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Abstract

Groundwater monitoring is the highest tier in the leaching assessment of plant protection products in
the EU. The European Commission requested EFSA for a review by the PPR Panel of the scientific
paper of Gimsing et al. (2019) on the design and conduct of groundwater monitoring studies. The
Panel concludes that this paper provides many recommendations; however, specific guidance on how
to design, conduct and evaluate groundwater monitoring studies for regulatory purposes is missing.
The Panel notes that there is no agreed specific protection goal (SPG) at EU level. Also, the SPG has
not yet been operationalised in an agreed exposure assessment goal (ExAG). The ExAG describes
which groundwater needs to be protected, where and when. Because the design and interpretation of
monitoring studies depends on the ExAG, development of harmonised guidance is not yet possible.
The development of an agreed ExAG must therefore be given priority. A central question in the design
and interpretation of groundwater monitoring studies is that of groundwater vulnerability. Applicants
must demonstrate that the selected monitoring sites represent realistic worst-case conditions as
specified in the ExAG. Guidance and models are needed to support this step. A prerequisite for the
regulatory use of monitoring data is the availability of complete data on the use history of the products
containing the respective active substances. Applicants must further demonstrate that monitoring wells
are hydrologically connected to the fields where the active substance has been applied. Modelling in
combination with (pseudo)tracer experiments would be the preferred option. The Panel concludes that
well-conducted monitoring studies provide more realistic exposure assessments and can therefore
overrule results from lower tier studies. Groundwater monitoring studies involve a high workload for
both regulators and applicants. Standardised procedures and monitoring networks could help to
reduce this workload.
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Summary

The protection of groundwater and the maintenance of its quality is a cornerstone of EU-legislation
and therefore a leaching assessment is required for the approval of active substances and the
authorisation of plant protection products (PPPs) as laid down in Regulation (EC) No 1107/2009.
Groundwater monitoring is a higher-tier option in the leaching assessment of PPPs in the EU. The
European Commission requested the European Food Safety Authority (EFSA) for a review of the
Scientific Panel on Plant Protection Products and their Residues (PPR Panel) on the scientific paper by
Gimsing et al. (2019) regarding the design and conduct of groundwater monitoring studies supporting
pesticide groundwater exposure assessments. Gimsing et al. (2019) provide many recommendations
on how to design and conduct groundwater monitoring studies without giving specific guidance on
how to design, conduct and evaluate groundwater monitoring studies for regulatory purposes.
However, the information provided in Gimsing et al. (2019) can serve as a basis for developing detailed
and harmonised guidance for groundwater monitoring studies.

Specific protection goals

Before detailed and harmonised guidance can be developed, risk managers must define which
ecosystem services need to be protected where and when (this is called the specific protection goal or
SPG). This definition is crucial for designing appropriate risk assessment schemes in which
ecotoxicological effects can be combined with exposure measured or simulated in the field. The
current leaching assessment scheme for groundwater aims primarily at the ecosystem service
‘provisioning of clean drinking water’ and does not consider the impacts on non-target organisms.
However, when defining SPGs for groundwater, further relevant ecosystem services must be
considered, especially those addressing groundwater as habitat for non-target species and the impact
of groundwater contamination on surface water and its communities. The Panel recommends clearly
defining all SPGs, including all relevant ecosystem services. If the SPGs consider groundwater
organisms, an effect assessment scheme should be developed as well. An additional question here is
whether the risk assessment for non-target organisms covers biodiversity in groundwater sufficiently
well, via e.g. testing of sensitive groups of aquatic organisms and/or soil organisms.

The exposure assessment goal

The exposure assessment is an integral part of any risk assessment scheme. To define which
exposure should be used to evaluate the SPG for groundwater in a structured and unambiguous way,
the so-called exposure assessment goal (ExAG) must be defined. This allows answering questions such
as (i) where, in which environmental compartment, and for which time frame should exposure be
estimated, or (ii) how conservative should the exposure estimate be, i.e. what percentage of the
exposure situations in the field should be covered in the risk assessment? The Panel notes that a
clearly defined ExAG for groundwater leaching is missing at EU level. Because the design of monitoring
studies depends on the ExAG, the development of harmonised guidance for the design and conduct of
groundwater monitoring studies is not yet possible. The definition of the ExAG should therefore be
given priority.

The Panel recommends that the definition of the ExAG is to be done by risk assessors with input
from risk managers. Input is particularly needed on the following three elements of the ExAG, because
these determine the strictness of the leaching assessment and thus go beyond the mandate of risk
assessors:

• The depth relative to the soil surface and/or relative to the saturated zone. Monitoring depth is
a compromise between practicability and conservativeness. The concentration in the
groundwater generally decreases with depth due to processes such as degradation during
downward transport, or dilution with uncontaminated water from non-treated areas. The Panel
suggests monitoring in the uppermost groundwater (1–2m filter screen installed near the
groundwater table but shallower than the depth defined by the ExAG), because so obtained
groundwater concentrations represent in a conservative way the concentration in the entire
groundwater body or aquifer.

• The time window over which concentrations should be averaged. This time window determines
whether temporary exceedances of the target value may be permitted. Options range from
annual arithmetic mean values to instantaneous maximum values.
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• The desired overall level of protection by selecting a percentage of situations that should be
covered by the leaching assessment. The Panel notes that the selection of this percentile is to
be done by risk managers, because it involves political and socio-economic considerations that
are outside the remit of the Panel.

Consistency of the tiered approach

Groundwater monitoring is the highest tier (i.e. Tier-4) of the FOCUS groundwater assessment
scheme. According to the principles of a tiered approach, higher tiers should provide a less
conservative and a more realistic estimate of the target quantity. The Panel notes that well performed
monitoring studies provide a more realistic exposure assessment than the lower (modelling) tiers. If
the monitoring depth is greater than 1m (which is the evaluation depth for the models used at the
lower tiers), measured concentrations will generally also be lower than the concentrations obtained in
the lower tiers. This can, however, not always be guaranteed because processes that are not included
in the models can result in higher groundwater concentrations. Because well-conducted monitoring
studies provide more realistic exposure assessments, the Panel concludes that a (well-conducted) Tier-
4 study can overrule results from lower tier studies.

Preferential flow is one of the known processes that could make the assessment at Tier-4 more
conservative. The Panel recommends investigating if it is possible to include a harmonised description
of preferential flow in the leaching models that are currently used in the leaching assessment and to
investigate the consequences for the groundwater concentration in the aquifer. Ultimately, preferential
flow could be incorporated into the lower tiers of FOCUS groundwater.

Vulnerability assessment

The Panel agrees with Gimsing et al. (2019) that groundwater vulnerability is a central question in
the design and interpretation of groundwater monitoring studies. Applicants must demonstrate that
the selected monitoring sites represent realistic worst-case conditions as specified in the ExAG. For this
purpose, it is necessary to model groundwater vulnerability in the entire area of use of the pesticide. It
was demonstrated in several studies that substance properties play an important role in the
vulnerability of groundwater to pesticide leaching. The consequence is that leaching models are
needed to map groundwater vulnerability. Both process-based simulation models and statistical
metamodels can be used for this purpose; the Panel considers so-called index approaches
inappropriate. The Panel recommends developing harmonised models for vulnerability mapping. This
should include the development of harmonised geodata. The models and data sets should be well-
documented, brought under version control and preferably be accessible through a user-friendly
interface. The geodata should be regularly updated to accommodate for the effects of climate change
and land-use change.

The Panel recommends using the annual mass flux at 1-m depth as an indicator of groundwater
vulnerability. Given the lack of data on deeper soil layers, and because groundwater vulnerability is to
a large extent determined by processes occurring in the topsoil, the Panel considers this the only
practical way forward. The Panel notes, however, that vulnerability of the groundwater aquifer may
differ from the groundwater vulnerability at 1-m depth (i.e. leaching vulnerability). This gives
uncertainty in the vulnerability assessment, which must be considered when selecting the monitoring
sites and interpreting results at a later stage.

The Panel notes that the groundwater vulnerability assessment serves two purposes, i.e. (i)
identification of potential monitoring sites and (ii) setting monitoring studies into a larger spatial
context. The examples given in Gimsing et al. (2019) are illustrative; however, the Panel notes that
binding guidance for regulatory use needs to be developed. The Panel agrees with Gimsing
et al. (2019) that there is currently no available data set that can be used to identify monitoring sites
at field-level across the EU. So, the Panel proposes to clearly distinguish between these two phases of
site selection, i.e. selection of vulnerable areas and/or regions, and selection of the actual monitoring
sites within these vulnerable areas. In the second phase, applicants must demonstrate that the actual
site characteristics (e.g. soil and climate data) are comparable to those derived from the vulnerability
assessment. Criteria need to be set when these characteristics are sufficiently equal.

Although groundwater vulnerability is substance dependent, the Panel accepts to base the selection
of monitoring sites on the substance with the most important concentration exceedances. Whether the
selected sites are sufficiently conservative for other substances must be demonstrated in the context
setting procedure thereafter. The in-context setting procedure can be used to demonstrate a safe use
in different FOCUS zones than the FOCUS zone(s) where the monitoring has been performed. The in-
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context procedure can also be used for the authorisation process of PPPs at the national level, if
requirements set by national authorities are met.

Study design of targeted monitoring programmes

Gimsing et al. (2019) describe two types of targeted monitoring programmes, i.e. in-field and edge-
of-field study designs. In-field study designs generally profit from the ease of proving hydrological
connectivity between the monitoring wells and the treated fields, which is essential when monitoring is
used for regulatory purposes. The disadvantage of in-field study designs is the risk of groundwater
contamination due to the installation of the wells, rather than leaching. In this respect, edge-of-field
study designs are the preferred option. To safeguard collection of maximum residues in the
groundwater originating from the adjacent field, the Panel recommends collecting samples in the
uppermost shallow groundwater (1- to 2-m filter screen installed near the groundwater table). This
would also be in line with the proposed ExAG.

A prerequisite for the regulatory use of monitoring data is the availability of complete data on the
use of the products containing the respective active substances. The application data must be reported
in sufficient detail for the whole monitoring period and the relevant preceding time span (considering
the travel times of the substance). Scaling is needed if the actual application rate differs from the
definition of uses according to Good Agricultural Practices (GAPs). Guidance must be developed on
how to perform this scaling. The Panel further recommends developing guidance how to relate the
actual application frequencies observed in monitoring studies to the definition of the uses according to
the GAP.

As mentioned above, it is crucial to demonstrate hydrological connectivity between the field(s) that
received the application (and for which data on use is documented) and the sampling well.
Connectivity can be proved using measurements of tracers (e.g. bromide) or pseudo-tracers (e.g.
metabolites). An alternative is to simulate pesticide transport from the treated field to the well with a
combination of a leaching model and a groundwater model (this is referred to as ‘time-of-flight
modelling’). The Panel considers the combined use of measurements of pseudo-tracers (e.g.
metabolites) or tracers (e.g. bromide) with site-specific time-of-flight modelling exercises to be a
suitable and practical approach to demonstrate connectivity and expected travel times. The Panel
considers time-of-flight modelling a compulsory part of the analysis, because pseudo-tracers and
tracers may have shorter travel times than the substance of concern. The Panel notes that time-of-
flight modelling requires a high degree of experience with hydrological modelling and site-specific
model parameterisation. Further guidance and training courses would be needed if these approaches
become more important in regulatory use.

The Panel recommends developing a statistical approach to determine the minimum number of
sites required for regulatory groundwater monitoring. The Panel notes that site-selection involves a
high workload for both regulators and applicants. A network of standardised monitoring sites could
therefore help regulatory acceptance of groundwater monitoring studies. The Panel recommends
investigating if such a monitoring network could be established at EU level.

Publicly available monitoring programmes

Monitoring data collected by third party organisations, such as environmental agencies, water
companies and research institutions, are designed for purposes other than for the authorisation of
PPPs under Regulation (EC) 1107/2009. They provide important information on the current state of
and possible trends in groundwater bodies and provide additional information on the applicability and
interpretation of targeted monitoring studies due to vast amount of information that is generally
available. Therefore, the Panel recommends including publicly available monitoring data in the risk
assessment as supportive information. If the monitoring data shows, for example, large-scale
exceedances of the drinking water limit for a substance that has passed the lower tiers of the
groundwater leaching assessment, risk mitigation measures might be implemented and applicants
could be asked to provide additional information to demonstrate the safe use of the product.

At present, publicly available monitoring data often do not meet the main quality criteria for a Tier-
4 risk assessment. The Panel recommends using these data as supportive information in a weight-of-
evidence approach and not to use these data to overrule earlier tiers. To include publicly available
monitoring data as supportive information in the risk assessment, the data need to comply with quality
criteria. These quality criteria must be established in a future guidance document. Guidance is further
needed on the interpretation of monitoring data of shared metabolites. Access to the data for
regulators could be improved by making them available in a central database, together with the
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metadata and procedures to establish a plausible relationship between the presence of the substance
in groundwater and the authorised use.

Reporting results from groundwater monitoring programmes

Gimsing et al. (2019) give some considerations for the study report of monitoring studies to be
submitted to regulatory authorities. A list of items to be reported is included as well. This list is,
however, not comprehensive for targeted monitoring studies. The Panel suggests creating a fixed list
of items to be reported. The monitoring report must contain at least the following elements:

• A description of the set-up of the monitoring study, including results from the site selection
and the in-context setting procedure,

• Monitoring results from all individual monitoring sites including a critical evaluation of results,
• A description of the aggregation procedure to derive the regulatory endpoint, including an

evaluation of results,
• A discussion section, addressing the most important uncertainties of the study,
• A conclusion. The study report should include whether a safe use can be identified for the

intended use or not. This conclusion should be based on an evaluation of the available data
against the agreed ExAG.

The discussion section must contain an analysis of the most important uncertainties from the
monitoring study. A balanced discussion of false positives and false negatives must be part of this
analysis. The Panel suggests that guidance needs to be developed on how to use results from this
uncertainty analysis in regulatory assessments.
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1. Introduction

The European Commission requested the European Food Safety Authority (EFSA) for a Statement
of the Scientific Panel on Plant Protection Products and their Residues (PPR Panel) on the scientific
paper by Gimsing et al. (2019) regarding the design and conduct of groundwater monitoring studies
supporting pesticide groundwater exposure assessments. In preparation of this Statement, a public
consultation was organised by EFSA, and comments were considered when preparing this Statement.
The Statement first reviews the options for the Exposure Assessment Goal (ExAG) described in
Gimsing et al. (2019). The Panel considers this a crucial starting point, because without a clearly
defined ExAG it is not possible to give appropriate guidance. The following sections review the position
of groundwater monitoring in the tiered approach and the assessment of groundwater vulnerability
supporting the selection and interpretation of groundwater monitoring studies. Then, scientific and
technical aspects of study designs for both targeted and public monitoring programmes are discussed.
The final section gives some considerations for the monitoring report. Results of the public consultation
including the comments received and answers to each comment are published in Appendix D.

1.1. Terms of reference as provided by the requestor

The European Commission requested EFSA for a Statement of the Scientific Panel on Plant
Protection Products and their Residues (PPR Panel) on the design and conduct of groundwater
monitoring studies supporting pesticide groundwater exposure assessments. Following Terms of
Reference were provided by the requestor.

The protection of groundwater and the maintenance of its quality is a cornerstone of EU legislation
and is reflected in the criteria for the approval of active substances and the authorisation of plant
protection products (PPPs) as laid down in Regulation (EC) No 1107/20091,2. The data requirements
set in point 7.5 of the Commission Implementing Regulation (EU) No 283/20133 provide that available
monitoring data concerning active substance and relevant metabolites, breakdown and reaction
products in soil, groundwater, surface water, sediment and air shall be reported.

The difference among ad-hoc monitoring (targeted) and surveillance is stated in a guidance under
the Sustainable Use Directive (EC, 2017). Other available guidance in the FOCUS groundwater report
(EC, 2014) addresses performing monitoring studies regarding groundwater and how to consider both
targeted monitoring and publicly available monitoring data in the groundwater exposure assessment.
Developments on this topic have occurred since 2014.

During the meeting of the Pesticides Steering Network (PSN) held on 17–19 March 2020,4 Austria
and other Member States (France, Germany, the Netherlands and Sweden) suggested to move
towards a more harmonised use of groundwater monitoring data in EU regulatory pesticide
assessments. The PSN noted that new scientific recommendations were developed (Gimsing
et al., 2019) on how to design and conduct groundwater monitoring studies.

Member States were also consulted via the Standing Committee on Plants, Animals, Food and Feed
(SCoPAFF) during the phytopharmaceuticals-legislation meeting held in May 2020.5 Member States
called on the Commission to mandate EFSA to organise a public consultation on the publication of
Gimsing et al. (2019) and to deliver a statement on this publication considering also the inputs coming
from the public consultation. The scientific and technical aspects of study designs and procedures as
well as criteria on the assessment of the reliability/quality of the groundwater monitoring information
should be addressed, in view of using this information in the EU regulatory exposure assessment of
pesticides in line with the requirements set in Commission Implementing Regulation (EU) No 283/2013.
Ultimately, guidance for applicants and risk assessors on best practice in this regard should be given.

1 Regulation (EC) No 1107/2009 concerning the placing of plant protection products on the market (OJ L 309, 24.11.2009, pp.
1–50). http://data.europa.eu/eli/reg/2009/1107/oj.

2 In the European Union (EU) the current regulatory scheme for the assessment of the leaching potential of active substances
and their metabolites to groundwater following the use of PPPs is based on a tiered approach, with each tier having the same
objective of ensuring the protection of groundwater and ensuring that the objectives laid down in the Water Framework
Directive, the Groundwater Directive and the Drinking Water Directive are fulfilled:Directive 2006/118/EC, OJ L 372,
27.12.2006, pp. 19–31 and Directive (EU) 2020/2184, OJ L 435, 23.12.2020, pp. 1–62.

3 Commission Regulation (EU) No 283/2013 of 1 March 2013 setting out the data requirements for active substances, in
accordance with Regulation (EC) No 1107/2009 of the European Parliament and of the Council concerning the placing of plant
protection products on the market. (OJ L 93, 3.4.2013, p. 1.).

4 https://www.efsa.europa.eu/sites/default/files/event/2020/26th-meeting-efsa-pesticide-steering-network-minutes.pdf
5 https://ec.europa.eu/food/sites/food/files/plant/docs/sc_phyto_20200518_ppl_sum.pdf
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Considering the above, the Commission requested EFSA to arrange a public consultation on
Gimsing et al. (2019) followed by a review by the PPR Panel considering also the comments received
via the consultation and to provide a statement under Article 29 of Regulation (EC) No 178/2002 on
these matters.

1.2. Interpretation of the terms of reference by the Panel

The European Commission requested a review of the scientific paper by Gimsing et al. (2019),
focusing mainly on scientific and technical aspects of study designs. EFSA performed a public
consultation of the scientific paper by Gimsing et al. (2019) on the design and conduct of groundwater
monitoring studies supporting pesticide groundwater exposure assessment from 26 January to 8 March
2022. The Panel6 interpreted the European Commission-request broadly by also addressing aspects of
study design that are missing in the paper but are considered important for developing a guidance
document on the conduct and interpretation of groundwater monitoring studies for regulatory
purposes. Although evaluation of Specific Protection Goals (SPGs) and/or ExAG were not explicitly
mentioned in the Terms of Reference, the Panel reviewed the options for the ExAG that operationalise
the SPGs (e.g. the temporal dimension of the relevant type of concentration to assess) and
consistency within the FOCUS tiered approach. The Panel – supported by many comments from
stakeholders – considered this review necessary, so that risk managers can make an informed decision
on SPGs and ExAGs. The availability of clearly defined SPGs and ExAGs is a crucial starting point for
any guidance development. The Panel notes that the final selection of these goals is to be done by risk
managers, because it involves political and socio-economic considerations that are outside the remit of
the Panel. The Terms of Reference do not request an evaluation of field leaching studies. The Panel
notes, however, that the distinction between field leaching studies and groundwater monitoring
studies in Gimsing et al. (2019) is not always clear and therefore field-leaching studies are discussed in
Section 6. Finally, the European Commission requested that ultimately guidance for applicants and risk
assessors should be given. It must be noted that this scientific statement is not a guidance document;
it is prepared as a precursor towards such a guidance document.

2. Specific protection goals and exposure assessment goals for
leaching to groundwater

As indicated in Gimsing et al. (2019), clearly defined SPGs for groundwater are missing at EU level.
The Panel considers clearly defined SPGs a crucial starting point for the development of a guidance
document. In this section, the Panel gives considerations for risk managers when selecting SPGs for
groundwater. Following Gimsing et al. (2019), the Panel defines groundwater as ‘all water which is
below the surface of the ground in the saturation zone and in direct contact with the ground or
subsoil’. This implies that temporary zones of perched water are not included.

This section addresses the importance of groundwater biodiversity for several ecosystem services
(Section 2.1). Then, the framework for establishing SPGs and ExAGs is presented (Section 2.2).
Sections 2.3 and 2.4 apply this framework to provide options for the SPG and ExAG, respectively.
Section 2.5 reviews the options described in Gimsing et al. (2019). Finally, Section 2.6 gives some
recommendations for risk managers.

2.1. Groundwater in support of and as a habitat for biodiversity

The regulatory framework for PPPs laid out in Commission Regulation (EC) No 1107/2009 and
Commission Regulation (EU) No 283/2013 and 284/2013 7. In Commission Regulation (EC) No 1107/
2009, general protection goals refer to groundwater in Article 4, approval criteria for active substances.
In Section 3b of this Article it is stated that they ‘shall have no immediate or delayed harmful effect on
human health [. . .]; or on groundwater’. In Section 3e, it is further stated that they ‘shall have no
unacceptable effects on the environment, having particular regard to the following [. . .] its fate and
distribution in the environment, particularly contamination of [. . .] groundwater [. . .]’. So, the
Commission Regulation requires consideration of the impacts of exposure to PPPs in these

6 In this document, ‘the Panel’ refers to the Panel on Plant Protection Products and their Residues (PPR-Panel).
7 Commission Regulation (EU) No 284/2013 of 1 March 2013 setting out the data requirements for plant protection products, in
accordance with Regulation (EC) No 1107/2009 of the European Parliament and of the Council concerning the placing of plant
protection products on the market.
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environments on non-target species, on their ongoing behaviour and on biodiversity and the
ecosystem, as detailed below.

In the current risk assessment for groundwater, the main ecosystem service that is implicitly
addressed is ‘provisioning of clean drinking water’. The importance of this ecosystem service was
acknowledged in the EU Groundwater Directive,8 which states that ‘Groundwater in bodies of water
used for the abstraction of drinking water or intended for such future use must be protected in such a
way that deterioration in the quality of such bodies of water is avoided in order to reduce the level of
purification treatment required in the production of drinking water’. Because of this, the paper of
Gimsing et al. (2019) focuses mainly on the ecosystem service ‘provisioning of clean drinking water’,
and this Statement considers this ecosystem service as well. However, when defining SPGs for
groundwater, further relevant ecosystem services must be reviewed, especially those addressing
groundwater as habitat for non-target species and the impact of groundwater contamination on
surface water and its communities.

The preamble of the EU-Groundwater Directive also mentions the importance of groundwater for
groundwater-dependent aquatic and terrestrial ecosystems. Annex 1 of the Directive states that
‘where, for a given body of groundwater, it is considered that the groundwater quality standards9

could result in failure to achieve the environmental objectives specified in Article 4 of Directive 2000/
60/EC for associated bodies of surface water, or in any significant diminution of the ecological or
chemical quality of such bodies, or in any significant damage to terrestrial ecosystems which depend
directly on the body of groundwater, more stringent threshold values need to be established’. Article 3
of the Directive describes the consequence that ‘groundwater quality criteria shall inter alia take into
account human toxicology and ecotoxicology knowledge’. The recent Proposal for a Directive amending
the Water Framework Directive, the Groundwater Directive and the Environmental Quality Standards
Directive10 states that a similar way compared to surface water ‘Chemical pollution of surface and
groundwater poses a threat to the aquatic environment, with effects such as acute and chronic toxicity
in aquatic organisms, accumulation of pollutants in the ecosystem and loss of habitats and biodiversity,
as well as to human health. Setting environmental quality standards helps to implement the zero-
pollution ambition for a toxic-free environment’. So, the European Commission obviously intends to
protect the aquatic environment in groundwater in a similar way compared to surface water.

Also in the literature, it has been recognised that groundwater is a critical source of biodiversity
(e.g. Danielopol et al., 2000) that needs to be protected against contamination (e.g. Sket, 1999a,b).
More recent studies focussed on the effect of pesticides on ecosystem services based on microbial
activities. Contamination of groundwater may permanently eradicate unique groundwater microbial
communities due to their inability to recolonise any affected habitats (Di Lorenzo et al., 2014, 2015).
Michel et al. (2021) demonstrated side effects of pesticides on microbial denitrification. In addition, if
key species and ecological functions are affected, then purification processes which are important for
the ecosystem service ‘providing clean drinking water’, might be disturbed. Also, NRC (2000) and EFSA
PPR Panel (2017) highlighted the importance of microbial communities for natural attenuation. The
same can be stated for the very diverse groundwater fauna (the so-called stygofauna with more than
2000 species), dominated by arthropods and contributing to several ecosystem services (e.g. EFSA
PPR Panel, 2015; Manenti et al., 2021). A recent work has reviewed the impact of stressors on these
groundwater species (Castano-Sanchez et al., 2020). For these reasons, the European Medicines
Agency (EMA, 2018) proposes that in addition to the human health risk assessment, an environmental
risk assessment for groundwater ecosystems is also needed, and the EFSA FEEDAP Panel
acknowledged the relevance of protecting biodiversity in groundwater in its recent guideline for feed
additives (EFSA FEEDAP Panel, 2019).

An important point for discussion for performing an environmental risk assessment for groundwater
is the lack of specific standard tests for groundwater organisms. However, as for surface waters,
laboratory standard species can be employed as surrogate for the assessment of risks to specific
organism groups (e.g. Daphnia for arthropods in aquatic systems) and could be considered with
appropriate amendments also here. Given the importance of groundwater biodiversity, the Panel
recommends developing an environmental risk assessment scheme for groundwater, considering both
the protection of biodiversity and protection of key ecosystem services. A critical question here is

8 https://eur-lex.europa.eu/eli/dir/2006/118
9 The groundwater quality criterium for active substances in pesticides and their relevant metabolites mentioned in Annex 1 of
the Groundwater Directive is 0.1 μg/L. See Section 2.3 for details.

10 https://environment.ec.europa.eu/publications/proposal-amending-water-directives_en
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whether the current and proposed guidance on risk assessment for non-target organisms (aquatic
organisms and soil organisms) covers biodiversity in groundwater sufficiently well, via testing of
sensitive groups.

2.2. Need for defining both specific protection goals, and exposure
assessment goals

As described in Section 2.1, it is not clearly defined which ecosystem services procured by non-
target organisms must be protected where and when, nor is protection of biodiversity considered. The
gap of missing explicitly defined protection goals was noticed by the EFSA PPR Panel and a scientific
opinion on the development of SPG-options for environmental risk assessment of pesticides was
published in 2010 (EFSA PPR Panel, 2010). They focussed on the definition of SPGs for taxonomic
groups or other ecological entities, so, on the organism groups to protect. In their figure 8 they
visualise that both an exposure assessment and an effect assessment needs to be carried out. In
2016, a Guidance Document was published by the EFSA Scientific Committee (SC) on how to develop
SPGs for environmental risk assessment at EFSA, in relation to biodiversity and ecosystem services
(EFSA SC, 2016).

As mentioned above, SPGs are focussed on ecological entities. Basically, the SPG concept allows for
an unambiguous definition of which ecosystem services procure by the non-target organisms need to
be protected where and when. SPGs are defined in terms of (i) ecosystems services used to identify
the involved entities (ii) service providing units and (iii) six dimensions of these services providing units
to be protected. These six dimensions are ecological entity, attribute, magnitude of effect, temporal
scale, spatial scale and degree of certainty (EFSA PPR Panel, 2010; EFSA SC, 2016). SPGs are
operationalised by Effect Assessment Goals (EfAGs) and ExAGs, evaluating ecotoxicological effects for
imposed exposure regimes and field exposure, respectively (Figure 1, reproduced from Adriaanse
et al., 2022):

• EfAGs define, e.g. the reference taxa representing the ecological entity, the type of
ecotoxicological effect endpoint to consider and toxicity endpoint quantifying it. Moreover, the
uncertainty in the extrapolation to the SPG (represented by the surrogate reference tier, see
e.g. EFSA PPR Panel, 2013a) is defined when calibrating the risk assessment scheme. As
stated in Section 2.1, ecological and ecotoxicological considerations are currently not
considered when evaluating the ecosystem service ‘provisioning of clean drinking water’. For
this reason, EfAGs have at this stage not been defined for the protection of groundwater but
should be developed when SPGs are identified that consider protection of organisms in
groundwater.

• For defining ExAGs, five questions were formulated to define so-called ‘realistic worst case’
conditions (EFSA PPR Panel, 2010). For groundwater protection, representatives of the
international scientific community detailed the above-mentioned dimensions11 at the EU
Modelling Workshop in Vienna of 2014 (these are included in appendix 1 of Gimsing
et al., 2019). In addition, they presented seven options for the ExAG for groundwater (called
groundwater protection goal by Gimsing et al., 2019), starting with the most conservative
option and ending with less protective options (appendix 1 of Gimsing et al., 2019).

Note that while SPGs are to be decided by risk managers, the operationalisation of the ExAG (and
the EfAG, if applicable) must be done by risk assessors. Input from risk managers is, however, also
needed when operationalising the ExAG, because some choices have political and socio-economic
consequences, which are beyond the scope of risk assessors. So, risk communication is not only
important when defining the SPG, but also when operationalisation of the ExAG (Figure 1; see further
EFSA PPR Panel, 2010).

The ExAGs and EfAGs operationalise the SPGs with respect to the exposure in the area of use and
the assessment of ecotoxicological effects, respectively, so they translate the SPGs into feasible and
practical procedures. Notice that the SETAC Working Group mentioned in their Problem definition
document (Tiktak et al., 2020) titled ‘Spatially Distributed Leaching Modelling (SDLM) of Pesticides in
the context of Regulation (EC) 1107/2009’ that SPGs and ExAGs can be used as synonyms. However,
based on the insights above, the Panel distinguishes between the two terms to avoid confusion with
other environmental domains.

11 Notice that the sixth dimension (the degree of certainty) was not considered.
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Examples of well-defined ExAGs in other pesticide risk assessment areas have been described in
EFSA PPR Panel (2012) for exposure of soil organisms, Boesten (2018) for exposure of aquatic
organisms, EFSA PPR Panel (2018) for exposure of amphibians and reptiles, in EFSA (2022) for bees
and in Adriaanse et al. (2022) for exposure of small mammals off field and non-target arthropods.
Note that in this statement no ecotoxicological protection goal is evaluated, therefore EfAGs do not
feature in this statement and the ExAG reflects the SPG closer than in case the SPG is geared towards
protection of ecosystems or biodiversity.

2.3. Specific protection goals for groundwater

The need for establishing harmonised SPGs for groundwater was stated in multiple comments from
stakeholders during the public consultation (Appendix D). In line with those comments, the Panel
recommends that one or more SPGs should be defined by risk managers before providing dedicated
regulatory guidance on how to conduct, assess and evaluate a monitoring study. Also, the definition of
ExAGs by risk assessors is not possible without clearly defined SPGs (Section 2.2). The SPGs should be
harmonised between the relevant European Directives, Regulations and Guidance. Based as much as
possible upon existing documents, the SPG might currently read as presented in Table 1. However, the
Panel recommends that further evaluation of the general protection goals is performed in future, to
derive SPGs covering the other relevant ecosystems services, which groundwater provides and
supports (Section 2.2).

Figure 1: Schematic overview of the risk assessment of non-target organisms based on parallel tiered
effect and exposure assessments that are linked to each other (adapted from Adriaanse
et al., 2022)

Table 1: Overview of the SPG in the current leaching to groundwater assessment scheme according
to the EFSA framework for defining SPGs (EFSA PPR Panel, 2010; EFSA SC, 2016)

Step 1. Definition of ecosystem
services

Provisioning of clean drinking water.(a)

Step 2. Definition of the service
providing unit

All groundwater that is currently used to prepare drinking water or may be
used for that purpose in future.(b)

Step 3. Specification of the level/parameters of protection of the service providing unit based on five
interrelated dimensions

(Ecological) Entity Groundwater body.(c)

Attribute Concentration in pore water of the active substance, or of metabolites,
degradation or reaction products of PPPs in the groundwater body.
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Maximum permissible concentration

The Uniform Principles (Regulation 546/2011) state that no authorisation shall be granted if the
substance or any of its relevant metabolites has a calculated or measured concentration in
the groundwater of more than 0.1 μg/L or a concentration corresponding to more than 0.1 times the
acceptable daily intake (ADI) in μg/kg bodyweight. In most cases, the concentration corresponding to
one tenth of the ADI is higher than 0.1 μg/L, so in practice the maximum permissible concentration of
active substances and its relevant metabolites in groundwater is 0.1 μg/L. A metabolite is considered
‘relevant’ if its toxicological properties lead to certain classifications according to the Guidance
document on the assessment of the relevance of metabolites in groundwater of substances regulated
under Regulation (EC) No 1107/200912. The value of 0.1 μg/L (a surrogate zero) was consistent with
the precautionary principle when it was originally set in 1980. It is not based on an (eco)toxicological
threshold of concern, nor mixtures thereof (Dolan et al., 2013). Notice that for non-relevant
metabolites there are currently no agreed values. However, the EC (2022) proposes, tiered legal
threshold values for non-relevant metabolites. Based on the data available on chronic or acute effects
of the non-relevant metabolites on at least one species, ecotoxicological threshold values of 0.1, 1.0,
2.5 or 5 μg/L are suggested for individual substances.

2.4. Exposure assessment goal for groundwater

Although Table 1 gives good indications for the operationalisation of the SPG, especially the
temporal and spatial scale of the service providing unit are not well defined and need further
operationalisation in the ExAGs. A first attempt to describe the ExAG (at that time called protection
goal) for groundwater was done in 2000 when the guidance report of the FOCUS Groundwater
Scenarios Workgroup was published. This report presents nine FOCUS groundwater scenarios for use
in the EU pesticide registration process (FOCUS, 2000). These scenarios intended to represent realistic
worst-case conditions with respect to leaching to groundwater at EU level and were aimed at an
overall vulnerability covering the 90th percentile concentration in groundwater, approximated by using
an 80th percentile value for soil and an 80th percentile for weather. The simulations were done for
1-m depth, which was supposed to be a conservative estimate of the groundwater concentration. In
the 2014 update of the report (EC, 2014), national protection goals were suggested as follows: The
annual average concentration of an active substance or its metabolites should not exceed 0.1 μg/L at
90% of the situations, taking into account both spatial variability for soil and climatic conditions, and
temporal variability on a multiyear basis, in the agricultural use area of the product. There is, however,
no exact definition of the spatial and temporal scales in the protection goals to be considered, nor of
the depth of the assessment. Also, the EU Regulations on groundwater protection and its uniform
principles (EC 1107/2009 and 546/2011) do not explicitly mention spatial and temporal scales to
consider for the maximum permissible concentration in groundwater.

More recently, EFSA PPR Panel (2018) and Adriaanse et al. (2022) presented a transparent and
unambiguous way to define the ExAG. They suggested six elements of the ExAG to be defined
explicitly:

Magnitude Negligible effect, i.e. below maximum permissible concentrations as defined
in Regulation 546/2011.

Temporal scale Not explicitly specified, but the description of the service providing unit
suggests protection over a certain time-period.

Spatial scale Not explicitly specified. The groundwater directive suggests protection at the
scale of groundwater bodies.

Degree of certainty High level of certainty.(d)

(a): Notice that for the functioning of this ecosystem service, microbial and faunal communities are important (see further
Section 2.1). This implicitly implies that protection of biodiversity is important as well.

(b): Definition from the Groundwater Directive (https://eur-lex.europa.eu/eli/dir/2006/118).
(c): Groundwater bodies are the managements unit under the Water Framework Directive (WFD). Groundwater bodies are

subdivisions of large geographical areas of aquifers so that they can be effectively managed in order to protect the
groundwater and linked surface waters.

(d): Annex II of Regulation (EC) No 1107/2009 states that the assessment should take into account the ‘uncertainty of the data’.
This implies that explicit consideration of uncertainty is appropriate, both by the PPR-Panel when developing the revised
guidance documents, and during the assessment of specific risks.

12 https://food.ec.europa.eu/system/files/2021-10/pesticides_ppp_app-proc_guide_fate_metabolites-groundwtr-rev11.pdf.
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• Ecotoxicological relevant concentration or ecotoxicologically relevant exposure Quantity (ERC or
more general EREQ),

• Temporal dimension of ERC,
• Spatial unit, type and size,
• Statistical population of spatial units,
• Multiyear temporal statistical population of ERC values for one spatial unit,
• Desired spatiotemporal percentile of the statistical population of ERC values.

Note that for the current groundwater risk assessment, the ERC reduces to the RC (Relevant
Concentration) as no direct impact on groundwater organisms is explicitly considered (Table 1).
However, as mentioned in Section 2.1, protection of groundwater communities may require additional
SPGs, and next, a separate effects assessment scheme, because it is not known if the current
threshold values are sufficiently protective for groundwater communities. The six elements of the ExAG
for the ecosystem service ‘provisioning of clean drinking water’ are proposed as described by Table 2.

The relevant concentration

Element (i) of the ExAG, the relevant concentration, is defined with the aid of the attribute of Step
3 of the SPG in Table 1. The depth at which this concentration is monitored or modelled has a clear
influence on the conservativeness of the leaching assessment. Generally, it is likely that deeper depths
result in lower concentrations due to e.g. dispersion and/or dissipation/degradation processes. In a
regional-scale study in the Netherlands, Tiktak et al. (2005) demonstrated that the concentration at
10-m depth is generally lower than the concentration at 1-m depth. So, if the aim is to protect
groundwater as a source of drinking water, the Panel recommends using a target depth above the
depth where drinking water abstraction generally takes place (i.e. between 1- and 10-m depth). If the
aim is to also protect associated aquatic and terrestrial ecosystems, shallower target depths might be
needed (e.g. the top 1 m of the saturated zone). Notice, however, that in view of the temporal
variability of the groundwater table, it will practically not always be easy to sample the top 1 m of the
saturated zone, so the actual monitoring depth is a compromise between protectiveness and
practicability.

Table 2: Elements of a proposed Exposure Assessment Goal (ExAG) for protection of groundwater
intended for providing clean drinking water

Element Description Explanation

(i) Type of relevant
concentration (RC)

Concentration in groundwater at a
certain depth interval.

Relevant concentration, here the
concentration in pore water (μg/L).

(ii) Temporal dimension of
the relevant concentration

Values averaged over a certain time
window. Options range from annual
arithmetic mean values to
instantaneous maximum values.

Annual mean values at 1-m depth
below the soil surface are used in
Tiers-1, -2 and -3 of FOCUS
groundwater (EC, 2014)(a)

(iii) Spatial unit (SU), type
and dimensions

Groundwater unit below a single
agricultural field, represented by the
depth interval(b) in the groundwater.

The single agricultural field was also
used in EC (2014). The upper
groundwater layer is expected to have
conservative values of the RC.

(iv) Statistical population of
spatial units

Groundwater units below all
agricultural fields within a FOCUS
climatic zone where a PPP is potentially
being applied.

Statistical population of SUs
considered in the exposure
assessment. This definition is in line
with the first three tiers of FOCUS
groundwater (EC, 2014).

(v) Multiyear temporal
statistical population of RC
values for one spatial unit

The multiyear temporal population of
RCs consists of a time series of RCs
defined in items (i), (ii) and (iii)

The time series need to be long
enough to be fit for purpose.
EC (2014) uses a time series of 20
years for modelling, whereas
EC (2009) proposes at least 6 years
for trend analysis based on
measurements.
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The temporal dimension of the relevant concentration

Element (ii), the temporal dimension of the relevant concentration describes the time window over
which concentrations are averaged. Options range from annual arithmetic mean concentrations to
instantaneous maximum values. Annual arithmetic mean concentrations are currently used in FOCUS
groundwater (EC, 2014). When maximum concentrations or concentrations averaged over any other
time window than 1 year (e.g. 3 months) are selected, it must be ensured that the FOCUS tiered
approach is consistent. The Panel further notes that the variability of predicted and measured
concentrations at smaller time windows (e.g. 1 day) can be relatively large. This implies that predicted
or measured concentrations may temporarily exceed the standard of 0.1 μg/L, while values averaged
over a certain period can be below the standard of 0.1 μg/L. Assessing groundwater concentrations
based on measurements at shorter temporal scales would require short monitoring intervals.

The spatial unit

The guidance on groundwater status and trend assessment (EC, 2009) states that annual mean
concentrations should be calculated for each monitoring site separately. This guidance document,
however, does not exactly specify the size of the monitoring site. In regulatory risk assessment within
the framework of EU Regulation 1107/2009, it is necessary to establish a link between the modelled
or measured concentration and the use of a pesticide. Therefore, the Panel proposes to define the
spatial unit to be the groundwater unit at a certain depth interval below a single agricultural field
where the pesticide is potentially being applied. This definition is in line with for example the EFSA
guidance on exposure of soil organisms (EFSA PPR Panel, 2012; EFSA, 2017) and is also implicitly
used in FOCUS groundwater (EC, 2014). This definition implies that if more monitoring wells are
hydrologically connected to one field, results from these wells should be averaged and be considered
as results for one spatial unit. Notice that lateral flow processes and transversal dispersion can make
the link between agricultural use and the groundwater concentration less straightforward, particularly
if the target is deep groundwater. Demonstrating connection between agricultural use and the
groundwater concentration is therefore an important issue when interpreting monitoring studies
(Section 6).

Depth is an important element of the definition of the spatial unit. The spatial unit is defined by
both the depth of the groundwater unit below the soil surface, and the depth interval in the upper
groundwater layer of the groundwater unit. The Panel concludes that concentrations at depths ranging
from 1 to 10m below the soil surface and that originate from the shallow groundwater (1–2m below
the groundwater table), represent well, i.e. in a conservative way, the concentration in the entire
groundwater body or aquifer.

The statistical population of spatial units

Element (iv), the statistical population of spatial units, is the next item to be defined. The first
aspect of this population is the total area to be considered. The Groundwater Directive introduces the
concept of groundwater bodies. The Irish Geological Survey gives the following definition:
‘Groundwater bodies are subdivisions of large geographical areas of aquifers so that they can be
effectively managed in order to protect the groundwater and linked surface waters’.13 In many
countries, groundwater bodies are linked to the River Basins defined in the Water Framework
Directive. This subdivision is not relevant in the context of the approval and authorisation of pesticides.
To be in line with the existing FOCUS groundwater guidance (EC, 2014), the Panel proposes to

Element Description Explanation

(vi) Desired spatiotemporal
percentile of the statistical
population of RC values

Selection of a 90th percentile is a
common approach in regulatory risk
assessment, but other options are
possible as well.

Determines which part of the
spatiotemporal population is excluded
from the risk assessment.

(a): Notice that for SPGs related to non-target species providing important ecosystem services, other temporal dimensions might
apply.

(b): Depth should be specified relative to the soil surface as well as relative to the groundwater table.

13 https://www.gsi.ie/en-ie/programmes-and-projects/groundwater/activities/understanding-ireland-groundwater/Pages/Groundwater-
bodies.aspx
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consider instead groundwater below all fields where the substance is applied each of the nine FOCUS
climatic zones.

An important aspect of the statistical population of spatial units is whether the population is limited
to groundwater below fields where the substance has actually been applied or to groundwater below
all fields where the substance can potentially be applied (see EFSA PPR Panel, 2012). It has been
regulatory practice so far to limit the area to groundwater below all fields where the substance can
potentially be applied. The Panel recommends continuing this approach. It should be realised that
while the statistical population of spatial units is formed by all groundwater spatial units located below
agricultural fields in the potential area of use, in practice we only have measurements for a sub-sample
of this underlying statistical population. Ideally, the descriptive statistics of the sub-sample should
reflect the descriptive statistics of the underlying distribution (see further Section 6). Because of their
specific properties, karstic areas should be excluded from the statistical population of spatial units. The
Panel suggests these areas to be addressed in the national authorisation process.

The multiyear temporal statistical population of relevant concentrations

Element (v), the multiyear temporal statistical population of relevant concentrations, consists of a
time-series of concentrations as described in element (ii) and (iii). The time-series must be long
enough to be statistically relevant. FOCUS groundwater uses a time-series of at least 20 years for
modelling. The guidance of groundwater status and trend assessment (EC, 2009) mentions ‘if data are
aggregated as annual means, the minimum required period of observations is 8 years. If data
are collected with higher frequencies (half-annual or quarterly), a minimum of 6 years of data are
required’. Although this is clearly less than the simulated 20 years in Tiers-1, -2 and -3 of FOCUS
groundwater, the Panel recommends following the existing guidance on groundwater status and trend
assessment, so a minimum of 6 or 8 years would be needed in monitoring studies.

The spatiotemporal percentile of the statistical population of relevant concentrations

Element (vi) is the spatiotemporal percentile of the statistical population of relevant concentrations.
According to the Guidance on groundwater status and trend assessment (EC, BE3), good chemical
status is reached if all monitoring points within a groundwater body comply. This comes down to using
the 100th percentile.14 For pesticide registration, the 90th-overall percentile has been used (e.g.
EC, 2014). This means that exceedances of the maximum permissible concentration are accepted at a
certain percentage of the groundwater spatial units located below the intended use-area of a pesticide.
The choice of the spatiotemporal percentile defines the level of protection to be achieved in practice.
Because this choice is a compromise between economic considerations and environmental
considerations, the choice of the spatiotemporal percentile is clearly a risk management decision.

Another element of the spatiotemporal percentile is how the vulnerability is divided between space
and time. FOCUS assumes that vulnerability is equally distributed between weather and space, so the
90th percentile leaching concentration is estimated by the combination of the 80th-temporal percentile
of 20 annual average leaching concentrations and the 80th-spatial percentile. The Netherlands uses a
90th-spatial percentile in combination with the 50th percentile in time with the argument that it is
better to protect a large area than a smaller area against peak concentrations (Van der Linden
et al., 2004; Tiktak et al., 2022). EC (2014) evaluated the FOCUS vulnerability concept and concluded
that there is no theoretical basis for assuming that the 90th-overall percentile can be approximated by
using the 80th-spatial percentile of the 80th percentile of the yearly averaged concentrations at a
certain location. They concluded that using the 90th-spatial percentile of the long-term averaged flux
weighted concentrations may be a more relevant approach for a ‘90% vulnerability concept’. Generally
stated, the procedure to determine an overall 90th probability of occurrence in time and space
depends on the distribution of the relevant concentrations as defined in Table 2.

It should be noted that changing the spatiotemporal percentile may have consequences for the
FOCUS groundwater tiered approach. If risk-managers would, for example, decide to use a higher
number than the 90th percentile, revision of the lower tiers of the FOCUS groundwater assessment
scheme might be necessary (see further Section 2.5).

14 Notice that according to EC (2009) a certain percentage of monitoring wells can exceed the quality standards (the proposed
default value is 20%) when appropriate investigations confirm that there is no deterioration in quality of waters for human
consumption.
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Drinking water abstraction for private uses

A monitoring survey in Suffolk County (New York) indicated already in 1982 that private wells
adjacent to arable fields can become contaminated with pesticides at levels above state recommended
health levels (Zaki et al., 1982). This raises the question if the risk assessment should also cover
drinking water abstraction for private uses. The Panel notes that drinking water abstraction for private
uses can take place adjacent to agricultural fields and at relatively shallow depths compared to
drinking water abstraction for public use. Also, these private uses are generally not situated in drinking
water abstraction areas, which in some countries (e.g. the Netherlands) have a higher level of
protection than in areas where no drinking water abstraction takes place (Tiktak et al., 2022). Should
risk managers decide that the leaching assessment should also include private uses, this should be
considered in the selection of the ExAG.

2.5. Review of the exposure assessment options in Gimsing
et al. (2019)

During the 7th EU Modelling Workshop in Vienna, five questions were developed to define the ExAG
(see appendix 1 in Gimsing et al., 2019). These questions are comparable to the six elements of the
ExAG as described in Section 2.4. However, the multiyear temporal statistical population of relevant
concentrations has not been considered by Gimsing et al. (2019). The Panel considers this an
important element of the ExAG.

Gimsing et al. (2019) responded to the five questions by formulating seven options for the ExAG15

that intended to cover the full range, considered relevant by risk managers, from very strict to least
strict (Table 3). Here we discuss these responses to the five questions in more general terms.

Type of concentration

Gimsing et al. (2019) do not give an exact description of the type of concentration needed in the
groundwater assessment (see Section 3.1 for a more detailed discussion on the type of concentration),
but limit themselves to proposals on where concentrations should be protected, e.g. where in the
saturated zone, at which depth below the soil surface, or in which type of groundwater the
concentration is to be found (e.g. raw water of a drinking water pumping station without bank
infiltration of a certain age). As mentioned in Section 2.4, not all options are compatible with the
current FOCUS groundwater tiered approach. Particularly their first option (the concentration in the
upper 10 cm of the water-saturated zone of a treated field) would be more conservative than
the modelling tiers. Because the evaluation depth is interlinked with the other dimensions of the ExAG
and has a clear influence on the conservativeness of the assessment, the Panel suggests that risk
managers are consulted on the evaluation depth as part of the definition of the ExAG (see also
Section 2.4).

Table 3: Summary of exposure assessment options as described in Gimsing et al. (2019)

Option Description

1 Residue concentration in the upper 10 cm of the saturated zone – including output from drains

2 Residue concentration in the upper portion of the groundwater from below treated fields but
excluding groundwater shallower than 1m below the ground surface

3 Same than option 2 but excluding areas that will never be used for drinking water production

4 Residue concentration in groundwater shallower than 10m below-ground surface but excluding
groundwater shallower than 1m below ground surface

5 Residue concentration in groundwater deeper than 10m below-ground surface, representing depth
typical for groundwater abstraction

6 Residue concentration in raw water of an abstraction well

7 Residue concentration in raw water of an abstraction well, water not older than 50 years

15 Gimsing et al. (2019) use the word specific protection goals. The Panel proposes using the term exposure assessment goal
(see Section 2.2).
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The spatial unit

Gimsing et al. (2019) define the spatial unit by the size of the area delivering input into the
groundwater body (e.g. 1 m2 of treated field or an entire treated field of 1 ha). This definition is more
related to the input of pesticides into the groundwater body than to the exact description of the
groundwater body itself. The Panel proposes to define clearly the groundwater body to be protected.
To be in line with lower tiers in FOCUS groundwater, the Panel proposes to define the spatial unit to be
the groundwater below a single agricultural field where the pesticide is potentially being applied (see
further Section 2.4) and call this a groundwater unit. A clear definition of the spatial unit is needed to
design appropriate sampling strategies.

The spatial statistical population of these units

Gimsing et al. (2019) relate the spatial statistical population of units to the potential area of use of the
substance. This definition is again related to the input of pesticides into the groundwater body and not to
the groundwater body itself. To be in line with the existing FOCUS groundwater guidance (EC, 2014), the
Panel proposes to consider instead groundwater units below all fields where the substance is potentially
applied in one of the nine FOCUS climatic zones. This definition is comparable to the definition given by
Gimsing et al. (2019); however, it relates to the groundwater itself (Section 2.4).

The temporal statistical population of these units

Gimsing et al. (2019) define the temporal dimensions of the relevant concentration, e.g. daily or
weekly values, or annual average values. However, the length of the time series has not been
specified. The Panel recommends to clearly specify how many years the relevant concentrations should
span (e.g. 6 years or 8 years, see Section 2.4).

The spatiotemporal percentile of the statistical population of relevant concentrations

Gimsing et al. (2019) present various percentiles and various ways of combining measurements in
space and in time to determine the overall percentile. The choice of the spatiotemporal percentile
defines the level of protection to be achieved in practice. Because this choice is a compromise between
economic and environmental considerations, this is clearly a risk management decision (see further
Section 2.4).

The seven options reviewed

As outlined in Section 2.4, the Panel concludes that concentrations at depths ranging from 1 to
10 m below the soil surface and that originate from the shallow groundwater (1–2m below the
groundwater table), represent well, i.e. in a conservative way, the concentration in the entire
groundwater body or aquifer. It was further noted the monitoring depth is a compromise between
conservativeness and practicability. A direct link between the ExAGs suggested by the Panel and the
options in Gimsing et al. (2019) is not possible, because the spatial unit in Gimsing et al. (2019) has
been defined in a different way. Despite this, the Panel concludes that Options 1, 3, 5, 6 and 7 of
Gimsing et al. (2019) are not in line with the recommendations in Section 2.4 (see Table 3 for an
overview of the options in Gimsing et al., 2019). Option 1 is very conservative and would require a
complete revision of the tiered approach of FOCUS groundwater (see also Section 3). Option 5
considers groundwater at 10 m depth below the soil surface, while options 6 and 7 consider monitoring
at the catchment scale. The Panel considers these options impractical, because a link between product
use and measured groundwater concentrations is difficult to demonstrate. Should one of these options
be chosen by risk managers, the Panel still recommends a study design with a shallower monitoring
depth. This would give a conservative estimate of the groundwater concentration for options 5, 6 and
7 in Gimsing et al. (2019), but would be more practical to conduct and interpret (see also the footnote
in table 1 of Gimsing et al., 2019, which states that ‘studies demonstrating compliance under exposure
assessment options 1, 2, 3 and 4 would usually be adequate to demonstrate compliance under options
5, 6, and 7’). The Panel considers options 3 and 5 inappropriate, because the Water Framework
Directive states that all groundwater needs to be protected. Options 2 and 4 closely resemble the
options suggested by the Panel. Notice, however, that to fully characterise the ExAG, all six elements
of the ExAG need to be defined.
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2.6. Conclusions and recommendations

• The Panel notes that groundwater is an important source of biodiversity that needs to be
protected from contamination.

• Before detailed and harmonised guidance can be developed, risk managers must define which
ecosystem services must be protected where and when (SPG). This definition is crucial for
designing appropriate risk assessment schemes in which ecotoxicological effects can be
combined with exposure measured or simulated in the field.

• The current leaching assessment scheme for groundwater aims primarily at the ecosystem
service ‘provisioning of clean drinking water’ and does not consider impacts on organisms.
However, when defining SPGs for groundwater, further relevant ecosystem services must be
considered especially those addressing groundwater as habitat for non-target species and the
impact of groundwater contamination on surface water and its communities.

• The exposure assessment is an integral part of any risk assessment scheme. To define which
exposure should be used to evaluate the SPG for groundwater in a structured and
unambiguous way, the so-called ExAG must be defined. The Panel recommends
operationalising ExAGs in a transparent and unambiguous manner using the six elements of
the ExAG as a guideline, considering also different SPGs. This operationalisation should
preferably be done by risk assessors after consultation of risk managers. Important elements
to decide upon by the risk managers are (i) the depth relative to the soil surface and relative
to the groundwater layer, (ii) the time window over which concentrations can be averaged and
(iii) the desired overall level of protection by selecting a spatiotemporal percentile of the
statistical population of relevant concentrations.

• As water sampled in the uppermost groundwater is assumed to be on the conservative side
with respect to concentrations over the entire depth (due to processes such as degradation
during downward transport, or dilution with uncontaminated water from non-treated areas),
the Panel concludes that concentrations at depths ranging from 1 to 10m below the soil
surface and that originate from the upper layer of the groundwater body (1–2m below the
groundwater table), represent well, i.e. in a conservative way, the concentration in the entire
groundwater body or aquifer. This implies that ExAG-options 2 and 4 in Gimsing et al. (2019)
closely resemble the options suggested by the Panel. Notice, however, that to fully characterise
the ExAG, all six elements of the ExAG need to be defined.

3. Principle of the tiered approach and challenges for the groundwater
assessment

The intention of any tiered assessment scheme is that the initial (or earlier) tiers are quick, simple
and relatively cheap to undertake and allow the compounds that clearly do not cause any concern to
pass (EFSA PPR Panel, 2010). The later (or higher) tiers are more complex and expensive but should
provide a more realistic (often less conservative) result (EC, 2014). To maintain the consistency of the
tiered approach, higher tiers should result in a less conservative value of the target exposure quantity;
i.e. they should give a more realistic estimate of the target quantity of the ExAG. Figure 2 presents the
tiered approach for the groundwater assessment (EC, 2014) with the groundwater monitoring tier
being the highest tier.

Some stakeholders raised concerns about the position of groundwater monitoring in the FOCUS
tiered approach. They argue that the lower tiers predict a concentration that is generally relevant for
the unsaturated zone (and not the saturated zone of the groundwater) or a different depth. They
further argue that the measured groundwater concentration depends on processes that are not
considered at the lower tiers. In this section, we first discuss how the target quantity in the lower tiers
relates to the groundwater concentration. Then we discuss the processes that are relevant for the
concentration in groundwater, but which are not considered in the lower tiers of FOCUS groundwater.
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3.1. The type of concentration

In a tiered approach, all tiers should evaluate the same SPG and the related ExAG, so all tiers
should result in the same type of concentration (i.e. the relevant concentration). This section reviews
the type of concentration in the different tiers of FOCUS groundwater and discusses consequences for
the leaching assessment.

Resident vs flux concentrations

A source of confusion in groundwater leaching assessment is the difference between the so-called
resident concentration and the flux concentration. The former describes all solute particles present at
some point while the latter describes solute particles that have moved irrevocably past some point
(Kreft and Zuber, 1978; Zhang et al., 2006).

The difference between the two types of concentrations can be several orders of magnitude (Parker
and van Genuchten, 1984; Zhang et al., 2006). The discrepancy between the flux and resident
concentration is dictated by the magnitude of the ratio between dispersion and mean advection
(dispersivity) and mechanisms of solute retention. The discrepancy increases with increasing
dispersivity and with the existence of preferential flow pathways and/or diffusion-limited immobile
zones (Zhang et al., 2006), especially for short transport times or short transport distances (which is
the case when monitoring wells are installed in the shallow groundwater). Deviations between flux
concentrations and resident concentrations in the mobile phase diminish over time in porous systems
consisting of mobile and immobile zones. This implies that deviations between flux concentrations and
resident concentrations in the mobile phase will be less pronounced with increasing distance between
the point of application and the point of observation, i.e. for increasing transport times. For
groundwater monitoring wells, this means that deviations between flux and resident concentrations will
be smaller with increasing filter depth or increasing distance between the points of application and
extraction. Also, the importance of preferential transport, inherently advection-dominated, will be less
important at larger transport times or transport distances (e.g. Zhang et al., 2006). Conversely, the
difference in type of concentration can be decisive for the interpretation for short transport times or
transport distances.

Type of concentration in lower tiers compared to Tier-4

In the lower tiers of FOCUS groundwater, the target quantity is a flux concentration. This
concentration is calculated by dividing the annual mass transported over the 1-m depth horizontal
plane in soil by the annual water volume transported across the same plane. Which quantity is

Figure 2: Tiered assessment scheme of FOCUS groundwater (EC, 2014)
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measured at Tier-4 depends on the sampling device (Appendix A). Solution samplers in groundwater
observation wells operated by suction are most appropriately viewed as (local) flux concentrations
(e.g. Parker and van Genuchten, 1984). This is because water from the larger pores or from regions
with higher hydraulic conductivity will contribute more to the sample than water from smaller pores or
from regions with lower hydraulic conductivity. Thus, water from areas with higher flow velocities are
preferably, i.e. flux proportional, sampled. Note that the principle of collecting groundwater samples
from monitoring wells is comparable to the way groundwater abstraction wells for drinking water
operate.

Temporal scale for averaging concentrations

Although the type of concentration appears to be the same, the time scales for averaging differ
between the lower tiers (year or the 80th percentile of a 20-year period) and the groundwater
monitoring samples at Tier-4 (hours). It is inherent that single daily-averaged concentrations can be
higher than the yearly-averaged concentration, thus invalidating the tiered approach. Figure 3 gives an
impression of the variability of the time scales used for averaging the flux concentrations at a daily
basis (red solid line), a yearly basis (black solid line), and the 80th percentile of a 20-year period
(black dashed line) at the reference depth of 1 m for the FOCUS Hamburg scenario.

To be consistent with the current tiered approach, the sampling strategy of groundwater monitoring
wells and the averaging method should reflect and be representative for the annual-averaged
concentration. This sampling strategy should be continued for several (6–8) years. Notice that different
averaging procedures could be applied as well (Section 2.4). When maximum concentrations or
concentrations averaged over any other time window than 1 year (e.g. 3 months) are selected, it must
be ensured that the FOCUS tiered approach is consistent.

Area-averaged vs local flux concentration

The averaging procedure differs between the lower tiers and the monitoring tier. An area-averaged
flux concentration is implicitly assumed in the lower tiers (the groundwater spatial unit is the
groundwater below an agricultural field of 1 ha), whereas samples from monitoring wells represent
local flux concentrations. Due to spatial variability, single local concentrations (i.e. a concentration at a
single point in time and space) can be higher than the average flux concentration for the entire
groundwater spatial unit. Ideally, several monitoring wells should be installed to assess a spatially
averaged concentration (e.g. Vanderborght and Vereecken, 2001). This, however, is seldomly the case.
If multiple wells are installed under one field, the Panel recommends averaging measurements from

Figure 3: Comparison between the daily flux concentration and resident concentration in the liquid
phase of pesticide D at 1-m depth in the Hamburg scenario calculated by PEARL v4.4.4 and
PELMO v5.5.3 (see EC, 2014 for a general description of these models). Pesticide D was
applied annually in winter cereals 1 day after first emergence at a rate of 1 kg/ha. The first
6 years are excluded (warming up phase). The solid black line represents the annual
averaged flux concentration, and the dashed black line is the 80th percentile of the 20
annually averaged flux concentrations. Note that the flux concentration is not defined in
case the water flux density equals zero, i.e. when water is stagnant, as is often the case for
the PELMO model
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those wells to get a better estimate of the average concentration for a spatial groundwater unit. To
avoid false negatives, this should, however, only be done for wells that are connected to the field (see
further Section 6).

3.2. Processes that may affect the conservativeness of Tier-4

As stated above, higher tiers should give a more realistic estimate of the groundwater
concentration than lower tiers. In principle, well performed monitoring studies meet this requirement,
because the effect of processes that are not modelled at Tiers-1, -2 and -3 are implicitly seen in the
observations. The implicit incorporation of these processes at Tier-4 may, however, make Tier-4 either
more conservative, or less conservative than the lower tiers. Processes that result in lower
concentrations are for example hydrodynamic dispersion, diffusion and degradation in the saturated
zone (Tiktak et al., 2005). Herrmann and Sur (2021) demonstrated that the concentration of the
metabolite N,N-dimethylsulfamide (DMS) decreased continuously and consistently when the substance
was followed from its formation in soil below a treated field, to its leaching into the aquifer, and within
the aquifer down to the raw water collection site. Preferential flow is one of the known processes that
could make the assessment at Tier-4 more conservative. It is therefore difficult to guarantee that Tier-
4 is always less conservative than the modelling tiers.

Below, we consider three important known processes that may affect the conservativeness of
groundwater monitoring (Tier-4): (i) losses by lateral flows of drainage, surface flow and interflow, (ii)
the occurrence of preferential flow and (iii) canopy processes (see also Tiktak et al., 2020).

Lateral flow processes

The purely one-dimensional FOCUS leaching models do not include the loss of pesticides via surface
runoff, interflow and subsurface (artificial) drainage. As the lower tier leaching assessments should
represent realistic worst-case conditions, ignoring these loss processes is not an issue. This may be
different for Tier-4 monitoring. In areas where lateral flow processes such as surface runoff, drainage
or interflow are important, a relatively large fraction of the applied mass might be removed. The effect
of this on the groundwater concentration is, however, not known. If water and substance mass are
removed in equal proportions, the effect on the resulting groundwater concentration might be small.
On the contrary, artificially drained soils are often also soils where macropore flow is relevant. So, it
cannot be stated a priori that the groundwater concentration is low in areas where lateral flow
processes are important. A modelling study with a spatially distributed pesticide leaching model that
includes both preferential flow and these lateral flow processes could provide more insight into this
question. Examples of such models are the preferential flow version of the Dutch GeoPEARL model
(Tiktak et al., 2012a) and the Proziris (Burns et al., 2015) tool for the Northern European countries.

Preferential flow

Preferential flow is a general term that covers all types of non-chromatographic flow, including
mechanisms such as macropore flow, funnel flow and fingered flow. There is scientific consensus that
these processes occur under field conditions (Flury, 1996; Villholth et al., 1998; Scorza Júnior
et al., 2007; Sanders et al., 2012; Rosenbom et al., 2015). From a pesticide leaching point of view,
particularly macropore flow is interesting, because this provides a mechanism for bypassing the topsoil
where a large fraction of pesticide may be removed by degradation under chromatographic flow
conditions. Macropore flow occurs mainly in structured (clay) soils, although transport through
biopores may be relevant in both sandy and clayey soils (Lindahl et al., 2009). Notice, however, that
tillage practices may disturb existing macropores, reducing the effect of macropore flow in regular
agricultural practice (Petersen et al., 2001; Ruqin et al., 2013). Shrinking and swelling of certain clay
soils may result in closure of macropores early in the season, particularly in soils containing
interlayered clay minerals such as smectites and montmorillonites (Bronswijk and Evers-Vermeer, 1990;
van der Salm et al., 2012; Sanders et al., 2012). Except in one Tier-1 FOCUS scenario (Châteaudun),
macropore flow has not been considered in the lower tiers of the FOCUS groundwater model
calculations. It was demonstrated in several studies that pesticide transport can be well simulated
using the convection–dispersion equation in light textured soils (see Vanclooster et al., 2000 for an
overview), but that ignoring preferential flow in structured soils may result in underestimation of the
mass leached (Vanclooster et al., 2000; Tiktak et al., 2012b; Kupfersberger et al., 2017), particularly
for substances with a high Kom-value (Larson and Jarvis, 2000; Scorza Júnior and Boesten, 2005). So,
the (implicit) inclusion of macropore flow in Tier-4 may in structured soils increase the
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conservativeness of this highest tier, instead of decreasing it, and so, the logic of the tiered approach
could be breached.

Although there is consensus that macropore flow is important for correctly describing the transport
of pesticides through the upper layers of structured soils, there is scientific evidence that many
macropores end at depths near or above the saturated zone. Van Stiphout et al. (1987) demonstrated
that water flowing in continuous macropores infiltrated into the subsoil at depths between 60 and 130
cm. This subsoil infiltration was called ‘internal catchment’. Later, several authors confirmed that both
biopores and shrinkage cracks end near the saturated zone, confirming the importance of this internal
catchment for correctly describing pesticide transport in structured soils (Scorza Júnior et al., 2004;
Lindahl et al., 2009; Van Schaik et al., 2010; Tiktak et al., 2012b). Whether macropore flow also leads
to higher vulnerability of the underlying aquifer depends also on the thickness of the clay layer
covering the aquifer. If the clay layer extends to larger depths, the macropores will end in the clay
layer itself. As a result, the clay layer will act as an aquitard, and the underlying (permeable) aquifer
will be invulnerable to pesticide leaching. On the contrary, if cracks and fissures extend to larger
depths (e.g. karstic areas), the underlying aquifer may be highly vulnerable. It is yet unclear how often
macropore flow leads to high vulnerability of the underlying aquifer and hence to an inconsistent tiered
approach. An important obstacle for this is the lack of data describing the geohydrological situation of
deeper soil layer at EU level.

Colloid-facilitated transport

In the public consultation, one of the Member States addresses the issue of possible transport of
strongly sorbing pesticides by solids. There are indeed indications that under conditions of preferential
flow, transport of strongly sorbing pesticides can be colloid facilitated (e.g. De Jonge et al., 2000;
Villholth et al., 2000). In a study on radionuclide transport, de Weerd and Leijnse (1997) demonstrated
that transport of radionuclides in groundwater can be enhanced or retarded because of the presence
of colloids. However, all cited studies are limited to shallow depths (soil columns and drainage water),
so the consequence of colloid-facilitated transport to deeper aquifers is not known. Also, models
describing colloid-facilitated transport are highly complex (see e.g. de Weerd and Leijnse, 1997) and
not yet operational for regulatory purposes. For these reasons, the Panel considers including this
process into regulatory models not feasible for the time being.

Canopy processes

In the FOCUS groundwater scenarios, the application rate is reduced by the fraction that is
intercepted by the crop and the reduced fraction is assumed to be applied to the soil (EC, 2014).
However, the EFSA PPR Panel (2012) considered there is insufficient evidence to ignore wash-off from
the crop canopy and thus EFSA (2017) recommended to include the effect of both dissipation at the
crop canopy and foliar wash-off when the substance is applied to the crop canopy. Exclusion of foliar
wash-off in lower tier FOCUS groundwater assessments may lead to underestimation of the predicted
concentration in groundwater, while it occurs and thus might be reflected in sampled groundwater at
monitoring sites. This could potentially make Tier-4 more conservative than the lower tiers of the
groundwater leaching assessment. Because an agreed methodology to introduce foliar wash-off into
the models exists (EFSA, 2017), the Panel recommends introducing foliar wash-off also into the lower
tiers of the FOCUS groundwater assessment scheme.

Degradation, sorption and hydrodynamic dispersion in the saturated zone

These three processes are not considered by default in the lower tiers of FOCUS groundwater.
Ignoring these processes leads to a conservative estimate of the groundwater concentration.

The FOCUS models assume no degradation in the zone below 1-m depth. There is evidence,
however, that this process may occur in certain cases (see section 7.1.3 of EC, 2014 for examples). If
sufficient evidence is available, degradation in the saturated zone can be included at Tier-3a of the
leaching assessment. Commission Regulation (EU) No 283/2013 on data requirements does not
describe harmonised requirements for degradation studies in the saturated zone.16 The revised Dutch
decision tree on groundwater leaching (appendix 2 in Tiktak et al., 2022) considers a simplified
computation procedure to deal with degradation in the saturated zone. This Dutch guidance states
that the applicant can perform degradation studies in materials from the saturated zone between 1-

16 Article 7.2.3 on degradation in the saturated zone states that the type and conditions of the study to be performed shall be
discussed with the national competent authorities.
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and 10-m depth and show that under all chemical conditions, oxic to methanogenic, degradation is
fast enough to reduce the concentration below the level of 0.1 μg/L at a depth of 10m.17 The so-
obtained degradation coefficients are introduced into a simple calculation procedure, which assumes
first-order degradation kinetics and a travel time of 4 years (corresponding to a precipitation surplus of
250 mm per year). The Panel considers this approach acceptable for Tier-3a assessments. The Panel
notes that calculation procedure must be slightly adapted. First, the precipitation surplus must be in
line with the precipitation surplus in the lower tier model calculations. Second, the depth must be in
line with the ExAG set by risk managers. Third, the initial concentration, c0, should be set to the target
concentration in respective FOCUS scenarios or to the target concentration in higher tier modelling
assessments. And fourth, dedicated technical guidance must be developed how to perform these
degradation studies (e.g. the selection of representative soils).

Sorption is another process that may lower the concentration in pore water. By default, the FOCUS
models do not consider sorption below 1-m depth, because the organic matter content is set to zero
at larger depths.

In a nationwide modelling study in the Netherlands by Tiktak et al. (2005), it was shown that due
to physical dispersion, the concentrations of pesticides were reduced. The main process here was
longitudinal dispersion, and to a lesser extent also transversal dispersion.

3.3. Conclusions and recommendations

• The Panel concludes that well-performed monitoring studies (see Section 6 for requirements of
such studies) provide for a more realistic exposure assessment than the lower tiers. However,
it cannot be guaranteed that Tier-4 is always less conservative than the modelling tiers.
Because monitoring studies provide more realistic exposure assessments, the Panel notes that
Tier-4 studies can overrule results from lower tier studies, if they fulfil all quality criteria (exact
criteria to be set in later guidance).

• Preferential flow is one of the known processes that could make the assessment at Tier-4
more conservative. The Panel recommends investigating if it is possible to include a
harmonised description of preferential flow in the leaching models that are currently used in
the leaching assessment and to investigate the consequences for the groundwater
concentration in the aquifer. Ultimately, preferential flow could be incorporated into the lower
tiers of FOCUS groundwater.

• Ignoring wash-off from crops in the lower tiers of FOCUS groundwater can also lead to an
inconstant tiered approach. In contrast to preferential flow, this process can be easily
incorporated in the current leaching models, because an agreed and harmonised description of
this process is already available in the FOCUS groundwater models PEARL and PELMO.

4. Vulnerability assessment for site selection and context setting

As described in Chapter 4 of Gimsing et al. (2019), a central question in the design and
interpretation of groundwater monitoring studies is that of groundwater vulnerability. Gimsing
et al. (2019) define vulnerability in the context of groundwater monitoring as ‘a measure of the
potential for a substance applied at or near the soil surface during normal agricultural use to appear at
relatively high concentrations in the groundwater’. Implicit in this definition is some means of
comparing conditions in one location with another. In regulatory assessments, an important question is
if the selected monitoring sites are sufficiently vulnerable, given the selected ExAG. To find sites that
represent realistic worst-case conditions, groundwater vulnerability must be modelled for the entire use
area of a pesticide. This chapter reviews the approaches suggested and gives recommendations for
guidance development.

4.1. Consistency with the proposed exposure assessment goals

Gimsing et al. (2019) describe seven options for ExAGs ranging from extremely conservative to
pragmatic. The Panel reviewed these options (see further Chapter 2) and concluded that not all
options would be compatible with the ExAG used in the lower tiers of FOCUS groundwater (EC, 2014).
The Panel further concluded that some ExAGs would be unpractical because following those it would

17 Notice that the depth of 10m is in line with the Dutch Exposure Assessment Goal. A different depth can be chosen as part of
the exposure assessment goal.
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be difficult to relate pesticide use to monitored concentrations, which is essential in regulatory
assessments. Based on these considerations, the Panel concludes that concentrations at depths
ranging from 1 to 10m below the soil surface and that originate from the upper layer of the
groundwater body, represent well, i.e. in a conservative way, the concentration in the entire
groundwater body or aquifer (Section 2).

Depth

The suggested vulnerability mapping approaches typically predict groundwater vulnerability at a
depth of 1 m below the soil surface (Gimsing et al., 2019). The concentration simulated at 1-m depth
is considered a conservative estimate of the concentration in deeper layers (Tiktak et al., 2020). The
depth of 1 m is a practical choice: data for deeper soil layers is generally not available at EU-level.
Furthermore, the depth of 1 m is compatible with the lower tiers in FOCUS groundwater. If risk
managers would decide that the ExAG would aim at protecting groundwater at deeper depths, the
suggested vulnerability mapping approaches aiming at leaching at 1-m depth are not sufficient. First,
it cannot be guaranteed that groundwater recharged from a field treated with a plant protection
product, is hydrologically connected to the groundwater well. Second, the travel time to deeper
groundwater monitoring wells may be longer than the actual time of use of a product. In this case,
the well would be unsuitable to demonstrate a safe use. Third, the texture and organic matter
content in deeper soil layers may be different from the soil properties of the top first meter. The
consequence is that the vulnerability of deeper groundwater layers can be different from the
vulnerability at 1-m depth. These three items imply that additional work needs to be done for
the interpretation of groundwater monitoring studies. Gimsing et al. (2019) provides several
examples, but guidance on how to perform this additional work is missing. For a harmonised risk
assessment, the Panel considers further guidance development on this additional work necessary
(see also Section 6).

Endpoint for the vulnerability assessment

The models currently used for vulnerability assessment in Gimsing et al. (2019) have a target depth
of 1 m below the soil surface, thus focusing on leaching vulnerability rather than aquifer vulnerability.
The Panel notes that vulnerability of the groundwater aquifer may differ from the groundwater
vulnerability at 1-m depth. This gives uncertainty in the vulnerability assessment, which must be
considered when selecting the monitoring sites and interpreting results at a later stage.

Different metrics (model outputs) can be used to assess leaching vulnerability. In one of the
illustrative cases, annual mass fluxes were used as an indicator of groundwater vulnerability in the
context of monitoring studies (Syngenta, 2014). They argue that flux weighted concentrations may be
less suitable as indicator of groundwater vulnerability in the context of groundwater monitoring studies
because high annual leachate concentrations can be associated with minimal substance mass fluxes if
the water volume flux is minimal. Since mixing of these very low mass fluxes in the upper few
centimetres of the groundwater already led to a huge decrease in the concentration, it can be
assumed that leachate concentrations that are associated with a relevant volume flux are of higher
importance for the groundwater quality. Similarly, the selection of sites in statistical monitoring studies
may require an aggregation of potential leachate to a larger scale. Mass fluxes can be meaningfully
added or averaged whereas it is more difficult to do this with concentrations. So, the question is: What
is a better indicator of groundwater vulnerability, annual averaged flux concentration or annual mass
flux?

In the lower tiers, the regulatory groundwater threshold value is the flux-weighted annual average
concentration across a unit cross-sectional area perpendicular to the main direction of flow at 1-m
depth below the soil surface based on chromatographic flow (the relevant concentration). This
concentration is defined as the ratio of the annual mass flux and the annual water flux. It is plausible
that the extent of groundwater deterioration by pesticides is positively correlated to the pesticide mass
that enters the system. Thus, the annual flux-weighted concentration and mass fluxes come into
question as an indicator of groundwater vulnerability.

For illustrative purposes, we define two hypothetical agricultural fields A and B with different soil
properties, reflecting a sandy and a loamy texture, respectively. The annual water fluxes (net
groundwater recharge) are 0.5 m for field A and 0.05 m for field B. The difference is due to the more
pronounced capillary barrier effect in field A. We further assume that the microbial activity is lower in
field A compared to field B. This results in a higher annual mass flux of the pesticide in field A (5mg/
m2) compared to field B (0.5 mg/m2). Although more pesticide mass entered the groundwater from
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field A (5mg) compared to field B (0.5 mg), the flux-weighted annual average concentrations are
identical (10 mg/m3). Thus, the flux-weighted annual average flux concentration is not a good indicator
of the mass entering the groundwater.

Therefore, the evaluation of the impact of pesticide applications from agricultural fields on the
quality of groundwater resource requires the quantification of the mass flux to the groundwater and
through the groundwater to the groundwater monitoring wells (e.g. Jamin et al., 2012). This should,
however, not be accompanied by excessive water fluxes, which would result in low concentrations.
This special case did not occur in numerical simulations based on a limited number of combinations of
soils and weather defined by the FOCUS scenarios (see Appendix B). The percentile of the annual
mass flux in time should be defined for the vulnerability indicator in a guidance document. An 80th
percentile in time would be in line with the lower tiers of FOCUS groundwater.

With the proposal of annual mass flux as target quantity for the indicator of leaching vulnerability,
there is a difference with the target quantity used in the lower tiers, which is an annual flux weighted
concentration. At first glance, this suggests an inconsistency in the tiered approach. However, it should
be noted that the annual mass flux in a vulnerability analysis is an indicator of leaching vulnerability
and not a regulatory endpoint. Therefore, there is no need for a direct comparison between the target
quantities used for the lower tiers and the indicator of a vulnerability assessment. Furthermore,
numerical simulations showed a strong correlation between the annual mass flux and the annual flux
averaged concentration (see Appendix B).

4.2. Intrinsic and specific vulnerability

Gimsing et al. (2019) describe broadly two factors that determine the overall vulnerability of
groundwater to pesticide leaching. Intrinsic vulnerability is determined by the natural factors that
affect the leaching of a pesticide. Climatic conditions, soil type and the geohydrological situation are
the most important factors. Specific vulnerability is affected by the properties of the chemical
substance and the actual use of the substance (I.e. use intensity and agricultural practices). Gimsing
et al. (2019) argue that groundwater vulnerability is affected by a complex combination of processes.
The implication is that some sort of process-based modelling is needed to integrate these complex
interactions. Alternatively, statistical (meta)model approaches could be used, if these capture the most
important processes and give the same spatial pattern of vulnerability as the original model (see
further Section 4.3).

It was demonstrated in earlier studies that substance properties play an important role in the
vulnerability of groundwater (e.g. Boesten and van der Linden, 1991). Heuvelink et al. (2010) and Van
den Berg et al. (2012) showed that organic matter is the most important soil parameter. Tiktak
et al. (2003) demonstrated that leaching of mobile substances correlates well with soil texture whereas
leaching of substances with a higher Kom–value correlates well with soil organic matter. So different
spatial patterns and hence a different worst-case situation is predicted. This is particularly the case
when substance properties depend on other soil properties such as pH. In that case, even opposite
spatial patterns can be predicted. The consequence is that it is not possible to derive worst-case
conditions without mapping the specific vulnerability of groundwater.

In monitoring studies, usually not only the active substance is measured, but also one or more
metabolites. Specific groundwater vulnerability can be different for each substance. Theoretically,
different sites would need to be selected for each substance. This is, however, not very practical. The
Panel therefore recommends selecting the site based on the properties of the substance with the most
important concentration exceedances in the lower tier assessments (which is not necessarily the active
substance). The actual vulnerability for the other compounds can then be assessed in a context-setting
procedure afterwards.

4.3. Suitable models for vulnerability mapping

As described in Gimsing et al. (2019), several vulnerability mapping approaches exist. These
approaches can be subdivided into three classes (EC, 2014):

• index models,
• process-based models,
• statistical models, including metamodels of process-based models.
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Index models are basically spatial overlays of maps with the spatial distribution of groundwater
vulnerability indicators such as organic matter content, clay content and precipitation. The total
vulnerability is calculated according to logical or arithmetic rules. Sometimes weighting factors are
applied to account for the different sensitivity of pesticide leaching to groundwater leaching indicators
(e.g. EC, 2014). Index models are easy to use but cannot describe more complex interactions between
different parameters. This can be done using spatially distributed process-based models. Typically,
spatially distributed process-based models are based on leaching models, which are parameterised for
many scenarios that represent specific locations (see further Gimsing et al., 2019). The Panel considers
using the same models as in the lower tiers of FOCUS groundwater to be an advantage. There are,
however, also trade-offs. First process-based models have high computational demands. Second, these
models require detailed information on the environmental conditions, such as soil, climate and crop
data. These problems can be overcome by using statistical metamodel approaches, which is the third
category described by Gimsing et al. (2019). These models are based on correlations between
pedoclimatic variables and the predicted leaching mass or concentration. Like index models, statistical
metamodels are easy to use. Their use is, however, limited to areas for which the metamodel has been
calibrated.

Recommended model types

The Panel considers both process-oriented models and statistical metamodels suitable to map
specific groundwater vulnerability. In principle any of the models listed in Gimsing et al. (2019) could
be used for this purpose. However, to ensure compatibility of the tiered approach, the Panel
recommends that the model descriptions and parameterisations in EC (2014) serve as a benchmark.
Because further harmonisation of, for example aboveground processes and crop development has
been performed during the development of the EFSA soil guidance, it is essential that EFSA (2017) is
also considered.18 Notice that this implies that when statistical metamodels are to be used, these
should be based on models that are based on EC (2014) and EFSA (2017). To facilitate efficient use of
the models for regulatory purposes, the Panel recommends the development of user-friendly software
tools. Version control (for example under the umbrella of FOCUS version control) would be
recommended as well. Guidance in the Good Modelling Practice Opinion (EFSA PPR Panel, 2014) could
help to address uncertainties in a systematic way.

Preferential flow

One disadvantage of the FOCUS groundwater models is that they do not consider preferential flow
and lateral flow processes (see further Section 3). If used in a spatial context, these models will
generally predict the highest leaching concentration in light textured soils with a low organic matter
content. If preferential flow is incorporated into these models, structured (clay) soils might become
more vulnerable to pesticide leaching (Jarvis et al., 2009; Rosenbom et al., 2009). Whether the
underlying aquifer becomes also vulnerable depends also on thickness of the clay layer and whether a
drainage system is present that could divert mass towards the surface water instead of the
groundwater. To gain more insight into the impact of macropore flow and drainage on groundwater
vulnerability, the Panel recommends performing a study with a model that incorporates these two
processes (see further Section 3). Comparison with monitoring results from monitoring programmes
(Section 7) would improve confidence in these models. Based on this study, the need to update the
FOCUS groundwater models and the lower tiers of FOCUS groundwater could be investigated. If this
work has not been done, the Panel considers application of the current models for vulnerability
mapping acceptable.

Geodata for modelling

Models assessing the fate of pesticides in the environment are inherently data intense and become
more so, when applied at EU level. Irrespective of the model, the required data set can be divided in a
limited number of categories, including soil data, climate and weather data, and crop and
management data. Gimsing et al. (2019) give a general overview of data sources, but do not give
recommendations for specific data sets that should be used. The Panel considers the availability of
harmonised and well documented data sets critical towards successful and reproducible application of

18 Notice that PEARL and PELMO have gone through this harmonisation process. If other models (for example MACRO or PRZM)
are used, it is essential that they are benchmarked against these two models and that process descriptions and
parameterisation should be harmonised where possible.
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spatial models in a regulatory framework. The availability of a harmonised data set will also increase
consistency of the simulations and makes it easier for risk assessors and regulators to review the
results from such simulations.

Gimsing et al. (2019) argue that data sets on cropping and climate are evolving rapidly, and that
recent data must be used. The Panel agrees to this and therefore recommends regular updates of the
data set and version control, e.g. under the umbrella of the FOCUS version control group. The data
incorporated in the data set should cover the entire use area, be well documented, be open source
and be derived in a scientifically sound and reproducible manner. More detailed quality criteria are
described in Chapter 3 of the SDLM-problem definition document (Tiktak et al., 2020). A point not
considered in the SDLM-problem definition document is a possible validation of the maps against point
data such as data from the LUCAS (Land Use/Cover Area frame statistical Survey Soil) database
(Orgiazzi et al., 2018). The Panel further notes that soil properties should be relevant for the area of
use of a substance. Because the organic matter content is by far the most important soil parameter for
the leaching assessment (Van den Berg et al., 2012; Heuvelink et al., 2010), using an organic matter
map specific for arable soils would be necessary. A promising map would be the organic matter map
based on the SoilGrids database described in De Sousa et al. (2022). Notice that the Joint Research
Centre (JRC) is also developing an organic matter map that distinguishes between arable and
permanent land-uses; however, this map was not available for review when this Statement was
written.

4.4. Use of vulnerability mapping for site selection and context setting

Applicants must demonstrate that the selected sites represent realistic worst-case conditions as
specified in the ExAG. For Tier-4, monitoring sites can be selected through one of the following two
procedures (see also EFSA, 2017):

• Random sampling in combination with appropriate statistical assessment of the spatiotemporal
percentile in the ExAG.

• Modelling with a spatially distributed pesticide leaching model combined with geostatistical
analysis that enables a more targeted sampling strategy.

It is to be expected that hundreds of sites will be needed to assess a spatiotemporal percentile with
sufficient accuracy based on measurements alone. The alternative proposed by Gimsing et al. (2019) is
to use one of the leaching models to find the appropriate locations for monitoring studies. Given the
workload involved with random sampling, the Panel considers the combination of monitoring and
modelling the only practical way forward.

The models are foreseen to be used for two purposes, i.e.

• Identification of potential monitoring sites. In this step, modelling is used to identify areas that
are vulnerable to pesticide leaching and where monitoring wells could be installed (section
4.3.3 in Gimsing et al., 2019).

• Setting monitoring studies into a larger spatial context (section 4.3.4 in Gimsing et al., 2019).
In this step, site-specific modelling is confronted with results from the spatially distributed
model to demonstrate that the selected monitoring sites really represent worst-case conditions.

4.4.1. Identification of potential monitoring sites

As mentioned in Gimsing et al. (2019), there is currently no generally available data set that can be
used to identify potential monitoring sites at a field-level across the EU. It is unlikely that one of
sufficient quality will become available soon and the computational burden involved in performing a
vulnerability assessment on every field in Europe is at present too large to make this a practical option.
Nevertheless, models can be a helpful tool to select vulnerable regions in which to install groundwater
monitoring wells. It must be understood that modelling provides only a starting point of site selection.
So, the Panel proposes to clearly distinguish between two phases of site selection (see also the SETAC-
SDLM problem definition document, Tiktak et al., 2020):

• Selection of vulnerable areas and/or regions (preselection phase);
• Selection of the actual monitoring sites within these vulnerable areas.
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Preselection phase

The Panel confirms that modelling can play an important role in the preselection phase because it
provides probably the only way of estimating vulnerability of groundwater to leaching of a chemical in
a consistent way across all the EU and of comparing leaching vulnerability of one location to another. A
boundary condition for the application of such models is the availability of user-friendly, harmonised
models (including the required geodata) and guidance on how to perform the vulnerability assessment.
If possible, these models should be tested using results from monitoring programmes. For guidance
development, several questions need to be addressed (see also the SETAC-SDLM problem definition
document):

• Which metric is most appropriate to use for vulnerability assessment from those available (e.g.
concentration, mass flux etcetera)? See Sections 3 and 4.1 of this Statement for
considerations.

• At which spatial and temporal scale should the vulnerability assessment be done? To reduce
computation times, vulnerability mapping is often done for unique combinations of soil,
weather and climate. Is this resolution sufficient to identify vulnerable areas?

• Are there any substances for which the use of currently used FOCUS models would be
inappropriate? For example, substances that do not show significant correlation between
leaching behaviour and different soil properties included in currently available leaching models
or substances that show an extreme variability of substance properties.

• Can simple metamodels be an alternative to the currently used process-based models and
what would be the conditions for their use?

Notice that groundwater vulnerability is substance specific. The Panel considers it acceptable to
base the site selection on the substance with the most important concentration exceedances in the
lower tier assessments. It must be demonstrated in the context setting procedure performed later,
whether the selected sites are sufficiently protective for the other substances too.

Final selection of monitoring sites

Once a region has been selected using the model, monitoring sites within that region need to be
selected. The first selection criterion should be that the actual site characteristics are the same as
those derived from the modelling exercise. This includes for example soil and weather conditions. A
second group of selection criteria is additional to those that can be derived from the vulnerability
assessment. This includes such items as hydrological connectivity, travel times and product use history.
These items are further considered in Section 6. Gimsing et al. (2019), note – based on experiences
and comments of applicants – that there is a high rate of drop-out of potential sites because farmers
might not cooperate, or use different products (see e.g. Syngenta, 2014). The Panel therefore
recommends considering all fields with a vulnerability score above the spatiotemporal percentile in the
ExAG (e.g. the 90th percentile), rather than using a narrow percentile range.

4.4.2. In-context setting of monitoring sites

The second application of vulnerability mapping associated with monitoring studies is to put
monitoring data or sites in context of the entire use area within a FOCUS climatic zone. The exercise is
done in two steps: First, site-specific simulations are performed with the leaching model. Second,
results from these site-specific simulations are plotted at the cumulative frequency distribution for the
entire use area within a FOCUS climatic zone. The site is suitable if the spatiotemporal percentile of
the site is larger than the spatiotemporal percentile in the ExAG. The Panel notes that this exercise is
only valid if the same leaching model is used for the vulnerability mapping and the site-specific
simulations. Furthermore, the exercise is valid for the top 1m of the soil column. The Panel considers
this acceptable, because vulnerability is to a large extent determined by degradation and sorption in
the topsoil. Nevertheless, a critical evaluation of hydrological connectivity and travel times is needed in
addition (Section 6) and monitoring sites must be discarded if they do not meet the requirements set
in Section 6. Finally, the exercise must be done for all substances under evaluation, i.e. the parent
compound and their metabolites.

Site-specific data

The in-context setting procedure relies on site-specific data. The notifier must report for each
monitoring site the soil properties to a depth of at least 1 m. Properties that need to be reported are
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organic matter or organic carbon content, bulk density, texture, pH and depth to groundwater;
analytical procedures need to be reported as well. If site-specific information on soil hydrological
properties is available, these need to be reported. If this information is not available, the Panel
considers application of pedotransfer functions acceptable; however, all models should use the same
pedotransfer functions. Climate and weather data must be measured on-site or be taken from a
neighbouring weather station. In the latter case, it must be demonstrated that the weather station is
representative for the monitoring site. Finally, pesticide application procedures, crop type, crop
properties and crop management practices must be reported. With respect to the application
procedures, timing and application rates are mandatory. Preferably, also the formulation type (e.g.
wettable powder, emulsifiable concentrate or granule) and the application method (e.g. hydraulic
sprayer) need to be specified as well. Monitoring sites for which insufficient supporting data is available
should be excluded from the analysis. In future guidance, criteria should be clearly formulated when
supporting data are sufficient.

Substance properties

To ensure consistency of the tiered approach, the same substance parameters as those used in the
lower tiers of the groundwater leaching assessment should be used. This also implies that all
processes that are considered in Tier-2 can be taken on board in higher tiers as well. If, for example,
experimental evidence exists on hydrolysis and this process is accepted at Tier-2, it can be included in
the vulnerability assessment. Specific attention is needed for substances that show sorption dependent
on soil properties other than organic matter (e.g. pH or clay content). The dependence of sorption on
these properties is not described in the FOCUS scenarios because pH and clay content were not
selection criteria when developing these scenarios (EFSA PPR Panel, 2013b). For this reason, it has
been common practice to perform calculations with two contrasting pH-values for all defined FOCUS
scenarios.

So, to realistically model spatial patterns of leaching for substances showing sorption dependent on
soil properties other than organic matter (e.g. pH), the dependency of sorption on these properties
must be introduced. In case of pH-dependent sorption, the sigmoidal function proposed by Van der
Linden et al. (2009) may be applied. Alternatively, the dependency of the sorption coefficient on soil
properties can be described using mathematical rules. If this option is chosen, the notifier must
provide statistical evidence that this relationship occurs (EFSA, 2017). Sections 3.6 and 3.7 in Boesten
et al. (2015) and sections 3.4 and 4.4 in Holdt et al. (2021) provide additional guidance on the
parameterisation of the sorption coefficient.

If additional analyses reveal that degradation of the substance is dependent on (correlated to) one
or several soil parameters, this dependency should also be introduced (see paragraph 3.2.2 in Tiktak
et al., 2022) to generate realistic vulnerabilities. In sections 3.3. and 4.3 of Holdt et al. (2021), it is
suggested to test the influence of the soil pH on degradation rates by means of a linear relationship.

Dealing with uncertainty of substance parameters

Some stakeholders raised concerns that substance properties for a given field differ from generic
‘average’ properties derived from the above-described general rules. It would therefore not be possible
to plot the vulnerability of individual fields at a distribution curve of leaching concentrations. They
further commented that a higher spatiotemporal percentile should be used, because ‘there is no safety
factor or conservatism left at FOCUS Tier-4’. The Panel agrees that pesticide fate parameters for
sorption and degradation are location dependent. However, their variation cannot be predicted or
derived from other soil properties, so these parameters are often treated as stochastic parameters
(Vanderborght et al., 2011; EFSA PPR Panel, 2012; Vereecken et al., 2016).

A possible solution to deal with this uncertainty would be to use worst-case values of the
degradation half-life and the sorption coefficient on organic matter. However, in earlier consultations,
stakeholders confirmed that ‘average’ substance parameters should be used, and that uncertainties
should be considered in the selected scenarios (EFSA PPR Panel, 2012). Following EFSA PPR
Panel (2012), an alternative procedure would be to use ‘average’ substance parameters and to shift
the spatiotemporal percentile in the monitoring Tier-4 to higher values (e.g. the 95th percentile). The
latter would be a compensation for the wider distribution of predictions of the leaching concentration
in a certain region for a certain time (Heuvelink et al., 2010; Vanderborght et al., 2011). The Panel
recommends investigating if this pragmatic approach would also work for the in-context setting of
monitoring sites. If such a shift is accepted, the monitoring Tier-4 might result in higher concentrations
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than concentrations in lower tiers, thus the consistency of the tiered approach should be investigated
as well.

Using in-context setting for read-across to different zones or Member States

In pesticides regulation, different spatial scales are relevant. For the approval of active substances
in the EU, the whole area of use of a pesticide in the EU is pertinent. For a substance to be approved,
the ‘safe use’ in at least one of the FOCUS climatic zones representing a major agricultural region in
the EU must be demonstrated. For the authorisation of PPPs in the Member States, the risk
assessment is performed at the level of the regulatory zone (in the core assessment of the registration
report) and at the level of the Member State (national addendum of the registration report). At the
zonal level, an agreed concept comparable to the ‘one safe use’ approach does not exist. The
prerequisites to grant authorisations at Member State level are diverse and Member State specific.
Typically, national decisions are based on the results of a specific set of the FOCUS groundwater
scenarios, and refinements with higher tier data are often possible. Some Member States have defined
ExAGs that serve as the basis for national decision making.

It often occurs that monitoring is performed in part of the EU only. The Panel notes that the in-
context setting procedure can be used to demonstrate a safe-use in different FOCUS zones than the
zone(s) where the monitoring has been performed. For this, results from the site-specific modelling
must be plotted at the cumulative frequency distribution for the entire use area of the other FOCUS
climatic zone(s). The Panel acknowledges that management practices may differ between FOCUS
zones; e.g. irrigation may be performed in one FOCUS zone and not in another zone. These
differences must be accounted for in the spatially distributed model used for the in-context setting
procedure and must be thoroughly described.

The in-context setting procedure can also be used for the authorisation process at the level of
regulatory zones and Member States. However, conceptual approaches to assess groundwater
vulnerability may differ between Member States, and even when the same conceptual approach is
used, Member States may require the use of national data for the in-context setting procedure.
Furthermore, the ExAG may differ between Member States. These differences must be accounted for
in the in-context setting procedure.

4.5. Conclusions and recommendations

• It was demonstrated in several studies that substance properties play an important role in the
vulnerability of groundwater to pesticide leaching. The consequence is that it is not possible to
derive worst-case conditions without mapping the specific vulnerability of groundwater. Both
process-based simulation models, and statistical metamodels could be used for this purpose.

• The Panel recommends developing harmonised models for vulnerability mapping. This should
include the development of harmonised geodata. The models and data sets should be well-
documented, brought under version control and preferably be accessible through a user-
friendly interface.

• The Panel recommends using the annual mass flux as indicator of groundwater vulnerability.
• The models that are currently used for the leaching assessment at EU level are limited to the

top 1m of the soil column. Given the lack of data on deeper soil layers, and because
groundwater vulnerability is to a large extent determined by processes occurring in the topsoil,
the Panel considers this the only practical way forward. However, consequently, leaching
vulnerability in areas prone to preferential flow might be underestimated with this approach.

• Although groundwater vulnerability is substance dependent, the Panel accepts to base the
selection of monitoring sites on the substance with the most important concentration
exceedances. Whether the selected sites represent also realistic worst-case conditions for the
other substances must be demonstrated in the context setting procedure performed later.

• Given the available geodata at EU level, it is unlikely that groundwater vulnerability can be
assessed at the field level. Applicants must therefore demonstrate that the actual site
characteristics (e.g. soil and climate data) are comparable to those derived from the
vulnerability assessment. Criteria need to be set to decide when these characteristics are
sufficiently equal.

• Hydrological connection between the groundwater directly below the field and the monitoring
well must be demonstrated for each selected monitoring site. Other items to be investigated
are travel times and product use history (see further Section 6).
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• The Panel recommends dealing with uncertainty of substance fate parameters in a pragmatic
way. This could be achieved by shifting the spatiotemporal percentile in the ExAG to a higher
value.

• The in-context setting procedure can be used to demonstrate a safe use in different FOCUS
zones than the FOCUS zone(s) where the monitoring has been performed. The in-context
procedure can also be used for the authorisation process at the national level, if requirements
set by national authorities are met.

5. Data quality considerations

Section 5 on data quality considerations in Gimsing et al. (2019) is well elaborated with respect to
the different steps that are crucial in conducting and evaluating a groundwater monitoring study,
concerning the general study quality criteria, the installation of new or the selection of existing
monitoring wells, the collection and transport of samples and sample analysis. Although the section
addresses the crucial steps and gives pragmatic and reliable solutions to potential problems that can
arise, some Member States expressed the need to develop a regulatory guidance framework for
conducting, assessing and evaluating monitoring studies in the consultation. Future guidance needs
binding procedures and clear instructions when the available information is sufficient for the use in
Tier-4 risk assessment. Decision trees should also be included, when several options exist.

5.1. General issues

Good laboratory practice

Gimsing et al. (2019) describe the general study quality criteria partly vaguely in terms of that the
material and methods and the scientific evaluation should be reported ‘in sufficient detail’ or ‘all
relevant data generated’ should be reported. In future guidance, it should be clearly stated what
information is needed to accept a targeted monitoring study.

The Panel notes that targeted groundwater monitoring studies supporting Tier-4 assessment should
be conducted according to Good Laboratory Practice (GLP) quality standards. This is not always
possible for public groundwater monitoring studies that are generally not conducted or sponsored by
registrants. The Panel notes that available public monitoring studies need to be added to the dossier19

and that they can be used as supporting information. However, the Panel recommends that public
monitoring studies must comply with defined quality standards. These defined quality standards should
be clearly specified in future guidance (Section 7).

Installation of the monitoring wells

The Panel already concluded in Section 2.6 that an ExAG for groundwater at EU level should be
defined before dedicated regulatory guidance can be produced on how to conduct, assess and
evaluate monitoring studies. Then, the assignment of requirements and quality criteria of the well
design can be better tailored to meet the ExAG. This largely affects issues related to the target depth.
For example, whereas sound knowledge of the (hydro-)geology is essential for the interpretation of
monitoring studies in deeper groundwater, contamination during study performance or local/temporal
land use changes might be more important for monitoring studies in shallow groundwater. These
differences need to be reflected in future guidance.

A variety of well designs for collecting groundwater samples exists, as well as guidelines. The most
important steps to be followed in the installation of monitoring wells are summarised in the section of
the same name in Gimsing et al. (2019). The Panel wants to stress the importance of a good sealing
around the casing in the unsaturated zone to avoid artificial (preferred) flow paths directly in the
groundwater and a respective contamination. In future guidance, a more detailed description of the
well design and the installation technique under site-specific hydrogeological conditions is needed.
Clear criteria must also be given for the choice of a typical design, e.g. when can sampling lances be
accepted as a method to monitor shallow groundwater instead of a monitoring well?

19 Article 7.5 of Commission Regulation (EU) No 283/2013 of 1 March 2013 setting out the data requirements for active
substances, in accordance with Regulation (EC) No 1107/2009 of the European Parliament and of the Council concerning the
placing of plant protection products on the market.
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Selection of existing monitoring wells

Existing monitoring wells have the advantage that the installation is omitted. However, the study
objective, i.e. the depth of the well screen (target depth) and study design, must comply with the
ExAG. Several criteria are given in Gimsing et al. (2019) that should be considered. Also in this case,
the Panel recommends formulating minimal binding criteria to accept an existing well for use in a Tier-
4 risk assessment.

Collection of samples

Collection of groundwater samples is described in detail in the section of the same name in Gimsing
et al. (2019), covering all relevant topics of prevention of sample contamination, possible sorption of the
substances to sampling material and containers, water removal by pumps, purging, sample collection,
and sample transport and storage. Note that the definition of the ExAG also invalidates groundwater
monitoring studies that are not aimed at this goal, because they were conducted with a different
objective and therefore have a deviating study design and sampling procedure. Gimsing et al. (2019)
mention that other types of wells could be sampled using simple methods such as ‘turning on the faucet’.
The Panel notes that these sampling methods cannot be used for Tier-4 monitoring studies.

Gimsing et al. (2019) argue that including solids in samples must be avoided, particularly for
strongly sorbing compounds. The Panel agrees that this should be avoided, because the regulatory
endpoint refers to a concentration in the aquatic phase. However, if the aim would be to test if colloid-
facilitated transport has occurred, analysis of the filtrate could be a valuable addition (see further
Section 3).

Sample analysis

The relevant requirements for the analytical method are summarised in the section of the same
name in Gimsing et al. (2019). The Panel agrees to the recommendations on analytical methods in
Gimsing et al. (2019). The Panel further agrees that chemical analysis should be conducted under GLP
conditions. Chapter 5 of Gimsing et al. (2019) refers to guidelines for the installation of monitoring
wells, for the collection of samples and for sample analysis. Since these will inherently change over
time, references to guidelines should generally be stated without revision numbers in future guidance.
Furthermore, analytical method validation should be applicable with SANTE guidance documents.

5.2. Conclusions and recommendations

• The excerpt on data quality considerations is well elaborated in Gimsing et al. (2019) with
respect to the different steps that are crucial in conducting and evaluating a groundwater
monitoring study.

• The Panel notes that targeted groundwater monitoring studies should be conducted according
to GLP quality standards. Public monitoring data are often not conducted according to GLP but
can provide important supporting information if they comply to defined quality standards.

6. Study design of targeted monitoring programmes

In the public consultation, Member States expressed the need to develop a regulatory guidance
framework for conducting, assessing and evaluating monitoring studies at different assessment levels
(e.g. Regulatory Zones, FOCUS Zones or Member States). They demanded quality criteria to enable an
overall reliability assessment for each monitoring site. Distinctive advice was requested on practical
issues like the minimum and maximum field size, minimum number of sampling wells, minimum
number of supporting wells, minimum depth to groundwater, minimum sampling frequency and
minimum study duration. Overall, the comments made strong appeals for a harmonised study design
and binding procedures to facilitate regulatory acceptance of the tiered groundwater risk assessment.

Gimsing et al. (2019) highlight many practical aspects that need to be considered during the field
phase of monitoring studies. Especially in Chapter 5, technical requirements for well installation,
collection of samples, sample handling and analytics are outlined. Other important issues like the
history of use, the hydrological connectivity between the treated area and the monitoring well, tracers,
travel time estimations, groundwater flow direction, study duration and sampling frequency
are addressed in different levels of detail. Because different ExAGs need different study designs
(Section 2), it is not yet possible to develop harmonised guidance for regulatory purposes. The
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information provided in Gimsing et al. (2019) can, however, serve as a basis in developing detailed
guidance for targeted monitoring studies.

6.1. Representative study designs

EC (2014) distinguishes between field leaching studies and groundwater monitoring studies.
Gimsing et al. (2019) argue that the distinction between both study types is not always clear,
particularly for in-field study designs. However, the paper does define the difference between field
leaching studies and monitoring studies: ‘Field leaching studies are usually conducted as a research
study with carefully controlled agricultural operations including application of the active substance
under supervision of the researcher, while monitoring studies are usually conducted in commercial
fields where agricultural practices are controlled by the farmer’. The Panel agrees to this general
definition and notes that field leaching studies can have in-field or edge-of-field study designs. The
Panel notes that from a regulatory perspective, the distinction between both study types is highly
relevant. Field leaching studies are carried out at Tier-3c and require in-context setting by inverse
modelling (EC, 2014) whereas the endpoint of a groundwater monitoring study at Tier-4 is the
measured concentration itself. The Panel notes that inverse modelling of field leaching studies is
usually associated with a high level of uncertainty. The Panel therefore recommends reconsidering the
role of inverse modelling in future guidance.

Gimsing et al. (2019) further distinguish between in-field and edge-of-field study designs for
groundwater monitoring. In-field study designs generally benefit from the ease of proving connectivity,
particularly for shallow monitoring depths. On the other hand, the Panel recognises that in-field study
designs may be problematic due to concerns that artificial preferential flow pathways may develop
along the well casing into the groundwater. Moreover, the risk of introducing topsoil containing
residues to the gravel pack or the saturated zone remains, especially for newly installed wells. Both
routes pose some risk of groundwater contamination due to the installation rather than leaching and
may complicate the interpretation of the observations. The Panel notes that in-field study designs
should be prospective rather than retrospective, because the latter provokes discussions whether peak
concentrations were missed.

6.2. History of use

At all tiers, the groundwater risk assessment is based on the representative uses as defined in the
GAP. Besides the timing of the treatment and the crop, the description of a use defines the maximum
application rates and frequencies that are required for reasons of efficacy. As an active substance (or
product) can be approved (or authorised) for several uses, the risk assessment needs to consider the
pressures resulting from all intended uses in the various GAPs to meet the provisions of Article 31 and
Annex II of Regulation (EC) 1107/2009. Therefore, the significance of groundwater monitoring results
must explicitly be demonstrated for the application rates (in g a.i. per ha), timings (e.g. spring or
winter application) and frequencies (e.g. biannual, annual, biennial, triennial application) that need to
be assessed. Only if the link between the monitoring data and the uses according to the GAP is clearly
established, the results can be considered a Tier-4 in the risk assessment.

The Panel notes that Gimsing et al. (2019) do not provide detailed recommendations how use data
should be reported and assessed to demonstrate their compliance with the GAP. Several Member
States comments on Gimsing et al. (2019) identified a lack of guidance in this regard. Though it was
admitted that under practical agricultural conditions the strict boundary conditions as defined in a
representative use as presented in the GAP table are seldomly fulfilled in a 1:1 manner in a
groundwater monitoring study, they called for guidance to decide upon the question which application
rates and frequencies the monitoring results are representative for. They expressed the need for clear
decision criteria to conclude (i) if applications at a specific monitoring site adequately cover the
intended use rate and frequency and (ii) how to proceed if they do not.

To obtain the historical use data might be a limiting factor in groundwater monitoring studies.
Dependent on the travel times of the respective substances at the monitoring site, application data
might be needed for a time span of many years (5–15 years). Long time series of data are especially
required for strongly sorbing substances that move slowly through the soil column and the aquifer,
either due to substance-specific (e.g. moderate or high adsorption to soil particles) or soil/aquifer-
specific properties (e.g. high silt or clay contents). However, if product applications are not adequately
reported, the measured concentrations cannot be correctly interpreted in relation to the GAP.
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Consequently, a prerequisite for the regulatory use of targeted monitoring data is the availability of
complete data on the use history of the products containing the respective active substances. The
application data must be reported in sufficient detail for the whole monitoring period and the relevant
preceding time span (considering the travel times of the substance). Note that generally time-series
need to be longer for larger evaluation depths. This documentation needs to consider all fields with a
hydrological connection to the monitoring wells. Reporting of sales and cropping data may in most
cases not be sufficient, because these data can hardly be linked to a specific use on a specific field
according to the GAP. The Panel notes that in addition to the targeted monitoring studies performed at
Tier-4, results from public monitoring sites could be used to identify risk areas (see further Section 7).

Application rate

The application rate is an essential part of the definition of a use according to the GAP and thus in
the groundwater risk assessment. In monitoring studies performed under agricultural conditions, the
actual dose rates used might differ from the maximum rates in the GAP. Therefore, it is essential to
report the application rates at every monitoring site in complete detail. Only if this information is
available, an evaluation can be performed to designate which dose rates are covered by the
monitoring results for risk assessment.

In recent evaluations in the context of active substance approvals at EU level, two different
approaches were taken by RMS to assess targeted monitoring results based on different field
application rates; (i) calculating a dose rate factor and (ii) up- and down-scaling of the results:

• In the RAR for the active substance S-metolachlor (June 2021), the RMS Germany calculated
an average dose rate factor for each monitoring site for the period of the study. The average
dose rate (considering only the years in which an application was done) was compared to the
proposed application rates according to the GAP. For that purpose, a factor was calculated by
dividing the average dose rate at each site by the intended dose rate. If this dose rate factor
was 1 or above, it was concluded that the intended dose rate was covered at the respective
site. If it was below 1, the site was not regarded as suitable to obtain information on the
groundwater leaching potential for the respective dose rate. The evaluation of the monitoring
results was then performed with sub-data sets for each representative use separately. This
rather rigid approach has some limitations. The data set for the lower dose rates also includes
the sites that were treated with higher dose rates and thus there might be a bias in the
results. And if the actual application rates show high variations, the method can significantly
reduce the number of acceptable sites covering an intended use.

• In the Addendum to the DAR for the active substance pinoxaden (April 2022), the RMS Austria
introduced an approach of scaling the monitoring results with a rate-normalisation factor. This
site-specific rate normalisation factor was calculated by dividing the intended dose rate by the
actual averaged dose rate at the respective site. The factor was used for linear up- and down-
scaling of the measured concentrations at each of the monitoring sites. For samples below
LOD, the RMS suggested scaling based on ½ LOD.

The scaling method has the advantage that it is applicable to all monitoring sites and therefore
maintains the number of sites of the whole data set. However, data-processing based on linear scaling
ignores the impact of non-linear sorption processes and other non-linear phenomena occurring under
field conditions. This can lead to significant error, particularly for substances with a Freundlich
exponent < 0.9 (Table 4). The Panel therefore proposes to perform the scaling based on simulations
with PEARL and/or PELMO for both the actual use, and the intended use. Simulations should
preferably be done using soil and weather data for the respective monitoring site (this data is
potentially available for the time-of-flight simulations described in Section 6.2). If insufficient local soil
and weather data are available, a FOCUS scenario that matches the conditions at the monitoring site
could be taken alternatively. The application frequency in the GAP should be used in the modelling
(see below). The Panel acknowledges that these simulations increase the workload for both applicants,
and regulators. Further guidance, including an operational procedure, must be developed in future
guidance.

Application frequencies

Also, the application frequencies are part of the definition of a use according to the GAP and thus
are an integral part of each tier in the groundwater risk assessment. Application frequencies specify
both the number of applications per year and the minimum interval between applications and may
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further specify that applications in consecutive years are precluded. In simulating PECGW values at the
lower tiers, different application frequencies can easily be considered. In FOCUS (2000), the impact of
different application frequencies on the concentration in groundwater has been analysed. For two
dummy substances, the 80th percentile concentration at 1-m depth was compared for annual, biennial
and triennial applications modelled with PRZM, PELMO, PEARL and MACRO. In comparison to annual
applications, the values were reduced by a factor of 2–3 for biennial applications and by a factor of
3–5 for triennial applications. The results of this modelling exercise indicate that less frequent
application frequencies result in lower concentrations in groundwater.

In legacy groundwater monitoring studies, data on product applications are often not reported in
the level of detail required for regulatory purposes. To merely reference ‘realistic agricultural
conditions’ covered by the actual application frequencies at Tier-4 is not sufficient. This would not be
in line with the tiered approach that exactly considers the GAP at the lower tiers and would possibly
underestimate the concentrations in groundwater under fields that receive more frequent applications
of the respective pesticide.

In designing and conducting experimental leaching experiments (e.g. lysimeter or field leaching
studies), applications can be (and have been) performed according to the regulatory needs (i.e. the
uses as intended by the applicants). In groundwater monitoring studies, actual application frequencies
in the treated areas at monitoring sites can be highly variable and it might be challenging to assign
enough monitoring sites to the respective intended application frequency (or frequencies).

Due to the heterogeneity of the application frequencies at different sites in monitoring studies,
conceptual approaches to link them to the use definitions in the GAP are not straight-forward. In the
RAR for active substance S-metolachlor (June 2021), the RMS Germany split the entire set of
monitoring sites into subsets considered more in line with, e.g. annual, biennial or triennial
applications, e.g. as proposed in the GAP for S-metolachlor. However, this approach led to a distinct
reduction of monitoring sites. Given the limited number of sites of monitoring studies and the different
levels of assessment (EU, regulatory zones, Member States), a further reduction of the available data
set should be avoided. The Panel therefore recommends developing guidance on how to relate the
actual application frequencies observed in monitoring studies to the definition of the uses according to
the GAP.

6.3. Connectivity

To demonstrate the hydraulic connectivity between the monitoring wells and the treated fields is
challenging but crucial for a correct interpretation of the results, particularly if risk managers decide to
set the evaluation depth at deeper values. It is needed to exclude false negative measurements, i.e.
non-detections in the samples that are caused by the lack of product applications at the respective
field. A proof of connectivity is also essential to demonstrate that the results obtained at a specific well
have a significance for the field(s) for which the use history has been documented.

Table 4: The 80th percentile of the annual average leaching concentration at 1-m depth (PEC) for
the FOCUS Hamburg scenario and for FOCUS example substance D. The simulations were
done with FOCUS PEARL 4.4.4

Results for FOCUS substance D with a Freundlich exponent (1/n) of 0.9

Dose PEC with linear scaling(a) PEC simulated with PEARL
PEC scaled divided by PEC

simulated

1.0 kg/ha 2.354 μg/L 2.354 μg/L 1.0

0.5 kg/ha 1.177 μg/L 0.879 μg/L 1.3

0.1 kg/ha 0.235 μg/L 0.095 μg/L 2.5

Results for FOCUS substance D with a Freundlich exponent (1/n) of 0.8

Dose PEC with linear scaling PEC simulated with PEARL PEC scaled divided by PEC simulated

1.0 kg/ha 0.481 μg/L 0.481 μg/L 1.0
0.5 kg/ha 0.241 μg/L 0.069 μg/L 3.5

0.1 kg/ha 0.048 μg/L 0.001 μg/L 48

(a): A simulation was done with an annual dosage of 1 kg/ha.
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Gimsing et al. (2019) point out that for in-field studies with samples from the upper 10 cm of the
groundwater, connectivity is essentially assured. Another approach to reduce the uncertainties
associated with connectivity, that has been taken in several recent monitoring studies performed by
applicants, is to install wells at the edge of the adjacent fields and to collect samples in the uppermost
shallow groundwater (1- to 2-m filter screen installed near the groundwater table). This might be a
suitable way to safeguard the sampling of maximum residues in groundwater originating from the
targeted fields. An additional advantage of edge-of-field monitoring is that the risk of contamination of
the samples is reduced (Section 6.1).

Establishing connectivity at larger spatial scales (e.g. the catchment of the aquifer) might be
intricate and the data generated will seldomly be fit for the purpose to be used as Tier-4.

Tracers and pseudo-tracers

Control measurements are a long-established standard in many fields of experimental sciences to
avoid misinterpretations of the results, e.g. to exclude false-positive and false-negative results. Though
the practical restrictions in groundwater monitoring exercises are dissimilar compared to laboratory
tests, the established principles of good science need to be followed. Against this background, the use
of pseudo-tracers (e.g. metabolites) or tracers (e.g. bromide) is regarded as a suitable method to
demonstrate connectivity between the field(s) that received the application (and for which use data is
documented) and the sampling well.

This is in line with the suggestions of Gimsing et al. (2019) who summarised that tracers enable ‘to
determine flow connections/pathways, flow velocities and travel times, hydrodynamic dispersion,
recharge, and discharge. [. . .] Findings of substances related to the target (e.g., primary or secondary
metabolites) can act as ‘tracers’ providing proof of connectivity to soil treated with the target. In
prospective studies, a conservative tracer such as bromide may be applied together with the target
substance to provide proof of connectivity’. Several member state comments also support the use of
tracers or pseudo-tracers as a proof of connectivity and demand that tracer experiments should
become more important for targeted monitoring studies in the future to assist the hydraulic
connectivity assessment.

Utilising metabolites as pseudo-tracers is, if possible, the simplest and most pragmatic way to prove
connectivity. However, it must be considered that the presence of metabolites does not per se provide
evidence that the monitoring well is only connected to one adjacent field in the delineated upstream
area over time. The possibility that the well and its filter screen are temporarily also connected to
another field that received any (unknown) kind of application with the active substance must be
acknowledged in interpreting the results.

Human-applied tracers have pros and cons. The advantage is that they are applied at a known
field. Thus, detections of the tracer in the monitoring well can unequivocally be assigned to originate
from the respective treated field (this is, as described above, in contrast to pseudo-tracers). In
monitoring studies with active substances, tracers might be the only tool available that guarantees
appropriate reliability in demonstrating connectivity at a given site. On the other hand, there are
several practical and formal obstacles that may impede the use of tracers. Gimsing et al. (2019)
emphasised that such tracers ‘should not be present in relevant concentrations in the hydrological
system before the tracer experiment, retarded caused by sorption to or degradation in the soils/rocks,
sensitive to changes in solution chemistry, toxic for the studied environment’. In most countries, legal
permissions are required to treat whole fields with tracer substances like bromide; it might be
challenging to obtain these permissions for a high number of sites located in different countries. This
concern was also raised in the comment of CropLife Europe, indicating that applications of tracers to
all fields may not possible due to: (i) permits needed, (ii) damage to crops and soil at commercial
farms, (iii) applying at the same time as crop protection products may not be possible due to practical
considerations and (iv) high background levels.

It must be kept in mind that any substance used as a tracer will behave differently compared to
the monitored substance due to its specific environmental properties (e.g. degradation, adsorption)
and consequently its travel time through the aquifer might be affected. Therefore, the tracer results
need to be interpreted cautiously, especially regarding the temporal aspects of substance transport.
This is particularly the case if the tracer is mobile compared to the substance under consideration. The
Panel therefore suggests using time-of-flight modelling in addition to tracer and pseudo-tracer
experiments.
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Travel time (time-of-flight modelling)

A part of demonstrating connectivity to correctly interpret the measured concentrations is the
temporal scale. Information about the travel time of the substance from the field through the
unsaturated soil zone and the saturated groundwater zone to reach the sampling point must be
available to establish sampling schedules that adequately represent the main contamination plume
under the treated area. Estimation of travel times thus enables to predict if the measured residues can
be interpreted as results of previous applications during the study period. In addition to the use of
tracers, Gimsing et al. (2019) discussed these modelling approaches (so called time-of-flight
simulations) to prove connectivity.

In the public consultation, the use of this method stimulated several comments. Member States
stated that time-of-flight modelling provides a rough estimate in the absence of any other information.
It provides a general idea of likely transit times under conditions of chromatographic flow, and to
understand which sampling strategies might be appropriate. However, concerns were raised that it
requires intensive data input and complex site-specific modelling that adds undesirable complexity for
assessments of targeted monitoring studies. One comment took a critical position towards time-of-
flight modelling and expressed that – in the light of the key position of proving adequate hydraulic
connectivity in the overall evaluation of a monitoring study – neither a ‘weight-of-evidence’ approach,
nor ‘high-tech’ modelling would be appropriate in a regulatory framework. The Panel agrees that
results from time-of-flight analyses are subject to considerable uncertainty, but also considers time-of-
flight modelling an essential part of the analysis of hydraulic connectivity. Because of the uncertainty
associated with time-of-flight modelling, the Panel suggest to additionally perform tracer and/or
pseudo-tracer experiments, as mentioned above. The combined use of tracer experiments and
modelling can in the view of the Panel provide sufficient evidence to demonstrate hydraulic
connectivity. The uncertainties of the modelling approaches are discussed in the remainder of this
section.

Time-of-flight simulations are a combination of one-dimensional pesticide leaching models and
three-dimensional groundwater transport models. Results of time-of-flight simulations depend on the
assumptions made and on the quality of the input data. The one-dimensional models (e.g. PEARL,
PELMO and MACRO) simulate leaching in the unsaturated soil zone, PEARL and MACRO also simulate
transport in the uppermost saturated zone. These models have options to simulate preferential flow;
however, in the lower tiers of FOCUS groundwater chromatographic flow is assumed (except for one
scenario). When used for time-of-flight analysis, the arrival time of a substance is a critical parameter.
Chromatographic flow models may not be suitable for predicting early arrival times of pesticides in
situations where preferential flow is an important transport mechanism (this is acknowledged also by
Gimsing et al., 2019). Some authors have used larger dispersion coefficients to account for preferential
flow; however, this is not recommended because unrealistic dispersion coefficients would be needed to
simulate early arrival times of pesticides (e.g. Scorza-Júnior and Boesten, 2005).

Another critical aspect of site-specific simulations regards the fate properties of the substance such
as the degradation half-life and adsorption parameters. In the modelling ‘average’ values are used,
although it is known that these parameters are location dependent (Section 4.3) and show
considerable variability (Walker and Thompson, 1977; Allen and Walker, 1987). To correctly simulate
the travel time in the unsaturated zone at a given site, it would be required to determine site-specific
sorption parameters. Kupfersberger et al. (2017) studied the impact of this phenomenon and
concluded that if no physicochemical analysis of local soils is available, the use of ‘average’ values for
environmental fate parameters might lead to only a rough description of the leaching features for a
given compound or unrealistic fitted parameters that will not be appropriate for predictions. To deal
with this uncertainty, the Panel recommends calculating the travel time using both the lowest and the
highest sorption coefficient to determine the range of possible travel times. The Panel recommends
developing guidance for adequate travel time estimations, considering the uncertainty of the sorption
coefficient. The procedure in EFSA PPR Panel (2012) could serve as an example. Notice that
uncertainty of substance properties is also considered in the in-context setting procedure (Section 4).
However, because we are interested in the range of possible travel times, a different solution to handle
this uncertainty is chosen here.

Dispersion is another process that affects the width of the solute breakthrough at any depth, with
broader breakthrough curves for larger values. It is well known that dispersivity is scale-dependent,
with increasing values at larger scales (Vanderborght and Vereecken, 2007). With that in mind, an
extension of the soil profile in the time-of-flight analysis to larger depths goes along with an increase
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of the value of the dispersivity. However, the implementation of the values for the dispersivity in time-
of-flight simulations presented in appendix 6 of Gimsing et al. (2019) is premature. A justification for
the absolute values of the enlargement of dispersity over depth is required based on a literature
review or on simulations. Therefore, the Panel recommends that the implementation of a larger
dispersivity for a time-of-flight analysis needs to be further analysed before the implementation in
guidance.

Commonly, one-dimensional leaching models like PEARL and PELMO are utilised to estimate
leaching concentrations at a depth of 1 m. In time-of-flight simulations, predictions for deeper soil
layers might be needed to adequately represent the conditions at a given site. This extrapolation to
depths below 1m requires accuracy, as it implicitly affects the prediction of the travel time through the
soil column. However, parameterisation of the models for simulations of deeper soil layers is
challenging as the required data for depths below 1m might not be available for all sites. And even if
these data are collected during the study phase, this might be too late to utilise it in elaborating
adequate sampling schedules.

To estimate the horizontal flow and transport within the saturated zone, three-dimensional
groundwater transport models can be used. Gimsing et al. (2019) discussed the assumptions and
parameterisations of the available models (e.g. Feflow, Modflow and OpenGeosys) and questioned the
current formal suitability of these models, as they are not mentioned in the existing guidance
documents. As for modelling vertical flow with the one-dimensional models in deeper layers than 1m,
the availability of the input data required for the simulations might be challenging.

In the regulatory authorities in the Member States, the practical expertise using these software
tools is limited. However, for a transparent and critical assessment of time-of-flight estimations, the
Member State experts must be enabled to reproduce the evaluations submitted by the applicants.
Therefore, these tools must be publicly available, user-friendly and under version-control (e.g. FOCUS
version control). The Panel recommends following guidance in the Good Modelling Practice Opinion
(EFSA PPR Panel, 2014).

One of the indicators in time-of-flight modelling is the months at target concentration (MTC), which
is a measure to ensure that concentrations within a certain percentage of the peak concentration will
be observed. The Panel recommends a fundamental discussion for future guidance, whether the
proclaimed 70% of the peak concentration is a good measure for the minimum time window where
the substance is above the defined target concentration. In terms of reporting, all listed measures in
appendix 6 of Gimsing et al. (2019) should be documented for the single years and an aggregation of
the overall results in terms of the minimum, average and maximum MTC should be provided.

Groundwater flow direction

A stable groundwater flow direction over time ensures that the monitoring well potentially covers
groundwater residues from the adjacent field. The groundwater flow direction can change over time.
This can be the case especially in areas with very shallow groundwater, which are – on the other hand –
preferable sites as here the travel times through the unsaturated zone might be short enough for the
duration of a monitoring study.

Gimsing et al. (2019) emphasise that ‘[. . .] the direction of groundwater flow is needed to optimally
locate the monitoring wells. Therefore, unless the groundwater flow direction is obvious from the slope
of the land and the position of water bodies, three wells will typically be installed at the start of the
study to determine (or confirm) the direction of groundwater flow. Groundwater flow may need to be
checked regularly during the study since the flow may change direction with time in some locations, so
additional wells may be installed if required. Usually, after the groundwater flow direction is
determined 1–10 wells down gradient and in some situations, wells may also be installed upgradient of
the treated field to determine if an active substance or its metabolites are present in groundwater
flowing into the field from adjacent fields’.

Various comments dealt with the uncertainty related to fluctuations in the groundwater flow
direction. Member States highlighted that due to variable groundwater flow directions, nominated
sampling wells may be temporarily or even permanently unconnected to a treated field, particularly at
monitoring sites where multiple sampling wells have been installed to address variable groundwater
flows directions. It was pointed out that precise information on the groundwater flow direction over
time and the hydrological conditions in the unsaturated and the saturated zone at a chosen site is
usually limited at the beginning of the monitoring period and that constant measurements of the
groundwater flow direction should become more important for targeted monitoring studies in the
future. Clear criteria were requested on when to consider a sampling well adequately connected and
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when not, and how to proceed if a sampling well is not adequately connected (e.g. by accounting for a
minimum percentage of samples required with the sampling well adequately located in the
groundwater flow direction based on groundwater contour plots obtained at each sampling date).

At locations with an alteration in groundwater flow direction, the delineation of the catchment field
area corresponding to the monitoring wells is called into question. If the direction of the groundwater
movement changes during the study phase, a different field may constitute the ‘catchment’ area. It
may therefore be difficult to relate the measured concentration to the actual product use, which is
essential when monitoring studies are used at Tier-4. Accordingly, even if connectivity can be proven
by means of the occurrence of metabolites or tracers, uncertainty remains if the maximum
concentrations of a compound in the residue plume is adequately captured over time.

Due to these considerations, the Panel recommends recording groundwater levels at enough wells/
piezometers at each monitoring site (at least 3) in a high temporal resolution (e.g. daily) to allow the
observation of the groundwater flow direction over the whole period of the study. Guidance must be
developed to decide how to identify relevant fluctuations in the groundwater flow direction at a given
site and how to consider them in the evaluation of the monitoring data.

6.4. Sampling frequency

Gimsing et al. (2019) do not provide specific recommendations on sampling frequencies. In case of
limited knowledge about the hydrogeological situation in the unsaturated and the saturated zones,
monthly sampling is recommended; in some of the studies provided as illustrative examples in the
paper sampling was performed quarterly. Member States acknowledged in their comments that the
sampling frequency depends on several factors like mobility and persistence of the active substance or
metabolite, hydrological site characteristics, climate conditions, depth to groundwater, filter screen
depth, application time, prospective and retrospective study design and the ExAG. It was also
remarked that even when there is a good knowledge about the hydrogeological regime of the
saturated zone, a sampling effort (monthly) should be done at least for the first years of a monitoring
study to better understand the temporal variations. Sampling interval can then be adapted depending
on results from these first years. The Panel notes that guidance is needed on temporal aspects of
sampling strategies.

In fact, the issue of sampling frequencies for monitoring studies touches interconnected questions
of setting ExAGs and practical aspects of study design: The frequency of sampling determines if
temporal or seasonal effects are detected and thus the temporal resolution of the sampling schedules
is directly related to the temporal aspect of the ExAG, i.e. if seldom, regular or frequent trigger value
exceedances are considered relevant.

On the other hand, there are numerous substance- and site-specific parameters that must be
considered in deriving a sampling schedule. Often, the sampling frequency is set at the beginning of
the study while the information required to scientifically derive a site-specific sampling schedule is
often collected during the study phase, which might be too late.

The temporal dimension of the relevant concentration, the multiyear temporal statistical population
of relevant concentration values for one spatial unit, and spatiotemporal percentile of the statistical
population of the relevant concentration are elements of the ExAG for protection of groundwater
(Table 2). Temporal aggregations of the concentration observations are required per monitoring site in
terms of descriptive statistics (e.g. mean or percentile values) that comply with the ExAG to be
defined. The temporal aggregation requires statistical techniques that are based on survival or
reliability analysis methods when left-censored observations occur in the data set (see section on left-
censored data in Section 8).

6.5. Number of monitoring sites

For the EU approval of active substances at EU level, a ‘safe use’ for at least one of the climatic
zones represented by the nine FOCUS groundwater scenarios must be demonstrated (EC, 2014).
Typically, the product authorisations in the Member States are not only based on the results of one or
several FOCUS scenarios, but also consider the specific agricultural and environmental circumstances.
Currently, harmonised approaches to translate the one safe-use concept of the lower tiers to Tier-4 are
not available.

The FOCUS scenarios aim to be at the 90th percentile vulnerability (EC, 2014). The FOCUS group
proposed that 90% of analyses, obtained from at least 50 locations would need to be below the
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regulatory threshold for the Commission to consider a proposal for EU level approval (a location is
defined as a single well or group of wells at the same site). A smaller number of locations
(approximately 20) would be acceptable if they are specifically targeted to the pesticide of interest.
However, the FOCUS group admitted that there was no statistical basis for these number of locations.
In the peer review for active substance S-metolachlor (EFSA, 2023), a minimum number of 20 sites for
each FOCUS climate zone was considered to obtain representative data for each of the agricultural
regions of the nine FOCUS zones. Also, this decision was not based on statistical evaluations.

In the development of the bee guidance document, a simulation exercise was conducted to define
the minimum number of locations for field exposure studies (Revised draft guidance on the risk
assessment of PPPs on bees, Annex B, 2022). The analysis is based upon a log-normal distribution of
the main driver of the target variable (i.e. the daily residue intake per bee). The Panel recommends
reviewing if a comparable methodology can be developed to statistically determine the minimum
number of sites for groundwater monitoring studies. This analysis needs to consider the specific
requirements of this study type regarding substance- and site-specific leaching characteristics. It
should also consider the combination with suggested vulnerability mapping procedures, because this
can reduce the number of required groundwater monitoring sites (Section 4). Finally, the definition of
the minimum number of sites needs to address the suitability of the results for the different levels of
assessment (EU, zones, Member States).

The statistical population of spatial units and spatiotemporal percentile of the statistical population
of the relevant concentration are elements of the ExAG for protection of groundwater (Table 2). Spatial
aggregations of temporally aggregated concentration observations are required in terms of descriptive
statistics (e.g. mean or percentile values) that comply with the ExAG to be defined. The spatial
aggregation requires techniques that are based on survival or reliability analysis methods when left-
censored observations occur in the data set (see section on left-censored data in Section 8).

6.6. Fixed monitoring networks

In their comments, a few Member States expressed their concern about the complexity of targeted
monitoring studies. AGES argued that ‘a harmonised study design is a key for regulatory acceptance
and provides the basis for a harmonised evaluation. In this respect, AGES recommends a rather rigid
study design for targeted edge-of-field monitoring studies with newly drilled monitoring wells, giving
clear advice on, e.g., the minimum/maximum field size, minimum number of sampling wells, minimum
number of supporting wells (assisting groundwater flow direction assessments), minimum depth to
groundwater, minimum sampling frequency, minimum study duration, etc.’. The Panel agrees that a
‘rigid study design’ helps regulatory acceptance of groundwater monitoring studies. A possible way
forward would be establishing a network of standardised monitoring sites. The Panel therefore
recommends investigating if such a monitoring network could be established at EU level.

The Danish Pesticide Leaching Assessment Programme (PLAP)20 could serve as an example of a
fixed monitoring network. Currently, this programme encompasses six fields that represent dominant
soil types and climatic conditions in Denmark (Rosenbom et al., 2015). The groundwater table is
relatively shallow at all the fields, enabling rapid detection of pesticide leaching to the groundwater.
Cultivation of the PLAP fields is done in accordance with the conventional agricultural practice in the
local area. The pesticides are applied at maximum permitted doses as specified in the GAP tables.
Thus, any pesticides or degradation products appearing in the groundwater downstream of the fields
can, with a few exceptions, be related to the current approval conditions and use of the given
pesticide. Since the start of the programme, 52 pesticides and 99 degradation products have been
included in PLAP. These pesticides have been selected based on expert judgement by the Danish EPA
(Badawi et al., 2022). Notice that PLAP fields are basically field leaching studies, although they follow
an edge-of-field study design.

Fixed monitoring programmes have several advantages. First, the set-up of a monitoring network
only needs to be done once, increasing efficiency of the regulatory process. Second, the study sites
can be selected according to commonly agreed principles using the latest techniques (computation
time of models used for site selection is not an issue and the work can be done by independent
scientists). The Panel considers selection of representative and vulnerable sites an important condition
for any monitoring study to overrule the early tiers of FOCUS groundwater. Third, hydrological and site
conditions, as well as management practices and pesticide use are well known. The implementation of

20 http://pesticidvarsling.dk/?lang=en
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a network of fixed monitoring sites would require extensive efforts in the planning and installation
phase but could potentially prove to be cost-effective and resource-saving in the long term (as e.g. the
site selection and monitoring well installation would need to be performed only once and not for every
single study).

These types of study also have disadvantages, the most important one being that only a few sites
can be managed. Furthermore, unexpected hotspots of leaching could be missed when monitoring a
few sites only. A possible way to mitigate this problem would be to set up a harmonised public
groundwater monitoring system in addition to the fixed monitoring programme (see Section 7 for
requirements of such a monitoring programme). Another disadvantage of fixed monitoring sites is that
they may not be sufficiently conservative for all substances. To mitigate this problem, the Panel
proposes selecting the monitoring sites based on a wide range of substances. A similar approach has
been developed for the selection of the exposure scenarios for soil organisms (EFSA PPR Panel, 2012;
Tiktak et al., 2013). Nevertheless, in-context setting by an appropriate vulnerability analysis may still
be necessary, particularly for substances whose properties depend on other soil properties than
organic matter (e.g. pH).

6.7. Conclusions and recommendations

• A prerequisite for the regulatory use of monitoring data is the availability of complete data on
the use history of the products containing the respective active substances. The application
data must be reported in sufficient detail for the whole monitoring period and the relevant
preceding time span (considering the travel times of the substance).

• The Panel recommends developing guidance how to relate the actual application frequencies
observed in monitoring studies to the definition of the uses according to the GAP. In this
respect, the so-called scaling method has the advantage that it is applicable to all monitoring
sites and therefore maintains the number of sites of the whole data set. The Panel
recommends scaling based on simulations with PEARL and/or PELMO for both the actual use,
and the intended use.

• The combined use of measurements of pseudo-tracers (e.g. metabolites) or tracers (e.g.
bromide) with site-specific time-of-flight modelling exercises is regarded as a suitable and
practical approach to demonstrate connectivity between the field(s) that received the
application (and for which data on use is documented) and the sampling well.

• Results of pseudo-tracers and tracers must be interpreted with care, e.g. if the substance
under consideration has a higher sorption coefficient than the tracer.

• Time-of-flight simulations are associated with a high degree of uncertainty due to for example
a lack of input data for deeper soil layers. Variability of pesticide properties adds additional
uncertainty to the prediction of travel times. To deal with this uncertainty, the Panel
recommends calculating the possible range of travel times at a site, considering variability of
sorption coefficients.

• Time-of-flight modelling requires a high degree of experience with hydrological modelling and
site-specific model parameterisation. Further guidance and training courses would be needed if
these approaches become more important in regulatory use.

• Information about the flow direction is one of the major requirements of a monitoring site to
exclude false-negative measurements in the interpretation of the monitoring results. It is a
prerequisite for assessing the suitability of a site for leaching assessments and thus determines
its reliability in the regulatory risk assessment. Guidance needs to be developed to decide how
to identify relevant fluctuations in the groundwater flow direction at a given site and how to
consider them in the evaluation of the monitoring data.

• The Panel recommends developing a statistical approach to determine the minimum number of
sites required for regulatory groundwater monitoring that considers all levels of assessment
(EU, regulatory zones and Member States).

• A suitable sampling frequency depends on different site-specific conditions (soil, weather,
hydrology, product use) as well as substance specific properties. The Panel recommends
considering this aspect when guidance is developed for regulatory use.

• A network of standardised monitoring sites could help regulatory acceptance of groundwater
monitoring studies. The Panel recommends investigating if such a monitoring network could be
established at EU level.
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7. Requirements for using public monitoring programmes

Monitoring data collected by third party organisations, such as environmental agencies, water
companies and research institutions, are designed for purposes other than for the authorisation of
PPPs under Regulation (EC) 1107/2009. The quantity and quality of public monitoring data on active
substances and their transformation products can vary strongly and may thus limit their potential use
in the regulatory risk assessment. However, the data set of the substance of interest, possibly merged
from different monitoring programmes, cover larger temporal and spatial scales than targeted
monitoring studies. This means that concentration data in groundwater bodies is available for many
aquifers under a wide variety of environmental conditions and agricultural practices. Results from
public monitoring might unveil substances of concern and/or specific areas of high vulnerability. They
can also illustrate trends over time. Thus, flaws of publicly available monitoring data, e.g. the likely
impossibility to identify and exclude false negatives (i.e. the active substance was not applied in the
upgradient area of the well), is weakened by a vast amount of available monitoring data. This is a
great advantage of public monitoring programmes.

7.1. Quality criteria

At present, publicly available monitoring data often do not meet the main quality criteria for a Tier-4
risk assessment, e.g. the reported use pattern of plant protection products in the upgradient area of the
wells, the hydraulic connectivity and a robust estimate of solute travel times between the soils in the
study area to the sampled aquifer. The Panel recommends not to use publicly available monitoring data as
a Tier-4 for authorisation of PPPs to demonstrate safe use, i.e. for overruling the lower tiers.
Nevertheless, publicly available monitoring data provide important information on the current state of
and possible trends in groundwater bodies and provide additional information on the applicability and
interpretation of targeted monitoring studies. Therefore, the Panel recommends including publicly
available monitoring data in the risk assessment as supportive information. If the monitoring data shows,
for example, large-scale exceedances of the drinking water limit for a substance that has passed the
lower tiers of the groundwater leaching assessment, applicants could be asked to provide additional
information to demonstrate the safe use of the product. To improve access to the monitoring data,
harmonised databases could be helpful. For this purpose, the Netherlands developed the so-called
‘Groundwater Atlas’. The Atlas not only provides access to the data, but also to harmonised metadata and
quality criteria. A methodology for the use of these monitoring data in the leaching assessment has been
proposed together with the publication of the Groundwater Atlas. The aim of the procedure is to provide
a plausible relationship between the presence of a substance in groundwater and the authorised use
(Kruijne et al., 2023). The aim of the scientific paper by Gimsing et al. (2019) was to establish scientific
recommendations for conducting and interpreting groundwater monitoring studies with no intention to
be a guidance document. In their comments, Member States raised issues concerning the assessment of
publicly available monitoring data that need to be additionally addressed in a guidance document.

To include publicly available monitoring data as supportive information in the risk assessment, the
data used need to comply with minimum quality criteria on site characterisation, sampling strategy,
data interpretation and reporting. The listed quality criteria for publicly available monitoring data in
Gimsing et al. (2019) is neither exhaustive nor conclusive. A proposal for a list of items on how
publicly available groundwater monitoring data should be collected and characterised is provided by
the European Groundwater Monitoring Network for Regulators and endorsed by the Panel (see
Appendix C). This list of items is an extension of the list provided in Chapter 7.3 of Gimsing
et al. (2019) and can be used as a basis on how to report the relevant information needed to
characterise public monitoring data for active substance approvals under Regulation (EC) 1107/2009.

7.2. Shared transformation products

Risk assessment of active substances under Regulation (EC) 1107/2009 follows a ‘one substance-
one assessment’ approach. However, active substances may share the same transformation product(s).
Shared transformation products may arise from legacy or registered plant protection products.
Examples are (i) triazine amine, which is a common metabolite of various active substances of the
sulfonylurea group, including prosulfuron, metsulfuron-methyl, thifensulfuron-methyl, triasulfuron, and
iodosulfuron- methyl-sodium; (ii) two common metabolites of active substances belonging to the group
of succinate-dehydrogenase inhibitors, including bixafen, sedaxane, fluxapyroxad, benzovindiflupyr and
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isopyrazam; (iii) 1,2,4-triazole from conazole active substances and (iv) common pyrethroid
metabolites (EFSA PPR Panel, 2022).

A transformation product of active substances may also be identical with a chemical having another
source of origin, with trifluoroacetic acid (TFA), 1,2,4-triazole and aminomethylphosphonic acid (AMPA)
being examples. TFA may be a common metabolite of a range of approved active substances, such as
fluazinam and flufenacet, but can also originate from other sources where TFA is used in synthesis
processes as a starting material or as a solvent at an industrial scale. AMPA, a metabolite of
glyphosate has been postulated to be formed from phosphonate detergents in wastewater treatment
plants so might enter agricultural fields when sewage sludge is used as agricultural fertiliser.

During the harmonisation of the EFSA endpoints, studies already reviewed in the EU with the
shared metabolite are used to derive the mean of the parameter values in lower tiers of groundwater
risk assessment. At Tier-4, there is no recommendation in Gimsing et al. (2019) to interpret the
monitoring data of shared metabolites. The Panel recommends addressing this issue in a future
guidance document.

7.3. Conclusions and recommendations

• Publicly available monitoring data provide important information on the current state of and
possible trends in groundwater bodies and provide additional information on the applicability
and interpretation of targeted monitoring studies due to vast amount of available data.
Therefore, the Panel recommends including publicly available monitoring data in the risk
assessment as supportive information.

• At present, publicly available monitoring data often do not meet the main quality criteria for a
Tier-4 risk assessment. The Panel recommends using these data as supportive information and
not to use these data to overrule earlier tiers but to possibly trigger the need for further
information by the applicants.

• To include publicly available monitoring data as supportive information in the risk assessment,
the data need to comply with quality criteria. These quality criteria must be established in a
future guidance document.

• Guidance is needed on the interpretation of monitoring data of shared metabolites.
• Access to the data for regulators could be improved by making them available in a

standardised European database, together with the metadata and procedures to establish a
plausible relationship between the presence of the substance in groundwater and the
authorised use.

8. Reporting results from groundwater monitoring studies

Chapter 6 in Gimsing et al. (2019) give some considerations for the study report of monitoring
studies to be submitted to regulatory authorities. A list of items to be reported is included in section
5.2 of Gimsing et al. (2019). This list is, however, not comprehensive for targeted monitoring studies.
The Panel suggests creating a list of items comparable to the list of items to characterise publicly
available monitoring data (see Appendix C). The monitoring report should be structured as follows:

• A description of the set-up of the monitoring study, including results from the site selection
and the in-context procedure,

• Monitoring results from all individual monitoring sites including a critical evaluation of results,
• A description of the aggregation procedure to derive the regulatory endpoint, including an

evaluation of the result,
• A discussion section, addressing the most important uncertainties of the study,
• Conclusions.

The Panel agrees with Gimsing et al. (2019) that the ExAG affects the design of the study and the
procedure for deriving the regulatory endpoint. Therefore, a final list of requirements can only be made
when the ExAG has been defined by risk assessors after consultation of risk managers (Section 2).
Gimsing et al. (2019) mention that ‘the report must provide a sufficiently detailed description of materials
and methods to understand what was done in the study and allow others to reproduce the experiment’.
The Panel notes that criteria must be further elaborated when developing the guidance document.
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8.1. Description of the set-up of the monitoring study

This section should first describe the objective/aim of the monitoring study, followed by the
description of the site selection and the description of the actual design of the monitoring sites.

Objective/aim of the monitoring study

The description of the objective/aim of the monitoring study should include the following elements:

• The risks identified at the lower tiers of the groundwater leaching assessment and justification
why a monitoring study needs to be performed;

• Properties of the active substance and metabolites;
• The intended product uses. This should include the crops in which the product is intended to

be used, the maximum application rate of the product, the frequency and time of application,
and the type of application (see also Section 6.2). Also, the geographical area for which an
approval/authorisation is requested must be specified;

• The ExAG. Until a harmonised ExAG has been derived at EU level, it must be discussed with
the regulatory authorities before setting up the monitoring programme. All six elements of the
ExAG described in Section 2 of this Statement must be addressed.

Site selection

Site selection consists of two phases, i.e. selection of vulnerable regions (preselection phase) and
the final selection of the monitoring sites. Both depend on an appropriate vulnerability analysis
(Section 4). In the final selection of the monitoring sites, more detailed information is needed, e.g. a
time-of-flight analysis (Section 6). The report must contain:

• A description of the model used for the vulnerability analysis. If FOCUS models are used,
reference to the version number is sufficient. If non-FOCUS models are used, a justification for
using this model must be submitted as well (Section 4.3);

• A description of the input data for modelling. This includes among other substances properties,
management practices, soil data, climate data and crop data (see further Section 4.3);

• Results of the preselection phase. The identified regions should be in typical agricultural areas
representative of the intended product use. The regions must further meet the agreed ExAGs,
i.e. these regions should be sufficiently vulnerable to pesticide leaching (Section 4.4);

• Results of the final site selection. Properties of the selected sites must be representative of the
regions identified in the preselection phase. If multiple substances are monitored, site selection
can be based on the substance with the most important concentration exceedances
(Section 4.4); however, a justification must be given in this section.

• Results from the in-context setting procedure must be reported, including a description of the
models and input data used for the in-context setting procedure. Additional selection criteria
based on the time-of-flight analyses and an inventory of product use in the catchment area
need to be reported as well (Section 6). Sites that do not meet the selection criteria need to
be discarded.

Design of monitoring sites

The report must include the following details related to design of monitoring sites:

• A description of the study design (in-field, edge-of-field), including the number of monitoring
locations and wells per monitoring site, depth of the filter screens and exact location of the
wells (Section 6). Study design must be in line with the ExAG and must be justified;

• A description of the monitoring sites covered by the monitoring well(s). This includes – for
each site- the exact geographical location, management practices (including irrigation and
drainage), information on product use, information on other activities that may affect the
observed concentration, analysis of the groundwater direction, the soil profile, groundwater
depth and aquifer type (see also the list in section 6.2.3 of Gimsing et al., 2019);

• Sampling strategy/procedure and analytics (see Appendix C for these items).

More details are given in Section 6 of this Statement.
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8.2. Reporting of results from the individual monitoring sites

To get a full picture of the leaching risk from a monitoring study, all measurements must be
presented. The following information must be provided (see also Appendix C):

• the total number of measured samples;
• the total number of wells sampled;
• the number and percentage of samples and wells above the limit of quantification (LOQ);
• the number and percentage of samples and wells above the regulatory threshold (usually

0.1 μg/L);
• for non-relevant metabolites, the number and percentage of samples and wells above 0.75 and

10 μg/L must be reported as well.

Note that the number and percentage of samples is not the same as the spatial and temporal
aggregate in the regulatory endpoint, as defined in the ExAG (see further Section 8.3). If applicable,
the observed concentrations must be scaled to the maximum dosage in the GAP and consider
the difference in application frequencies, such as within the year or between years (see Section 6.2 of
this Statement for details). Results from the scaling procedure must be presented and described.
A discussion on uncertainties is to be submitted together with the data (Section 8.4).

In line with commonly used regulatory ‘shorthand’ terminology, Gimsing et al. (2019) made use of
the terms ‘false positives’ and ‘false negatives’. This same terminology is used in this statement for
consistency with the paper being reviewed. However, it should be noted that reliably sampled
groundwater, where best sample handling practice and validated analytical methods have been used
for analysis, does not provide false results, but rather represents reality regarding each sample taken
in the specific context. So, the context of the way these terms have been used is that outlined below,
such that false relates to what sample results from a location need to inform about and not that any
results are wrong.

False positives

The study report must discuss for each site if the measured concentrations result from the
intended uses in the GAP. Unexpectedly high concentrations or irregular concentration patterns in
groundwater samples often trigger in-depth examinations of the respective sites and their
surroundings. The aim is to elucidate if there is justified evidence that processes other than leaching
caused these unexpectedly high concentrations (so-called ‘false positives’). Such processes can result
from point entries caused by shortcuts into groundwater, due to e.g. farmyard runoff, damaged wells
or well capping, construction works in the field area. Moreover, specific agricultural practices like
tillage into deeper soil layers due to the removal of wooden roots in tree nurseries that might cause
preferred pathways, or the influence of surface waters have been mentioned by applicants to justify
the exclusion of sites from the data sets.

While Member States commented that the identification of false positives might be ‘extremely
challenging, particularly for evaluators having limited access to data’, the Panel considers such
elucidations useful to guarantee that results of the respective sites provide information about the leaching
behaviour of the substance. If there is convincing evidence to unequivocally conclude that the
groundwater contamination at a given site is the result of other processes than leaching by
chromatographic flow or transport by preferential flow, the Panel considers exclusion of such sites
acceptable. The Panel notes that groundwater monitoring is currently the only way to potentially detect
the occurrence of preferential flow and therefore considers exclusion of sites with preferential flow
unacceptable. Exclusion of monitoring sites must always be supported by verifiable supporting
information.

False negatives

The detection of false negatives must also be discussed. False negatives can result – among others –
from lack of hydraulic connectivity between the field and the monitoring well, incomplete or erroneous
documentation of product applications, local travel times at the site deviating from predictions, dry
weather conditions, dilution by non-agricultural upstream areas, clogged filters, storage and stability
issues or analytical problems. Consequently, the concentrations measured at a site during the study
phase might be permanently or temporarily low, whereas they could have been higher if one of the
above-mentioned circumstances had not appeared. A critical evaluation of site characteristics is therefore
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needed for measurements below the limit of quantification. This aspect needs further attention when
developing regulatory guidance.

8.3. Derivation of regulatory endpoints

For the derivation of regulatory endpoints, the observations in the single wells need to be
aggregated in time and in space in an appropriate way. These aggregations should comply with the six
elements of the ExAG for the protection of groundwater (see Table 2). Observations from single
monitoring sites, i.e. a spatial unit, are summarised according to the specified temporal dimension of
the relevant concentration and reported in terms of the number (or percentage) of concentration data
that belong to a certain class. These classes represent number (or percentage) of observations, for
example, below the limit of detection or quantification or below or above some defined numerical
value (e.g. 0.1, 1.0, 2.5 or 10 μg/L). Then, the multiyear temporal statistical population of relevant
concentration values for one spatial unit is derived. This is repeated for all spatial units within the
population of interest. Finally, a spatiotemporal percentile of the relevant concentrations can be
deduced, which is used as a regulatory endpoint.

Note that in the aggregation procedure, not all measurements have equal weight, particularly when
they are unevenly distributed throughout the averaging period or do not sample the same depth. Let
us assume, for example, that the temporal dimension of the ExAG is an annual average concentration.
Let us further assume that we have onemeasurement in the period January–March, two
measurements in the period April–June, three measurements in the period July–September and no
measurements in the period October–December. In this case, taking a simple arithmetic mean of these
six measurements would not represent the temporal dimension of the ExAG appropriately. This
example shows that guidance is needed on how to aggregate individual measurements to a regulatory
endpoint. This guidance should also consider how to deal with missing data.

Left-censored data

Descriptive statistics, such as the mean or percentiles, are of interest when groundwater monitoring
data need to be aggregated temporally or spatially to comply with the ExAG to be defined. This raises
the question how to deal with left-censored observations. Statisticians refer to values below or above a
threshold as censored observations. Helsel (2012) defines left-censored observations in the field of
environmental sciences as ‘low-level concentrations of organic or inorganic chemicals with values
known only to be somewhere between zero and the laboratory’s detection/reporting limits’.
Concentration data from groundwater monitoring studies are inherently left-censored data as the result
of analytical limitations, with possible values below limit of detection (non-detects), between the limit
of detection and quantification (not quantified), or above the limit of quantification (detects) in the
data set. Left-censored observations must be considered in the analysis of descriptive statistics (mean,
percentiles) because they contain information. Ignoring or fabricating censored observations, the latter
being the substitution of the non-detects with some kind of constant value (e.g. half the limit of
detection), introduce a bias and a non-existing pattern into the data set and no reliable, i.e. biased,
estimates of the descriptive statistics are possible (Helsel, 2006).

Techniques that are based on survival or reliability analysis methods can deal with left-censored
observations. Depending on the underlying shape of the concentration distribution, the number of data
points and the percentage of non-detects, methods such as maximum likelihood estimation, Kaplan–
Meier, or regression on order statistics, among others (Helsel, 2012; Shoari and Dubé, 2018), should
be applied. This class of methods can also deal with the change of detection limits over time in a data
set.

The Panel advocates the use of techniques that are based on survival or reliability analysis methods
for the descriptive statistics to deal with left-censored observations and provide guidance on this issue.

8.4. Discussion and conclusions from the monitoring study

Uncertainty analysis

Annex II of Regulation (EC) No 1107/2009 states that the assessment should consider the
‘uncertainty of the data’. This implies that explicit consideration of uncertainty is appropriate, both by
the PPR-Panel and/or when developing a guidance document for groundwater monitoring studies, and
during the assessment of specific risks (see Section 2 of this Statement).
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According to EFSA PPR Panel (2010), the tiered system must address the risk assessment with
greater accuracy and precision when going from lower to higher tiers. Consequently, the uncertainty
analysis should consider the main sources of uncertainty of groundwater monitoring studies and
highlight the dissimilar degrees of uncertainty at the different tiers of the groundwater risk assessment
and their expected overall impact on the assessment outcome. The Panel considers the analysis of
possible false negatives to be part of the uncertainty analysis (Section 8.2). Sources for uncertainty
can be identified in all phases of a monitoring study, including:

• Vulnerability analysis for site selection and in-context setting. Uncertainties may arise both
from the modelling approach, and the data used for modelling (Section 4);

• Availability of active substance application data and scaling to the application rate in the GAP
(Section 6);

• Impact of alterations in the groundwater flow direction (Section 6);
• Connectivity assessment based on time-of-flight analyses or tracer/pseudo-tracer experiments

(Section 6);
• Prediction of travel times and the depth of the filter screens relative to the depth of the

groundwater table (Section 6);
• Installation of the monitoring wells (Section 6);
• Sampling (Section 6);
• Analytical methods and handling of samples (Section 6);
• Variability of weather conditions during the monitoring experiment (Section 6).

Notice that this list is not exhaustive and needs to be further developed in the final guidance
document.

The methodology suggested in EFSA SC (2018) could form the basis to systematically review major
sources of uncertainty. Sources of uncertainties must be addressed qualitatively, and where possible
quantitatively (see e.g. Section 4 of this Statement where a procedure to quantitatively deal with
uncertainties in pesticide properties is suggested). The Panel further suggests that guidance needs to
be developed on how to use results from this uncertainty analysis in regulatory assessments. Of
particular importance is the question which level of certainty would be needed to justify a ‘safe use’.
Note that the installation of monitoring wells, problems with sampling and variability of weather
conditions can invoke ‘false positives’ and ‘false negatives’. A balanced discussion, in which both these
‘false positives’ and ‘false negatives’ are addressed, should be part of the regulatory report
(Section 8.2). So, the uncertainty analysis should indicate whether the different sources of uncertainty
are likely to underestimate or overestimate the concentration in the field.

Conclusions of the study

The study report should include a conclusion whether a ‘safe use’ for the intended use and/or GAP
can be identified or not. This conclusion should be based on an evaluation of the available data against
the agreed ExAG.

8.5. Conclusions and recommendations

• Gimsing et al. (2019) provide a list of items to report targeted monitoring studies. This list is,
however, not comprehensive. The Panel suggests creating a list comparable to the list of items
to characterise publicly available monitoring data.

• The reported items should be explicitly evaluated with respect to the relevant elements of the
selected ExAG to demonstrate whether the ExAG has been reached.

• An analysis of the most important uncertainties from the monitoring study must be part of the
monitoring report. A balanced discussion of false positives and false negatives must be part of
this analysis. The Panel suggests that guidance needs to be developed on how to use results
from this uncertainty analysis in regulatory assessments.

9. General conclusions and recommendations

The Panel concludes that Gimsing et al. (2019) provide many recommendations on how to design
and conduct groundwater monitoring studies without giving specific guidance on how to design,
conduct and evaluate groundwater monitoring studies for regulatory purposes. However, the
information provided in Gimsing et al. (2019) can serve as a basis for developing detailed and
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harmonised guidance for targeted monitoring studies. In this section, the most important conclusions
and recommendations are listed. More detailed conclusions and recommendations are listed in the
respective sections.

9.1. The exposure assessment goal

• Before detailed and harmonised guidance can be developed, risk managers must define which
ecosystem services need to be protected where and when (or SPG). This definition is crucial
for designing appropriate risk assessment schemes in which ecotoxicological effects can be
combined with exposure measured or simulated in the field.

• The current leaching assessment scheme for groundwater aims primarily at the ecosystem
service ‘provisioning of clean drinking water’ and does not consider impacts on organisms.
However, when defining SPGs for groundwater, further relevant ecosystem services must be
considered, especially those addressing groundwater as habitat for non-target species and the
impact of groundwater contamination on surface water and its communities.

• The exposure assessment is an integral part of any risk assessment scheme. To define which
exposure should be used to evaluate the SPG for groundwater in a structured and
unambiguous way, the so-called ExAG must be defined. This allows answering questions such
as (i) where, in what environmental compartment, and for what time frame should exposure
be estimated, or (ii) how conservative should the exposure estimate be, i.e. what percentage
of the exposure situations in the field should be covered in the risk assessment.

• The Panel recommends operationalising the ExAG in a transparent and unambiguous manner
using the six elements of ExAGs as a guideline, considering also different SPGs. This
operationalisation should preferably be done by risk assessors after consultation of risk
managers. Important elements to decide upon by the risk managers are (i) the depth relative
to the soil surface and relative to the groundwater layer, (ii) the time window over which
concentrations can be averaged and (iii) the desired overall level of protection by selecting a
spatiotemporal percentile of the statistical population of relevant concentrations.

• As water sampled in the uppermost groundwater is assumed to be on the conservative side
with respect to concentrations over the entire depth (due to processes such as degradation
during downward transport, or dilution with uncontaminated water from non-treated areas),
the Panel concludes that concentrations at depths ranging from 1 to 10m below the soil
surface and that originate from the upper layer of the groundwater body (1–2m below the
groundwater table), represent well, i.e. in a conservative way, the concentration in the entire
groundwater body or aquifer.

9.2. The tiered approach

• Groundwater monitoring is the highest tier (i.e. Tier-4) of the FOCUS leaching assessment
scheme. According to the principles of a tiered approach, higher tiers should provide a less
conservative and more realistic estimate of the target quantity. The Panel notes that well
performed monitoring studies provide for a more realistic exposure assessment than the lower
(modelling) tiers. If the monitoring depth is greater than 1m (which is the evaluation depth for
the models used at the lower tiers), measured concentrations will generally also be lower than
the concentrations obtained in the lower tiers. This can, however, not always be guaranteed
because processes that are not included in the models can result in higher ground
concentrations. Because monitoring studies provide more realistic exposure assessments, the
Panel concludes that (a well-conducted) Tier-4 study can overrule results from lower tier
studies.

• Preferential flow through macropores is one of the known processes that could make the
assessment at Tier-4 more conservative. The Panel recommends investigating if it is possible
to include a harmonised description of preferential flow in the leaching models that are
currently used in the leaching assessment and to investigate the consequences for the
groundwater concentration in the aquifer. Ultimately, preferential flow could be incorporated
into the lower tiers of FOCUS groundwater.
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9.3. The vulnerability assessment

• The Panel agrees with Gimsing et al. (2019) that a central question in the design and
interpretation of groundwater monitoring studies is that of groundwater vulnerability.
Applicants must demonstrate that the selected monitoring sites represent realistic worst-case
conditions as specified in the ExAG. For this purpose, it is necessary to model groundwater
vulnerability in the entire area of use of the pesticide. It was demonstrated in several studies
that substance properties play an important role in the vulnerability of groundwater to
pesticide leaching. The consequence is that leaching models are needed to map groundwater
vulnerability. Both process-based simulation models, and statistical metamodels can be used
for this purpose; the Panel considers the so-called index approach inappropriate.

• The Panel recommends developing harmonised models for assessing groundwater vulnerability
at EU level. This should include the development of harmonised geodata. The models and data
sets should be well-documented, brought under version control and preferably be accessible
through a user-friendly interface. The geodata should be regularly updated to accommodate
for the effects of climate change and land-use change.

• The Panel recommends using the annual mass flux at 1-m depth as an indicator of
groundwater vulnerability. Given the lack of data on deeper soil layers, and because
groundwater vulnerability is to a large extent determined by processes occurring in the topsoil,
the Panel considers this the only practical way forward. The Panel notes, however, that
vulnerability of the groundwater aquifer may differ from the groundwater vulnerability at 1-m
depth. This gives uncertainty in the vulnerability assessment, which must be considered when
selecting the monitoring sites and interpreting results at a later stage.

• The Panel notes that the groundwater vulnerability assessment serves two purposes, i.e. (i)
identification of potential monitoring sites, and (ii) setting monitoring studies into a larger
spatial context. The examples given in Gimsing et al. (2019) are illustrative; however, the Panel
notes that binding guidance for regulatory use needs to be developed. The Panel agrees with
Gimsing et al. (2019) that there is currently no available data set that can be used to identify
monitoring sites at field-level across the EU. So, the Panel proposes to clearly distinguish
between these two phases of site selection, i.e. selection of vulnerable areas and/or regions,
and selection of the actual monitoring sites within these vulnerable areas. In the second
phase, applicants must demonstrate that the actual site characteristics (e.g. soil and climate
data) are comparable to those derived from the vulnerability assessment. Criteria need to be
set when these characteristics are sufficiently equal.

• Although groundwater vulnerability is substance dependent, the Panel accepts to base the
selection of monitoring sites on the substance with the most important concentration
exceedances. Whether the selected sites are sufficiently conservative for other substances
must be demonstrated in the context setting procedure thereafter.

• The in-context setting procedure can be used to demonstrate a safe use in different FOCUS
zones than the FOCUS zone(s) where the monitoring has been performed. The in-context
procedure can also be used for the authorisation process at the national level, if requirements
set by national authorities are met.

9.4. Study design of targeted monitoring programmes

• Gimsing et al. (2019) describe two types of targeted monitoring programmes, i.e. in-field and
edge-of-field study designs. In-field study designs generally profit from the ease of proving
hydrological connectivity between the monitoring wells and the treated fields, which is
essential when monitoring is used for regulatory purposes. The disadvantage of in-field study
designs is the risk of groundwater contamination due to the installation of the wells, rather
than leaching. In this respect, edge-of-field study designs are the preferred option. To
safeguard collection of maximum residues in the groundwater originating from the adjacent
field, the Panel recommends collecting samples in the uppermost shallow groundwater (1- to
2-m filter screen installed near the groundwater table). This would also be in line with the
proposed ExAG.

• A prerequisite for the regulatory use of monitoring data is the availability of complete data on
the use history of the products containing the respective active substances. The application
data must be reported in sufficient detail for the whole monitoring period and the relevant
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preceding time span (considering the travel times of the substance). Scaling is needed if the
actual application rate differs from the definition of uses according to the GAP. For this,
guidance needs to be developed. The Panel also recommends developing guidance how to
relate the actual application frequencies reported in monitoring studies to the definition of the
uses according to the GAP.

• As mentioned above, it is crucial to demonstrate hydrological connectivity between the field(s)
that received the application (and for which data on use is documented) and the sampling well.
Connectivity can be proved using measurements of tracers (e.g. bromide) or pseudo-tracers
(e.g. metabolites). An alternative is to simulate pesticide transport from the treated field to the
well with a combination of a leaching model and a groundwater model (this is referred to as
‘time-of-flight modelling’). The Panel considers the combined use of measurements of pseudo-
tracers (e.g. metabolites) or tracers (e.g. bromide) with site-specific time-of-flight modelling
exercises to be a suitable and practical approach to demonstrate connectivity.

• The Panel considers time-of-flight modelling a compulsory part of this analysis, because
pseudo-tracers and tracers may have shorter travel times than the substance of concern. The
Panel notes that time-of-flight modelling requires a high degree of experience with hydrological
modelling and site-specific model parameterisation. Further guidance and training courses
would be needed if these approaches become more important in regulatory use.

• The Panel recommends developing a statistical approach to determine the minimum number of
sites required for regulatory groundwater monitoring.

• The Panel notes that site-selection involves a high workload for both regulators and applicants.
A network of standardised monitoring sites could therefore help regulatory acceptance of
groundwater monitoring studies. The Panel recommends investigating if such a monitoring
network could be established at EU level.

9.5. Publicly available monitoring programmes

• Monitoring data collected by third party organisations, such as environmental agencies, water
companies and research institutions, are designed for purposes other than for the
authorisation of PPPs under Regulation (EC) 1107/2009. They provide important information
on the current state of and possible trends in groundwater bodies and provide additional
information on the applicability and interpretation of targeted monitoring studies due to vast
amount of information that is generally available. Therefore, the Panel recommends including
publicly available monitoring data in the risk assessment as supportive information. If the
monitoring data shows, for example, large-scale exceedances of the drinking water limit for a
substance that has passed the lower tiers of the groundwater leaching assessment, applicants
could be asked to provide additional information to demonstrate the safe use of the product.

• At present, publicly available monitoring data often do not meet the main quality criteria for a
Tier-4 risk assessment. The Panel recommends using these data as supportive information in a
weight-of-evidence approach and not to use these data to overrule earlier tiers. To include
publicly available monitoring data as supportive information in the risk assessment, the data need
to comply with quality criteria. These quality criteria must be established in a future guidance
document. Guidance is further needed on the interpretation of monitoring data of shared
metabolites.

• Access to the data for regulators could be improved by making them available in a standardised
European database, together with the metadata and procedures to establish a plausible
relationship between the presence of the substance in groundwater and the authorised use.

9.6. Reporting results from groundwater monitoring programmes

• Gimsing et al. (2019) give some considerations for the study report of monitoring studies to be
submitted to regulatory authorities. A list of items to be reported is included as well. This list
is, however, not comprehensive for targeted monitoring studies. The Panel suggests creating a
fixed list of items to be reported.

• The discussion section must contain an analysis of the most important uncertainties from the
monitoring study. A balanced discussion of false positives and false negatives must be part of
this analysis. The Panel suggests that guidance needs to be developed on how to use results
from this uncertainty analysis in regulatory assessments.
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Appendix A – Resident vs flux concentrations

A.1. Background

In a tiered approach, the same target quantity should be used throughout all its steps for matter of
comparison. In the lower tiers, the target quantity is the 80th percentile of 20 measures of the annual
mass flux transported over the 1-m depth horizontal plane in soil, divided by the annual water volume
transported across the same plane (flux concentration). In Tier-4 groundwater monitoring studies,
water is sampled over a certain filter length of the groundwater well for a short period of time in the
order of hours/day. Note that the principle of collection of groundwater samples from monitoring wells
is comparable to the way groundwater abstraction wells for drinking water operate. Questions related
to the consistency of the tiered approach that need to be addressed are (i) the type of concentration
that is sampled by an extraction well (flux vs resident concentration) and how do these types relate to
each other; (ii) the temporal scale of averaging (year vs hours) of the target quantity; and (iii) the
spatial scale of averaging (field vs filter length) of the target quantity.

A.2. Type of concentration

Solute concentrations are expressed in mass of solute per volume of liquid phase. Concentrations
are measured by sampling devices in the laboratory or in the field and appear in solute transport
equations and boundary conditions of models. However, two conceptually different definitions of solute
concentration exist, namely resident and flux concentrations, depending on the mode used for
averaging. Kreft and Zuber (1978) defined resident concentration as the mass of solute per unit
volume of fluid contained in an elementary volume of the system at a given instant. The flux
concentration was defined as the mass of solute per unit volume of fluid passing through a given cross
section at an elementary time interval and equals the ratio of the solute mass flux density to the
volumetric water flux density for one dimensional flow. Note that the flux concentration is not defined
when the water flux density equals zero.

Sampling devices in porous media dictate the type of concentration that is being measured. Soil
coring, for example, provides a measure of the total mass of solute at a given time, i.e. the instantaneous
mass density of solute, in a fixed volume of the porous medium. This type of concentration fits to the
definition of the resident concentration for conservative tracers, like bromide, which reside in the liquid
phase. In the case of pesticides, the total resident concentration may be partitioned over several
compartments in the bulk soil volume with the aid of process models (Roth and Jury, 1993), e.g.
partitioning of solutes over the liquid and the solid phase assuming equilibrium or time-dependent
sorption. In this case, the solute flux density is associated with dissolved solutes in the mobile phase only.

The flux concentration is a flow-weighted concentration, which would be measured by a perfect
passive sampling device that does not interfere with the native flow and allows the solution to enter the
device at the same rate as the flow rate in the undisturbed porous media. Examples of sampling devices
that collect in theory water samples over a defined cross-sectional area with minimal disturbance of the
native flow are passive capillary samplers for the vadose zone (Brandi-Dohrn et al., 1996) and the passive
flux meters for the saturated zone (Annable et al., 2005). The passive capillary sampler is the wick pan
lysimeter. The wetted wicks function as a hanging water column and apply a suction in the range of 0 to
50 cm depending on the water flow. For the passive flux meter, a sorptive, permeable material is placed
in a borehole or in a monitoring well to intercept the contaminated groundwater for a certain period.
Thereafter, the sorptive material is removed for extraction and analysis. Thus, passive samplers would be
the least ambiguous devices to sample flux concentrations.

Unfortunately, measurements of flux concentration are usually not possible without disturbing the
native water flow, especially when suction is applied to extract water. Moreover, suction can be applied
at different modes, continuous at constant or time-variable pressure levels or intermittent as a falling
head. A flux concentration would be collected as the rate of water extraction approaches the soil water
or groundwater flow rate, whereas a resident concentration would be sampled as the rate of extraction
becomes infinite (Sposito and Barry, 1987). Thus, suction-based solution sampling devices will provide
concentration measurements that approach either a flux or a resident concentration.

Suction devices measure resident concentration when they instantaneously extract all water in the
immediate vicinity of the sampling location within a known volume. Suction devices, like suction cups
that operate in a falling head mode, approximate resident concentrations (Magid and
Christensen, 1993; Brandi-Dohrn et al., 1996), where the time for soil water extraction is short
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compared to the sampling intervals. In this mode the larger pores empty first, and then water is
extracted from the smaller pores.

Suction devices measure flux concentration when they extract water at the ambient flow velocity
through a known cross-sectional area and a defined period without disturbing the water flow field.
Suction devices that operate in a continuous mode with constant or time-variable suction approximates
flux concentration. The least disturbance of the water flow field, and thus the closest resemblance to a
flux concentration, will occur when the applied suction equals the time-variable ambient pressure head
in the soil. An example of such device in the vadose zone is the so-called automated suction lysimeter
as described by Farsad et al. (2012). In this device, a time-variable suction is applied to a ceramic
pressure plate, which complies to the suction measured by a tensiometer which is placed in the close
vicinity of the plate.

Solution samplers in groundwater observation wells operated by suction are most appropriately
viewed as (local) flux concentrations (e.g. Parker and van Genuchten, 1984). Although the time for
extraction is short compared to the time interval between measurements, pores in the aquifer will, in
contrast to the unsaturated zone, not be emptied when suction is applied to extract water. Water from
the larger pores or from regions with higher hydraulic conductivity will contribute more to the sample
than water from smaller pore or from regions with lower hydraulic conductivity, owing to a higher
resistance to water flow. Thus, water from areas with higher flow velocities are preferably, i.e. flux
proportional, sampled. Furthermore, the rate of water extraction by the sampler will resemble the
groundwater flow rate (flux concentration) closer than an infinite rate (resident concentration). Note
that the installation of the well and the applied suction will disturb the water flow field to some
instance. The magnitude of these disturbances will affect the closeness of resemblance of the sampled
concentration to a flux concentration.

To conclude, although solution-sampling devices may approach exact measures of either resident or
flux concentrations, it is more likely that the concentration measurement will lie somewhere in
between. Nevertheless, depending on the measuring device, the measured concentration is assigned
to be either a resident or a flux concentration for the interpretation. In that case, solution samplers in
groundwater observation wells operated by suction most appropriately reflect local flux concentrations.

A.3. Comparison between flux and resident concentration

Although the relationship between flux and resident concentration may be extended to three spatial
dimensions and transient flow conditions (Kreft and Zuber, 1978; Parker and van Genuchten, 1984),
we restrict the discussion here to one-dimensional, steady state flow conditions. Then, the flux (Cf)
and resident (Cr

l ) concentration in the liquid phase are related by (Kreft and Zuber, 1978):

Cf ¼ Cr
l�λ

∂Cr
l

∂z
,

where λ is dispersivity and z is depth. Dispersivity, which is the ratio of the dispersion coefficient
and the pore-water velocity, reflects the typical spatial scale where variations in microscopic pore-
water velocities are averaged out. The flux concentration is equal to the resident concentration if the
dispersivity is zero or if the gradient of the resident concentration is zero around the depth of interest.
Zero dispersivity means that variations in pore-water velocities at the microscopic scale tend to zero
(Parker and van Genuchten, 1984), which resembles piston flow. Piston-like flow conditions also
implies that transport by molecular diffusion over a given cross-section is negligible. Małoszewski and
Zuber (1982) phrased that flux and resident concentration are unequal, ‘whenever flow lines of
different velocities have different solute contents’, i.e. deviate from piston flow, or ‘when there is a
gradient of concentration along the flow lines’, i.e. ∂Cr=∂z≠0. In porous media with very high Peclet
numbers, i.e. the ratio of the characteristic transport length to the dispersivity is large, flux and
resident concentrations will give similar estimates for the transport behaviour. Note that the
characteristic transport length is defined at the scale of the surface of application or of the point of
injection to the reference plane and not locally.

Zhang et al. (2006) explored functional relationships between flux and (mobile and total) resident
concentrations for non-Fickian (anomalous) dispersion behaviour, i.e. for preferential flow conditions
and/or for the existence of diffusion-limited immobile zones, using a random walk particle tracking
model. When diffusion-limited immobile zones exist, the total resident concentration is composed of
the resident concentration in the mobile and immobile phase. For porous media with preferential flow
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and/or diffusion-limited immobile zones, they showed that the flux concentration at the point of
observation, which is located at a certain distance from the point of injection or application, is larger
than the resident concentrations for very early arrival times. This has also been shown experimentally
by Brandi-Dohrn et al. (1996). The total resident concentration now resembles the resident
concentration in the mobile phase, since the solute particles reside in the mobile phase only, with
minimal interaction of zones with lower flow velocities. In the long term, most solute particles will
reside in the immobile or less mobile regions due to diffusion-like processes. Now, the total resident
concentration is higher than the resident concentration in the mobile phase. The latter approximates
the flux concentration, since any mobile solute particles are driven mainly by advection in the mobile
phase and are the only particles that can cross the point of observation within a unit time.

Deviations between flux concentrations and the resident concentrations in the mobile phase
diminish over time in porous systems with the presence of mobile and immobile zones. This implies
that deviations between flux concentrations and the resident concentrations in the mobile phase will
be less pronounced with increasing distance from the point of application and the point of observation,
i.e. for increasing transport times. For groundwater monitoring wells, this means that deviations
between flux and resident concentrations will be smaller with increasing the filter depth or increasing
distance between the points of application and extraction. Also, the importance of preferential
transport, inherently advection-dominated, will be less important at larger transport times or transport
distances. Conversely, the difference in type of concentration can be decisive for the interpretation for
short transport times or transport distances.

For illustrative purposes, Figure A.1 shows a comparison between the flux concentration and the
resident concentration in the liquid phase at 1-m depth for the FOCUS Hamburg scenario calculated by
PEARL v4.4.4 and PELMO v5.5.3. Pesticide D was applied annually at a rate of 1 kg/ha in winter cereals
1 day after emergence. Both types of concentrations are similar for the PEARL simulation, except for a
few peak events. The hints at the long-term behaviour as pointed out in Zhang et al. (2006). Note that
PEARL simulates a downward and upward water flux density, and concurrent mass flux density, at the
1-m depth according to the hydraulic gradients imposed at the upper boundary by precipitation/
irrigation and evapotranspiration. This transient up- and downward movement of solute particles at the
depth of interest may also reduce the importance of advective transport. On the other hand, the flux
concentration is always higher than the resident concentrations in the liquid phase in the PELMO
simulations, hinting at a more advection-dominated transport (short-term behaviour in Zhang
et al., 2006). Indeed, PELMO is not able to simulate upward flow at the 1-m depth, with only
downward directed solute and mass flux densities when the soil compartments are at field capacity
(generally not during summertime).

Figure A.1: Comparison between the daily flux concentration and resident concentration in the liquid
phase of pesticide D at 1-m depth in the Hamburg scenario calculated by PEARL v4.4.4
and PELMO v5.5.3. Pesticide D was applied annually in winter cereals 1 day after first
emergence at a rate of 1 kg/ha. The first 6 years are excluded (warming up phase). The
solid black line represents the annual averaged flux concentration, and the dashed black
line is the 80th percentile of the 20 annually averaged flux concentrations. Note that the
flux concentration is not defined in case the water flux density equals zero, as is often the
case for the PELMO model
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To conclude, the discrepancy between the flux and resident concentration is dictated by the
magnitude of the ratio between dispersion and mean advection (dispersivity) and mechanisms of
solute retention. The discrepancy increases with the increasing dispersivity and with the existence of
preferential pathways and/or diffusion-limited immobile zones, especially for short transport times or
short transport distances.

A.4. Temporal scale for averaging the target quantities

The time scales for averaging differ between the lower tiers (year or the 80th percentile of a 20-
year period) and the Tier-4 groundwater monitoring samples (hours). If we assume that the target
quantity is identical, it is inherent that single daily-averaged concentrations are sometimes higher than
the yearly-averaged concentration, thus invalidating the tiered approach. Figure 2 gives an impression
of the variability of the time scales used for averaging the flux concentrations at a daily basis (red solid
line), a yearly basis (black solid line), and the 80th percentile of a 20-year period (black dashed line) at
the reference depth of 1 m for the FOCUS Hamburg scenario.

To be consistent with the tiered approach, the Panel recommends that the sampling strategy of
groundwater monitoring well and the proposed averaging method should reflect and be representative
for the annual-averaged concentration. This sampling strategy should be continued for several years.

A.5. Area-averaged vs local flux concentration

The type of the target concentration in Tier-4 and in the lower tiers is the same, i.e. a flux
concentration. However, an area-averaged flux concentration is implicitly assumed in the lower tiers
(the groundwater spatial unit is the groundwater below an agricultural field of 1 ha), whereas samples
from monitoring wells represent local flux concentrations. Due to spatial variability, single local
concentrations can be higher than the average flux concentration for the entire groundwater spatial
unit. Ideally, several monitoring wells should be installed to assess a spatially averaged concentration
(e.g. Vanderborght and Vereecken, 2001). This, however, is seldomly the case. If multiple wells are
installed under one field, the Panel recommends averaging measurements from those wells to get a
better estimate of the average concentration for a spatial groundwater unit. To avoid false negatives,
this should, however, only be done for wells that are connected to the field (see further Section 6).
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Appendix B – Indicators for vulnerability assessment
As mentioned in Gimsing et al. (2019), different model outputs can be used to assess leaching

vulnerability. In one of the illustrative cases, annual mass fluxes were used as an indicator of
groundwater vulnerability in the context of monitoring studies (Syngenta, 2014). They argue that flux
weighted concentrations may be less suitable as indicator of groundwater vulnerability in the context
of groundwater monitoring studies, because high annual leachate concentrations can be associated
with minimal substance mass fluxes if the water volume flux is minimal. Since mixing of these very low
mass fluxes in the upper few centimetres of the groundwater already led to a huge decrease in the
concentration it can be assumed that leachate concentrations that are associated with a relevant
volume flux are of higher importance for the groundwater quality. Similarly, the selection of sites in
statistical monitoring studies may require an aggregation of potential leachate to a larger scale. Mass
fluxes can be meaningfully added or averaged whereas it is more difficult to do this with
concentrations.

Comment 89 is also related to this issue: ‘The approach and rationale behind using annual median
mass fluxes instead of the soil pore concentration for a comparison of relative leaching risk between
regions appears plausible (in example I). Nevertheless, we do not fully agree with the reasoning that
the concentration is not particularly useful in the context of comparing one area with another to
estimate leaching potentials. We think that for the identification of the most vulnerable sites in terms
of leaching the influence of the heterogeneous distribution of pore water volume due to varying soil
types and weather conditions is the most realistic reproduction of environmental conditions. Therefore,
the possible differences in the outcome of both methods should be compared and scientifically
evaluated’.

The main question is:

• what is the better indicator of groundwater vulnerability, annual averaged flux concentration or
annual mass flux?

Other issues related to the indicator of groundwater vulnerability are:

• what percentile of the annual averaged values should be taken (median, 80th percentile, or
another statistic)?

• is porewater volume (transport volume), as the most realistic reproduction of environmental
conditions (soil and weather), a better indicator of the identification of the most vulnerable
sites in terms of leaching?

B.1. Indicators for vulnerability assessment

In the lower tiers, the regulatory groundwater threshold value is the flux-weighted annual average
concentration across a unit cross-sectional area perpendicular through the main direction of flow at 1-
m depth below the soil surface (the relevant concentration). This concentration is defined as the ratio
of the annual mass flux and the annual water flux. It is plausible that the extent of groundwater
deterioration by pesticides is positively correlated to the pesticide mass that enters the system. Thus,
the annual flux-weighted concentration and mass fluxes come into question as an indicator of leaching
vulnerability into the groundwater.

For illustration, we define two hypothetical agricultural fields A and B with different soil properties,
reflecting a sandy and a loamy texture, respectively. The annual water fluxes (net groundwater
recharge) are 0.500 and 0.050m, for fields A and B, respectively, due to the more pronounced
capillary barrier effect in field A. These agricultural fields had received pesticide applications, which
resulted in a higher annual mass flux of the pesticide in field A (5mg/m2) compared to field B (0.5 mg/
m2), due to a lower microbial activity in field A. Although more pesticide mass entered the
groundwater from field A (5mg) compared to field B (0.5 mg), the flux-weighted annual average
concentrations are identical (10 mg/m3). Thus, the flux-weighted annual average flux concentration is
not a good indicator of the mass entering the groundwater.

Therefore, the evaluation of the impact of pesticide applications from agricultural fields on the
quality of groundwater resource requires the quantification of the mass flux to the groundwater and
through the groundwater to the groundwater monitoring wells (e.g. Jamin et al., 2012). The percentile
of the annual mass flux in time should be defined for the vulnerability indicator in a guidance
document. An 80th percentile in time would be in line with the lower tiers.
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With the proposal of annual mass flux as target quantity for the indicator of leaching vulnerability,
there is a difference with the target quantity used in the lower tiers, which is the annual flux weighted
concentrations. At first glance, this suggests an inconsistency in the tiered approach. However, it
should be noted that the annual mass flux in a vulnerability analysis is an indicator of leaching
vulnerability and not a regulatory endpoint. Therefore, there is no need for a direct comparison
between the target quantities used for the lower tiers and the indicator of leaching vulnerability.
Furthermore, numerical simulations based on a limited number of combinations of soils and weather
defined by the FOCUS scenarios showed a strong correlation between the annual mass flux and the
annual flux averaged concentration (Section B.2).

B.2. Example calculations with the FOCUS groundwater models

We present an illustrative example using the nine FOCUS scenarios. PEARL v4.4.4 and PELMO
v.5.5.3 were run to simulate an annual application of pesticide D in winter cereals. Pesticide D was
applied 1 day after first emergence at a rate of 1 kg/ha. The 20-year timeseries of the water percolated
below the target depth [mm], the substance leached the below target depth [kg/ha] and the average
substance concentration in water at the target depth (μg/L) were taken from the summary files for
further process. The target depth was at 1-m below the soil surface. Figure B.1 presents an overview
of the simulation results.

Due to transient nature of the upper boundary condition, i.e. daily variations in precipitation and
evapotranspiration over time, a downward and upward water flow will establish through the soil
profile, also at the target depth of 1 m below the soil surface. This physical behaviour of downward
and upward water flow at the target depth is described by PEARL, but not by PELMO. On an annual
basis, this results in a net downward (positive values) or upward (negative value) movement of both
water and pesticide mass across the target depth. Figure B.2 shows that all four combinations exist in
the nine FOCUS scenarios of winter wheat and pesticide D. For PEARL, most data points reside in the
first quadrant (net downward movement of water and substance) and least in the second quadrant
(net upward movement of water combined with a net downward of substance). For PELMO, there is
no upward water flow at 1-m depth below the soil surface. A net annual upward water flow and/or
mass flux does not pose a leaching risk. Nevertheless, guidance is needed how to handle these cases.
Note that in the FOCUS scenarios, zero is assigned to the annual flux-averaged concentrations, when
there is either a net upward water movement, or a net upward substance movement, or both, i.e. to
the data pairs that reside in the second, third and fourth quadrant of Figure B.2.
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Figure B.1: Simulated annual averages of water percolated and substance leached below the 1-m
depth and the substance concentration at the 1-m depth for the nine FOCUS scenarios
(EC, 2014)

Figure B.2: Relationship between the water percolated and substance leached below target depth of
1 m. Note that both axes are truncated to have a detailed look at the values around the
origin. The scenarios mentioned are the FOCUS Groundwater scenarios in EC (2014)
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Figures B.3–B.5 show the correlation between the annual flux-weighted concentration, the annual
water flux, and the annual mass flux for the nine FOCUS scenarios. In this example, the two possible
indicators for vulnerability, i.e. the annual flux-weighted concentration and the annual mass flux, are
highly correlated (correlation coefficient > 0.90 for both models). Vulnerability maps of annual mass
fluxes and flux-weighted annual average concentrations (at a certain percentile) will slightly differ,
especially for cases with a high annual mass flux in combination with a very low annual water flux,
which yields a high flux-weighted annual average concentration. However, high flux-weighted annual
average concentrations due to very low annual water flux is not represented in this example based on
a limited number of combinations of soils and weather (see Figure B.5).

Very low annual water fluxes may lead to high flux-weighted annual average concentrations. A line
of argumentation is that these very low water fluxes will mix in the upper few centimetres of the
groundwater, which will lead to a huge dilution of the concentration in the incoming water volume.
Although very low annual water fluxes did not occur in our limited simulations, Figure B.6 gives an
impression of the annual dilution factor in different the scenarios. In these calculations, we assumed
that the volume of groundwater recharge (net downward water flux) is completely mixed with the
volume of water present in a static groundwater reservoir of 1-m depth with a porosity of 0.25 cm3

cm−3.
A stakeholder questions whether the annual mass flux is a better indicator of the identification of

the most vulnerable sites in terms of leaching than the pore water volume, which we interpret as the
transport volume, which they regard as the most realistic reproduction of environmental conditions
(soil and weather). In the vulnerability analysis, many combinations of soil types and weather are
considered in the simulation. Therefore, the heterogeneity of the transport volume in space and time is
considered in these simulations and thus reflected in the annual mass fluxes.

Figure B.3: Annual flux-weighted concentration as function of the annual water flux for all individual
years in the nine FOCUS scenarios (EC, 2014)
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Figure B.4: Annual flux-weighted concentration as function of the annual mass flux for all individual
years in the nine FOCUS scenarios (EC, 2014)

Figure B.5: Annual water flux as function of the annual water flux for all individual years in the nine
FOCUS scenarios (EC, 2014)
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B.3. Recommendation

The Panel recommends using the annual mass flux as indicator of groundwater vulnerability.

Figure B.6: Dilution factor of the concentration in the annual net volume of water percolated below
the target depth. The static groundwater reservoir contains a water volume reflecting a
1-m thick aquifer layer with a porosity of 0.25 cm3 cm−3
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Appendix C – List of items to characterise publicly available monitoring
data21

As described in Section 7 of this Statement, results from publicly available monitoring programmes
can provide important information on the current state and possible trends of concentrations of active
substances and their metabolites from plant protection products (PPP) in groundwater in the context
of Regulation (EC) 1107/2009. Monitoring data may be used to support the applicability of results from
groundwater modelling or targeted monitoring studies over a longer period and/or a wider range of
environmental conditions. It is therefore recommended to use the public monitoring data alongside
standard modelling and/or targeted monitoring studies and interpret their results in relation to the use
history of plant protection products containing a specific active substance and the applicable exposure
assessment goal. However, accompanying information describing the publicly available monitoring data
is often not available or is provided with different levels of detail. Poor quality of the accompanying
information can complicate and bias data evaluations and limit the interpretation and comparison of
publicly available monitoring results. Besides, technical data reporting for Europe provides evidence of
a rather low level of harmonisation between national groundwater monitoring programmes and the
need for a common data collection and storage in Europe (Mohaupt et al., 2020).

Consequently, it is necessary to sufficiently characterise the publicly available monitoring data to
advance its usability in a regulatory context. Source, objective, methodology, spatial and temporal
dimension of the monitoring programme should be evaluated as good as possible. The European
Groundwater Monitoring Network for Regulators provided an elaborate list of items based on the list
from Gimsing et al. (2019). The Panel recommends using this list for characterisation of publicly
available monitoring data of active substances and/or metabolites.

The list of items in Table C.1 is aligned to groundwater monitoring data when they are provided for
active substance approvals in the EU and/or zonal and national authorisations. In those cases,
groundwater monitoring data are often provided for one single active substance and its metabolites
only. Additionally, the list of items can support national monitoring reporting strategies of groundwater
quality. In such cases, groundwater monitoring data are often provided by environmental agencies for
several active substances and their metabolites.

21 This list was established by the European Groundwater Monitoring Network for Regulators on February 7, 2022 and is
endorsed by the PPR Panel. The authors of the list are Wolfram König, Emilie Farama, Roy Kasteel, Anton Poot and Signe
Bonde Rasmussen.
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Table C.1: List of items recommended to characterise publicly available groundwater monitoring data of active substances and/or metabolites for EU
active substance approvals and zonal & national authorisations in context of Regulation (EC) 1107/2009 and/or for reports produced by
environmental agencies or similar public institutions

Source and objective of data

List of items Description

Authority, institution, company Provide the name and contact of responsible authority, institution, company.

Are data publicly available or protected? Provide a link, if original data are available.
Objective of monitoring Provide information regarding the context of the monitoring programmes from which the data are provided, e.g. surveillance

monitoring of water quality, specific monitoring programme, research context.

Date of extraction from database Provide information about when the data used have been extracted from the database.

Characterisation of well network

List of items Description

Monitoring area Description of the area covered by the well network (e.g. name of member state, federal states, province, size of area).

Number of wells in the network Provide the number of wells in the network which have been sampled. Are wells equally distributed or are certain regions in
the whole area better represented?

Type of wells Provide information about the number or percentage of different well types, e.g. observation wells, drinking water pumping
stations, springs.

Aquifer types Provide information about the different aquifer types which are covered by the sampled wells or the well network, e.g.
porous, unconsolidated sediments, consolidated sediments, fractured rocks, karst aquifers.

Groundwater storey sampled Provide information if the 1st, 2nd, 3rd, . . . groundwater storey (or aquifer layer) was sampled.

Land uses represented in the monitoring
area/well network

Provide information on the land uses, e.g. arable land, pasture, permanent crops, forest, rural and urban settlements, and
their relative distribution in the monitoring area/represented by the well network.

Filter screen depths below the soil surface
from all wells

Provide information about the filter screen depths below the soil surface of the sampled wells or the well network, e.g. the
range in depths of the centre of the filter screens.

Filter screen length from all wells Provide information about the filter screen lengths (top level and base levels) from all sampled wells or the well network. For
example, the maximum range of filter screen lengths and/or the average filter screen length could be provided.

Average water table depth from all sites Provide information about the range of average water table depth in the sampled wells or the well network.

Information on groundwater age If available, provide information on groundwater age.
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Sampling strategy/procedure

List of items Description

Time period of sampling Provide information about the sampling period used for reporting.

Number of samplings Provide information about the frequency of sampling: Was each well in the network sampled with the same frequency
during the sampling period? If not, specify the range of samplings. If yes, provide the number of samples.

Interval of sampling Provide information about the sampling interval during the sampling period. Specify the range of intervals in case it is not
fixed. Provide the interval in case of fixed intervals.

Subset of samplings used? Provide information in case only a subset of samples has been used for reporting. This could be the case if number and
interval of samples strongly varies during the sampling period.

Analytics (compound specific)

List of items Description

Number of laboratories involved Is the analysis conducted by one or more laboratories?

Name and CAS-no. of active substance and
analysed metabolites

If detections of an active substance and/or its metabolites are reported, please provide information on which metabolites
of the active substance have been analysed in the monitoring programme. It can be expected that different subsets of
metabolites from the same active substance are measured in monitoring programmes in different Member States.

Number of analysed compounds In case all pesticides with detections are reported, please provide information on how many active substances and
metabolites have been measured in the original monitoring campaign. This information can be important when data/
reports are compared with monitoring programmes in other Member States. A list of all compounds analysed could be
normally provided.

Analytical method(s) Provide general information about analytical method(s) used.
Are analytical methods stereoisomer selective? Information should be provided if available. Identifying the right compound is important for interpretation of the results.

Limit of detection (LOD) Information should be provided, if available. The information is maybe less important for groundwater, if < 0.1 μg/L can be
ensured.

Limit of quantification (LOQ) Information should be provided, if available. The information is maybe less important for groundwater, if < 0.1 μg/L can be
ensured.

Information on PPP uses

List of items Description

Is information on PPP uses and/or the history of
product authorisation within the represented
monitoring area (country) available?

If available, provide information of the historical use of PPPs in the monitoring area. If detailed use information is not
available, provide some general information about PPP authorisations, e.g. since when authorisations have been granted
or stopped or changed over time (e.g. application rates and timings), typical crop covers in the monitoring area and/or
typical selling rates in the past. This kind of information could be available from other responsible authorities or
databases.
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Information on PPP uses

List of items Description

Restrictions of PPP uses within the represented
monitoring area

Provide information if there are/have been restrictions on PPP uses for certain well types or in larger areas of the
monitoring network, which could influence the monitoring results, e.g. related to drinking water surveillance, etc. Provide
information if there are/have been any restrictions/risk mitigation measures on the label of PPP uses related to the active
substance approval and/or national authorisations, which could influence the monitoring results, e.g. maximum frequency
or maximum rate of application defined, limitation to greenhouse uses only, etc.

Reporting(a)

List of items Description

Total number of samples Provide the total number of measured samples. All available analysed samples should be provided and included in the
analysis. In case individual analysed samples are not available from the original data (for example because data from
agency reports are used), please specify the statistic(s) behind the provided results.

Total number of wells sampled Provide the total number of wells with analysed samples.

Number and % of samples> LOQ All detections of an active substance and its metabolites must be reported
Number and % of samples> 0.1 μg/L All detections of an active substance and its metabolites must be reported

Number and % of samples> 1.0 μg/L All detections of non-relevant metabolites must be reported
Number and % of samples> 5 μg/L All detections of non-relevant metabolites must be reported

Number and % of samples> 10 μg/L All detections of non-relevant metabolites must be reported
Number and % of wells with samples> LOQ All wells with detections of an active substance and its metabolites must be reported

Number and % of wells with samples> 0.1 μg/L All wells with detections of an active substance and its metabolites must be reported
Number and % of wells with samples> 1.0 μg/L All wells with detections of non-relevant metabolites must be reported

Number and % of wells with samples> 2.5 μg/L All wells with detections of non-relevant metabolites must be reported

Number and % of wells with samples> 5 μg/L All wells with detections of non-relevant metabolites must be reported

(a): Detections of an active substance and its toxicologically relevant metabolites according to SANCO/221/2000-rev.11 (2021) should be reported in two relevant classes. Detections of
toxicologically non-relevant metabolites according to SANCO/221/2000-rev.11 (2021) should be reported in four relevant classes.
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Appendix D – Outcome of the public consultation
EFSA was asked by the European Commission to prepare a public consultation on the scientific

paper by Gimsing et al. (2019) and take the comments into consideration for preparing the PPR
statement on groundwater monitoring. The scientific and technical aspects of study designs and
procedures both from targeted and/or public monitoring programmes, as well as criteria on the
assessment of the reliability/quality of the groundwater monitoring information were addressed in this
statement, in view of using such information in the EU regulatory exposure assessment of pesticides in
line with the requirements set in Commission Implementing Regulation (EU) No 283/2013. Guidance
for applicants and risk assessors on best practice in this regard were provided. EFSA performed a
public consultation of the scientific paper by Gimsing et al. (2019) on the design and conduct of
groundwater monitoring studies supporting pesticide groundwater exposure assessment from 26
January to 8 March 2022. The EFSA Pesticide Steering Network, risk assessors, risk managers,
stakeholder and the scientific community were additionally informed via EFSA email alerts about the
open public consultation. This appendix presents statistics on the comments received and answers to
each of the comments. These comments were considered when updating and finalising the statement.

Screening and Evaluation of the comments received

All comments received were scrutinised and subsequently tabulated with reference to the author(s)
and the section of the scientific paper by Gimsing et al. (2019) to which each comment referred. The
final number of comment boxes were 94. Comments submitted formally on behalf of an organisation
appear with the name of the organisation. A statistical summary of the comments received is provided
in Table D.1. In Table D.2, the comments to the scientific paper are provided together with the
responses by the PPR Panel.

Table D.1: Comments received from stakeholders on the scientific paper by Gimsing et al. (2019)

Organisation Country Total

Agence Nationale de Sécurité Sanitaire de l’Alimentation de l’Environnement et du Travail
(ANSES) (France)

FRA 15

Austrian Agency for Health and Food Safety GmbH, Österreichische Agentur für
Gesundheit und Ernährungssicherheit GmbH (AGES)

AUT 12

German Federal Environment Agency, Umweltbundesamt (UBA) DEU 29

CropLife Europe BEL 37
Spanish National Institute for Agricultural and Food Research and Technology, Instituto
Nacional de Investigación y Tecnologia Agraria (INIA)

ESP 1

Total Number of comments 94
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Table D.2: Comments and PPR Panel responses on the scientific the paper by Gimsing et al. (2019) per chapter

Number
Organisation or
name or
respondent

Chapter Comments and PPR Panel responses

1 AGES (Austria) 1. Introduction General comment: As highlighted in the executive summary of Gimsing et al., 2019, ‘the report provides the
SETAC EMAG-Pest GW group’s recommendations on study designs and study procedures’. As such, the report
describes different options on how to conduct and to assess a monitoring study without giving dedicated
guidance on how to evaluate such studies or assessments from a regulatory point of view. AGES believes that
there is a need to develop a more targeted regulatory guidance framework (including user-friendly software
tools) for conducting, assessing and evaluating monitoring studies at different assessment levels (e.g. Regulatory
Zones, FOCUS Zones or Member States), paying more attention to regulatory needs. Some issues regarding
monitoring studies have not been addressed in Gimsing et al. (2019): # In monitoring studies actual application
rates and frequencies are usually deviating from the intended GAP use rate and frequency (in most cases actual
application rates are lower and less frequent, representing typical local use conditions). In view of AGES, there is
a need for clear criteria to decide if applications at given monitoring sites adequately cover the intended use rate
and frequency or not, and how to proceed if this is not the case. # In view of AGES, there is a need for a
dedicated overall reliability assessment for each monitoring site and, consequently, for each set of monitoring
sites finally considered relevant for a certain Member State. Among others, such a reliability assessment may
account for hydraulic connectivity, leaching vulnerability, application rates and patterns, depth to groundwater,
etc. Finally, clear criteria are needed when to consider an individual monitoring site or a given set of monitoring
sites sufficiently reliable for regulatory decision making. # There are several statistical methods on how to
calculate a certain percentile. A harmonised approach is recommended.

PPR Panel: Your comments have been considered and have been commented in the statement and in later
comments.

2 CropLife Europe 1. Introduction CropLife Europe would like to thank EFSA for giving us the opportunity to provide comments. Our general
comments are included in the enclosed document due to the character limit of this box.

PPR Panel: Noted
3 UBA (Germany) 1. Introduction Harmonised guidance is required before GW monitoring studies can be used and accepted as the highest tier in

European GW risk assessments, zonal assessments and national authorisations according to Regulation (EC)
1107/2009. This is important for regulators in the MS since these studies are already increasingly conducted and
provided by applicants. The paper provides a variety of options for exposure assessment goals, study designs,
vulnerability assessment, site characterisation, sampling, reporting etc. It remains vague in many aspects and
focuses on different possibilities rather than proposing reliable and binding procedures. The missing harmonised
protection goal for GW in Europe is probably one reason for that. For a scientific publication we consider this a
good and reasonable overview. Regarding a guidance document this is not sufficient. More and concrete
guidance on prerequisites, data requirements, reproducible procedures and quality criteria will be necessary to
set a harmonised standard for targeted monitoring studies that are suitable to be used for highest tier risk
assessment and contain all required information (please refer to our other comments in the respective chapters).
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We think that another subsequent process is necessary to develop an EFSA guidance document which should
then be implemented in the regulation of PPPs. Further guidance development should not only consider the use
of higher tier monitoring studies for assessments for active substance approvals in the EU, but also provide
solutions how to handle such studies for zonal and national assessments. It currently remains open how to
transfer study results to other administrative regions. One example to illustrate: How can a monitoring study
conducted in Italy, evaluated by Ireland and accepted to demonstrate a ‘one safe use’ in the EU assessment be
further considered for a product registration in Germany, when Austria is responsible for the assessment in the
Central Zone?

PPR Panel: The Panel agrees that more guidance is needed; this is addressed at several places of the Statement.
The issue of transferring monitoring results to different regulatory zones and Member States is addressed in
Chapter 4.

4 ANSES (France) 1. Introduction Comment on Executive summary (Page S2): The authors underlined that ‘Sampling schedules should consider the
expected time required for an active substance to move through the soil into groundwater, as well as expected
persistence in both soil and groundwater’. However, no data requirement relative to persistence of parent and/or
metabolites in groundwater is set in Regulation 1107/2009, and the existing data from water/sediment studies
cannot be considered as representative for groundwater. The availability of such data could be not
straightforward.
PPR Panel: Article 7.2.3 of EC 283/2013 states that studies for degradation in the saturated zone shall be
discussed with national authorities. The Panel notes that if degradation in the saturated zone is taken in account
in the time-of-flight, the degradation experiment must be taken from material in the saturated zone and must be
representative for all possible conditions in the area of use of a pesticide, e.g. from oxic to methanogenic. This is
address in Chapter 4.
Comment on introduction: Agrees with the authors on the importance of the protection goal for designing
monitoring studies for active substances and their metabolites and for the subsequent evaluation of the data for
regulatory purposes. However, no consensus on this issue exists for the time being, leading to some difficulties to
state on the choice of the different exposure assessment options proposed by the authors. The exposure
assessment options described in the document are proposed according to the illustrative protection goals
presented in appendix I, however it should be kept in mind that the final protection goals might be different, and
this might impact the exposure assessment options.

PPR Panel: The Panel agrees that a harmonised exposure assessment goal is needed before regulatory guidance
can be developed. We also agree that the goals described in Gimsing et al. (2019) are examples. The Panel
proposes as an alternative to address six elements of the ExAG. This is addressed in Chapter 2 of the Statement.

Groundwater monitoring

www.efsa.europa.eu/efsajournal 74 EFSA Journal 2023;21(5):7990



Number
Organisation or
name or
respondent

Chapter Comments and PPR Panel responses

5 AGES (Austria) 2. Use of monitoring
data as a function of
various exposure
assessment options

AGES is aware that there is no harmonised groundwater protection goal available, neither at the level of the EU
nor at the level of Member States. As already highlighted in Gimsing et al. (2019), a well-defined protection goal
is inevitable for the assessment of a monitoring study. Therefore, AGES recommends that groundwater protection
goals should be defined first before providing dedicated regulatory guidance on how to conduct, assess and
evaluate a monitoring study. Otherwise, a wider range of different assessment options addressing different types
of protection goals should be considered in a harmonised guidance framework.

PPR Panel: The Panel agrees that development of exposure assessment goals must be carried out before
regulatory guidance can be developed. This issue – together with considerations – is addressed in Chapter 2 of
the Statement.

6 CropLife Europe 2. Use of monitoring
data as a function of
various exposure
assessment options

p. S6. Different groundwater monitoring well designs reach different levels of spatial and temporal integration.
The spatial scale of a monitoring programme determines among other factors the age of the sampled water, i.e.
a sample from very shallow groundwater will likely integrate percolated water from a smaller time frame
compared to a sample from deeper groundwater with a wide well screen. In this sense, the temporal scale of
groundwater monitoring is linked to the spatial scale and should be considered when deciding about e.g.
sampling frequency. Sampling schedules can take into consideration historic residue data and if not available,
estimates of travel time and groundwater flow regime on already selected sites can be used to indicate
appropriate sampling regimes.

PPR Panel: We agree that sampling strategy depends on e.g. the depth of monitoring. Some considerations are
given in Chapter 6 of the Statement.

p. S6 It may be useful to introduce the concept of a monitoring survey, where monitoring is used to understand
the level of a compound in groundwater in general e.g. like that conducted by national authorities and a
monitoring study which seeks to address specific concentrations beneath individual fields to challenge estimated
residues.

PPR Panel: The Statement makes a distinction between targeted monitoring studies (Chapter 6) and public
monitoring studies (Chapter 7).

p. S7 Karst is currently not modelled in any FOCUS groundwater scenarios. Due to the bespoke nature of karstic
areas, protection goals defined may not be universal for karst locations due to site specific conditions.

PPR Panel: Karstic areas are a special case and should not be considered in the general groundwater monitoring
assessment. They should be addressed by specific analyses, see further Chapter 2.
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7 UBA (Germany) 2. Use of monitoring
data as a function of
various exposure
assessment options

The exposure assessment options in table 1 (and sometimes in the following chapters) are good examples but
not always very precisely defined regarding the depth (e.g. option 4). The parameter ´depth below ground
surface´ cannot be used alone to describe the depth of an acceptable filter screen and sampling. The depth of
the groundwater table (or its range because it can change over time) needs to be determined as second
important parameter because it defines the depth of the unsaturated zone important for leaching and the
beginning of the saturated zone important for sampling. A description of any precise exposure option should
therefore always include ‘residue concentration in the groundwater x m below the water table in areas with
groundwater water table< y m’.

PPR Panel: Chapter 2 provides more detailed considerations of the ExAG. The Panel highlights that depth is a
very important parameters and recommends that this is specifically addressed by risk managers. The Panel does
not agree to the statement that depth below groundwater is not a suitable indicator, it’s a risk managers decision.

The paper provides different exposure assessment options (protection goals) and corresponding study designs,
which we appreciate as an overview. However, from a regulatory perspective we are concerned that in practice
different protection goals in member states might lead to conflicts in the zonal product authorizations. Therein,
zRMS assessment is usually binding for cMS and other MS. How can this be solved regarding differing protection
goals among zRMS and other MS? Please also refer to our comment on the development of a guidance document
on chapter 1.

PPR Panel: The Panel agrees that development of exposure assessment goals must be carried out and how to
apply these at EU level and RZ/MS level before regulatory guidance can be developed. This issue – together with
considerations – is addressed in Chapter 2 of the Statement.

8 ANSES (France) 2. Use of monitoring
data as a function of
various exposure
assessment options

Comment 1 (Page S7, table 1): The suitability of water source from resurgence (springs) to conduct a monitoring
study could be discussed. Considering ease of sampling, springs were sometimes selected in available monitoring
studies. An additional exposure assessment option could be included. The cons and pros of these water
samplings could be further discussed.

PPR Panel: If springs are suitable monitoring sites depends on the protection goal. Currently, the main ecosystem
service to be predicted is provisioning of clean drinking water. For this, springs are less relevant. They may,
however, become important if biodiversity in ecosystems that depend on groundwater are to be protected. See
further Chapter 2 (Section 2.1).

Comment 2: It is anticipated that for existing monitoring studies or for studies under development, all the
selected sites will not necessarily correspond to the same exposure assessment option. Some recommendations
for analysing the results in such case could be provided.

PPR Panel: Existing monitoring studies (public studies) are commented in Chapter 7 of the Statement. Generally,
the design of monitoring studies must be in line with the ExAG.
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Comment 3: The summary table (table 1) is very useful but could be completed to avoid confusion and to better
understand the different exposure assessment options proposed. In this table and in the rest of the document, it
could be clarified whether the term ‘depth’ correspond to the depth of the well screen, the depth below the
ground surface or the depth of the water table. We note that the depth of water table is discussed for option 5
only (in section 3.4) and not for the other options. From the description of the different options, options 2 and 4
seem very similar. The differences between these 2 options need to be clarified. Based on figures 3 and 4, the
length of the well screen seems to have some importance, but this should be confirmed and could be further
explained. The following is reported for option 4: ‘Concentration in groundwater not influenced by infiltrating
water from surface water bodies’. This point could be further clarified, and it could be indicated whether it is
relevant for option 4 only or also for other options. Please see additional comments in the attached document.

PPR Panel: The Panel proposes to determine the ExAG based on six dimensions as described in Chapter 2. In the
view of the Panel, depth is an important part of the ExAG.

9 CropLife Europe 2.1. Exposure
assessment option 1

p. S9 ‘Option 1 also includes drainage water from tile drain fields as an indicator of concentrations in the upper
10 cm of the water table, although such zones of saturation may be temporary’. Sampling drainage water as a
surrogate for groundwater may include residues from beyond the treated field and does not compare directly
with groundwater from wells which undergo dispersion, degradation and dilution processes. It is debatable
whether tile drain water represents groundwater beneath a drain. Tile drain water can be regarded as surface
water and does not account for dilution and mixing within an aquifer. Furthermore, groundwater monitoring
carried out in drained fields might not represent a vulnerable situation for groundwater due to the lateral
transport to ditches.

PPR Panel: We consider ExAG 1 to be very conservative and not in line with the tiered approach of FOCUS
groundwater. This option has therefore not further been analysed in the Statement. Generally, the Panel is not
sure if groundwater monitoring in tile-drained soils must be excluded. For example, clay soils are often tile-
drained and because these soils may exhibit preferential flow, it is not yet sure if these soils are not worst-cases.
See further Chapter 3.

p. S9 In dedicated shallow groundwater studies, daily groundwater levels should be recorded.

PPR Panel: We agree to this, see Chapter 6.

10 CropLife Europe 2.2. Exposure
assessment option 2

p. S9 ‘Concentration in the upper portion of groundwater originating from below treated fields but excluding
groundwater shallower than 1m below the soil surface’ It needs to be acknowledged that shallow groundwater
levels can fluctuate extremely rapidly and that it may not be possible to ensure that a specific portion of the
groundwater is sampled with a particular screen length. In dedicated shallow groundwater studies, daily
groundwater levels should be recorded.
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PPR Panel: We agree to this, see Chapter 6.

p. S10 ‘Such sampling programmes may miss areas with higher concentrations, typically located near the water
table under vulnerable soils, underestimating the risk of leaching to ground water’. To assess the vulnerability of a
monitoring program the conditions at the monitoring sites need to be set into context. The vulnerability of a
monitoring site may be determined by pedo-climatic conditions as well as by application practices. It is
challenging to find wells or locations where a well can be installed that meet several vulnerability criteria.

PPR Panel: First, the depth in the ExAG is a risk managers decision. However, we agree that the variability of the
concentrations in time and space is larger at shallow depths, making the monitoring more challenging (Chapter 2
and 6).

11 CropLife Europe 2.4. Exposure
assessment option 4

p. S10f Depending on the composition of the landscape, groundwater flow gradient and the well screen length
the area from which the sampled groundwater origins may be larger than in option 2 and samples might
integrate water that percolated from non-agricultural areas as well. However, if the well is placed close to a field,
and the screen includes the upper surface of the groundwater layer, connectivity with the neighbouring field can
be demonstrated.

PPR Panel: Discussion on connectivity is in Chapter 6 of the Statement.

p. S11 ‘This option is, in practice, essentially the same as option 2 since the highest concentrations occur in
shallow groundwater which would typically be located less than 10 m from the soil surface’. Option 2 is described
to explicitly focus on the upper portion the groundwater (in the first 1–2m below the water table) while option 4
does not explicitly focus on the upper portion of groundwater but would allow e.g. 8–9m below the water table.

PPR Panel: Selection of the depth is a risk managers decision. See Chapter 2 of the Statement

12 CropLife Europe 2.5. Exposure
assessment option 5

p.S11 ‘However, with this design, note that samples collected from wells installed deeper than about 3–5m below
the water table are more difficult to interpret, because such groundwater may not be originating from the field
but further up gradient’. Applying tracers at the same time as crop protection products may not be possible due
to practical considerations and permitting restrictions.

PPR Panel: The Panel notes that application of tracers or pseudo tracers in combination with modelling is the
preferred methodology. If this is not possible, connectivity can be demonstrated using different methods, but
guidance needs to be developed (see further Chapter 6 of the Statement).

p. S12 Exposure options should reflect the area to protect in a member state. If certain areas receive drinking
water at depths < 10m, then this exposure assessment option is not appropriate to show that drinking water is
sufficiently protected.
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PPR Panel: The Panel agrees that monitoring should take place at depths that provide a conservative estimate of
the concentration in drinking water abstraction wells, so monitoring in the uppermost groundwater is preferred
(see Chapter 2).

p. S12 ‘Monitoring can take the form of field studies to confirm that this degradation occurs before reaching 10m
below the soil surface or more traditional monitoring studies with samples collected at depths of 10 m or greater
below the soil surface’. This sentence should include ‘degradation and/or dispersion’.

PPR Panel: We agree that dispersion can lower the concentration (See chapters 2 and 3).

p. S12 These sample points should not be under the influence of any point sources, should be of sound
construction and not under any other non-diffuse source of crop protection products.

PPR Panel: We agree to this. The concentration measured should reflect relevant uses and not include point-
sources (Chapter 8).

13 CropLife Europe 2.7. Exposure
assessment option 7

p. S12 ‘Concentration in raw water of a drinking-water pumping station using groundwater not influenced by
surface waterbodies (no bank filtration) but not older than 50 years (this age limitation is needed to avoid that
too much dilution is included in the assessment)’. Considerations need to be made on how accurate groundwater
age dating techniques are, especially for younger waters. Current techniques often provide a wide range of age
dates which are not accurate enough for risk assessment purposes. Sampling time for GW age dating also needs
to be considered, especially for fractured geologies where several pathways to the sampling location may be
active.

PPR Panel: The Panel considers these type of monitoring studies less relevant, because connectivity with relevant
uses is difficult to demonstrate in catchment scale monitoring. Therefore, this is not further discussed in the
Statement.

p. S12 ‘When there is more than one well, the concentration is the average of all wells from a pumping station at
a specific sampling time’. This is not explicitly mentioned for option 6, but since options 6 and 7 are described as
the same except for the groundwater age, this should also apply to option 6

PPR Panel: The Panel proposes to use the groundwater connected to an agricultural field as the groundwater
spatial unit. If there are more wells, the Panel considers averaging acceptable.

14 CropLife Europe 2.8. Conclusion p. S13 ‘While this chapter focuses on the strengths and weaknesses of various monitoring approaches, all
monitoring in areas of product use can be helpful in determining whether the drinking water is being protected’.
Monitoring is a higher tier option according to the FOCUS groundwater assessment scheme. As higher tiers
should generate more realistic results higher tiers can supersede lower tier (i.e. modelling) results. A suitably
designed GW monitoring programme can provide realistic risk assessment of groundwater (e.g. publication on
herbicide groundwater monitoring in Europe by McManus et al., 2021) and can address the practicalities of
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instrumenting sites and how to represent a number of locations. This implies that monitoring using a suitable
study design is not only useful, but capable of determining if groundwater is adequately protected. Tier-4 studies
designed for a specific protection goal should be considered as reliable and supportable at Tier-4, and not as
weight of evidence. Publicly available monitoring data may not be able to achieve the same support as a bespoke
designed Tier-4 study. The protection goal concentration from a Tier-4 groundwater study should not be
compared directly with modelled concentrations. Lower tiers do not account for hydrogeological processes and
rely on parametrisation of models from Tier-1 and often default values which are not representative of intrinsic
properties. If Tier-4 data from a suitable designed study is available, it should be used for the risk assessment.

PPR Panel: The Panel agrees that sufficiently performed groundwater monitoring studies could be used for the
risk assessment at Tier-4 and can therefore overrule the lower tiers (Chapter 3). However, the monitoring
studies must be in line with the specific protection goals set by regulators and be adequate. Connectivity
should for example be demonstrated and it must also be shown that the travel time to the groundwater is not
too long. It is also important to demonstrate that the selected monitoring sites are sufficiently protective by
setting results in context. See further Chapter 4 (in context setting) and Chapter 6 (Study designs). The Panel
proposes using public monitoring data as additional evidence. However, they can seldomly be used as evidence
alone (Chapter 7).

15 UBA (Germany) 2.8. Conclusion C4: It is concluded that ‘all monitoring in areas of product use can be helpful in determining whether the drinking
water is being protected’. (. . .) ‘. . .extensive catchment or aquifer monitoring can be sufficient to demonstrate
safety for drinking water. . .’. (p. S13) We do not fully agree with this overall simplified conclusion according to all
exposure options 1 to 7 because it does not include the time aspect as crucial parameter for the interpretation of
monitoring results. Groundwater recharge, leaching of PPPs and transport of PPPs in groundwater are often slow
processes. The time lag between PPP uses in a catchment area and detectable residues in groundwater normally
increases with increasing depth of the installed monitoring wells and can take altogether many years up to
decades. That means that catchment or aquifer monitoring (options 5, 6, 7) can only be sufficient to demonstrate
safety for groundwater and/or drinking water, if a certain PPP is already approved, authorised and used in a
catchment for a long time. Otherwise, false negatives are measured. Consequently, the (maximum acceptable)
time lag between PPP uses and detectable residues in groundwater is an essential parameter which should be
considered in the discussion of possible exposure assessment options in future to interpret measured PPP
residues in groundwater according to Regulation (EC) 1107/2009.

PPR Panel: We agree that groundwater monitoring studies can only overrule lower tiers if they are sufficiently
well performed. This means e.g., that connectivity must be demonstrated, travels times be assessed, etc. See
Chapter 6 for considerations. Public monitoring data could provide additional evidence, but they can seldomly be
used as evidence alone (Chapter 7).
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C5: In some paragraphs in several chapters, groundwater seems to be defined as drinking water only –
independent from the exposure options that explicitly focus on drinking water abstraction. This wording is
irritating as we assume that – in general terms – the paper addresses groundwater. Regarding following
discussions and development of a guidance document this aspect should be considered.

PPR Panel: We have noted in our Statement that groundwater performs other important ecosystem services
(Chapter 2).

16 CropLife Europe 3. Representative study
designs

There should be clearer statements regarding the required minimum number of sites and sampling frequency.
This does not need to be prescriptive but at least should give some boundaries.

PPR Panel: This issue is addressed in Chapter 6.

When instrumenting new sites, groundwater flow direction needs to be understood via triangulation rather than
relying on topography or potentiometric maps. Other long term established well networks in MS may not need to
ascertain groundwater flow in the same way as a newly installed site, due to the legacy of data and
understanding on groundwater flow already known. Reference/datum points should be recorded for several
permanent features of a well e.g. casing, piezometer and ground level.

PPR Panel: Agreed, this is addressed in Chapter 8.

At commercial fields, well location may not be ideal to capture all groundwater flow and locations can be
compromised to satisfy landowner needs.

PPR Panel: This comment is noted.

Field leaching studies are excluded from this document, however there are several references and comparison
made. There are even sections where there are statements that some of the example studies are field leaching
studies. Of course, there is some gliding scale between field leaching studies and edge of field studies. But given
that it is recommended that less sites are required for a field leaching study it would be good to say where the
boundary is and describe this in a separate section. E.g. several wells, GLP Test Item application, tracer, but does
it need pore water concentrations? Arbitrary screen lengths may not reflect the groundwater table to be sampled
and the screen section should be installed to capture as much groundwater variation as possible to ensure
samples can be obtained. Borehole logs identify permeable material and the groundwater strike zone which
should guide the screen depth and length.

PPR Panel: The Panel agrees that the boundary between field leaching studies and groundwater monitoring
studies is not always clear. However, it is highly relevant because in Tier-4 monitoring studies the measured
concentration is the regulatory endpoint. The Panel recommends clarifying this difference in future guidance
(Chapter 6).
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17 UBA (Germany) 3. Representative study
designs

C6: We are concerned that the implementation of higher tier monitoring studies will significantly increase the
complexity of groundwater risk assessments. We expect a substantial increase of the workload for regulators. We
have doubts that the current capacities in most authorities in European member states are designed for this.
Therefore, any further development of guidance following the SETAC recommendations needs to bring forward
solutions to reduce complexity for the conduct and assessment of targeted monitoring studies according to the
Regulation (EC) 1107/2009. A better standardisation/harmonisation is required. One reason for the expected
undesirable high complexity in future assessments is the new and repeated site/well selection for each single
monitoring study recommended by the SETAC paper. The authors provide good reasons for that; however, most
capacities are usually spent for a suitable site/well selection and sometimes well installation and hydrological site
description, before the monitoring campaign with sampling, analysis and result evaluations can start. Besides,
repeated site selection for each study can lead to endless discussions between applicants and regulators.
Therefore, we strongly recommend reducing complexity by investing more scientific effort to develop a suitable
and fixed targeted monitoring system with fixed sites and installed wells which could be repeatedly used across
Europe. Such a development needs to be strengthened outside of active substance approval assessments and/or
zonal and national authorisations. The PLAP system in Denmark designed as targeted monitoring system for PPP
uses is a good national example which shows that fixed monitoring sites in an edge of field monitoring design can
be used over several years and for several monitoring cases. We made comparable experiences with some post
registration studies conducted in Germany. Complexity was reduced when the same wells were used for more
than one monitoring study.

PPR Panel: The Panel agrees that fixed monitoring networks can increase regulatory acceptance of monitoring
studies. This issue is address in Chapter 6 of the Statement.

18 ANSES (France) 3. Representative study
designs

Except for exposure assessments 1, 2, 3 and 4, there is no discussion or recommendation about duration of the
study and sampling frequency. Although it is agreed that these are dependent on several factors, at least some
indications could be provided.

PPR Panel: We addressed this issue in Chapter 2 and Chapter 6.
19 CropLife Europe 3.1. In-field study

designs for exposure
assessment options 1, 2,
3, and 4

In-field designs: (page 14) Infield study designs: can be done but this would be rather atypical these days due to
concerns of creating preferred pathways. It is mentioned that in-field studies should be prospective but there is
reference to retrospective from time to time. A retrospective in-field study would be probably not be appropriate
these days as there would be discussion whether the peak was missed. For monitoring studies in the EU, the use
of in-field monitoring wells is rather problematic. Even if great care is taken with the well installation there
remains the risk of creating hydraulic shortcuts or introducing topsoil containing residues to the gravel pack or
saturated zone. With the very low groundwater trigger concentrations in the EU this creates a high risk of
detections that may be due to the installation rather than leaching, complicating the interpretation of the results.

PPR Panel: We addressed the issue in Chapter 6.
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Sampling frequency: Quarterly or longer sampling intervals are appropriate if travel times through the
unsaturated zone are 1–2 years. It is questionable if this would be appropriate, may be at a later point once the
peak concentrations had reached the GW. Later in the text it is then referred to monthly sampling. This is
confusing.

PPR Panel: This issue is addressed in Section 6.3.

Composite samples: mixing of water from several wells – this should not be recommended as averaging results
from individual wells is also not recommended.

PPR Panel: In general, the Panel agrees that water from several wells should not be mixed. An exception is water
from wells that are hydrologically connected to the same spatial unit (see Chapter 2).

Section on in-field monitoring is very vague and seems to contradict itself in several sections. The difference to
field leaching studies is unclear. Ideally this section would be rewritten.

PPR Panel: Noted.

20 UBA (Germany) 3.1.1. General study
outline

Duration and sampling/Use of tracer/Determining connectivity: It is mentioned that the length of a study and the
sampling interval depend on different factors like mobility and persistence of the active substance or metabolite,
hydrological site characteristics, climate conditions, depth to groundwater, filter screen depth, application time,
prospective and retrospective study design and the exposure assessment goal. Consequently, no clear
recommendations are given in this chapter, because it depends on these factors. Monthly sampling is
recommended in situations where there is limited knowledge about the hydrogeological regime in the unsaturated
and the saturated zones. From our experience with targeted monitoring studies, precise information on the
groundwater flow direction over time and the hydrological conditions in the unsaturated and the saturated zone
at a chosen site is usually limited at the beginning of the monitoring period. This makes it difficult to estimate
connectivity for a certain active substance or metabolite in a certain time frame during the study. Applicants
sometimes used modelling for estimations, which is difficult without having very precise site-specific information.
Therefore, most effort should be invested for determining connectivity during study duration, because it is a
fundamental prerequisite that monitoring results can be interpreted according to one or few previous applications
of PPP. We therefore are on the opinion that constant measurements of the groundwater flow direction as well as
tracer experiments should become more important for targeted monitoring studies in the future. Besides, it
seems important that new studies at new sites normally start with a higher sampling frequency, e.g. monthly
sampling or even with shorter intervals to consider uncertainties in hydrological knowledge.

PPR Panel: The Panel agrees that final guidance should include recommendations about sampling frequency,
repetitions, etc. See also comment #21.
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21 ANSES (France) 3.1.1. General study
outline

Page S15–S16: Even when there is a good knowledge about the hydrogeological regime of the saturated zone, in
our opinion a sampling effort (monthly) should be done at least for the 1st years of a monitoring study, to better
understand the temporal variations. Sampling interval can then be adapted depending on results from these 1st
years, after discussion with the regulatory authority. Such approach is very helpful when interpreting the results
of the monitoring for each site and for sites comparison. Annual sampling is mentioned as a possibility. It should
be clarified in which cases (specific type of aquifer?) and for which exposure assessment option annual sampling
could be considered as relevant and sufficient.

PPR Panel: Agreed. Often, applicants provide time-of-flight-modelling exercises to estimate the sampling
frequency required. However, as the modelling assumptions may not be able to consider all processes in the real
world, the sampling schedule of monitoring studies must guarantee capturing seasonal fluctuations in
concentrations of the main contamination plume. The Panel notes that final guidance should include clear
recommendations about sampling frequencies (see further Chapter 6).

22 AGES (Austria) 3.2. Edge-of-field study
designs for exposure
assessment options 1, 2,
3, and 4

AGES does not agree that monitoring studies should not follow a rather rigid study design, particularly in the case
of a targeted edge-of-field monitoring study with newly drilled monitoring wells. Usually, a harmonised study
design is a key for regulatory acceptance and provides the basis for a harmonised evaluation. In this respect,
AGES recommends a rather rigid study design for targeted edge-of-field monitoring studies with newly drilled
monitoring wells, giving clear advice on, e.g. the minimum/maximum field size, minimum number of sampling
wells, minimum number of supporting wells (assisting groundwater flow direction assessments), minimum depth
to groundwater, minimum sampling frequency, minimum study duration, etc. AGES is convinced that a certain
degree of ‘rigidness’ in the overall study design is a prerequisite for regulatory evaluation purposes and, finally,
for regulatory acceptance.

PPR Panel: The Panel agrees that a ‘rigid’ study design would increase regulatory acceptance. A possible way
forward would be developing a fixed monitoring network. This issue is address in Chapter 6 of the Statement.

23 CropLife Europe 3.2. Edge-of-field study
designs for exposure
assessment options 1, 2,
3, and 4

Edge of field monitoring: (page S17) In section ‘determining connectivity’ the possibility is mentioned that some
water in the well may not derive from the field. This section should be deleted as typically all, or the vast
majority of the water will come from the field and not the 1–3m of grass strip between the well and the field.
Such a comment will add additional complexity on the connectivity discussion. In general, it would be good if the
document gives some options on how to prove connectivity. At the moment some options are scattered
throughout the document. For example, Connectivity at the catchment and aquifer scale can be difficult to
confirm and may not always be possible. Wells actively monitored with a legacy of residue detections can provide
adequate knowledge on connectivity.

PPR Panel: Arbitrary screen lengths may not reflect the groundwater able to be sampled and the screen section
should be installed to capture as much groundwater variation as possible to ensure samples can be obtained.
Borehole logs identify permeable material and the groundwater strike zone which should guide the screen depth
and length.
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24 AGES (Austria) 3.2.1. General study
outline

As indicated above, a rather rigid set-up of a monitoring location is recommended for targeted edge-of-field
monitoring with newly drilled monitoring wells. E.g. it may be requested to consistently locate a sampling well at
each side of a (preferably square sized) field with all these four sampling wells sampled on, e.g. bimonthly basis
all the time over at least 5 years. Such a monitoring site setup minimises the risk of ‘loosing’ residues due to
variable groundwater flow directions (being probably more the rule than the exception) and allows quantifying
up-stream input to support the hydraulic connectivity assessment. Groundwater contour plots should be provided
at each sampling date. In view of the overall uncertainties associated with a monitoring study as such and with
contextualization assessments used to select a set of monitoring sites considered relevant for a given assessment
area (e.g. a Member States).

PPR Panel: The Panel agrees that a ‘rigid’ study design would increase regulatory acceptance. A possible way
forward would be developing a fixed monitoring network. His issue is address in Section 6.5 of the Statement.

AGES believes that the number of (fully reliable and sufficiently vulnerable) monitoring sites for a given
assessment area (e.g. a FOCUS Zone or a Member State) should be as high as possible, at least 10. Assessments
based on, e.g. only 1, 2 or 3 monitoring sites, as has been done in some pesticide dossiers, are considered
unreliable at all. The minimum number of monitoring sites needed may be related to the extent of the
assessment area. Notice, that in the case of a limited number of monitoring sites, more weight is given to
individual extreme sites, and this may give unreliable assessment endpoints.

PPR Panel: See the Statement (Chapter 6) for a discussion on number of monitoring sites.

Any kind of tracers to assist the hydraulic connectivity assessment is highly welcome. Beside targeted bromide
tracer experiments, it may be requested to also investigate pesticide tracers, e.g. mobile metabolites, from other
pesticides applied in the up-stream area.

PPR Panel: Agreed, tracers in combination with time-of-flight modelling is the preferable method to demonstrate
connectivity.

25 UBA (Germany) 3.2.1. General study
outline

Number and location of the wells. The paragraph on the determination of the groundwater flow direction reads
merely like a recommendation. However, based on the experiences with targeted GW monitoring studies, the flow
direction indeed might be subject to changes, especially at vulnerable sites with shallow groundwater tables.
Therefore, we consider it mandatory to constantly monitor the GW flow direction (with each sampling). This is
necessary because a change in the flow direction might lead to different fields being hydrologically connected to
the sampling well(s) and thus questioning the reliability of the data on pesticide application at the adjacent fields.

PPR Panel: Agreed, addressed in Chapter 6.
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26 ANSES (France) 3.2.1. General study
outline

Page S17: In existing monitoring studies, limited information is usually available regarding flow direction; in
addition, as indicated, flow direction can change with time. Some recommendations on how to deal with this
issue would be appreciated.

PPR Panel: Agreed, addressed in Chapter 6.
27 CropLife Europe 3.3. Catchment and

aquifer designs for
exposure assessment
options 1, 2, 3, and 4

Catchment and aquifer monitoring: (page 18) The sub-catchment (often referred to as regional monitoring but
not in this document) is squeezed and mixed in with catchment and aquifer monitoring. Given that it is an
important often applied study design I feel that it deserves even its own section. Now there are several
contradicting statements:

For instance, it is stated that for catchment or aquifer monitoring, it would be sufficient to sample wells once.
Clearly this is not the case with sub-catchment scale. No statement on the number of sites required or the
sampling frequency.

PPR Panel: Comments on sampling frequency and number of sites are in Chapter 6.

Definition of the capture zone: The document should give some recommendation on it. Personally, I don’t see the
point of defining the full capture zone. But some estimate, also considering the length and position of the filter,
should be given to demonstrate that the historic application data was collected from the right fields.

Applications of tracers to all fields may not possible due to: § Permits needed § Damage to crops and soil at
commercial farms § Applying at the same time as crop protection products may not be possible due to practical
considerations § High background levels e.g. bromide. Therefore, tracer application to all study designs should
not be made compulsory.

PPR Panel: The Panel considers that a combination of tracers or pseudo-tracers with time-of-flight modelling is
the best way to demonstrate connectivity. See further Chapter 6.

28 UBA (Germany) 3.3. Catchment and
aquifer designs for
exposure assessment
options 1, 2, 3, and 4

We criticise that no clear recommendations are given for the site characterisation and information required for all
mentioned exposure options. In some cases, necessary information cannot be provided, so that some exposure
options might not be adequate to use for risk assessments. We have experiences in Germany with post
registration monitoring studies comparable to option 4 and sub catchment designs with a single well per site.
Such studies are conducted at 20 sites for 4–5 years on existing water quality wells when a safe use was
demonstrated by modelling or lysimeter results, but uncertainties remain in Tier-1–2 risk assessments or for risk
mitigation. It is required to select wells with filter screens length up to 2m which are installed 0–2m below the
GW table in areas with a GW table > 1 and < 5m below surface. Drilling profiles, filter screen positions, water
contour maps and geological information are provided by the authorities responsible. PPP use information is
collected from farmers. Weather and soil data are sometimes additionally collected. Tracer experiments are
usually not conducted. We must admit that PPP residues in shallow groundwater can be detected with this study
design but demonstrating connectivity during study time is mostly difficult. The one-well-design hampers to
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derive the exact groundwater flow direction over time. Precise hydrological site information is often not available
to reliably estimate leaching times in the unsaturated zone and transport times in the saturated zone. The
exclusion of false negatives is not always possible. We therefore recognise that high uncertainties remain for
(sub)catchment, aquifer designs with single wells to demonstrate connectivity for specific PPP uses. The edge of
field design with more than one well per site is much more appropriate to overcome those uncertainties when
monitoring results are quantitatively used for highest tier groundwater risk assessments according to intended
PPP uses.

PPR Panel: Recommendations on study design are given in Chapter 6.
29 ANSES (France) 3.3. Catchment and

aquifer designs for
exposure assessment
options 1, 2, 3, and 4

The determination of the contributing catchment area is one of the key factors when assessing a monitoring
study. It would be helpful to provide some recommendations regarding options for determining the contributing
catchment area.

PPR Panel: We assume that you are talking about the connectivity issue here. We give some recommendations
on this issue in Chapter 6 of the Statement. However, final guidance development can only be done after the
ExAG has been determined by risk managers.

30 UBA (Germany) 3.4. Study designs for
exposure assessment
option 5

The authors confirm that according to the exposure assessment option 5 (in table 1) where the concentration
limit applies to groundwater deeper that 10 m below the surface, two different types of study sites would be
possible to select: First, sites with a water table close to 10m below the surface and second, sites with a water
table quite shallow (e.g. 1–2m below the ground surface). This is irritating and not very precise, because both
potential sites mentioned here have very different hydrological characteristics and the behaviour of PPPs in the
saturated and the unsaturated zones would be different at both sites. Answering the questions to define a
protection goal (see Appendix 1), both example sites would probably end up in different exposure assessment
options. Therefore, and as already stated in our comment on chapter 2 (table 1), we would like to recommend
again that defining an exposure assessment goal in future always requires to define an acceptable depth of the
groundwater table (or a range because it can change over time) in relation to the ground surface in addition to
the definition of the filter screen depth. The filter screen depth should always be defined in relation to the
groundwater table and not only in relation to the ground surface.

PPR Panel: We agree that depth is an important part of the Exposure Assessment Goal, considerations are given
in Chapter 2 of the Statement. Our most important concern is that it should be protective for the given exposure
assessment goal. The spatial unit of the Exposure Assessment Goal is to be defined by the depth of the
groundwater unit below soil surface as well as by the depth interval in the upper groundwater layer of the
groundwater unit.

C11: Because of expected longer times for PPP leaching in the unsaturated zone and PPP transport in the
saturated zone it will be rather difficult with the mentioned study designs to reliably demonstrate connectivity and
to exclude false negatives (see our comment to chapter 3.3). We therefore think that the recommended study
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designs for option 5 are rather not suitable to collect monitoring data of sufficient quality to be quantitatively
used for highest tier groundwater risk assessments according to specific intended uses of PPPs.

PPR Panel: We tend to agree that a monitoring depth between 1 and 10m is more adequate because of the
issues mentioned. This does not mean that risk managers can set the exposure assessment goal at 10 m depth.
Monitoring can also be designed to give a worst-case estimate of the given protection goal. Considerations on
connectivity are given in Chapter 6.

31 UBA (Germany) 3.5. Study designs for
exposure assessment
options 6 and 7

Because of expected long times for PPP leaching in the unsaturated zone and PPP transports in the deeper
saturated zone it will be hardly possible to demonstrate connectivity for exposure assessment options 6 and 7 in
an acceptable time frame, because drinking water pumping stations are often much deeper installed than 10m
below the surface or even below the groundwater table (for example in Germany). Any detections of PPP in those
wells will therefore be integrated values from large catchments and from PPP applications several years or
decades before. Excluding false negatives cannot be ensured at all. We acknowledge that monitoring studies
according to option 6 and 7 could be interesting for risk management purposes in areas with findings of high
concentrations. However, we think that exposure option 6 and 7 do not qualify for groundwater risk assessments
according to Regulation (EC) 1107/2009.

PPR Panel: See answer to comment #30.

32 ANSES (France) 3.5. Study designs for
exposure assessment
options 6 and 7

Page S22: The following is reported: ‘since several years is often required for water to move to the inlet of a
drinking-water pumping station, rapid changes in the groundwater concentrations should not occur. Therefore,
samples collected at a single time should be adequate to demonstrate lack of an active substance or its
metabolites’. This could be clarified, since sampling collection at a single time does not seem consistent with
appendix I options 6 and 7 in which daily/weekly concentrations are mentioned.

PPR Panel: This is not further discussed because we see ExAG 6 and 7 as not relevant in the framework of
Regulation 1107/2009.

33 CropLife Europe 4. Groundwater
vulnerability assessment
and mapping

p22 Groundwater vulnerability varies across Europe and may be different in different Member States. Specific
groundwater protection is more appropriate at a Member State level, where different protection goals may exist.
An equivalent FOCUS pass and therefore ‘one safe use’ might be more appropriate at an Annex I level.

PPR Panel: We don’t see why an exposure assessment goal would not be necessary at the EU-level. Also, for
determining a safe use, an exposure assessment goal is needed. Furthermore, we would recommend
harmonising protection among Member States; however, this is a political decision.

34 CropLife Europe 4.1. Groundwater
vulnerability concepts

Intrinsic vulnerability is a theoretical concept which may be better defined as the physical variables which can
influence the rate of leaching of an inert and chemically unreactive substance, rather than all solutes as stated in
this report. Not every solute present in the system will respond to the physical variables present in the same way
e.g. the response to soil organic carbon will be dependent upon the sorption properties of a compound. There
are a range of techniques already established to assess vulnerability and their suitability in Europe should be
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examined. Aquifer characteristics should be assessed at MS level taking into consideration the Tier-4 study
design. Shallow groundwater studies often reflect the most vulnerable groundwater.

PPR Panel: The assessment of groundwater vulnerability must consider substance properties and application
patterns. So intrinsic vulnerability is not enough. See Chapter 4.

35 CropLife Europe 4.1.1. Intrinsic/
environmental
vulnerability

‘For some crops where the natural precipitation is insufficient or too irregular, artificial irrigation is used. This
should be considered similarly to precipitation in the context of the contribution to leaching potential’. Spatial
information on appropriate irrigation amounts may be difficult to obtain.

PPR Panel: We agree that irrigation must be considered in the in-context setting procedure. See Chapter 4.

36 CropLife Europe 4.1.2. Specific
vulnerability

‘However, substance parameters (DT50, Koc) will also play a role as they will determine the timeframe in which
an active substance or metabolite will be present in the soil, and at which depth, following an application’. It can
be assumed that hydrolysis will occur throughout the soil profile (unsaturated zone) before the leachate will reach
the groundwater level/aquifer. Should this additional degradation pathway of the active substance or metabolites
not be considered as well?

PPR Panel: All processes that are considered in Tier-2 can be taken on board in higher tiers as well. See Chapter 4.
37 UBA (Germany) 4.1.2. Specific

vulnerability
Groundwater monitoring studies performed in the past often tend to reflect so called realistic use conditions.
Information on the dose rates, the intervals between applications, the hydraulic connection between the
monitoring well and the adjacent fields and the stability of the groundwater flow direction is often limited.
However, for any regulatory assessment in terms of risk, groundwater monitoring results need to be directly
related to the representative use they are intended to cover (according to the GAP). This crucial issue is
mentioned at different chapters of the paper. We are aware that the paper summarises the scientific state of the
art, but from a regulatory perspective the information provided lack precision and consistency. In our view, the
following information is essential in the regulatory assessment of any targeted GW monitoring study: – application
rate (in g/ha), − application pattern (e.g. biannual, annual, biennial, triennial. . .), − proof of hydraulic connection
between the monitoring well and the adjacent fields, − steadiness of the groundwater flow direction. The data on
application (rates, pattern) is needed to relate the monitoring data to a pre-defined representative use. The
evaluation of both the application rates and the patterns is still a work in progress, further discussions and
guidance are urgently needed. As under practical agricultural conditions the strict boundary conditions as defined
in a representative use are seldomly fulfilled in a 1:1 manner, approaches need to be developed how to decide
upon the question which application rates and patterns the results of the monitoring do cover. The data on
connectivity and groundwater flow direction over time is required to provide certainty that the available data on
application is indeed relevant for the respective monitoring well over the course of the whole study duration. Only
if this information issufficient the GW monitoring results may be used for regulatory risk assessment
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PPR Panel: We agree that any future groundwater monitoring studies should include application rates, application
frequency, application patterns, etc. Also scaling of historic uses to the GAP should be done in a harmonised way.
We address these issues in Chapter 6.

38 ANSES (France) 4.2. Vulnerability
mapping approaches

Vulnerability mapping approaches are specific to one compound. However, in many cases, monitoring studies are
performed for several compounds (parent substance and several metabolites), which do not necessarily have the
same properties (degradation, mobility). Sites selection when several compounds need to be monitored should be
further discussed. An analysis of the vulnerability can be done for each metabolite, and it may occur that the
different compounds cannot be handled by an identical site. That could highly increase the number of sites.

PPR Panel: We recommend selecting the monitoring site based on the substance of most concern. In context
setting for the other substances can be done afterwards (Chapter 4).

As indicated, vulnerability mapping approaches are usually limited to the unsaturated zone. Although it is
possible, coupling with models for saturated zone remains a complex approach and will be difficult to consider in
the framework of Regulation 1107/2009 assessments.

PPR Panel: We recommend that the vulnerability assessment is limited to the upper meter. Other items (e.g.
connectivity) must be dealt when interpreting the monitoring study (Chapter 6).

The use of mass fluxes rather concentrations in vulnerability mapping is proposed in the example presented. The
rationale behind this choice could be discussed in further details and clear recommendations for further
application could be provided.

PPR Panel: This issue is addressed in Chapter 4.
39 CropLife Europe 4.2.1. Scope of

vulnerability assessment
and mapping

‘At what spatial scale is the vulnerability to be assessed?’ Vulnerability modelling should be consistent and across
the same spatial scale to ensure no bias.

PPR Panel: The spatial scale must be uniform to avoid bias (Chapter 4).

40 UBA (Germany) 4.2.1. Scope of
vulnerability assessment
and mapping

It is not clear from the introduction in this chapter what is meant by ‘the temporal scale of the vulnerability’ and
how this could be considered by choosing methods and appropriate data to assess or map vulnerability.

PPR Panel: It’s also not clear to us either.
41 AGES (Austria) 4.2.3. Different

vulnerability mapping
approaches

Process-based vulnerability mapping requires a leaching model, such as one of the FOCUS models, to estimate
the groundwater leaching vulnerability at local level. This leads to the fundamental question whether a process-
based leaching model with an assessment depth of 1 m soil depth is adequate to describe the real-world
groundwater leaching vulnerability at local level. AGES has no strong objections on using a spatially distributed
FOCUS model to derive an ‘anonymous’ leaching distribution for a certain assessment area (e.g. a Member State)
and to calculate a certain spatial percentile concentration in sense of FOCUS Tier-3b (e.g. at 1 m soil depth).
However, in view of AGES, there is a high risk to fail the real-world leaching to groundwater (and to monitoring
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wells) for individual locations at this distribution curve, because local substance properties may be different from
generic ‘average’ properties and/or unknown processes below the assessment depth are not accounted for. In
this respect, AGES does not necessarily support the use of a process-based model to ‘quantify’ and to compare
the leaching vulnerability of individual monitoring sites or to select certain monitoring sites as being highly
vulnerable, e.g. for a Member State. In this respect, an index-based approach with a focus on the intrinsic/
environmental (i.e. pedoclimatic) vulnerability may be less controversial and probably more in line with regulatory
needs. Figure 20 in Gimsing et al. (2019) may give an indication on how uncertain a leaching vulnerability
mapping based on a process-based model is: In this case, there is a factor of only 2.5 in the calculated mass flux
between the most vulnerable and the least vulnerable monitoring locations all over Europe. AGES has strong
doubts whether such ‘flat’ vulnerability maps have any meaning for real-world groundwater vulnerability at all and
at given monitoring sites.

PPR Panel: We don’t agree that index models could replace process-based models in vulnerability assessment,
because substance properties play an important role in groundwater vulnerability. For the in context setting
procedure and the site selection procedure it doesn’t matter that substance properties are variable. They average
out when looking at a spatial aggregate. Chapter 4.

42 CropLife Europe 4.2.3. Different
vulnerability mapping
approaches

Vulnerability mapping is a convenient means by which potential groundwater residues in one area can be
compared to another and can be useful for selecting monitoring sites. It is not clear how the results of these
studies could be used to support the ‘one safe use’ concept used to make decisions on groundwater risk at a
European level. One option would be to use these data to demonstrate an ‘equivalent FOCUS pass’ as outlined by
Sweeney (22nd Fresenius conference 2020).

PPR Panel: This issue is addressed in Chapter 4 (in context setting).
43 UBA (Germany) 4.2.3. Different

vulnerability mapping
approaches

C15: The authors compare index- & process-based models to be used for vulnerability analysis und conclude that
‘process-based models are a convenient way of integrating the environmental factors that affect leaching and
quantifying potential residues, so that the relative leaching vulnerability of one location can be compared to
another’. GeoPEARL, EuroPEARL, MACRO-SE, Proziris are mentioned as process-based models ‘which can be used
for generating vulnerability maps’. (p. S26). We agree that degradation and sorption of active substances and
metabolites in soil are probably addressed in a better way compared to index-based models. However,
considering the fact mentioned in chapter 4.1.1 (p. S24f) that preferential flow can play a major role for leaching,
especially in fine-grained soils, the different models listed here will produce very different outputs calculating the
spatially distributed vulnerability. While the MACRO-based models account for preferential flow, the PEARL-based
models do not. It can be expected that a vulnerability map calculated with PEARL will rank coarse-grained
(sandy) soils with a higher vulnerability than coarse-grained (silty, clayey) soils. The outcome will be different and
maybe opposite from MACRO-based models where both fine- and coarse-grained soils are expected to be
vulnerable. Consequently, the spatial cumulative distribution functions and vulnerable areas identified will strongly
vary among both model types. We identify this as a contradiction in the recommendations which needs to be
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solved in further guidance development. We regard preferential flow an important process to be considered if
process-based models are used for vulnerability estimations. A research project investigating spatial distributed
modelling with PELMO in Germany (report in prep.) provides evidence that any other process implemented in
leaching models, especially preferential flow, will strongly influence results of vulnerability mappings and rankings.

PPR Panel: This issue of preferential flow is discussed in Chapter 3 and 4.

44 CropLife Europe 4.2.5. Spatial data
considerations

Geodata which is appropriate for spatially distributed leaching modelling (SDLM) is already listed in the problem
definition document of the SETAC SDLM group. Furthermore, geodata is currently under evaluation of the SETAC
SDLM geodata subgroup. The SETAC SDLM working group will come up with a recommendation on which current
data sets should be used for SDLM and how the data can be schematized to reduce runtime. SETAC SDLM will
also recommend measures to ensure the quality of the geodata including version control for geodata as it is the
case for FOCUS models.

PPR Panel: Noted.
45 CropLife Europe 4.2.6. Technical

considerations
It is important that the vulnerability is not a function of the data itself if comparison between one area and
another is to be meaningful. If different environmental data are used that cover different spatial scales, or have
been derived using different methodologies then modelled vulnerability might be a function of these data rather
than the intrinsic properties of a molecule or use

PPR Panel: Agreed and therefore harmonisation of geodata in vulnerability assessments is needed (see example
for the EFSA soil exposure guidance (2014) where the EFSA dataset is used). See further Chapter 4.

46 AGES (Austria) 4.2.7. Geoinformation
sources

In view of AGES, there is an urgent need to define a harmonised dataset on geoinformation which must be used
by each applicant and each evaluator. There is also a need for a harmonised FOCUS zone map.

PPR Panel: Agreed and therefore harmonisation of geodata in vulnerability assessments is needed (see example
for the EFSA soil exposure guidance (2014) where the EFSA dataset is used). See further Chapter 4.

47 CropLife Europe 4.2.7. Geoinformation
sources

Geodata which is appropriate for spatially distributed leaching modelling (SDLM) is already listed in the problem
definition document of the SETAC SDLM group. Furthermore, geodata is currently under evaluation of the SETAC
SDLM geodata subgroup. The SETAC SDLM working group will come up with a recommendation on which current
data sets should be used for SDLM and how the data can be schematized to reduce runtime. SETAC SDLM will
also recommend measures to ensure the quality of the geodata including version control for geodata as it is the
case for FOCUS models.

PPR Panel: Noted.

48 AGES (Austria) 4.3.1. Monitoring site
characterisation and
vulnerability assessment

Identifying false positive, false negative and true negative monitoring results may be extremely challenging,
particularly for evaluators having limited access to data. Any further guidance addressing this issue with clear
criteria is highly welcome.
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PPR Panel: Agreed that that guidance is needed for the interpretation of these studies. This includes of course
the identification of false positives/negatives etc. See further Chapter 6 and 8.

49 UBA (Germany) 4.3.1. Monitoring site
characterisation and
vulnerability assessment

Row on ‘Use intensity’ in table 2 on page 33 is too unspecific. Sales data are not sufficient for the assessment of
(targeted) GW monitoring results. Detailed data on the pressure of use are required (application rates and
patterns). Please refer also to the comment on chapter 4.1.2. (Specific vulnerability: pressure of use).

PPR Panel: We agree that any future groundwater monitoring studies should include application rates, application
frequency, application patterns, etc. Also scaling of historic uses to the GAP should be done in a harmonised way.
We address these issues in Chapter 6.

It is mentioned in this chapter (and in a more general way already in chapter 4.1.1: saturated zone, p. S24) that
monitoring site characterisation and vulnerability assessment depends on hydrogeological parameters (listed on p.
S32). We think that hydrogeological conditions can be very divers across Europe and that they can influence GW
monitoring results to a high extent. They should therefore be considered in vulnerability assessments with a
comparable weighting like other intrinsic properties, e.g. soil and climate conditions. However, to our knowledge,
the European-wide current availability of hydrogeological parameters is very limited, and even the availability on a
national scale can be difficult. To give an example, nation-wide data about the depth and fluctuation of the GW
tables are even not available in Germany in a scale which would be necessary to identify all potential vulnerable
areas in Germany. We recommend that the availability of hydrogeological data should be more critically discussed
regarding solutions for suitable vulnerability assessments in future.

PPR Panel: We agree that subsoil properties may play an important role in assessing the vulnerability of an
aquifer. However, given the data availability, the Panel recommends limiting the vulnerability assessment to the
top 1-m. An important justification for this is that most dissipation processes take place in this layer (Chapter 4).
However, we recommend that after a site has been selected, the geohydrological situation must be investigated
and considered. Further guidance development on this issue is required (Chapter 6).

50 ANSES (France) 4.3.1. Monitoring site
characterisation and
vulnerability assessment

Page S31: in the 4th paragraph (right column), it is written ‘If the exposure assessment option considers deeper
groundwater (as in options 4–7) . . .’. However, option 4 does not include sampling in ‘deeper groundwater’ but
rather sampling in shallow groundwater, with sampling depth between 1 and 10m. It is therefore assumed that
‘(as in options 5–7)’ should have been indicated.

PPR Panel: Agreed, this appears to be an error in the article.
51 AGES (Austria) 4.3.2. Assessing the

hydraulic connectivity
between sampling points
and treated fields

In view of AGES, adequate hydraulic connectivity is a key in considering sample results from individual monitoring
wells reliable or not. Due to variable groundwater flow directions, nominated sampling wells may be temporarily
or even permanently unconnected to a treated field, particularly at monitoring sites where multiple sampling wells
have been installed to address variable groundwater flows directions. Therefore, AGES highly recommends
developing more targeted guidance on how to demonstrate and how to quantify adequate connectivity between
treated field(s) and sampling well(s), e.g. by means of groundwater contour plots, transducer data, hydraulic
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conductivity data, tracer experiments, etc. There is a need for clear criteria on when to consider a sampling well
adequately connected and when not, and how to proceed if a sampling well is not adequately connected. Such
criteria may, e.g. account for a minimum percentage of samples required with the sampling well adequately
located in the groundwater flow direction (e.g. based on groundwater contour plots obtained at each sampling
date). Considering the key position of adequate hydraulic connectivity in the overall evaluation of a monitoring
study, neither a ‘weight-of-evidence’ approach nor ‘high-tech’ modelling (e.g. 2D- or 3D-modelling, etc.) is
considered appropriate in a regulatory framework.

PPR Panel: Agreed that connectivity needs attention in guidance development. This is addressed in Chapter 6.

52 CropLife Europe 4.3.2. Assessing the
hydraulic connectivity
between sampling points
and treated fields

When instrumenting new sites, groundwater flow direction needs to be understood via triangulation rather than
relying on topography or potentiometric maps. Other long term established well networks in MS may not need to
ascertain groundwater flow in the same was as a newly installed site, due to the legacy of data and already
known understanding of groundwater flow. Reference/datum points should be recorded for several permanent
features of a well e.g. casing, piezometer and ground level. At commercial fields, well location may not be ideal
to capture all groundwater flow and locations can be compromised to satisfy landowner’s needs.

PPR Panel: Guidance development on connectivity is needed. This is addressed in Chapter 6.
53 UBA (Germany) 4.3.2. Assessing the

hydraulic connectivity
between sampling points
and treated fields

The recommended method ‘time-of-flight’ to estimate connectivity for a certain time frame requires intensive data
input and complex site-specific modelling. We acknowledge the scientific recommendations as possible way to
overcome missing hydrogeological knowledge and/or tracer experiences at newly selected sites/wells. However,
we have concerns that this modelling procedure adds undesirable complexity for future assessments of targeted
monitoring studies. Besides, uncertainties in the estimated connectivity will remain when the used input data for
modelling are not precisely known. A stable and fixed targeted monitoring system in Europe with fixed and
suitably characterised wells (e.g. by tracer experiments) could reduce the effort and complexity in future GW
monitoring studies in that regard. (See our comment C3 in chapter 3)

PPR Panel: Agreed that connectivity needs attention in guidance development on groundwater monitoring. The
issue of fixed monitoring sites is addressed in Chapter 6.

54 AGES (Austria) 4.3.3. Application of
vulnerability mapping for
the identification of
potential monitoring sites

AGES does not see a need for further guidance (or harmonised model approaches) on how to identify potential
monitoring sites. Processed-based model may support such an approach, but there is of course no obligation to
apply highly sophisticated models in the site selection procedure, other approaches, e.g. index-based ones, may
be similar successful. Finally, it always must be demonstrated that monitoring wells (newly drilled or already
installed) are adequately connected to the treated field(s), are sufficiently vulnerable for the specific assessment
goal and have application rates and frequencies close or equal to the intended one.

PPR Panel: We don’t agree that index methods could replace process-based models or statistical metamodels
because these don’t consider the dependence of vulnerability on substance properties. See Chapter 4. The
connectivity issue is described in Chapter 6.
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55 CropLife Europe 4.3.3. Application of
vulnerability mapping for
the identification of
potential monitoring sites

In the context of vulnerability mapping for the identification of potential monitoring sites mass flux is mentioned
as appropriate metric rather than flux concentrations at a certain soil depth. This is in agreement with
considerations of the SETAC SDLM working group in the problem definition document. This topic will be further
discussed in the SETAC SDLM working group.

PPR Panel: This issue is discussed in Chapter 4.

56 UBA (Germany) 4.3.3. Application of
vulnerability mapping for
the identification of
potential monitoring sites

The recommended application of vulnerability mapping to identify potential monitoring sites, explained in figures
16–19 by an example calculated with GeoPEARL, does not consider the influence of preferential (or macropore)
flow for vulnerability mapping (see our comment C15 in chapter 4.2.3). Different vulnerable areas could be
identified if preferential flow would be included in such modelling routines. We think that vulnerability mapping
needs more scientific development before it can be used for a site selection across Europe. A validation of
different modelling approaches with groundwater monitoring data should be aspired for further developments of
vulnerability mapping.

PPR Panel: The issue of preferential flow is discussed in Chapter 2 and 4.

The example by Syngenta shows the current state of the art in terms of vulnerability mapping. Nevertheless,
several uncertainties are introduced using models and heterogeneous input data across the EU. For example, the
groundwater depth data (quality and availability vary across the EU) used for the vulnerability assessment need
to focus on the most upper aquifer, regarding the chosen exposure option. The example by Syngenta (2014) only
specifies that depth to groundwater should be < 10m.

PPR Panel: Depth is an important part of the exposure assessment goal and should be defined by risk managers.
See Chapter 2.

57 ANSES (France) 4.3.3. Application of
vulnerability mapping for
the identification of
potential monitoring sites

The context setting of monitoring sites is an interesting approach. However, this part may need further analysis
beyond the description of the methodology developed by applicants for vulnerability context setting. For example,
figure 20 comparing the median flux calculated for the monitoring locations (based on actual site characteristics)
vs the median flux calculated for the whole EU zone should be further analysed. It can be seen on this plot that,
while the selected sites well cover the whole range of leaching vulnerability situations that is encountered
throughout Europe, many sites are below the top 60th percentile of median annual flux, which was the cut-off
value used to build the vulnerability mapping for site selection. It implies that many of the sites selected have a
clear lower level of leaching vulnerability than the targeted level, and the overall vulnerability represented by all
monitoring sites is far below a 60th percentile. Criteria regarding the suitability of the distribution could be
proposed. This should be considered further in analysis of monitoring results, and criteria on percentile of
vulnerability covered by the actual selected sites needs to be included in the development of the options.

PPR Panel: We agree that guidance on the in context setting procedure is needed. See further Chapter 4.
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58 AGES (Austria) 4.3.4. Application of
vulnerability mapping for
setting monitoring sites
into context

See comments given at 4.2.3.

PPR Panel: Noted.

59 UBA (Germany) 4.3.4. Application of
vulnerability mapping for
setting monitoring sites
into context

The authors conclude that vulnerability modelling ‘allows the direct comparison of the pedoclimatic leaching
vulnerabilities of the monitoring sites in the context of the area of interest. (. . .) In this way, the monitoring data
can be used to draw conclusions about the probable leaching risk to groundwater in areas where no monitoring
data are available’. (p. S37) We refuse vulnerability modelling in the way it is recommended (e.g. in figure 20) as
too imprecise to set specific monitoring sites into context of large areas of interest. This is for the following
reasons, which belongs also to chapter 4.4: The modelling routines in the recommended leaching models do not
apply for all processes influencing the water balance in the unsaturated soil zone, e.g. preferential flow and
runoff, which frequently occur in the fields and can influence the monitoring results. Climate data in the
recommended models refers to previous decades. It cannot be assumed under the dynamic of climate change
that actual weather conditions during a monitoring study are easily comparable to the historic climate data used
in the models. The soil parametrisation in the recommended models is normally derived from generic soil maps
which do not represent a field scale. Soil characteristics from monitoring fields can vary and are not automatically
comparable. The recommended vulnerability approach considers no aquifer conditions from the saturated zone
which additionally influence the monitoring results. A large variety of field characteristics influence monitoring
results, whereas models are simplified approaches which cannot account for all parameters. Results from spatial
vulnerability ranking by modelling are less accurate to interpret real monitoring results as suggested by the
authors. We have concerns that this method will be used to demonstrate vulnerability of only few monitoring
sites instead of defining a sufficient extended site/well selection across Europe.

PPR Panel: We argue that there is currently no true alternative to modelling for in context setting of monitoring
sites. The currently used models have successfully been applied in validation studies across Europe and we
consider them therefore fit for purpose. We do agree, however, that the models also have limitations, particularly
when simulating preferential flow. There is, however, discussion if this is really a problem in the vulnerability
assessment. E.g. sites with clay soils are often artificially drained and a high fraction of the mass transported by
preferential flow may not reach the groundwater. On the contrary, sandy soils are less frequently drained. So, we
agree that further research on the effect of preferential flow on vulnerability assessment is needed (see Chapter
4). We further agree that field data may be different from generic data, based on soil maps. We therefore
suggest splitting the site selection into two phases, i.e. a preselection phase based on modelling with generic
parameters and then the final selection in which the applicant must demonstrate that the site conditions match
the generic conditions. The problem of climate-change should be overcome by using recent climate data. The
Panel therefore suggests regular updates and version control.
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60 AGES (Austria) 4.4. Interpretation of
spatial vulnerability
assessments and context
setting of monitoring
sites

AGES acknowledges that in this section uncertainties associated with vulnerability maps and context setting of
monitoring sites are discussed more critically (also refer to comment given at 4.2.3). As indicated above, AGES
has concerns about vulnerability mapping and subsequent context setting if there is no consensus that this
approach is sufficiently robust for regulatory purposes. In view of AGES, uncertainties arising from such
approaches should be evaluation more in detail on basis of monitoring data available for numerous pesticides.
AGES wants to make aware that at the level of Member States a 90th spatial/temporal percentile concentration,
obtained from a groundwater monitoring study, may not be acceptable, depending on the groundwater
protection goal in a Member State. Groundwater is an entirely different compartment compared to pore water at
1 m soil depth considered at FOCUS Tier-1 and there is no ‘safety factor’ or conservatism left at FOCUS Tier-4. In
this sense, a 90th spatial/temporal percentile concentration in groundwater at FOCUS Tier-4 may have a
completely different meaning and different regulatory consequences compared to a 90th spatial/temporal
percentile concentration in soil pore water at FOCUS Tier-1.

PPR Panel: The selection of the spatiotemporal percentile is a risk management decision because it also includes
socio-economic considerations. However, selecting a percentile above the 90th-spatiotemporal percentile may
challenge the tiered approach. This issue is discussed in Chapter 2 (protection goal) and Chapter 3 (tiered
approach).

61 CropLife Europe 4.4. Interpretation of
spatial vulnerability
assessments and context
setting of monitoring
sites

This is a key concept for using groundwater monitoring studies for higher-tier risk assessment. Following the
underlying concept of the modelling scenarios at lower tiers, the monitoring locations can be considered to
represent a pedoclimatic leaching risk. Using spatial data/modelling to determine the representativity of the
monitoring locations for a given area of interest (e.g. country or FOCUS climate zone) follows essentially the
same logic as the derivation of the FOCUS groundwater scenarios and is compatible with the FOCUS risk
assessment concept. Important to note is, that a given monitoring location can be representative for different
areas of interest. ‘. . . a reasonable approach is to consider the 80th temporal percentile of measured
concentrations from locations corresponding to the 80th percentile pedoclimatic leaching vulnerability for the area
of interest’.To be able to compare the results of Tier-1 to Tier-3 (modelling) with Tier-4 results (monitoring) it is
required to follow the same evaluation approach. A monitoring study conducted on fields above shallow
groundwater a few metres deep should address concerns over deeper aquifers and aquifer characteristics as
these are the most vulnerable to chromatographic flow.

PPR Panel: Comment is generally agreed (see also Chapter 3 of the Statement). However, the selection of the
spatiotemporal percentile is a risk managers decision (Chapter 2).

62 ANSES (France) 4.4. Interpretation of
spatial vulnerability
assessments and context
setting of monitoring
sites

Page S39: When vulnerability mapping approaches are provided, it should be recommended that an analysis of
the uncertainties related to the approach used is systematically submitted.

PPR Panel: Agreed and guidance for addressing this uncertainty must be developed. Example from the Good
Modelling Practice-opinion (EFSA PPR Panel, 2014) could be a starting point.
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63 UBA (Germany) 4.5. Generic
recommendations for
vulnerability assessment
and site characterisation
in monitoring study
design and interpretation

In our view chapter 5 is well elaborated and provides a variety of scientifically sound options for many purposes
and addresses potential problems and constrains with pragmatic and reliable solutions. However, regarding a
guidance document a clear definition and binding procedures must be defined to produce adequate studies for
risk assessment, e.g. in which cases are available information sufficient and in which are tracer tests or field
spikes necessary (please refer also our other comments on this). Particularly in chapter 5 the assignment of
requirements, quality criteria and procedures to the respective exposure option (protection goal) and study
design is not sufficiently provided. For instance, for deeper groundwater (exposure options 5, 6, 7) and
catchment study designs a profound characterisation of (hydro-)geology is essential, while in shallow
groundwater and in field studies this might be of minor relevance. In the latter, contamination during study
performance or local/temporal land use changes might be more important. Regarding a guidance, these
requirements must be defined.

PPR Panel: Comment doubles with comment #64.

64 UBA (Germany) 5. Data quality
considerations

In our view chapter 5 is well elaborated and provides a variety of scientifically sound options for many purposes
and addresses potential problems and constrains with pragmatic and reliable solutions. However, regarding a
guidance document a clear definition and binding procedures must be defined to produce adequate studies for
risk assessment, e.g. in which cases are available information sufficient and in which are tracer tests or field
spikes necessary (please refer also our other comments on this). Particularly in chapter 5 the assignment of
requirements, quality criteria and procedures to the respective exposure option (protection goal) and study
design is not sufficiently provided. For instance, for deeper groundwater (exposure options 5, 6, 7) and
catchment study designs a profound characterisation of (hydro-)geology is essential, while in shallow
groundwater and in field studies this might be of minor relevance. In the latter, contamination during study
performance or local/temporal land use changes might be more important. Regarding a guidance, these
requirements must be defined.

PPR Panel: Agreed that guidance development is needed. Addressed in Chapters 5 and 6 of the Statement.
65 UBA (Germany) 5.6. Collection of

samples
The paper states that ‘sampling procedures for groundwater studies conducted in a specific situation or directed
towards a specific objective, may not be suitable for studies in other situations and with different objectives’
(p. S44). We agree on that; however, a subsequent guidance document should clearly define which sampling
procedure is recommended in which situation regarding which protection goal and study design (please refer to
our general comment on chapter 5).

PPR Panel: Agreed that guidance development is needed. Addressed in Chapters 5 and 6 of the Statement.

66 UBA (Germany) 5.6.3. Water removal On the particulate phase of groundwater samples, the paper states: ‘While including solids in samples should
always be avoided, this is especially important for compounds strongly sorbed to solids (active substances and
metabolites with high Koc values). Even though they rarely move through soil in groundwater, sometimes
analyses of strongly sorbing materials are included and it is important to exclude solids to get reliable analyses for
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these compounds’ (p. S45). From a water analysis perspective, solids shall of course be removed (filtrated)
before analysing the samples. However, strongly adsorbing compounds are mentioned. Bound to particles those
compounds might be transported to groundwater via macropore flow. Could it be reasonable to also analyse the
solid phase (filtrate) on strongly adsorbing compounds if these compounds are objective of the study? A
subsequent guidance document might define for which substances (e.g. Koc above a certain value) an analysis of
the solid phase will be reasonable and recommended.

PPR Panel: Sampling solids should be avoided because we are interested in the aquatic concentration. However, if
we are interested in colloid-facilitated transport, it could be an option to sample the filtrate. See Chapter 5.

67 UBA (Germany) 5.6.7. Sampling other
types of wells

On sampling of other well types, the paper states ‘for example, sampling a well providing water to a private
residence is often as simple as turning on the faucet, letting it run for a specified period of time (e.g., 30 s or 1
min), triple-rinsing the bottle and filling the sample bottle’ (p. S46). This sampling technique is of course possible
to get an impression on groundwater quality if there is no other sampling possibility. We agree with the authors
that there are many uncertainties and potential sources of contamination. Regarding a guidance document, we
would conclude that studies based on this kind of sampling cannot be used as Tier-4 studies for risk assessment.

PPR Panel: Agreed, this simple sampling technique should not be used in a Tier-4 assessment. This is addressed
in Chapter 5.

68 CropLife Europe 5.7. Sample analysis The lab guidelines are stated even with revision numbers. May be only state the guidelines as these will change
over time. SANTE is not mentioned but should be applicable for method validation.

PPR Panel: Noted.
69 UBA (Germany) 5.8 Outliers Groundwater monitoring studies intend to measure the groundwater concentrations caused by leaching

processes. Therefore, it appears plausible to exclude results that are driven by other factors than leaching
through the soil column following product uses according to the good agricultural practice. Chapter 5.8 explicitly
recommends additional detailed investigations of sites with ‘unexpectedly high’ detections and lists a few possible
reasons for false positives. However, we have serious concerns to investigate only the sites with extraordinarily
high concentrations. To exclude those sites from datasets may introduce a bias to the overall picture, because
sites with no or very low detects are not treated with the same attention. There may be similar reasons that can
result in no/low-detects (false negatives) which are not related to leaching, e.g. – dry weather conditions, − non-
agricultural upstream areas, − lack of connectivity to treated fields during the sampling period, − change in
groundwater flow direction, − incorrect data on product use, − clogged filters, − storage and stability issues,
− analytical problems. Therefore, we recommend treating ‘unexpectedly high’ and low detects with the same
caution. We would like to encourage further discussions and appreciate the development of further detailed
guidance on handling false negatives and false positives. This comment refers also paragraphs on the issue in
chapters 4.3.1 and 7.1.
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PPR Panel: Agreed that both false positives, and false negatives should be carefully investigated. Some examples
of both will be included in Chapter 6. Guidance needs to be developed.

70 CropLife Europe 5.9.1. Tracers Applications of tracers to all fields may not possible due to: Permits needed, damage to crops and soil at
commercial farms, applying at the same time as crop protection products may not be possible due to practical
considerations, high background levels of tracer, e.g. bromide Therefore, tracer application to all study designs
should not be made compulsory.

PPR Panel: We see the application of tracers or pseudo-tracers as the preferred methodology. If tracers cannot
be applied, modelling is an alternative, but the Panel recommends strict guidance development to support this
(Chapter 6).

71 ANSES (France) 6.1. Assessing
groundwater monitoring
data

Page S50: Data from surveys on agricultural practices often show that the application pattern (rate and
frequency) on the monitored fields included in the contribution area is lower than the intended application
pattern of the formulation evaluated (for which maximum dose is assessed). In addition, in some cases, the
information on application is not available for the whole surface of the defined contribution area.
Recommendations on how to deal with these issues should be provided.

PPR Panel: For future studies, the Panel recommends these data to be made available. If historical application
rates differ from the application rates according to the GAP, scaling is possible. This is described in Chapter 6.

72 INIA (Spain) 6.1.1. General
considerations

The article provides a great review of specific exposure assessment options to be considered at higher-tier
groundwater risk assessment (Tier-4). Recommendations for study designs, quality criteria of monitoring studies
and assessment and interpretation of groundwater vulnerability have been detailed. We consider that it is an
important step in the assessment of monitoring studies. However, it is not clear when monitoring data can be
used to override the results from standard FOCUS groundwater models. We highlight from the report that there is
an urgent need of defining and agreed at EU level specific protection goals to groundwater monitoring data.

PPR Panel: Groundwater monitoring studies can override lower tiers if they have been well performed. Some
recommendations for this are given in Chapter 6 but final guidance needs to be developed in a later stage. We
agree that exposure assessment goals must be defined before guidance can be developed (Chapter 2).

73 CropLife Europe 6.1.1. General
considerations

It should be noted that exceedances are permitted in Tier-1 modelling, where, in principle, 3 out of 20
exceedances could be permitted. The FOCUS report recommendation for 20 targeted sites to demonstrate safe
use at Tier-4 does not have a formal statistical basis but is certainly a reasonable number and practically
manageable. If a leaching risk is not seen at 20 carefully selected vulnerable and well characterised locations in a
monitoring study, then it is unlikely to be seen if further monitoring sites are added. From a practical point of
view, finding suitable monitoring locations that fulfil all requirements of quality and intrinsic vulnerability while at
the same time having relevant crop cultivation and product usage, and where the landowners are cooperative,
proves to be very challenging. The effort for such a study can become prohibitive if many locations must be
considered.
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PPR Panel: The number of monitoring sites required is discussed in Chapter 6.

p50. ‘Sufficient samples’ How many? Ambiguity in this recommendation for assessment: ‘If the concentrations are
very high’ How high? ‘Where the exceedances just exceed the regulatory limit’ Exceed by how much? ‘In case of
extremely highly concentrations’ Exactly how high? ‘Limit value’ This refers to regulatory limit, do detections above
LOD not demonstrate the result is due to leaching? ‘Close to the limit value’ How close? ‘Hardly any’ How many?

PPR Panel: Agreed that exact numbers are needed when the final guidance is developed. See Chapter 6.

74 UBA (Germany) 6.1.1. General
considerations

The first paragraph states that the FOCUS (2009, 2014) concept of ‘one safe use’ in modelling can be directly
translated to monitoring data. However, chapter 9 of FOCUS (2009, 2014) remains rather vague in that aspect.
The fundamental rationale at the lower tiers was to establish realistic worst-case scenarios that are protective for
the diversity of agricultural areas in Europe. Each of the nine FOCUS scenarios defined by specific set of pedo-
climatic parameters represents one major agricultural area in Europe. A means to convey this FOCUS climate-soil-
zone approach to a suitable site selection system for targeted monitoring studies in Europe and for zonal and
national risk assessments on MS level is not provided. It is, however, required to develop detailed and
scientifically based guidance on how a site selection in relation to the FOCUS zone (or other new scientifically
based pedo-climatic classification systems Europe) can be performed. Some recommendations are provided in the
vulnerability chapter 4, but these recommendations are not related to the FOCUS zone approach. If the ‘one safe
use’ approach was be considered in assessing GW monitoring data, our interpretation would be that at least
20–50 vulnerable monitoring sites are required for each of the FOCUS climate zones. This is also in line with the
outcome of discussions on GW monitoring studies held during expert’s meetings between MS and EFSA during
the EU Peer Review. This number of sites was estimated to be necessary to be able to reliably conclude on the
GW risk within a major agricultural region as represented by a FOCUS scenario. However, we want to point out
that these numbers were not scientifically derived. We believe that answering the essential regulatory question
how to translate the lower tiers FOCUS concept of ‘one safe use’ to the assessment of monitoring data requires
profound scientific background. Further discussions and guidance on this issue are urgently needed.

PPR Panel: The number of sites needed for the one-safe use approach in FOCUS groundwater is discussed in
Chapter 6.

75 CropLife Europe 6.1.2. Assessment of
monitoring data as a
function of the exposure
assessment option

A single defined protection goal across Europe is likely impossible. MS unlikely to agree with a harmonised
approach. The ‘Equivalent FOCUS pass’ approach as a way of gaining agreement on monitoring at the EU level
without having to identify a specific harmonious protection goal across EU which is likely unachievable due to
different MS objectives. Individual MS can address study options appropriate for their own considerations.

PPR Panel: This issue is outside the scope of a scientific working group.

76 CropLife Europe 6.2.3. Sites When instrumenting new sites, groundwater flow direction needs to be understood via triangulation rather than
relying on topography or potentiometric maps. Other long term established well networks in MS may not need to
ascertain groundwater flow in the same was as a newly installed site, due to the legacy of data and already
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known understanding of groundwater flow. Reference/datum points should be recorded for several permanent
features of a well e.g. casing, piezometer and ground level. At commercial fields, well location may not be ideal
to capture all groundwater flow and locations can be compromised to satisfy landowner’s needs.

PPR Panel: See comment 51.
77 ANSES (France) 6.2.3. Sites comment 1: Page S51: The following is reported: ‘For the selected sites, the following information should be

included, when available and relevant. Please note that the kind of information required and/or available will
depend on the type of monitoring study’. It would be useful to clarify which information should be provided for
each type of monitoring study. comment 2: Page S51: In addition to ‘Drains, possible influence of nearby surface
water bodies’, the impact of water sampling related to irrigation should be also reported since this can affect
quickly the piezometric level and modify the normal flux of water.

PPR Panel: Agree that guidance is needed for different types of study design. Irrigation should be considered
when this is normal agricultural practice as it can enhance leaching.

78 UBA (Germany) 6.2.5. Presentation of
the results

In several chapters of the paper (e.g. 3.1.1 and 4.4) the use of the 90th percentile to describe the GW risk is
mentioned as an option. In our view, the appropriateness of the use of the 90th percentile is an important
regulatory issue that remains open. Apart from the question how such a percentile might be calculated in practice
(e.g. from all values at each site or from all sites, etc.), the protection goal and the respective study design must
be defined beforehand. The harmonised agreement in the EU that the leachate concentration in the 1m
unsaturated soil zone estimated by conservative modelling over a multi-year period is used for GW risk
assessment follows the precautionary principle and is considered as adequate for the protection of aquifers in
large areas. Consequently, annual average concentrations in combination with the defined spatiotemporal
percentiles in the lower tiers 1 and 2 can directly be compared to higher tier field experiments (FOCUS Tier-3)
with a comparable exposure assessment goal (e.g. lysimeter). In contrast, it is not consistent to use the pertinent
trigger values in combination with the same spatiotemporal percentiles readily for the assessment of GW
monitoring results. In most cases, the filter screens of the monitoring wells will be installed at depths > 1m in the
saturated soil zone and thus in a different environmental compartment. This cannot be directly compared to the
unsaturated soil zone, because e.g. the lateral flow processes which may occur in that zone need to be
considered additionally. Therefore, a higher conservatism in percentage or percentile selection compared to the
FOCUS specific protection goal in the lower tiers (temporal and spatial percentiles implemented by the choice of
the leachate from 1m soil depth as the decisive result to safeguard all groundwater aquifers) should be applied
when GW is directly sampled.

PPR Panel: The choice of the spatiotemporal percentile in the exposure assessment goal is a risk manager’s
decision. However, as it is generally accepted that the concentration decreases with depth due to dispersion and/
or dissipation, it is scientifically defensible to say that the concentration at 1-m depth is a conservative estimate
for the groundwater concentration. Furthermore, higher percentile than 90% could challenge the tiered
approach. See Chapter 3.
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79 UBA (Germany) 6.2.6. Discussion and
conclusions

We fully support the new approach of presenting the results of GW monitoring studies as the number of
detections/samples (< LOD; > LOD but < parametric values; > parametric values).

PPR Panel: Agreed.

In addition to the important points already mentioned in the chapter (e.g. pressure of use, connectivity,
representativeness), the discussion should contain an all-encompassing consideration of the available information
on the groundwater risk posed by the respective substance (PECgw modelling, experimental leaching studies,
monitoring). If the data do not provide a consistent overall picture, sound reasoning should be presented on the
causes for the differing results across the tiers and/or study types. Particularly, if the monitoring results indicate
lower GW concentrations, it must be reasonably justified why the results from the lower tiers (PECgw modelling,
experimental leaching studies) are systematically erroneous.

PPR Panel: The Panel considers it acceptable that Tier-4 overrules the lower tiers (according to the basics of a
tiered approach). Of course, this only applies if the monitoring study is well performed. Guidance is to be
developed. See further Chapter 3 (principles of the tiered approach) and Chapter 6 on study design.

80 ANSES (France) 6.2.6. Discussion and
conclusions

Page S52: It is agreed that results should be presented first in the 3 classes proposed (concentrations < LOD,
> LOD but < 0.1 μg/L, > 0.1 μg/L). Then, a deeper analysis should be provided, depending on the defined
protection goal. At least some general recommendations could be given regarding the use of the relevant
statistical parameter (maximum/mean/percentile value), depending on the number of sites, number of samples,
sampling frequency, etc.

PPR Panel: Agreed. In the discussion section of any submitted study there should be a statistical paragraph.
81 UBA (Germany) 7. Public monitoring data

collected by third party
organisations

According to chapter 7 in the publication Gimsing et al. (2019) the European Groundwater Monitoring Network
for Regulators provides a detailed list of items how publicly available groundwater monitoring data from
environmental agencies or similar public institutions in European member states should be collected and
characterised. We recommend the list of items as basis for characterisation of public monitoring data that are
provided in relation to active substance approvals in the EU and/or zonal and national authorisations in context of
Regulation (EC) 1107/2009.

PPR Panel: The list of recommendations is added as an appendix to the Statement and could serve as a starting
point for guidance development.

82 CropLife Europe 7. Public monitoring data
collected by third party
organisations

The section notes a lot about what should be done and practically it should be clearer on how it should be done
to promote acceptance.
Shared metabolites (may arise from legacy PPPs, other PPPs and other chemicals) – there is no mention of this
issue, and that some degree of pragmatism may thus be required when interpreting the data;
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Validity of generally polluted sites within the assessment should be clarified, e.g. sites that are very polluted with
an array of chemicals, that such sites are really outliers and make no contribution to an assessment of the
current state of the environment;
This guidance generally excludes hard rock and karstic sites from the new monitoring programme collection
methodology . . . what does this mean for classing and interpreting data from such sites in public monitoring
programmes?
There is no detail on procedures for data assessment e.g. trend assessment is mentioned but no method is
outlined or referred to, like WFD guidance; age of groundwater is mentioned but no preferred techniques are
described, etc; o What statistical summaries should be produced and how these summaries should be produced
e.g. identifying outliers; dealing with left-censored data, different censoring levels, spatial auto-correlation, etc.
While site characterisation is covered as being helpful to data interpretation there is little said about ancillary
quality data being used e.g. like a site being in a designated water quality zone e.g. a nitrate vulnerable zone; or
of a defined vulnerability class according to a national scheme/dataset; the use of NO3-N or other proxies
indicating pressure from agriculture and connectivity with upstream fields; example 3 of appendix 2 suggests a
metabolite of a sugar beet a.i. was used for this purpose.

PPR Panel: A reflection on these issues is given in Chapter 7 of the Statement. We agree that generally more
guidance is needed, including data quality requirements.

83 UBA (Germany) 7. Public monitoring data
collected by third party
organisations

The uncertainties arising from the lack of data available to characterise the monitoring sites (regarding pressure
of use, connectivity, groundwater flow direction, travelling times etc.) often limit the regulatory use of public
monitoring data according to Regulation (EC) 1107/2009. The available information will seldomly be sufficient to
fulfil all the criteria to qualify the results for a refinement with the aim to directly overwrite the results of PECGW
modelling or experimental leaching studies. On the other hand, these data may contribute valuable monitoring
results representing a status quo for many aquifers under a wide variety of environmental and agricultural
conditions. It might be possible that results of public monitoring unveil ‘blind spots’ in the groundwater risk
assessment that are the consequence of atypical substance properties or transport processes not covered by the
leaching models. Therefore, public monitoring data should always be used alongside the typical studies submitted
to meet the data requirements according to Commission Regulation (EU) 283/2013 as additional information.

PPR Panel: Agreed that public monitoring data can generally not be used for regulatory decisions according to
Regulation (EC) 1107/2009. However, they should be used as additional evidence, but only if they fulfil certain
data requirements according to guidance that still needs to be developed. See further Chapter 7.

In this chapter and in others the paper underlines the importance of pesticide use data. Depending on the study
design and protection goal use data for the past decade(s) and in the entire catchment might be essential, but
not always easily available. This is particularly the case if public monitoring data should be used. A
comprehensive data base on pesticide use would be very helpful to support groundwater monitoring studies. A
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basis for this is currently discussed within the renewal of the Statistics on Agricultural Inputs and Outputs (SAIO)
legislation. Please note that useful synergies between the process of guidance development for the use of
(public) groundwater monitoring data in future and the SAIO process might come up in the following discussions.

PPR Panel: Noted.

84 CropLife Europe 7.1. Different sources,
objectives, and
representativeness of
publicly available
monitoring data

(Follow up to our comment under section 7) • There is no mention made of agencies curating their databases
which may result in changes over time, e.g. when data is removed changing the max recorded concentration or a
site that was once identified as an issue now being ok; numbers of samples for last year or 2 being under-
represented as not all data fully loaded yet, etc. • Water companies, regions, nations do not always release the
coordinates of GW abstraction sites for security reasons and if they do they often degrade the accuracy. This
impacts (i) data availability and (ii) accuracy of subsequent spatial analyses; We need regulators to account for
this i.e. we are not able to supply what they want as we cannot access the data; and/or they should help
facilitate access so we can; • Regions/nations may not monitor for a substance as they do not consider it to be
an issue; as such no data being available may not be a sign of uncertainty but rather a sign of certainty . . . this
needs to be factored into the assessment; • The reason for the monitoring data collection should be taken into
account as part of the quality assessment e.g. incident investigation data should not be considered in general
assessments; • Need it noted that the use of public data from one MS might be used and accepted in another
MS if the relevance can be demonstrated.

PPR Panel: Agree that these issues should be covered in a guidance document (see Chapter 7).
85 CropLife Europe 7.2. Other factors

influencing the quality of
data from official
monitoring programmes

(7.1 and 7.2) When instrumenting new sites, groundwater flow direction needs to be understood via triangulation
rather than relying on topography or potentiometric maps. Other long term established well networks in MS may
not need to ascertain groundwater flow in the same way as a newly installed site, due to the legacy of data and
already known understanding of groundwater flow. Reference/datum points should be recorded for several
permanent features of a well e.g. casing, piezometer and ground level. At commercial fields, well location may
not be ideal to capture all groundwater flow and locations can be compromised to satisfy landowner’s needs.

PPR Panel: See comment 51.

86 AGES (Austria) 8. Appendix 1: Protection
goals

As already indicated above, a 90th spatial/temporal percentile of annual average concentrations from a
groundwater monitoring study as proposed in the case of the SPG option 2 to 5 may not be acceptable at the
level of Member States, where all groundwater (in space and time) may need protection. In view of AGES, it is
not defensible to apply the assessment endpoint at FOCUS Tier-1 (i.e. a realistic ‘worst-case’ 90th percentile
concentration) at FOCUS Tier-4 as well, as FOCUS Tier-1 and FOCUS Tier-4 account for water in entirely different
environmental compartments with a different spatial and temporal dimension.

PPR Panel: The selection of the spatiotemporal percentile is a risk management decision because it also includes
socio-economic considerations. However, selecting a percentile above the 90th-spatiotemporal percentile may
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challenge the tiered approach. This issue is discussed in Chapter 2 (protection goal) and Chapter 3 (tiered
approach).

87 ANSES (France) 8. Appendix 1: Protection
goals

Comment 1: It is our understanding that the spatial and/or temporal percentile(s) proposed for the definition of
the protection goals are only given as example and are to be defined further by risk managers as part of overall
protection goal definition. This should be more emphasised. As a general manner, the status of these options
(illustrative purpose) should be clear in any further statement, to avoid that these are taken as true risk
assessment options in future monitoring studies proposed by the applicants. In addition, the rationale behind the
choices made for each protection goal could be further explained.

PPR Panel: The Panel agrees that a harmonised exposure assessment goal is needed before regulatory guidance
can be developed. We also agree that the goals described in Gimsing et al. (2019), including the spatial and
temporal percentiles and their combinations are examples. The Panel proposes as an alternative to address six
elements of the ExAG. This is addressed in Chapter 2 of the Statement.

Comment 2: Consideration of the spatial units: it is indicated that ‘the spatial units define also the area or
elements over which concentrations can be averaged’. The definition of the spatial unit, and how it may influence
the definition of the protection goal, is not perfectly clear. It should be further described for each option and how
it is linked with the spatial statistical population of units should be clarified.

PPR Panel: See Chapter 2 for proposals on the spatial unit.

Comment 3: The sampling frequency should be considered in the question about the temporal statistical
population of concentration. For example, the use of annual average concentrations may not be suitable if only 2
samplings per year are done. Please see additional comments in the attached document.

PPR Panel: The issue of sampling frequency is discussed in Chapter 6.

88 CropLife Europe 9. Appendix 2: Examples
of study designs for
groundwater monitoring
studies

Section 3 states that examples IV, VII and VIII are field leaching studies but in appendix 2, table 3 number V and
VII are described as field leaching. This should be aligned. In my view examples IV, V, VII and VIII are field
leaching studies therefore clearly illustrating the need to cover this study type in this document.

PPR Panel: The distinction between field leaching studies and monitoring studies needs to be clarified in future
guidance. See Chapter 6.

89 UBA (Germany) 9. Appendix 2: Examples
of study designs for
groundwater monitoring
studies

The approach and rationale behind using annual median mass fluxes instead of the soil pore concentration for a
comparison of relative leaching risk between regions appears plausible (in example I). Nevertheless, we do not
fully agree with the reasoning that the concentration is not particularly useful in the context of comparing one
area with another to estimate leaching potentials. We think that for the identification of the most vulnerable sites
in terms of leaching the influence of the heterogeneous distribution of pore water volume due to varying soil
types and weather conditions is the most realistic reproduction of environmental conditions. Therefore, the
possible differences in the outcome of both methods should be compared and scientifically evaluated.
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PPR Panel: A discussion on the use of annual median mass fluxes instead of the pore water concentration is
discussed in Chapter 4. The Panel does not see the need for addressing both options.

90 ANSES (France) 9. Appendix 2: Examples
of study designs for
groundwater monitoring
studies

In example VI, considering that the wells are placed at the edge of treated fields with screens at the top of the
saturated zone, one could consider that exposure assessment option 2 is more suitable than exposure
assessment option 4. The choice of option 4 could be further discussed. As a general manner, the exposure
assessment options proposed in relation with the examples should be further explained to help the reader
understand the difference between the different options.

PPR Panel: Exposure assessment options should be discussed based on the six dimensions of the ExAG as
described in Chapter 2.

91 CropLife Europe 12. Appendix 5: GIS data
available at European
level for vulnerability
mapping

Additional spatial data: • Soil data: ISRIC Soil Grids https://soilgrids.org/ • Soil data: HWSD (Harmonised World
Soil Database) (Harmonised world soil database) (Harmonised world soil database v1.2|FAO SOILS PORTAL|Food
and Agriculture Organisation of the United Nations) • Soil data: OpenLandMap – OpenGeoHub Foundation:
Connect|Create|Share|Repeat • Climate data: European Climate Assessment & Dataset project Home European
Climate Assessment & Dataset (ecad.eu) • Climate data: World Clim Historical climate data – World Clim 1
documentation • Climate data: Land Data Assimilation System Land Data Assimilation System|LDAS (nasa.gov)
• Groundwater data: Global patterns of groundwater table depth (WTD) Catalogue http://thredds-gfnl.usc.es/
thredds/catalog/GLOBALWTDFTP/catalog.html • Groundwater data: Hydrogeological Map of Europe
Produktcenter (bgr.de) • Groundwater data: European map of groundwater pH and calcium Zenodo (all links are
in our pdf submission document)

PPR Panel: Noted.

92 CropLife Europe 13. Appendix 6: Time of
flight modelling
methodology

Time of flight modelling provides a rough estimate in the absence of any other information. The time-of-flight
analysis outlined in appendix 6 is an approximate methodology to get a general idea of the likely transit times
under conditions of chromatographic flow, and to understand which sampling strategies might be appropriate. It
is a useful methodology in the absence of any other data, as is often the case when the decision to conduct a
monitoring study is made and an idea of how long it might be needed to be conducted for residues to be seen
and to ensure that exceedances are not missed. Once a monitoring site has been selected, it may be that site
hydrology and percolation estimates would give a more accurate picture of potential travel times.

PPR Panel: Your justification is noted.
93 UBA (Germany) 13. Appendix 6: Time of

flight modelling
methodology

The prediction of the width of the solute peak as basis to determine the sampling schedule seems to be a
promising way to ensure capturing the peak residues. But with the knowledge acquired while compiling active
substance Assessments Reports a special focus and awareness needs to be directed at the MTC in terms of
minimum time at the defined target concentration. The presented approach always should show the overall
results (min., avg. and max. months at MTC) for all modelling examples shown in figure 36. Additionally, further
discussion should be directed at the proclaimed 70% of the PECmax value as sufficient representation of the
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residues in groundwater. The extension of the soil profile for the modelling exercise is comprehensible but the
justification considering the dispersion length enlargement for the last two soil horizons needs to be more
substantial.

PPR Panel: The issues are addressed in Chapter 6.2 under the topic ‘Travel time (time-of-flight modelling)’.

94 CropLife Europe 14. Appendix 7:
Examples of coupling
leaching models with
hydrogeological models

The example provided in a poster contribution by Sur et al. (2011) on the coupling of a leaching model with a
hydrogeological model has meanwhile been published in a scientific journal article and complemented with two
additional case studies. Therefore, we would like to draw the attention of reader to the following article to get a
more comprehensive understanding of the matter: Herrmann, M., Sur, R. Natural attenuation along subsurface
flow paths based on modelling and monitoring of a pesticide metabolite from three case studies. Environ Sci Eur
33, 59 (2021). https://doi.org/10.1186/s12302-021-00490-2

PPR Panel: Noted.
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