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1. Executive summary

A stable and reliable food supply in Europe has over recent decades become normal. This has been
achieved in many cases by the use of pesticides to control pests, weeds, and diseases, plus fertilisers
to supply additional nutrients. Pesticides play an essential role in the food production process,
maintaining or enhancing crop yields in conventional arable farming. However, they can also lead to
harmful effects in the environment, including aquatic ecosystems and risks to human health. There is
now widespread concern about the addition of a substance to the environment designed to be toxic to
some part of the ecosystem.

European policies aimed at reducing the potential risk from pesticides mainly lie under the Plants
Protection Products Regulation (EC, 2009b), the Sustainable Use of Pesticides Directive (EU, 2009)
and the Biocidal Products Regulation (EU, 2012). The Water Framework Directive (WFD) (EC 2000)
and its daughter directives add legislation to protect water quality. There is however, little evidence to
show whether this legislation has been effective, mainly because of a lack of data to demonstrate the
actual risk of pesticides in surface waters and groundwater at the European level (EEA, 2018a).
Addressing this gap is of high interest for policy, practitioners, and the public owing to potential risks
pesticides present to both the environment and public health.

This technical report provides an overview of the information available on pesticide concentrations in
surface and groundwaters in EEA countries.

EEA’s Waterbase — Water Quality database contains the most reliable data available from across
Europe. For the assessment, 180 pesticide substances were selected and characterised according to
their usage, their Mode of Action (MoA), their chemical grouping, and their environmental quality
standards (EQS) under consideration of the reported analytical limits of quantification (LOQ). The
methods for the quality assurance of data, selection criteria and extraction, as well as the assignment
of targets and calculation of exceedance rates under consideration of LOQ resulted in a unique
database, and can be seen as a starting point on how to assess pesticide risk in surface waters and
groundwater in Europe. EQS are based on European standards where available, and then on national
EQS values (using the lowest value as a precautionary approach). The data suggest that for the period
2013 — 2017 for surface waters, 5 — 15 % of monitoring stations could be affected by herbicides and 3
— 8 % by insecticides. For groundwater the shares are about 7 % for herbicides and below 1 % for
insecticides. Fungicides seem to be of lower importance.

This analysis contrasts with the results of status assessment of the 2™ River Basin Management plan
2016 under the WFD, which show 0.5% of all surface water bodies failing good chemical status
because of pesticides, and 15% of groundwater bodies (EEA 2018).

The report also lists a number of other data sources for pesticides, especially scientific research and
emissons data. They are diverse and often have limited spatial coverage, which make such data less
representative for a European status assessment.

The aim of this work is to provide a baseline for what we know of measured concentrations of
pesticides in water at the European level.
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2. Introduction

2.1. Problem context

Pesticides are a topic of considerable policy interest across environmental, agricultural and human
health legislation. There is widespread interest in pesticides from regulators, farmers and the public
owing to potential risks they present for both the environment and public health. Under the Water
Framework Directive, pesticides are second only to nitrates in causing most failures of good chemical
status in groundwater (European Commission, 2019).

For a topic of such interest, at a European level we know surprisingly little about the actual levels of
pesticides in surface and ground waters. The sorts of reasons impacting on our knowledge include:

o Countries monitor a number of different pesticides, but the reported data on pesticide
concentrations in waters are very different in quality and quantity and therefore difficult to
harmonise to obtain an established European overview.

e Pesticide use depends on the crop type, season, weather and equipment availability. Some
estimates of pesticides in the environment are based on sales data, but this gives very little
indication of actual use or concentrations and toxicity of pesticides in water.

o Monitoring and assessment of pesticides in surface waters is mostly done routinely, but
pesticide peaks in surface waters can only be identified by event-based monitoring, such as
following heavy rainfall.

e Pesticide pollution from point sources could also be attributable to substances used in biocide
products (e.g. household products, facade paint, gardening), which enters the water cycle
mainly through discharges from urban waste water treatment plants (UWWTP), storm
overflow or urban run-off. There is limited understanding of the significance of such
contributions relative to those from agriculture.

Alongside these specific issues, there is also concern about the role pesticides may play in mixture
toxicity. Existing environmental quality standards apply to single substances but in the environment,
organisms are exposed to chemical mixtures. We know little about the combined effects of such
mixtures but there is a risk that chemicals could combine to reach harmful levels (EFSA, 2019; EEA,
2018a; Busch, 2016; Kortenkamp, et al., 2009b). Given the uncertainty but the knowledge that
pesticides are harmful to at least part of an ecosystem, application of the precautionary approach
would seem appropriate.

2.2.  Aim and scope of the report

The aim of this technical report is to provide an overview of information available on pesticides in
surface and groundwater, based on reported information. This report includes descriptions and
assessments of available data from different data and information sources with a focus on the
European level.

The focus of this report is on active pesticide ingredients in agricultural activities (see section 2.3 for
definition). It needs to be mentioned, that once a substance reached the environment, it is not usually
possible to ascertain the original source or use of it. Organisms experiencing the resultant mixture do
not discriminate by source, though such information is helpful in identification of appropriate
prevention measures. Other chemicals which may be present in the water are out of scope of this
technical report.
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2.3. Definition and classification of pesticides
According to FAO (2002), pesticides are defined as follows:

“Any substance or mixture of substances intended for preventing, destroying, or controlling any pest,
including vectors of human or animal disease, unwanted species of plants or animals, causing harm
during or otherwise interfering with the production, processing, storage, transport, or marketing of
food, agricultural commodities, wood and wood products or animal feedstuffs, or substances that may
be administered to animals for the control of insects, arachnids, or other pests in or on their bodies.
The term includes substances intended for use as a plant growth regulator, defoliant, desiccant, or
agent for thinning fruit or preventing the premature fall of fruit. Also used as substances applied to
crops either before or after harvest to protect the commaodity from deterioration during storage and
transport” (FAQO 2002).

EU legislation divides pesticides into plant protection products and biocides. The term ‘pesticide’ is
often used interchangeably with ‘plant protection product (PPP)’, however, pesticide is a broader
term that also covers non plant/crop uses, for example biocides (*). These PPPs are products including
‘pesticide substances’ that protect crops or desirable or useful plants. They are primarily used in the
agricultural sector but also in forestry, horticulture, amenity areas and in gardens. The products
contain at least one active substance and have one of the following functions:

e protect plants or plant products against pests/diseases, before or after harvest;

o influence the life processes of plants (such as influencing their growth, excluding nutrients);
e preserve plant products;

e destroy or prevent growth of undesired plants or parts of plants.

EU countries authorize plant protection products on their territory and ensure compliance with EU
rules (see section 2.5).

Overall, pesticides are grouped in different ways depending on the defining interest group, usage or
others. Main classifications are usually based on a biological, chemical or technical basis. Whereas
the biological goal seems to be very relevant e.g. the pests they control or the target organisms they
kill, inhibit or destroy in one way or another, other important definitions derive from their chemical
structure (e.g. organophosphate insecticides or neonicotinoids, organochlorine etc.) or their method of
application. The definitions between these groups are rather fluid but most often the classification
might clearly define all of the four main pesticide classes: “an insecticidal acetyl-choline esterase
inhibiting fumigant pesticide of the organophosphate substance class” (Lewis, et al., 2016).

Based on the given definitions, grouping of pesticides within this report were based on their usage and
their mode of action (MoA). This grouping is in a way comparable to the EFSA (European Food
Safety Authority) based “Cumulative Assessment Group or CAG” (%).

(}) Source: https://www.efsa.europa.eu/en/topics/topic/pesticides
(%) Source: http://www.efsa.europa.eu/en/consultations/call/180508-0
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According to their usage, the report focusses on the three groups (i) herbicides, (ii) insecticides and
(iii) fungicides. The herbicides should control unwanted plants, insecticides are used to prevent
unwanted insect infestation, and fungicides to kill parasitic fungi or their spores.

The classification according to the MoA of pesticides is oriented towards their effects in the non-
human organisms. Table 2.1 lists the different MoA, which were assigned to the pesticides available
under Waterbase — Water Quality in the time period 2007 — 2017 (see Annex 5).

Table 2.1

Groups of pesticides according to mode of action (MoA) and their effects

to organisms

MoA — group

MoA - effects

Photosynthesis
inhibition

The production of energy in the chlorophyll of plants is inhibited by these
substances. As a result, the chemical bound energy of the plant is consumed and
the plant dies.

Respiratory action

Various processes prevent the exchange of oxygen at membranes or the chemical
binding of oxygen.

Cell membrane

disruption

The selectivity at the cell membrane is disturbed so that it becomes more or less
permeable.

Mitosis, Cell Cycle

Inhibition of growth by preventing cell division.

Neurotoxic

Prevents the transmission of stimuli or the back reaction in nerves.

Lipid metabolism

Inhibition of the enzyme, acetyl-CoA-carboxylase, which is responsible for
controlling fatty acid metabolism and degradation. By inhibiting lipid biosynthesis,
the development of the immature stages (larvae and nymphs) of certain insects and
mites will be stopped, thus reducing fertility.

Plant Growth Regulator

Plant growth is regulated through the phytohormones that make individual plant
parts grow stronger. Some substances inhibit the plant’s longitudinal growth and
promotes fruit growth. Other substances promote the growth of the green parts of
the plant, while at the same time root growth stagnates. As a result, the plant dies
due to the lack of nutrients in the plant.

Multi site activity

Inhibition might be due to relatively unspecific membrane damage to specific
modulation of receptors or inhibition of enzymes or a mixture of all effects.
Sometimes this also depends on the effective dose.

Signal transduction

Inhibition of transmission of molecular signals from a cell’s exterior to its interior in
fungi and plants.

Fungal spore inhibitor

The reproduction of fungi is disturbed.

Sterol biosynthesis
inhibition

Inhibition of the important cell membrane component of the sterol type (typical MoA
for fungicides).

Protein denaturation

Essential proteins are destroyed in fungi so that the metabolism is disturbed.

Note: Based on the used methods, data availability and data selection, only photosynthesis inhibition and
neurotoxic MoA were assessed (see section 4.1.1.1)
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2.4. Sources, uses and sales of pesticides

Pesticides are substances contained as active ingredients in plant protection products and biocides.
They must selectively act against specific pest organisms, but it is impossible to achieve absolute
selectivity (i.e. where effects are limited to only the target species). Furthermore, some pesticides
being toxic to humans and/ or harming the environment by contaminating soil, surface and ground
water. Pesticide contamination of both surface and groundwaters can affect aquatic fauna and flora, as
well as human health when pesticide polluted water is used for public consumption. Aquatic
organisms are directly exposed to pesticides resulting from agricultural production or indirectly
through trophic chains (Maksymiv, 2015).

The pesticide pollution from agricultural activities of surface waters or groundwater may have
different sources: a) Diffuse losses, e.g. spray drift due to pesticide application, b) point sources from
waste water treatment plants (run-off from farmyards connected to sewer systems), c) surface run-off
from farmyards during cleaning of application techniques, and d) leaching to field drains or to shallow
groundwater (Sandin, 2017; Aktar, et al., 2009). In addition to agricultural activities, other relevant
sources for pesticides include forestry, municipial use (e.g. on roadside), grasslands (e.g. golf courses)
and uses in gardens. Once pesticides reach streams, they can be widely dispersed into other streams,
rivers, lakes, reservoirs, and oceans (USGS, 1997).

Population growth, increase in food consumption, and export of agricultural products (crops as well as
meat) result in enhanced agriculture production, which mostly relies on extensive use of pesticides
(FAO & IWMI, 2017). In Europe, the volume of pesticide sales has remained about constant since
2011 (Figure 2.1). The groups with the highest sales are fungicides, bactericides and herbicides (some
80% of the total pesticide sale). France, Italy, Spain and Germany sold together over 65 % of the total
volumes reported in the EU (Agri-environmental indicator - consumption of pesticides - Statistics
Explained 2019). However, the share of tonnes of pesticide sales does not allow any statement about
the risk to human health and the environment.

Figure 2.1 Sales of pesticides, EU-28, 2011-2017
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Note : This figure does not take into account confidential values. They represent < 3% of the total of sales over
the entire time series.

Source : Eurostat (online data code : aei_fm_salpest09). https://ec.europa.eu/eurostat/statistics-
explained/images/1/18/Sales_of_pesticides%2C_EU-28%2C_2011-2017_%28tonnes%29.png

Based on sales data, EEA developed the ‘Total sales of pesticides’ indicator under the 7%
Environment Action Programme within priority objective 3 to safeguard the Union’s citizens from
environment-related pressures and risks to health and well-being (EEA, 2018a). It indicates no trends
of pesticide sales (grouped by their usage) from 2011 to 2016. It is also stated, that: “This indicator
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does not allow, at present, for a full evaluation of progress towards the 2020 objective as pesticide

sales are not synonymous with the risk of harmful effects on humans and the environment” (EEA,
2018a).

Beside the sales of pesticide information, EU developed the Harmonised Risk Indicator (HRI) to
support the goals of the Sustainable use of pesticides Directive (EU, 2009). The HRI, published in
2019, considers the quantities of active substances placed on the market in plant protection products,
and shows a decreasing trend from 2011 to 2017 of some 20% (Figure 2.2). This caused surprise
among some ().

Figure 2.2 Harmonised Risk Indicator 1

EU-28 HRI1, 2011-2017
(Index 2011-2013 = 100)

Index

2011 2012 2013 2014 2015 2016 007

Note: A baseline of the average of three years 2011-2013 is used as the starting point against which subsequent
values are compared.

Source: https://ec.europa.eu/food/plant/pesticides/sustainable_use_pesticides/harmonised-risk-indicators/trends-
hri-eu_en

There is a need for the development of a management tool such as an indicator which would combine
the information on concentrations in water with the ecotoxicological knowledge of the specific
pesticide product or its active components. This way regulators and politicians would be able to
search, detect, identify the most important (i.e. most toxic and in highest concentrations) pesticide in
their region of interest and prioritise management actions.

(3) Source: https://www.endseurope.com/article/1666559/commission-pesticides-data-draws-scepticism
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2.5. Legislation and broader regulation on pesticides

The European Union tackles water pollution since the 1970s, e.g. Council Directive on pollution
caused by certain dangerous substances discharged into the aquatic environment (EU, 1976), the
Urban Waste Water Treatment Directive — UWWTD (EC, 1991), the Drinking Water Directive —
DWD (EU 1998) or the Nitrates Directive (EU, 1991). Since 2000, the Water Framework Directive
became the central instrument of water management and protection of EU waters (EC 2000). For
substances (including pesticides), two daughter directives added quality standards to be achieved.

For source control, Directives and Regulations were set on substance level for a standardized
registration including risk assessment or, for example, the usage of specific substances in agriculture
as pesticides.

The following list of Directives and Regulations distinguishes between water policy and source
control legislations including pesticide substances:

Water policy

o The Water Framework Directive (WFD) (EC 2000) sets a scheme for water management at
river basin level. With regular six yearly planning and programmes of measures a good status
of surface and groundwater is to be achieved.

e The WFD daughter Directives on Environmental quality standards in water policy — EQSD
(EU, 2008) and on groundwater (EU, 2006a) set quality objectives and targets for pesticides
in surface and groundwater.

e The Drinking water directive (EU 1998) sets quality objectives for pesticides at the tap.
Register and source control legislation according to pesticide substances

e Regulation on the European Pollutant Release and Transfer Register (E-PRTR) (EU, 2006b),
which is the Europe-wide register that provides accessible key environmental data from
industrial facilities in European countries including substances used as pesticides or biocides.

e The REACH Regulation (EC, 2006) aims to improve the protection of human health and the
environment through identification and risk assessment of chemical substances, and to
register the information in a central database.

e The Directive on the sustainable use of pesticides (EU, 2009) aims at reducing the risks and
impacts of pesticide use on human health and the environment, and promoting the use of
integrated pest management and alternatives such as non-chemical approaches.

e The Plants Protection Products Regulation (EC, 2009b) set out rules for the authorisation of
plant protection products and their marketing, use and control. Based on this Regulation, the
Seventh Environment Action Programme (EU, 2013) set the objective that, by 2020, the use
of plant protection products should not have any harmful effects on human health or
unacceptable influence on the environment, and that such products should be used
sustainably.

e The Biocide Regulation (EU, 2012) focusses on the marketing and use of biocide products.
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e The UN Stockholm Convention recommends the ban of specific substances, inter allia
pesticides, to protect human health and the environment from persistent organic pollutants
(UNEP 2018) (4).

(%) List of persistent organic pollutants: http://chm.pops.int/TheConvention/ThePOPs/AlIPOPs/tabid/2509/Default.aspx
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3. Data and information sources

This section gives an overview of quantitative and qualitative data sources as well as other data
overviews tackling the issue of pesticides, which were used for the technical report (Figure 3.1).
These data and information sources were analysed in accordance to the availability of sufficient
information on pesticides. The data assessments are presented in section 4 — status of information on
pesticides.

Figure 3.1  Data- and information sources on pesticides, used in this report

Data/information on pesticides

Quantitative datasources Quialitative datasources Other datasources
Wate rbase — Water Quality —  WHFD (status assessment) Research activities
— Emission data —  Drinking Water Directive National activities
E-PRTR — Otherwater related Directives

Waterbase - Emissions

WEFD Inventory of emissions

3.1. Quantitative data sources
3.1.1. Waterbase — Water Quality

Waterbase — Water Quality (°) is a database containing water quality data in rivers, lakes and
groundwater. The basic records reported into the database are disaggregated water quality data on the
observed values, representing one sampling at specific monitoring site and day for a specific
parameter. As of 2015, reporting disaggregated records is preferred, while in the preceding period,
more data was reported as annual records — i.e. annual statistics for each monitoring site and
substance. The updated versions of the database are published annually, with the version used in this
report covering the data up to 2017.

The pesticide data of Waterbase — Water Quality have been reported by 34 countries of Europe,
representing the monitoring network of Member States of the EU as well as other EIONET reporting
countries.

The data on hazardous substances in water (including pesticides) from the Waterbase - Water Quality
database were systematically assessed in the ETC/ICM technical report on Hazardous Substances in
European Waters from (ETC/ICM 2015), covering the data for the period 2002-2011. The report

(®) The version of 2019, published on April 2019 and used for this report, is available at https://www.eea.europa.eu/data-and-
maps/data/waterbase-water-quality-2.
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summarises the state and availability of the data and provides a useful display of the large dataset, but
cannot be regarded as an assessment of the situation between the reporting countries. It was concluded
that despite the quality check procedures in place, some data were still questionable owing mainly to
issues such as unclear reporting of limit of detection (LOD) or limit of quantification (LOQ).

This report gives an updated assessment of the Waterbase — Water Quality data, also using a new
approach in data selection and processing, explained in the following subsection.

3.1.1.1. Selection of reference pesticides

The report focuses on pesticides, which represent a current water pollution and are still being
discharged through use. The selection of pesticides for evaluation was limited to substances that were
reported in the period under review 2007 -2017, because temporal coverage of pesticides data starts
increasing after 1990 and, in terms of available records per year, more notably increases after 2006,
with the largest number of records available for 2013 and 2014. Furthermore, the following criteria
were used for the selection of substances: (i) approved and approval expired during the investigation
period 2007 — 2017; (ii) measured in three or more Member States; (iii) mainly used for agriculture
(pesticides).

For building up the basis for an assessment, the list of substances was analysed in respect of different
parameters. For this, each pesticide was checked in the Pesticides Properties Database (PPDP) (Lewis,
et al., 2016). The outcome was a list with 180 pesticides including columns for chemical identifiers,
their usage, the information about being it a parent substance or transformation product and their
mode of action (MoA) to the pest organism (see Annex 5 and Annex 6). Based on this list, different
assessments were made which are further shown in the paragraphs below and which are the basis for
the development of a pesticide indicator to ease the river basin specific or site-specific monitoring and
regulation of hot spots of contamination by a mixture of pesticides.

Only three main usage groups could be identified: herbicides (78 distinct pesticides), insecticides (72
distinct pesticides) and fungicides (23 distinct pesticides). The rest of substances were either
transformation products/ metabolites (three) or could not be assigned to a specific usage or were
multi-use pesticides.

In the PPDB database most of the pesticides are clearly assigned to a specific MoA. As the number of
different MoA is very diverse it was decided to further simplify the grouping for easier analysis in this
technical report. Thus, all substances which, for example, in one way or another modified nerve
signalling or muscle activity (GABA receptors, AChE inhibitors or else) were allocated to the group
of ‘neurotoxic compounds’. Similarly, all herbicides which inhibited photosynthesis — even if the
exact position of the inhibition might be PS Il or protoporphyrinogen oxidase inhibition or another
mechanism - were assigned to the group of ‘photosynthesis inhibition’.

Based on the explained selection criteria, Table 3.1 shows an overview of the available data in the
time period 2007 — 2017, which were used for the specific assessments. Overall, 180 substances were
selected.

Table 3.1 Overview of selected substances and groups of available data reported
under Waterbase — Water Quality on pesticides in time period 2007 - 2017

Surface waters (rivers and lakes) Groundwater
Number of total selected substances 180 159
Usage
Number of herbicides 78 75
Number of insecticides 69 61
Number of fungicides 19 11
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Surface waters (rivers and lakes) Groundwater

Number of ‘others’ 14 12
Mode of Action

Number of neurotoxic 49 44
Number of photosynthesis inhibition 30 29
Number of ‘others’ 101 86

3.1.1.2. Target setting

Target setting for substances was identified by comparing their occurrence with environmental quality
standards, groundwater quality standards and detection limits. The used targets of the pesticides are
listed in Annex 6. For this, the following sources were considered:

Surface waters

e Environmental Quality Standards (EQS) of the pesticides listed under the priority substances
of the WFD; AA-EQS (annual average EQS) which are protective against chronic toxicity
and MAC EQS (maximum acceptable concentration EQS) which should protect against acute
toxicity.

e The maximum acceptable detection limit, according to the Watch List under Commission
Implementing Decision (EU) 2015/495 and Commission Implementing Decision (EU)
2018/840.

e Environmental Quality Standards (EQS) of the pesticides listed under the River Basin
Specific Pollutants (RBSP); if available: AA-EQS and MAC EQS. The EQS value for RBSPs
can vary between Member States (MS). For the assessments based on Waterbase — Water
Quality data (see section 4.1.1.1), the lowest reported EQS for a substance was used. When
three or more countries regulated a substance, it was handled as relevant and included into the
surface water assessment.

Groundwater
e Groundwater Quality Standard of 0.1ug/l in accordance with the Directive 2006/118/EC (and
referred to WFD) for each active substance in pesticides, including their relevant metabolites,

degradation and reaction products.

EQS set at European level, groundwater pollutant threshold values and watch list detection limits
were used to identify the reported measurements or monitoring stations with exceedances.

In Annex 6, more detail is provided on the AA-EQS and MAC EQS values used.
3.1.1.3. Extraction of the reference dataset on pesticides

The dataset used in this report was extracted from Waterbase — Water Quality database with the
following procedure (Figure 3.2).
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Figure 3.2  Procedure to extract reference dataset on pesticides

1.

_ 2 3, 4. &, 6. Calculation
Extraction :

Calculation Consol- Determi- Determi- of excee-
of annual idation of nation of nation of dance

of

pegg;:alde EHiETS means results LOQ EQS rates

1. Extraction of disaggregated (°) and aggregated (7) data records on pesticides defined in
section 3.1.1.1 (above), for the period 2007-2017, excluding records flagged for low
reliability (]) but including any records that may be outliers.

2. For both, aggregated and disaggregated data, calculate 95" percentile of values by monitoring
site and substance; then exclude any records that are more than 1000-fold above the
calculated 95th percentile of the corresponding monitoring site and substance. This should
exclude errors arising from incorrect units.

3. Calculation of annual arithmetic means from disaggregated data — for one substance at one
monitoring site. When a measurement is flagged as below LOQ, half of the LOQ was used
for calculating annual mean (see Box 1 for more information on LOQ).

Note that for groundwater data, there can be more than one monitoring site at a groundwater
body, and no spatial aggregations are made. Instead here, each location was treated as an
independent monitoring site.

4. Consolidation of data reported as aggregated and disaggregated to a consolidated table of
annual records. If a country reported both aggregated and disaggregated records for a
substance at a monitoring site for the same year, records derived from disaggregated data
have the priority.

5. Determination of LOQ for each annual record;
o known LOQ: in Waterbase — Water Quality, the LOQ of the analytical method used is
requested to be reported with each single or annual record (for the latter, the highest
LOQ in a series of measurements within a year should be reported, although typically
the same analytical method is used at the site throughout the year);

(5) See definition of the disaggregated data at http://dd.eionet.europa.eu/tables/9153.
() See definition of the aggregated data at http://dd.eionet.europa.eu/tables/9323.

(8) This indicates existing observations for which the user should also be aware of the low quality assigned. For example, the
combination of data in the record (such as non-default unit of measurement) raises ambiguity which could not be cleared out
with the reporting country at the time, indicating that the observed value may be wrong.
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o unknown LOQ but flagged as “below LOQ”: some records in the database are only
flagged as “below LOQ”; for these, the actual LOQ is uncertain, but the fact that they
are below means their EQS or threshold value exceedance can be determined (see
next point);

o nho data or flags regarding the LOQ are available for a record at all.

6. Determination of EQS or threshold value exceedance for each annual record:

o for records with no data or flags regarding the LOQ, no EQS exceedance or threshold
value was determined; this yields 68,764 groundwater annual records (1.89% of all
groundwater records in the reference dataset) for which threshold value cannot be
determined, and 24,682 surface water annual records (0.68% of all surface water
records in the reference dataset) for which EQS exceedance cannot be determined,;

o exceedances in groundwater: if the mean calculated value is above LOQ and greater
than the groundwater quality standard of 0.1 pg/l;

o exceedances in surface waters:

= the calculated annual mean value is above LOQ and greater than the AA-
EQS;

= the calculated annual maximum is above LOQ and greater than the maximum
allowed concentration MAC EQS.

The data on 180 distinct pesticides were extracted with such process, collected at a total of 16,886
groundwater monitoring sites and 9,495 surface water (°) monitoring sites (accounting for 3.63
million annual records altogether). The list of pesticides by water category, the number of records,
and the number of monitoring sites at which the substance was monitored, as well as the time period,
is available in Annex 1 for groundwater and for surface waters in Annex 2. Figure 3.3 illustrates the
number of pesticide-monitoring sites per year.

Box 1 Definition and explanation of LOQ

Limit of Quantitation (LOQ) as well as limit of detection (LOD) are terms used to describe the
smallest concentration of a measurand that can be reliably measured by an analytical procedure
(Armbruster, and Pry, 2008).

- LOD (Limit of detection): Analyte was found in the sample (content which can be
distinguished from the blank test sample in which the analyte is absent).

- LOQ (Limit of quantification): Analyte content which can be determined with a certain level
of precision.

Within Waterbase — Water Quality, countries are recommended to report LOQ for each substance.
Reporting of LOQ has not always carried out for example in case where in a country different
methods with different LOQ for one substance were used.

LOQ becomes important, when higher than the environmental quality standard (EQS). In such cases it
could not be decided, if the standard is met. For this report we have counted them as ‘standard is met’.
In a second step, we have the aim to summarise these records as ‘unclear, if EQS is met’. This can be
done, if our statistical checks have unravelled all values below LOQ.

(°) Water categories of “groundwater” and “surface water” (the latter including both river and lake monitoring sites) are defined
for the purpose of this report.
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Figure 3.3  Number of pesticide monitoring sites by year for groundwater and
surface water
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Source: WISE SoE — Water Quality database, version April 2019.

Figure 3.4 illustrates spatial coverage of available data on pesticide monitoring reported under
Waterbase — Water Quality in the time period 2007 to 2017 for each country in relation to the arable
land ratio. The arable land ratio was calculated based on the country area and the arable land area in
this country.

According to the arable land ratio, Denmark and Hungary are the countries with more than 50% of
arable land. Poland has 43%, and Germany, Czechia, Slovakia, Hungary, Romania, Serbia, Bulgaria
and Lithuania with an amount between 30 and 40% arable land cover. Arable land includes
intensively used, usually ploughed land. This includes non-irrigated arable land, permanently irrigated
land and rice fields. Agriculture additionally uses permanent cropped land, pastures and
heterogeneous areas (*°).

The reported number of monitoring sites differs between countries. Whereas Austria (16), Cyprus
(10), Malta (89), Ireland (16) and Iceland (47) reported more than 10 monitoring sites per hectare
arable land in the time period 2007 to 2017, the mean of reported monitoring sites for all other
countries is 2.2. A list of available data on arable land use ratio, monitoring sites as well as number of
reported pesticides is given in Annex 3.

(10) CORINE land cover land use definitions: https://land.copernicus.eu/eagle/files/eagle-related-projects/pt_clc-conversion-
to-fao-lccs3_dec2010
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Figure 3.4  Number of reported monitoring sites on pesticides per 100 km? arable
land in European countries in the time period 2007 to 2017
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Source: WISE SoE — Water Quality database, version April 2019; Eurostat and Corine Land Cover data on
arable land ratio.

Figure 3.5 shows the number of monitored pesticides for each country in the time period 2007 to
2017. The number of reported pesticide substances varies between 1 (Norway and North Macedonia)
and 319 (France). Overall, there is neither correlation between the reported monitoring sites under
consideration of the amount of arable land, nor the number of reported monitoring sites and reported
monitored pesticide substances.
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Figure 3.5

Number of reported monitored pesticides in European countries in the

period 2007 to 2017
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arable land ratio.

No. of monitored pollutants

@ 260

[ 1 groundwater
1 surfece water

C 1
I
|

Arable land ratio

<=10%
10-20%
20-30%
30-40%
40-50%
>50%

Eurostat and Corine Land Cover data on

Figure 3.6 illustrates 15 pesticides with the largest number of monitoring sites for groundwater and
surface water, respectively. For groundwater, atrazine, simazine, desethylatrazine, diuron, and
bentazone are the five most often reported pesticides in the dataset. In surface waters, 11 substances
were reported as monitored at more than 6 000 monitoring sites.
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Figure 3.6  Number of monitoring sites for the pesticides with the most frequently
reported number of monitoring sites in groundwater and surface waters
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3.1.2.

Emission data

Table 3.2 shows an overview of the emission data with European coverage on pesticide loads
considered in this report. The data comprise different reporting obligations and consider partly
different sources of emissions to waters.

Table 3.2

Overview of used emission data

Data source

Reporting obligation Sources of emissions to waters

mandatory voluntary Industry UWWTP* Diffuse sources
E-PRTR X X X
Waterbase — Emissions X X X X
WED !nventory of X X X X
emissions

*Urban waste water treatment plants
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3.1.2.1. E-PRTR

E-PRTR — the European pollutant transfer and release register (EU, 2006b) is a European-wide
register of pollutant releases to air, water, and on land. It covers 33 countries (EU28, Iceland,
Liechtenstein, Norway, Serbia and Switzerland) since 2007. Some records are also available for 2001
and 2004 based on former EPER database (EPER - European Pollutant Emission Register) was
established in 2000. It was replaced by current E-PRTR in 2006. Emissions from both point and
diffuse sources are collected, but no information on pesticides from diffuse agricultural sources is
available. Countries report facilities with economic activity listed in Annex | of the Directive and
substance loads from point sources above threshold values given in Annex Il of the Directive. All
facilities under activity 4.d Chemical installations for the production on an industrial scale of basic
plant health products and of biocides should be included, other facilities should report discharging
into water if it exceeds the given limit (1 kg per year for most of the pesticides). The database
contains annual releases (kg per year) per facility.

Main pesticide discharge from facilities is not caused by those manufacturing pesticides but from
urban wastewater treatment plants, which receive inputs from a range of sources (see section 2.4). It
needs to be stated, that within the E-PRTR, that only the discharge of large facilities needs to be
reported (e.g. waste water treatment plants above 100 000 population equivalents), and not all of them
reported pesticides in their effluent.

Table 3.3 shows the list of pesticide emissions to water, the number of records (emission load from
one facility within one year for given pollutant — e.g. if the emission load from two facilities is
reported every year for ten years, it will result in twenty records, and the number of countries, in
which these releases were reported under E-PRTR. Furthermore, information on monitoring time
period, if the specific substance is still approved (Yes or No), and the count of monitored facilities are
listed.

Table 3.3 Pesticide emissions to water reported under E-PRTR

o No. of No.of No. of years No. of

Pesticide ) start end approved o
records MS monitored facilities 2017

Alachlor 26 7 10 2007 2017 N 3
Aldrin 103 4 11 2007 2017 N 11
Atrazine 77 13 11 2007 2017 N 6
Chlordecone 12 3 2008 2014 N ?
Chlorfenvinphos 4 2007 2011 N ?
Chlordane 1 2008 2017 N 1
Chlorpyrifos 24 5 2007 2017 Y 5
DDT 24 5 11 2007 2017 N 3
Dieldrin 117 5 11 2007 2017 N 12
Diuron 1136 12 11 2007 2017 Y 122
Endosulfan 19 5 8 2007 2017 N 3
Endrin 82 5 11 2007 2017 N 8
Ethylene oxide 7 4 6 2009 2017 N 2
Heptachlor 15 2 10 2007 2017 N 3
1,2,3,4,5,6-hexachlo-
rocyclohexane (HCH) 80 8 13 2001 2017 N 7
Isodrin 98 6 11 2007 2017 N 9
Isoproturon 336 11 11 2007 2017 N 20

22 DRAFT Technical report on pesticides in surface waters and groundwater in Europe



. No. of No.of No. of years No. of
Pesticide ) start end approved o
records MS monitored facilities 2017
Mirex 2 2 2 2008 2011
Simazine 82 11 2007 2017 N
Trifluralin 15 10 2007 2017 N
Note:  4.(d) means facilities including chemical installations for the production on an industrial scale of basic

plant health products and of biocides; Water includes marine waters as well as freshwater (surface waters and

groundwater).

Source: https://prtr.eea.europa.eu/#/home (EEA 2019)

Figure 3.7 shows the facilities with pesticide production and the pesticide discharge from these

facilities in the time period 2007 to 2017.

Figure 3.7
other activity (left) and
years 2007-2017 (right)

Facilities with production of pesticides (PRTR activity 4.d) as main or

facilities discharging pesticides into water in the

i e P
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facilities manufacturing pesticides as other activity in 2017

& faciliies manufacturing pesticides as main activity since 2007

l:l E-PRTR countries

discharges into water (not approved pesticides) l:l other countries

# dischargesinto water (approved pesticides)

Note: E-PRTR countries = countries reported data under E-PRTR. The points only show facilities, where
discharge of pesticides was reported and not the amount of discharge from these facilities.

Source: https://prtr.eea.europa.eu/, (EEA 2019)

Table 3.4 shows the number of facilities, which reported pesticide discharge in 2017. In contrast to 38
other facilities, 185 wastewater treatment plants are listed with discharge of pesticides into waters.

Table 3.4 Number and type of

pesticides into water in

facilities reported under E-PRTR discharging
2017

Activity Code Activity name

Count of facilities

1.(a) Mineral oil and gas refineries

2

4.(a)
basic organic chemicals

Chemical installations for the production on an industrial scale of

4
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4.(e) Installations using a chemical or biological process for the 2
production on an industrial scale of basic pharmaceutical products

5.(a) Installations for the recovery or disposal of hazardous waste 13
5.(c) Installations for the disposal of non-hazardous waste 14
5.() Urban waste-water treatment plants 185 (10 countries)
6.(b) Industrial plants for the production of paper and board and other 3

primary wood products

Source: https://prtr.eea.europa.eu/, (EEA 2019)

3.1.2.2. Waterbase - Emissions

Under the reporting obligation of WISE SoE — Emissions (WISE 1), EEA countries report every two
to three years, and they provide the loads per year for specific substances on country, river basin, or
subunit level. For the reporting, the emission load can be assigned to different types of sources. The
countries can report emissions from point sources every year, and every three years from diffuse
sources. The reporting has been carried out by 19 countries, but only some of them reported pesticide
loads. If so, pesticide loads were mainly reported by industrial and urban waste water treatment plants
(Table 3.5).

Table 3.5 Pesticide emissions reported under Waterbase - Emissions in the time
period 2008 to 2017

Emission source Number of countries

| — Point sources - Industrial waste water 15

=
N

I3 — Point - Industrial waste water - treated

14 — Point - Industrial waste water - untreated
NP — Diffuse

NP1 — Diffuse - Agricultural emissions

NP2 — Diffuse - Atmospheric deposition

NP3 — Diffuse - Un-connected dwellings emissions

NP5 — Diffuse - Storm overflow emissions

NP7 — Diffuse - Other diffuse emissions

NP72 — Diffuse - Transport emissions

O — Point - Other point emissions

02 — Point - Waste disposal sites

O3 — Point - Mine waters

04 — Point - Aquaculture

PT — Point sources

U — Point - Urban waste water

U1 — Point - Urban waste water - untreated

U11 — Point - Urban waste water - untreated - less than 2000 p.e.
U12 — Point - Urban waste water - untreated - between 2000 and 10000 p.e.
U13 — Point - Urban waste water - untreated - between 10000 and 100000 p.e.

U14 — Point - Urban waste water - untreated - more than 100000 p.e.

U2 — Point - Urban waste water - treated

WO [P [P (PP WO |0 N [W[N (NN ININININ (W~ O

U21 — Point - Urban waste water - treated - less than 2000 p.e.
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Emission source Number of countries

U22 — Point - Urban waste water - treated - between 2000 and 10000 p.e. 7
U23 — Point - Urban waste water - treated - between 10000 and 100000 p.e. 8
U24 — Point - Urban waste water - treated - more than 100000 p.e. 10

Source: https://www.eea.europa.eu/data-and-maps/data/waterbase-emissions-7

3.1.2.3. WEFD Inventory of emissions

Limited information on pesticides was reported by the first inventory of emissions according to the
EQSD (EU, 2008), and reported in the 2" river basin management plans of the WFD, and only a low
number of member States reported pollutant release from agriculture or riverine load (Table 3.6).

Table 3.6 Overview of pesticides of the WFD Inventory of emissions according to
the WFD 2016 reporting

No. countries with No. countries reporting No. countries

Chemical substance valid emissions pollutant releases from reporting riverine
values above 0 agriculture load

CAS_115-29-7 - Endosulfan 6 2 2
CAS_118-74-1 - Hexachlorobenzene 8 2 3
CAS_122-34-9 - Simazine 6 1 2
CAS_1582-09-8 - Trifluralin 6 1 2
CAS_15972-60-8 - Alachlor 4 1 1
CAS_1912-24-9 - Atrazine 6 1 2
CAS_2921-88-2 - Chlorpyrifos 6 1 3
CAS_309-00-2 - Aldrin 2 0 0
CAS_330-54-1 - Diuron 8 1 2
CAS_34123-59-6 - Isoproturon 7 2 2
CAS_465-73-6 - Isodrin 2 0 0
CAS_470-90-6 - Chlorfenvinphos 3 1 2
CAS_50-29-3 - DDT, p,p' 4 1 1
CAS_60-57-1 - Dieldrin 2 0 0
CAS_608-73-1 - Hexachlorocyclohexane 6 2 3
CAS_72-20-8 - Endrin 2 0 0
EEA_32-02-0 - Total cyclodiene
pesticides (aldrin + dieldrin + endrin + 2 1 0
isodrin)
EEA_32-03-1 - Total DDT (DDT, p,p' + 5 1 0

DDT, o,p' + DDE, p,p' + DDD, p,p")

Source: ETC 2018 (1%)

(*) WFD-dataset review, background document, Prepared by ETC/ICM-Deltares in 2018
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3.2. Qualitative data sources
3.2.1. Water Framework Directive
Pesticides in waters are covered by several parts of the reporting:

o Surface water body: Priority Substances (PS) for the assessment of chemical status, and River
Basin Specific Pollutants (RBSP) for the assessment of ecological status.

e Groundwater body: Groundwater pollutants for the assessment of chemical status

o WFD Inventory of emissions: Emissions to water under consideration of different sources
(see section 3.1.1).

3.2.2. Drinking Water Directive
The Drinking Water Directive (DWD) sets a concentration limit of 0.1 pg/l for individual pesticides,
and of 0.5 g/l for the total sum of pesticides. Because pesticides are present on a regular basis and in
low concentrations, exposure to these chemicals is generally chronic. The health risk is difficult to
assess, because data on acceptable doses for chronic exposure are scarce and the low concentrations
involved are difficult to monitor (European Environment Agency 2016).
Under the Drinking Water Directive countries report every three years on the quality of drinking
water. The data are localised at ‘“Water supply zones’, which are the places where the water is used
with no information on where it comes from. Exceedances of selected pollutants from drinking water
standards are reported. Last reporting in 2018 cover years 2014-2016, next is due to 2021. Results
from the years 2010-2013 were described in the Commission report (EC 2016). For reporting
purposes, a short list of pesticides as well as total pesticides was agreed between European
Commission and Member States:

e Atrazine CAS 1912-24-9

e Atrazine-Desethyl CAS 6190-65-4

e Bentazon CAS 25057-89-0

e Bromacil CAS 314-40-9

e Diuron CAS 330-54-1

e [soproturon CAS 34123-59-6

e MCPA CAS 94-74-6

o Mecoprop CAS 93-65-2, former CAS 7085-19-0

e Pesticides total (this parameter includes also other national monitored pesticides beside the
short list)

e Simazine CAS 122-34-9
e S-Metolachlor CAS 87392-12-9

o Terbutylatrazine CAS 5915-41-3
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The short list is a harmonised approach and makes reporting comparable but does not show the full
picture of all pesticides and all relevant metabolites in a country. Member States monitor a
considerable number of pesticides and metabolites (degradation and reaction products) in drinking
water that are chosen at national level and are thus specific for each Member State. However, only
those pesticides that are likely to be present in a given supply need to be monitored.

For the presented short list of pesticides, the number of records with exceedances for each water
supply zone and the compliance rate is available.

Based on available data of DWD reporting of the time period 2014 - 2016, the short list of pesticides
was monitored in about 60 % out of 9500 large Water Supply Zones in Europe, (Figure 3.8). This is
an increase in comparison to the period 2011 - 2013, when pesticides were monitored in below 30%
of Water Supply Zones (European Environment Agency 2016). Based on the amount of monitored
Water Supply Zones, no information on pesticide risk of drinking water can be derived. The
compliance rate of pesticides is shown in section 4.2.2.

Figure 3.8  Share of water supply zones, in which pesticides were monitored
according to the Drinking Water Directive 2016
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Source: DWD reporting 2014-2016, https://rod.eionet.europa.eu/obligations/171
3.2.3. Other Water related Directives
The data flows for other water related Directives do not include pesticide data:
e Urban Waste Water Treatment Directive (91/271/EEC)
e Bathing Water Directive (2006/7/EC)
o Nitrates Directive (91/676/EEC)

e Floods Directive (2007/60/EC)
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3.3.

Other data sources

There are many studies which have investigated pesticide pollution. Other data of European or
worldwide coverage focused on the collection and assessment of pesticide contaminations were
considered for the literature analysis (Table 3.7). Furthermore, pesticides data sources of European
countries on pesticides are available, which focus on the registration of plant production products (see
Annex 4). Box 2 shows an example on specific monitoring program for pesticides in Germany.

Overall, data availability from scientific projects are diverse and their quality may vary. Furthermore,
sampling sites or research activities were mainly focussed on specific areas or model regions, which
make comparison with routinely monitored sites rather difficult. The findings of such research
projects can help to fill knowledge gaps but are less useful to fulfil data gaps in studies of temporal
and spatial pesticide contamination.

Table 3.7

Overview of other data sources attributed to pesticide registration,
research and national activities

Data source

Link to database

Contents

Food and
Agriculture
(FAO)

http://www.fao.org/faostat/en/#d
ata/RP

The Pesticides Use database includes data on the use
of major pesticide groups (Insecticides, Herbicides,
Fungicides, Plant growth regulators and Rodenticides)
and of relevant chemical families

This domain contains data on pesticides and covers
two different categories: pesticides traded in form or
packaging for retail sale or as preparations or articles,
and pesticides traded as separate chemically defined
compounds

EU

https://ec.europa.eu/food/plant/p
esticides/eu-pesticides-
database/public/?event=homepa
ge&language=EN

EU-wide pesticides database on active substances,
products and residues to fulfil regulation on maximum
residue levels of pesticides in or on food and feed of
plant and animal origin (EU, 2005)

https://sitem.herts.ac.uk/aeru/pp
db/en/search.htm

The PPDB is a comprehensive relational database of
pesticide chemical identity, physicochemical, human
health and ecotoxicological data. It has been
developed by the Agriculture & Environment Research
Unit (AERU) at the University of Hertfordshire for a
variety of end users to support risk assessments and
risk management.

European and
Mediterranean
Plant Protection
Organization

https://www.eppo.int/ ACTIVITIE
S/plant_protection_products/regi
stered_products

List of databases on registered plant protection
products in the EPPO region

(EPPO)

West https://ec.europa.eu/food/plant/p  Pesticide side effect database of the West Palaearctic

Palaearctic esticides/eu-pesticides- Region Section (WPRS) with information on effects of

Region Section database/public/?event=homepa plant production products on beneficial arthropods

(WPRS) ge&language=EN obtained.

Norman https://www.norman- NORMAN organises the development and

network.net/ maintenance of various web-based databases for the

collection & evaluation of data / information on
emerging substances in the environment

EuroMix http://www.euromixproject.eu/ Data and research results on chemical mixture not

2015-2019 solely proposed by the JRC. Results will be relevant for
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Data source

Link to database

Contents

national food safety authorities, public health institutes,
the European Food Safety Authority (EFSA), the
European Chemical Agency (ECHA), industry,
regulatory bodies and other stakeholders.

AQUAREHAB
2009-2013

https://www.wur.nl/en/show/aqu
arehab-1.htm

The project developed innovative rehabilitation
technologies for soil, groundwater and surface water to
cope with a number of different priority contaminants
incl. pestizides in the Netherlands.

SOLUTIONS
2013-2018

https://www.solutions-project.eu/

According to the issue of pesticides, different results of

SOLUTIONS project are relevant, e.g.

o effect-based techniques as tools suitable for the
different purposes of water quality monitoring

o the use of non-target methods

Assessment of toxicity effects of chemical mixtures in

waters

National research or Norway
program on specific
pesticide monitoring

https://www.researchgate.net/publication/227635339_T
en_Years_of_Pesticide_Monitoring_in_Norwegian_Gro
und_Water

Norway

http://www.oecd.org/chemicalsafety/pesticides-
biocides/1934217 .pdf

Sweden

Long-term Data from the Swedish National
Environmental Monitoring Program of Pesticides in
Surface Waters.
https://dl.sciencesocieties.org/publications/jed/articles/
48/4/1109

Denmark

Groundwater monitoring.
https://www.geus.dk/media/20715/grundvand_1989-

2017.pdf

France

Pesticides: evolution of sales, usage and presence in
rivers since 2009.
https://www.statistiques.developpement-
durable.gouv.fr/pesticides-evolution-des-ventes-des-
usages-et-de-la-presence-dans-les-cours-deau-depuis-
2009

The Netherlands

Surface water taxation due to the use of some plant
protection products in agriculture, 2005-

2017 .https://www.clo.nl/indicatoren/nl0518-belasting-
van-het-opperviaktewater-door-het-gebruik-van-
gewasbeschermingsmiddelen-in-de-
landbouw?0nd=20900

Switzerland

National specific monitoring on surface water quality.
https://www.newsd.admin.ch/newsd/message/attachm
ents/56290.pdf

Box 2

Example on pesticide research project:
Nationwide monitoring of small streams in Germany

One of the objectives of the German National Action Plan (NAP) on Sustainable Use of Pesticides (to

implement Directive 2009/128/EC) requires a representative sampling of small water bodies.
Furthermore, by the year 2023, 99 % of the event-driven monitoring samples of one year should
comply with the regulatory acceptable concentration (RAC) regulated within the authorization of

pesticides.
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Streams may be sampled for chemical analysis once a month, with pesticides seldom being found,
even during the application period. However, when samples are taken event controlled with a rise of
the water level of 5 cm and after pesticide application (= “event-driven”), pesticides are found much
more often. Until now, such sampling was made in scientific studies only, e.g. (Liess, et al., 1999;
Moschet, et al., 2014; Gustavsson, et al., 2017). To determine the proportion of RAC exceedances for
the German NAP, a concept was developed for the representative monitoring of pesticides in small
waters in the agricultural landscape (Szécs, et al., 2017). The German Environment Agency (UBA),
together with the Helmholtz-Centre for Environmental Research (UFZ) and in close cooperation with
the state authorities, has conducted two sampling campaigns in 2018 and 2019.

The aim of the monitoring program is to realistically assess the input of agriculturally used active
substances into small water bodies, which are currently not monitored within the Water Framework
Directive (2000/60/EG). Catchments with an area of <30 kmz, an agricultural proportion of > 40 %,
and a distance of at least 3 km to wastewater treatment plants upstream of the sampling sites were
selected. The distribution of the 120 sites across the individual Federal states of Germany was based
on the respective percentages of agricultural land. Each site was sampled once between spring to early
summer over the course of the two years. To accurately capture the pollution of the waters and assess
the resulting risk to the aquatic community, automatic, event-driven sampling after the occurrence of
rain events - in addition to grab sampling - was put into practice. A uniform substance list of over 90
active substances and 40 metabolites was analysed.

The first results of the sampling campaign 2018 at 60 monitoring sites indicate that measured
pollution exceeds RACs for one or several substances in more than 50 % of the event-driven samples.
These exceedances occurred at more than 80 % of the monitoring sites. At about 40 % of the sites 5 or
more RAC exceedances occurred. Rain events triggering the sampling devices occurred at 90 % of the
sites within the sampling period from spring to early summer even in the very dry year 2018,
capturing at most 9 consecutive events at two sites.

11 of the monitored pesticides are regulated under the WFD with maximum EQS. With event-driven
sampling at 6 % of the monitoring sites were found 17 exceedances of these EQS. With regular
monthly grab sampling at 3 % of the monitoring sites were found 8 exceedances only.

3.4. Data availability, gaps and uncertainties

Waterbase — Water Quality database includes the largest volume of concentration measurement data
available from the European Environment Agency, covering about 180 different pesticides. Data
include single measurement (so called “disaggregated”) data and aggregated data (including yearly
mean, minimum, maximum and limit of quantification [LOQ)] of pesticide concentrations).

The most prominent uncertainties in the Waterbase — Water Quality dataset are inconsistent reporting
of limit of quantification (LOQ) values and inconsistent time series of the data from individual
monitoring sites. Due to different requirements of European reporting, the LOQ has been reported
either as flags or different values (inconsistent reporting of full LOQ values vs half-LOQ values
according to the requirements of the European water quality directives, e.g. Directive 2009/90/EC),
and in some cases no data regarding the LOQ is available for a record at all (see also section 3.1.1.3).
This increases uncertainty in determining measurements that are below LOQ, needed for analyses
such as EQS exceedance. Also, LOQ values that were indeed reported vary within the substance, in
various cases within the country and year as well. Another inconsistency lies in reporting of the data
from the same monitoring sites through time, which would compose consistent time series of
comparable data. Instead, the data for many monitoring sites were not reported for more than a few
years, which disperses spatial and temporal coverage of the dataset and makes trend analysis less
credible.

Emission data (E-PRTR, Waterbase - Emissions, Inventory of emissions) offer limited information
on pesticides. Their substance lists are restricted and do not include many pesticides. E-PRTR
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thresholds, which set volume limits below which it is not necessary to report, mean that only the
largest sources are reported. Diffuse sources - which are likely to be very important for pesticides -
are not included or only roughly estimated in these inventories. For most substances the inventories
include only a very low share of all emissions of the addressed substances.

Qualitative data on pesticides according to the chemical and ecological status assessment under the
Water Framework Directive is restricted at European level to the six yearly WFD reporting cycle.
Latest 2016 reporting requirements included substances causing failure of chemical status of surface
water bodies. For these priority substances EU-wide EQS (ecological quality standard) values were
regulated and therefore failings of good chemical status are comparable. This is also valid for
groundwater pollutants to assess the chemical status of groundwater bodies. Much more pesticides are
listed under the river basin specific pollutants to assess the ecological status of surface waters. For
those substances, EQS were regulated on a national basis and therefore differ between Member States.
Assessments with these EQS might be not comparable.

Qualitative data reported under the Drinking Water Directive (DWD) focus on a short list of
pesticides and their compliance with the DWD even though EU Member States monitored a broad
range of pesticides in their countries. The compliance rate for each substance is attributed solely to
large Water Supply Zones, whereas the reporting of compliance for decentralised small wells is not
obliged under the Directive (and will also not monitored on regular frequency). Furthermore, the point
of compliance (and monitoring) is not the raw water from the drinking water source rather than the
point of human consumption after treatment. While the amount of compliance will give a hint to main
pesticide problems within EU Member States, data are hardly comparable to other databases.
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4. Status of information on pesticides

4.1. Assessments and results of quantitative data sources
4.1.1. Waterbase — Water Quality
4.1.1.1. Pesticides in surface waters

Based on the above explained methods (see section 3.1.1), Table 4.1 shows the specific substances
reported under Waterbase — Water Quality with the highest rate of exceedances ordered in usage
groups. The EQS for each substance used for the calculation of the exceedance rate are listed in
Annex 6.

The total number of records within the group of herbicides in the time period 2007 — 2017 is 157 341,
and the substance with the most exceedance rate is Glyphosate (15.6%) even though the number of
records is relatively low (6 257). With some 20 000 records, Trifluralin and Diuron, which are listed
as a priority substance under WFD, show less exceedance rates with 2.2 and 1.0%. Four substances
show exceedance rate >5% (Table 4.1).

Insecticides include a total of 69 different substances. The number of records of the listed 17
substances with the highest exceedance rate is 116 358 (out of some 500 000 records), whereas
Heptachlor and alpha-Endosulfan have the highest records in the given time period. Nine substances
show exceedance rates >10% (Malathion, Heptachlor, Dichlorvos, Heptachlor epoxide, Imidacloprid,
Cypermethrin, Fenitrothion, Parathion, Dicofol). 16 out of 69 substances show an exceedance rate of
>5%.

Only 19 substances are listed under the usage group of fungicides with an overall number of records
in time period 2007 — 2017 of 59,295. The mean exceedance rate of all 19 fungicides is low with
0.2% and only the substances Hexachlorobenzene and Metalaxyl have exceedance rates of more than
1%.

Table 4.1 Number of reported substances with the most reported rate of
exceedances in surface waters, grouped by usage in the time period 2007

- 2017
Group Substance Number of records Rate of ex- EQS used for
(year-monitoring ceedance (%) calculation
sites) (ng/l)
Glyphosate 6257 15.6 0.1
Diflufenican 719 6.7 0.009
Bifenox 5499 6.6 0.012
Metolachlor 12062 6.2 0.3
Desethylterbuthylazine 8515 4.3 0.1
2 Terbuthylazine 12984 2.7 0.2
. Desethylatrazine 9464 2.4 0.1
< Ethofumesate 7751 2.2 0.1
t Trifluralin 20218 2.2 0.03
Oxadiazon 2350 1.6 0.088
MCPA 13870 1.6 0.1
Linuron 16058 1.3 0.1
2,4-dichlorophenoxyacetic acid, 2-4 D 9330 1.1 0.1
Bentazone 9130 1.0 0.1
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Group Substance Number of records Rate of ex- EQS used for

(year-monitoring ceedance (%) calculation
sites) (ug/l)

Diuron 19583 1.0 0.2
Malathion 7479 29.2 0.0008
Heptachlor 11847 20.7 0.0000007
Dichlorvos 9773 16.4 0.0006
Heptachlor epoxide 8479 15.9 0.0002
Imidacloprid 2394 155 0.0083
Cypermethrin 5326 154 0.00008
Fenitrothion 9317 14.8 0.0009

é Parathion 8777 13.7 0.0002

% Dicofol 7600 13.3 0.0013

g Endosulfan 7084 8.7 0.005
Hexachlorocyclohexane 4583 8.3 0.02
Omethoate 5803 7.8 0.0008
Parathion-methyl 8446 7.0 0.005
Permethrin-cis+trans 2426 6.8 0.001
Alpha-Endosulfan 15083 6.7 0.005
Methiocarb 1272 5.0 0.002
Thiacloprid 669 4.8 0.0083
Hexachlorobenzene 19771 2.0 0.05 (MAC EQS)

2 Metalaxyl 7304 15 0.1

3 Fenpropimorph 6181 0.5 0.02

g Epoxiconazole 5069 0.2 0.1

- Propiconazole 6226 0.1 0.1
Carbendazim 4769 1.0 0.15

Note: The number of records for one substance is an aggregate of samples taken at one site, in one year. MAC =
Maximum.

Figure 4.1 shows the rate of exceedance over the time period from 2007 to 2017 of the three groups
insecticides, herbicides and fungicides. This assessment is based on the number of monitoring sites,
because the effects of these three groups hamper three different aquatic organism groups. For this
reason, the exceedance per year and sampling site is crucial for the assessment.

The results show highest rates of exceedances from 2007 to 2012 with a peak in 2012 by insecticides.
In 2012, at some 50% of all sampled monitoring sites, exceedances seem to occur. After 2012, rate of
exceedance of insecticides decreased significantly to 5% of all monitoring sites in 2017. The reason
might be a bias of values lower the levels of detection (LOQ). These LOQ’s were not reported from
many sites, substances or countries. So we had to detect values lower than LOQ from checks of the
data (e.g. many aggregated data sets, in which we found that minimum and maximum had the same
values, told us that all values were below LOQ and LOQ was reported as minimum and maximum). It
might be that the rules of these checks did not catch all these values lower LOQ.

In 2009 the EQS of priority substances came into force, among them several very low EQS values for
insecticides listed as priority substances. The COM decision on technical specifications for chemical
analysis and monitoring set LOQ’s for the analysis method at one third of the EQS values (EC,
2009a). This requirement led to development of improved analytical methods and lower LOQ’s. It is
supposed that exceedance rates during the years following 2012, when Member States were
monitoring for the River Basin Management Plan reporting in 2016, might be more reliable as they
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would be less biased by values below the LoQ. Assessments for some insecticides with very low EQS
values should therefore be on data from after 2012. The same effect might be true for fungicides.
They show the lowest exceedance rates over the whole time period and since 2013, the rate of
exceedance decreased to less than 1% per year. Fungicides are seldom seen as a water quality
problem.

Exceedance rates of substances used as herbicides also varied over the years, but a break or linear
increasing or decreasing trend is not visible. Because most herbicides have usually higher EQS in the
range of the drinking water standard and a much longer analysis history, the above mentioned effect
of LOQ’s are rather seldom. Since 2014 herbicides show exceedances at more monitoring stations
than insecticides.

The issue of analysis results below LoQ, LoQ below EQS and missing LoQ reportings needs more
investigation. It should be mentioned, that the exceedance rates of the three groups are assigned to a
relatively low number of substances. This follows the fact, that usually one substance is responsible
for the toxicological effect.

Figure 4.1 Rate of exceedances of the three usage groups of pesticides from 2007
to 2017 in surface waters
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Figure 4.2 shows the result based on the grouping according to Mode of Actions (MoA). Based on the
available data and the methods for the pesticide selection, only the two groups of substances showed
many EQS exceedances: neurotoxic and photosynthesis inhibitors. Because neurotoxic substances are
used as insecticides, and photosynthesis inhibiting pesticides are herbicides, results of MoA grouping
of pesticides show nearly same amounts of exceedances as presented on pesticide usages. Also, the
above discussed problenms are valid of values lower than LoQ as reason for probably uncertain
exceedances before 2012 for neurotoxic insecticides.
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Figure 4.2 Rate of exceedances per monitoring site; MoA grouping of pesticides
from 2007 to 2017 in surface waters
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Note: Based on data from WISE 4 in the time period 2007 — 2017 and the grouping, only information on
neurotoxic and photosynthesis inhibition substances are available.

4,1.1.2, Pesticides in groundwater

Table 4.2 shows in analogy to the results of pesticide substances in surface waters (section 4.1.1.1),
the number of substances and their exceedance rate for groundwater.

The total number of records within the group of herbicides in the time period 2007 — 2017 is some
1,400,000, and the substances with the most exceedance rate are Deisopropyldeethylatrazine (4.9%),
Desethylatrazine (3.49%) and 2,6-dichlorobenzamide (3.10%). Only five substances show exceedance
rate >1% (out of 75).

Reported insecticides include a total of 61 different substances. The total number of records of the 61
substances in the time period 2007 - 2017 is 850,327, and some 219,000 records of the 11 listed
insecticides in Table 4.2. Here, only two substances — Demethon-S-methyl and 1,2-dichloroethane —
have exceedance rates > 2%. The exceedance rate of all other substances is less than 1%.

None of the selected substances assigned to the group of fungicides show exceedance rates > 1%. In
the time period 2007 — 2017, 113,688 records were reported from the 11 selected fungicides.

DRAFT Technical report on pesticides in surface waters and groundwater in Europe 35



Table 4.2 Number of reported substances with the most reported rate of
exceedances in groundwater, grouped by usage in the time period 2007 —

2017
Group Substance Number of records Rate of exceedance
(%)
Deisopropyldeethylatrazine 13436 4,90
Desethylatrazine 59184 3,49
2,6-dichlorobenzamide 17054 3,10
Bentazone 45363 1,42
8 Awazine 63941 1,26
g Dichlobenil 22136 0,83
£ Glyphosate 14954 0,78
Desisopropylatrazine 43349 0,57
Metolachlor 19130 0,51
Hydroxyatrazine 11697 0,49
Aminomethylphosphonic acid (AMPA) 14177 0,71
Demeton-S-methyl 4972 2,92
1,2-dichloroethane 44518 2,21
Carbon tetrachloride 32129 0,98
Isodrin 23227 0,78
é Pirimicarb 22054 0,75
% Endrin 27154 0,69
g Dimethoate 25504 0,59
1,2-dibromoethane 2561 0,55
Chlordecone (Kepone) 3031 0,46
Heptachlor epoxide 13765 0,31
Beta-HCH 19879 0,30
Epoxiconazole 9199 0,30
é Hexachlorobenzene 24891 0,18
% Metalaxyl 23873 0,08
T Propiconazole 11593 0,06
Fenpropimorph 19000 0,02

Notes: The used groundwater quality standard for all substances was 0.1 pg/l. The number of records is an
aggregate of samples taken at one site, for one substance, in one year; typically composed of (more)
disaggregated but also aggregated reported records.

Figure 4.3 shows the rate of exceedance over the time period from 2007 to 2017 of the three groups
insecticides, herbicides and fungicides in groundwater monitoring stations. The results show by far
highest rates of exceedances of herbicides with a probably slightly decreasing trend from 8—10% in
2007-2009 to 7-8 % in 2015 - 2017. The exceedance rates at monitoring stations occurs also for
insecticides, but this might have the same LoQ-based reasons as discussed for surface waters. The rate
starts with 2—7.5% until 2012 and decrease to 0.5% after 2012. Fungicides show, like the results in
surface waters, the lowest exceedance rates over the whole time period with a small peak in 2010
(which cannot be interpreted in detail). Overall, the exceedance rates at groundwater monitoring
stations are much lower than exceedance rates in surface waters.
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Figure 4.3
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the assesment according to MoA grouping is not relevant, because groundwater

assessment is not based on the effects to aquatic organisms but the EQS is derived from protection of
drinking water from all pesticides.

4.1.2. E-PRTR

Table 4.3 shows the pesticide load in 2017 reported under the E-PRTR for pesticides. As shown in the
table, Simazine is by far the substance with the highest load, due a facility in Spain which is emitting
99,5 % of the Simazine pollution. Diuron is the second most emitted pesticide under PRTR which is
widely in use.
Table 4.3 Total pesticide load to water reported under E-PRTR in 2017
(n.d. = no data or information available)

Pollutant Name rglt?c;rc()jfs No.of MS -I-()t‘(’jlllgz)ol7 faciI’i\L?éSOfZON relea-grees'S ?l?g;?year)
Alachlor 26 7 194 3 1
Aldrin 103 4 61.9 11 1
Atrazine 77 13 61.1 6 1
Chlordecone 12 3 n.d. n.d. n.d.
Chlorfenvinphos 8 4 n.d. n.d. n.d.
Chlordane 5 1 1.3 1 1
Chlorpyrifos 24 5 27.6 5 1
DDT 24 5 25.4 3 1
Dieldrin 117 5 67.9 12 1
Diuron 1136 12 389.9 122 1
Endosulfan 19 5 25.4 3 1
Endrin 82 5 52.0 8 1
Heptachlor 15 2 254 3 1
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No. of Total 2017 No. of Treshold
Pollutant Name records No.of MS (kg) facilities 2017 releases (kg/year)

1,2,3,4,5,6-hexachlorocyclo

) 80 8 71.6 7 1
hexane (HCH, Lindane)
Isodrin 98 6 54.4 9 1
Isoproturon 336 11 47.1 20 1
Mirex 2 2 n.d. n.d. n.d.
Simazine 82 9 6 623 6 1
Trifluralin 15 3 20.1 2

Source: E-PRTR .16, published in 2019 including 2017 data

Most of the E-PRTR pesticides are not in use anymore: Simazine, DDT, Lindane, Mirex, Aldrin,
Dieldrin, Endrin and Isodrin are banned under the Stockholm POP convention, Isoproturon was
banned in 2016, respectively. Still in use, but also restricted are Chlordane and Diuron, respectively.
Additionally, a substance banned as pesticide might be still used as a biocide, if the approval of the
biocide usage group is not finalised, in which this substance is included in one of the products.

Based on E-PRTR data, one possible assessment is shown in Figure 4.4. Because of the high
aggregation (e.g. mean value of each years, measurement of effluent concentration etc.) loads of
Diuron gives hardly any trend over the time period from 10 years. In Belgium, loads under
consideration of the used data, are much higher than in the other selected countries. Additionally, one
should have in mind, that emissions from diffuse sources and smaller facilities are not counted in E-
PRTR.

Figure 4.4  Trend of Diuron loads (kg/a) from waste water treatment plants in EU
Member States
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Note: Example of total discharges into water by countries over 10 years (based on raw data)

Source: E-PRTR v.16 (https://prtr.eea.europa.eu/)

4.1.3. Waterbase - Emissions

As already described in section 3.1.2.2, only few Member States reported pesticide emissions under
the Waterbase - Emissions database.

Two countries (Belgium and the Netherlands) reported an estimate of pesticide releases from
agriculture. This estimate is based on the national model NMI3 for the Netherlands and the WEISS
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model developed and used in Belgium. The model NMI 3 is based on the development of emission
factors using different pathways and the sales data of pesticides. It is described in the national
emission register (*2). The WEISS model was developed under the WEISS project and combines data
on pesticide use, crop distribution and pathway factors ().

Figure 4.5 shows an example of the Waterbase - Emissions data for pesticides. According to this
database, the amount of pesticides doesn’t show any trend over the last 10 years. It needs to be noted,
that Waterbase - Emissions is not a mandatory reporting but at present provides the most valuable
database for emissions from diffuse sources.

Figure 4.5 Trend of pesticide releases from agriculture (kg/year) in RBD Maas and
Schelde (Belgium) reported under WISE 1 (kg/year)
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