotoxicology (Birds and Mammals):

o Regional Representativeness: Focal species and feeding guilds are currently based largely
on data from a single region (Lombardy, Italy), failing to represent the wider southern
European rice-growing region.

o Guidance Alignment: Some elements, such as the introduction of bats (which lack an
agreed risk assessment scheme) deviate from EFSA 2009 and 2023 standards.

o Data Gaps: Residue values for macrophytes are based on theoretical calculations rather
than empirical data.

- Non-Dietary Exposure (Professional and Incidental):

o Outdated Models: The draft references superseded models like UK POEM and German
BBA instead of the current EFSA guidance calculator.

o Unrealistic Exposure Scenarios: Proposed Transfer Coefficient (TC) values are based on
crops like sweetcorn and peas, which do not reflect the height or density of rice, leading to
a gross overestimation of worker exposure.

Conclusion: For a new rice guidance document to be successfully implemented, it should move
beyond theoretical conservatism and embrace agronomic realism. Integrating stakeholder feedback
and reflecting the diverse practices across all rice-producing Member States is essential for creating a
policy framework that is both protective and practical.
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OBJECTIVES

Investigate the capacity of a landscape and participatory approach to foster the emergence of
levers for collective action aimed at reconciling agriculture with the quality of watercourses.
Assess the contribution of a serious game to 1) facilitate coordination and consultation at the
catchment area level to develop farming systems and promote buffer agro-ecological
infrastructure and 2) explore future scenarios with stakeholders.

HIGHLIGHTS

The study relied on interdisciplinary approaches (hydrology, agronomy, sociology, the science
of stakeholder engagement) and a transdisciplinary approach, involving a range of
stakeholders (farmers, the agricultural sector, water authorities, local authorities,
environmental organisations and the education sector).

The commitment to more sustainable practices is the result of ongoing negotiations between
conflicting individual and collective values.

Although the players’ attitudes may limit collective action during the participatory simulation,
the game provides an informal and interactive framework that can facilitate dialogue, mutual
learning and co-construction, with a motivating effect of the geospatial model GeoMelba.

To take action, farmers are calling for the development of viable transition pathways — tailored
to the diversity of farming situations and including a cost-benefit analysis.
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- Other issues — such as erosion, soil fertility, crop water requirements or the farm’s energy
strategy — are more likely to encourage farmers to adopt new cropping systems and
agricultural practices that may also help to reduce pesticide use and run-off [1].
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Top: Serious Games *Causerie* Kit (left side) and a view of a group simulation session (vight side).
Bottom: User interface of the GeoMelba model for use by the game facilitator. Causerie is freely
available here: https://polldiff.lyon-grenoble.hub.inrae.fr/recherche/gestion-integree-du-bassin-
versant/ jeu-serieux-causerie
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OBJECTIVES & HIGHLIGHTS

Decision-making processes on pesticides policy and approval should remain informed by the latest
risk assessment and management considerations, embracing emerging methodologies, with a
transparent involvement of relevant stakeholders.

As industry, we rely on predictable and proportionate regulatory frameworks when we make decisions
on developing new solutions to address farmers needs. Bringing a new crop protection active
ingredient to market requires on average over $300m and 11 years from discovery to sale.

As applicants, we are seeking fair opportunities to update our dossiers to meet the latest data
requirements, and we encourage regulators to take decisions based on the latest scientific expertise.
Having a strong dialogue and feedback mechanism between applicants, risk assessors and risk
managers is critical.

Ensuring transparency in these processes is also a must, particularly for agri-food chain stakeholders
due to their key role as primary users of solutions. They are able to convey insightful information to
risk managers on their needs and gaps in the toolbox, as well as practical information on how they
apply products. Having a holistic picture, taking into account socio-economic considerations, is
essential for policymakers to make informed decisions.

Finally, there are still opportunities to improve risk communication, both within the policy making
process, and towards the general public. Such initiatives are needed to improve the public trust in the
robust regulatory frameworks around the world and tackling the potential for misinformation.
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INTEGRATING SLOW-RELEASE BEHAVIOUR OF ENCAPSULATED PLANT
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OBJECTIVES

We conducted a comprehensive review of peer-reviewed literature and EU regulatory dossiers
to evaluate how capsule (CS) formulation properties affect leaching potential of PPPs
compared to other formulations.

We aimed to synthesize knowledge on the impact of slow-release behaviour of CS
formulations for groundwater exposure and raise regulatory awareness that current leaching
assessments may overestimate groundwater risk of CS-formulated PPPs.

HIGHLIGHTS

No single PPP submission has covered all CS-specific studies. Yet collectively, most key
studies were covered in the current EU framework.

In an OECD 307 study comparing EC and CS (Fig.a), apparent half-lives of CS were 10-times
higher than EC.

In EU TFD studies, CS showed release-limited dissipation in long-term (Fig. b-d). Metabolites
were at trace levels, less frequently detected in CS than SC

Leaching assessment should allow the consideration of (CS) slow release in a tiered approach
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Fig a-d. Consistent with slow release, higher percentages of applied a.s. in soil over time were
observed for CS compared with SC/EC in regulatory lab (a) and field studies (b-d).
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OBJECTIVES

Usage of farm management information systems (FMIS) implementing detailed geospatial data are
used increasingly in agriculture, but often not yet in the authorization process of plant protection
products. A transformation towards a digital driven field specific risk management for plant protection
products is proposed in three phases. The work was published in a peer-reviewed journal [1].

HIGHLIGHTS

The risk assessment procedure on EU and member state level would remain in large parts as it is. The
proposed process makes use of FMIS to distribute field specific restrictions and mitigation
requirements. In phase 1 the mitigation requirements, based on standard regulatory scenarios (e.g.
FOCUS), would be transferred to the specific fields which present the closest similarities to the given
scenario with respect to soil and climate conditions. In phase 2 and phase 3, field specific modelling
or modelling with geospatial data would be performed where the parameterization can be adapted to
local conditions. Most of the relevant processes and parts are already available but would need to be
connected in a new secure execution space to integrate risk assessment results, risk management
decisions and farm management software (Envi-Cloud).

177



Risk Assessment | Digital Risk Management (RM)
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Flowchart of phase 1. Risk assessment (RA) on active substance and product level is done “as usual”
by the European Food Safety Authority (EFSA) and EU Member States (MS), but approval with ONE
passing relevant scenario. Member States decide about mitigation requirements (D = drift; R =
runoff) for each FOCUS (Forum for Co-ordination of Pesticide Fate Models and Their Use) scenario
based on the products intended uses. For the risk management (RM) in the online platform Envi-cloud
and farm management information systems (FMISs), each field is assigned a FOCUS scenario and
with it the required mitigation requirements. Farmers can select for each field-specific mitigation
options which are in their “toolbox” for the specific field.
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OBJECTIVES
e Assess the advantages and limitations of the HRI-1[1] in relation to the objective of evaluating
a national action plan aimed at limiting plant protection product use and risk.
e Propose avenues for improvement and discuss the merits of an alternative indicator that takes
into account the toxicity levels of the active substances.
e Conduct a European consultation — via online survey and targeted video interviews - on the
current position of scientists and stakeholders on HRI-1 and its possible improvement.

HIGHLIGHTS
- This study confirms the shortcomings of the HRI-1, which have already been highlighted by
scientists and environmental organisations:
* Low discriminatory power of the four proposed risk groups (particularly group 2, which accounts
for more than 70% of authorised substances),
* Direct sum of quantities without taking effective doses into account,
* Weights assigned to each group are arbitrary,
* Retroactive application of category changes,
* Standardisation based on a single reference period, despite the fact that progress levels at this
reference point vary across Europe.
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- The global value of HRI-1 shows a 38% decrease in 2021, although its score for Group 2
remains high (see the graph).

- A good indicator must meet criteria relating to scientific basis, relevance, legitimacy and
feasibility. It must be easy to implement at the European level.

- Two indicators based on toxicity data appear to be suitable alternatives: the ATAT [1], [2] (see
the graph) and Pesticide Load [3].

- European databases should be improved in order to make more data available for a range of
relevant taxa, long-term toxicity, and co-formulants.

- From a policy perspective, it seems difficult to reach a consensus at European level in the
short term. European projects are essential to test the new indicator’s ability to meet the
above-mentioned criteria and to promote a harmonised methodology ensuring its better
application at European level.

- The risk indicator should be accompanied with a set of complementary indicators in order to
better inform public policy on in-depth practice changes.
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Trends in the HRI-1 (left) and ATAT (right) indicators for France over the period 2011-2021 and their
respective decreases in 2021 compared with the average for 2011-2013 (% shown in red).
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