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EXECUTIVE SUMMARY

The current levels of glyphosate use in Europe have resulted in widespread contamination
of the environment, with the herbicide being detected in human urine, house dust, soils,
and surface waters. Scientific evidence indicates that the concentrations of pesticides,
including glyphosate, found in the environment negatively impact the quality of our water
resources and put aquatic ecosystems at risk. According to EU pesticide legislation, the
use of pesticides should not have any adverse impacts on human and animal health or the
environment, in that the approval process for pesticides and their “sustainable use” should
cause no harm, including to biodiversity and ecosystems. This study challenges the validity
of this assumption by demonstrating it to be wrong.

In orderto raise awareness about the extensive pollution resulting from the current utilisation
of glyphosate-based herbicides in Europe, the Pesticide Action Network Europe, along with
its members and the Stop-Glyphosate Coalition, conducted a water sampling exercise across
12 EU countries in October 2022, in the period immediately following the agricultural season.
Organisations from these 12 countries sampled 23 flowing freshwater (rivers/streams) and
five lake samples.

The samples were analysed for glyphosate and for its metabolite AMPA, and the limit of
quantification was set at 0.2 pg/L (LOQ).

Glyphosate and/or AMPA were detected in 17 out of 23 samples (74%). in 11 out of the 12

countries. Considering that the drinking water safety limit for pesticide active substances
and their relevant metabolites is 0.1 ug/L, five out of 23 water samples (22%), collected in

Austria, Spain, Poland, Portugal, contained glyphosate at levels not suitable for human
consumption. A Portuguese sample contained 3 ug/L glyphosate, which is 30 times higher
than the safety limit for human consumption. In Austria, Belgium, Poland, Spain and Portugal,
samples showed concentrations of glyphosate or AMPA above 1 ug/L. Alarmingly, three of
the samples contained AMPA levels exceeding 3 pg/L.

Both glyphosate and AMPA pose risks to the aquatic environment, and glyphosate is already
classified as being toxic to aquatic life with long-lasting effects (Aquatic Chronic 2; H411).
However, based on the data from the scientific literature, a stricter classification would be
justified. Currently, there is no environmental quality standard (EQS) for glyphosate or AMPA
at the EU level. In its recent proposal, the European Commission revised the list of priority
substances for surface water and included an extremely high EQS value for glyphosate
which would allow a higher level of contamination compared to the drinking water safety
standards. In the same proposal, a threshold limit of 0.5 pg/L (AA-EQS - Annual Average
of Environmental Quality Standard) is included for the combined concentration of pesticide
active substances or relevant metabolites, degradation and reaction products. Yet, out of the
23 samples analysed, AMPA was found at levels equal to or exceeding the 0.5 ug/L threshold
in 10 samples and glyphosate in one sample. At the time of writing, it is not yet defined by the
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Commission and EU member states whether metabolites such as AMPA, which pose a risk to
the aquatic environment, would be included in this threshold limit.

These results underline that exposure to glyphosate is unavoidable emphasising the urgent
need for EU-wide measures to eliminate this hazardous substance from our environment.



1. INTRODUCTION

The impact of glyphosate: widespread use,
contamination, and concerns for aquatic ecosystems

Since it was first introduced in the US market as Roundup™ in 1974, the active ingredient
glyphosate (N-(phosphonomethyl)-glycine) and its formulations have become the most
commonly and intensively used herbicides in the EU and globally (Benbrook, 2016). As a non-
selective, broad spectrum, systemic herbicide, it kills all plants and has been used extensively
in agriculture both on conventional crops and those genetically modified to be glyphosate-
resistant [Box 1]. In 2012, Europe represented around 16.6% of the global glyphosate market,
and in 2017, glyphosate represented 33% of the total herbicide market in the EU (Antier et
al., 2020).

Box 1. Main uses of glyphosate

In conventional chemical agriculture, glyphosate-based herbicides are applied before
the crops are sown, to kill weeds and facilitate crop establishment. They are also used in
chemical no-till farming to clear the land of weeds and previous crops, as a replacement
for tillage/cultivation. In glyphosate-tolerant crops (genetically modified to be tolerant
to glyphosate), the herbicide is used post crop emergence to kill the weeds but leave
the crop unharmed. Glyphosate-based herbicides are also used to clear the ground

beneath perennial crops such as fruit trees and grape vines. Another use of glyphosate-

based herbicides is as a crop desiccant on cereals and grains, to facilitate harvest. It
is applied close to harvest to accelerate the ripening process and dry the seeds while
the crop plant dies. Post-harvest, glyphosate is used in conventional cropping systems
to kill the remains of the crop plants and any weeds present. The use of glyphosate
as a pre-harvest desiccant has become a common practice, particularly in regions
where humidity levels are higher. However, since this practice results in the highest
accumulation of glyphosate residues in seeds and grains, certain Member States have
implemented strict rules regarding its usage.

Glyphosate exerts its herbicidal action by blocking the synthesis of certain essential plant
nutrients (amino acids) via the shikimate enzymatic pathway:; devoid of nutrients, the plant
gradually dies. Since this pathway is present only in plants and certain microorganisms such
as bacteria and certain kinds of parasites and fungi, there is a misconception that glyphosate
is relatively safe for other species. Nevertheless, glyphosate-based herbicides have been

shown to cause toxic effects on animal species such as invertebrates, fishes, amphibians,
reptiles, birds, and mammals including humans (Gill et al., 2017).

Once it reaches the environment, glyphosate gradually breaks down to its main metabolite
Aminomethylphosphonic acid (AMPA), as well as other degradation compounds. AMPA,
according to the European Food Safety Authority (EFSA), presents a similar toxicological
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profile to glyphosate and therefore exposure to both glyphosate and/or AMPA is an issue of
concern.

The widespread use of glyphosate has resulted in its ubiquitous presence as a contaminant
in the environment, including in aquatic ecosystems, a phenomenon that has been observed
globally. Therefore, significant concerns have arisen about the impact of glyphosate on
both the quality of our water resources and the inevitable exposure of the different aquatic
species to glyphosate. Both glyphosate and its main metabolite AMPA have been identified
as posing risks to aquatic environments. Moreover, glyphosate has been classified as being
toxic to aquatic life, with long-lasting effects (Aquatic Chronic 2; H411).

Box 2. Aquatic toxicity CLP hazard classification of glyphosate

Glyphosate has been classified as being toxic to aquatic life with long-lasting effects
(Aquatic Chronic 2; H411) according to the EU’s Regulation 1272/2008 on classification,
labelling and packaging of substances and mixture (CLP Regulation).

According to the CLP regulation, a substance can be classified as having two levels of
chronic toxicity in aquatic environments:

The highesttoxicity levelis Category Chronic1-inthis case the highest concentration
of the substance where no effect on the sample organisms (fish / crustaceans /
algae or other aquatic plants) is observed is < 0.1mg/L.

The next highest toxicity level is Category Chronic 2 - in this case the highest
concentration of the substance tested shows no effects on fish / crustacea / algae
or other aquatic plants is between 0.1 mg/L and 1 mg/L.

The classification is based mainly on laboratory experiments in three different trophic
levels (mainly on algae, invertebrates, and fish). Typical endpoints are mortality, growth,
and survival as well as fertility and fecundity, all of which are considered relevant to the
population survival of the species.

For glyphosate, ECHA states in its opinion “The lowest reliable aquatic chronic value
was a 7d No-Observed-Effect-Concentration of 1 mg /L for zebrafish Danio rerio. With
Glyphosate being not rapidly degradable, an Aquatic Chronic 2; H411 classification was
considered...."

However, this hazard classification is based mainly on experiments carried out by
agro-chemical companies according to international protocols (e.g. OECD) that do not
measure all potential adverse effects, nor examine all levels of exposure seen in real-life
environments.

Scientific evidence (Fiorino et al., 2018, Uren Webster & Santos, 2015) shows that
glyphosate can be toxic to organisms in aquatic environments at lower concentrations,
so aquatic chronic category 1 classification would be justified. Other species than
the model species used for the hazard classification of aquatic toxicity (fish, aquatic
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invertebrates and algae), such as tadpoles of amphibians, are similarly sensitive to
glyphosate and glyphosate products (Bach et al., 2016, Babalola & Wyk, 2017, Navarro-
Martin et al., 2014).

Furthermore, according to Regulation 1107/2009, the assessment report should include

the evaluation of not only the active substance but also the representative formulation.
However, this requirement is often not met in practice. In natural aquatic environments,
species are exposed to all the ingredients present in formulated products. The toxicity
levels of these products, especially towards amphibians, can often be higher than
glyphosate alone. However, ecotoxicological studies of glyphosate-based products are
not adequately taken into account in the CLP classification.

The EU regulatory framework

The protection of water resources from pesticides in Europe is governed by different pieces
of EU legislation.

Regulation (EC)1107/2009 (EU pesticides law) acknowledges that the use of pesticides can
cause harm to humans, other animals and the environment and has set strict rules for their
authorisation to ensure a high level of protection. Under these rules, the active ingredients
of pesticides (active substances) and pesticide product formulations can only be approved
if it is demonstrated that their use does not adversely affect human or animal health or the
environment. Particular attention is given to the protection of the vulnerable groups of the
population, such as pregnant women and children, as well as to biodiversity and ecosystems.
The assessment must consider the potential toxicity of all the pesticide product ingredients
and metabolites, the whole product formulation as well as the resulting residues on food,
drinking water and the environment [Box 3].

The protection of the water resources is overseen by the EU Water Framework Directive
2000/60/EC (WFD), and its daughter directives, [drinking water (EU) 2020/2184,
groundwater 2006/118/EC and Environmental Quality Standards (EQS) 2008/105/EC]. The
overall aim of these directives is to prevent and reduce pollution of the aquatic environment
and ensure that EU waters are in good chemical and ecological status.

The Drinking Water Directive (EU) 2020/2184 and the Groundwater Directive
2006/118/EC, which is under revision, set strict criteria to prevent water pollution from
dangerous chemicals, including pesticides. For drinking water or groundwater to be
considered of good quality, the pesticide thresholds have been set at 0.1 ug/L for individual
pesticide active substances and their relevant metabolites’, and at 0.5 ug/L for the sum
of all individual pesticides (“pesticides total”). Therefore, according to the directives, if
glyphosate is detected in water above 0.1 ug/L. the water cannot be considered adequate for

1 According to the Drinking Water Directive (EU) 2020/2184, “a pesticide metabolite shall be deemed relevant for water
intended for human consumption if there is reason to consider that it has intrinsic properties comparable to those of the
parent substance in terms of its pesticide target activity or that either itself or its transformation products generate a
health risk for consumers.” (Annex |, Part B).



human consumption. AMPA is not considered a relevant metabolite for drinking water and

groundwater at EU level. However, AMPA is more persistent in the environment and EFSA
(2015) considers that the metabolite shows a toxicological profile similar to glyphosate. Some
countries like Denmark, Hungary and France apply the 0.1 ug/L limit for AMPA in drinking

water.

According to the Water Framework Directive, surface waters are considered of good water
status if they comply with the Environmental Quality Standards (EQS) set in the Directive
2008/105/EC for several ‘priority’ pollutants that are considered hazardous. A number
of these pollutants are pesticides, many of which have been banned from use in the EU
because of their highly hazardous properties. At the time of writing, there is no established
EQS for glyphosate or its primary metabolite, AMPA, at the EU level. However, the European
Commission recently adopted a proposal for a revised list of priority substances, which
includes glyphosate. To our concern, the proposed EQS for glyphosate is alarmingly high.
While the annual average (AA) for freshwater used for the preparation of drinking water is set
at 0.1 pg/L, for other inland waters it is set at 86.7 pg/L, a level which is close to 800 times
higher than the safety limit for human consumption and which has been reported to cause
adverse effects on aquatic organisms.

The proposal also includes a threshold limit of 0.5 pg/L (AA-EQS) for the total of pesticide
active substances or relevant metabolites, degradation and reaction products. It is not
decided yet whether metabolites such as AMPA, which pose risks to the aquatic environment,
would be included in this limit.

The EU pesticide law (Reg.1107/2009) specifically calls to protect drinking and groundwater
from exposure to pesticide active substances, relevant metabolites and whole products,
and requests compliance with the WFD and its daughter directives. In this respect, if this
compliance is compromised, the Commission and Member States may review and withdraw
the authorisation of a pesticide active substance orproduct (Article 21and 44, Reg.1107/2009).

Moreover, the Sustainable use of pesticides directive 2009/128/EC, takes into
consideration that the aquatic environment is particularly sensitive to pesticides and
requests from Member States to set measures to prevent pollution of surface water and
groundwater (Article 11). These measures consist of establishing appropriately-sized ‘buffer
zones' for the protection of non-target aquatic organisms and ‘safeguard zones' for surface
and groundwater used for the abstraction of drinking water, where pesticides must not be
used or stored, as well as mitigation measures to prevent contamination. Nevertheless,
the overall enforcement of the directive to reduce pesticide use and protect vulnerable
ecosystems and populations has been weak and the Commission has proposed an upgrade
of the directive to a regulation (more binding legally). The Sustainable use of pesticides
regulation (SUR) proposal aims to prohibit the use of pesticides in all surface waters and
within 3 metres of such waters. However, the 3 metres buffer zone is considered too low to
ensure protection of the aquatic environment.
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Box 3. Regulation (EC) 1107/2009 (EU pesticides law) on the protection of the
environment:

Article 4.3 of the Regulation clearly states that an active substance can only be approved

if the following criteria are met:

(e) it shall have no unacceptable effects on the environment, having particular
regard to the following considerations where the scientific methods accepted by the
Authority to assess such effects are available:

(i) its fate and distribution in the environment, particularly contamination of
surface waters, including estuarine and coastal waters, groundwater, air and
soil, taking into account locations distant from its use following long-range
environmental transportation;

(ii) its impact on non-target species, including on the ongoing behaviour of those
species;

(iii) its impact on biodiversity and the ecosystem
Article 4.2 on residues:

(b) they shall not have any unacceptable effect on the environment.

For residues which are of toxicological, ecotoxicological, environmental or drinking
waterrelevance, there shall be methods in general use for measuring them. Analytical
standards shall be made available to the public.

Presence and concentrations of glyphosate in
aquatic environments

Glyphosate in aquatic environments

Due to the extensive use of glyphosate-based products and the high water solubility (11.6 g/L
at 25°C) and mobility of the herbicide, glyphosate has become an ubiquitous contaminant
in the aquatic environment. Glyphosate reaches the aquatic environment mainly through
atmospheric drift following its application and through runoff during rainfall. Although its
persistence in water is relatively low, when it is combined with soil particles it can remain
in water systems for longer periods. According to EFSA (2015), the half-life of glyphosate
in aquatic environments varies between 13.82 to 301 days depending on environmental
conditions. The frequency and the magnitude of detected residue levels are highly dependent
on e.g., application rates, hydrological conditions, and rainfall intensity (Coupe et al., 2012).
Since glyphosate products have various pre- and post-harvest uses, environmental
exposure takes place at different times of the year, and may result in continuous exposure of
ecosystems.
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There is a high variability in detected and reported glyphosate residue levels across European
surface waters (Székacs & Darvas, 2018). The main metabolite of glyphosate is AMPA, which
has a higher mobility compared to the parent compound (Duke & Powles, 2008) and slower
degradation rates, and so of the two compounds, is the one most frequently detected in the

environment.

Concentration of Glyphosate and AMPA in surface waters

Several independent and national monitoring studies have investigated surface water
concentrations of glyphosate around the world. The table below summarises the results from
European and global surface water studies.

Table 1. Concentrations of glyphosate recorded in globally.

Country

Substance

Maximum
[bg/L]

Study & year

Czech
Republic

France

Hungary

Italy

Wallonia Region

Brussels Capital
region

Cernici

Némcice

Uhrice

Lake Balaton,
Western
Hungary

River Veneto,
North-East Italy.

AMPA
Glyphosate
AMPA
Glyphosate
AMPA
Glyphosate
AMPA
Glyphosate
AMPA
Glyphosate
AMPA
Glyphosate

AMPA

Glyphosate
AMPA

Glyphosate

"

1.464
0.347
1.0097
01462
0.160
0.103
0.336
0.055
0.481
0.037
0.45
0.22
0.3
0.85

0.8

017

30.922
5.256
2.754
0.35

~N O 0NN NN N

164

558

2.0

3.0

Frippiat et al., 2018

(data in Annex)

Konecné et al.,

Ineris, 202

Toth et al.. 2022
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AMPA 0.207 0.30
Lobith
Glyphosate < 0.0706
AMPA 0.475 0.781
Nieuwegein
Glyphosate < 0.032 RIWA-RIijn report,
Netherlands
AMPA 0.485 0.8M1 2021
Nieuwersluis
Glyphosate < 0.039
AMPA 0.223 0.316
Andijk
Glyphosate < <
Pampas region, | p\ypp 0.66 1.03
. centre of )
Argentina , J. Pérez et al.. 2021
Buenos Aires
. Glyphosate 1.88 4.36
province
Melbourne AMPA 0.8 /
Rural streams  Glyphosate  <0.3 /
Australia Okada et al., 2020
s AMPA 11 4.3
Urban streams | Glyphosate | 1.6 4.8
Silva-Madera et al...
Mexico Jalisco state Glyphosate / 510.46 5091
AMPA / 5.6
United States Medalie et al.. 2020
Glyphosate / 8.1

Maximum concentrations in aquatic environments

The concentrations of glyphosate recorded in Europe are in the range of a few ug/L [Table
1], with some exceptions. For example, in a study in France the maximum concentration of
glyphosate recorded was 558 ug/L and for AMPA, 164 ug/L.

There are also some exceptional cases where very high concentrations of glyphosate have
been recorded. In a study from 1980, Edwards et al. found maximum concentrations reaching
up to 5200 pg/L in waters receiving agricultural runoff. In more recent studies aiming to
investigate the impact of glyphosate on foraging bees, the concentration of glyphosate and
AMPA in runoff and in puddle waters near agricultural areas was exceptionally high.

Farina et al. (2019) observed that “For the worst case scenario in small water bodies (ponds
or puddles), a median expected environmental concentration of 3.49 mg/L was calculated”.
In another example, Herbert et al. (2014) reported concentrations of glyphosate in puddles
and runoff waters in the range of 1.4 to 7.6 mg/L as environmentally relevant concentrations.
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Potential risks to aquatic ecosystems

Freshwater ecosystems are rich in minerals and nutrients and provide habitat for many
species including aquatic plants, invertebrates, fishes, amphibians, birds, and mammals.
The interaction of these species not only forms dynamic food webs but also plays a key role
in ecosystem processes such as nutrient cycling, production of organic matter, release or
capture of greenhouse gases and filtering pollutants. All these organisms, including humans,
depend on the quality of the water.

The structure and function of freshwater ecosystems depends on the equilibrium of the
abundances of the different species. Therefore, changes in the structure of the communities
of species not only alter the food web structure and population dynamics, but can have
negative consequences on all related ecosystem processes.

Glyphosate has already been classified as a substance that can cause long-term harm to
aquatic species. Therefore, direct exposure to glyphosate or glyphosate-based products,
e.g. while being used/applied, will have a negative impact on aquatic species and can put
their populations at risk.

Scientific studies indicate that lower levels of glyphosate can also cause harm to non-
target species, particularly during the vulnerable early life stages and when the exposure is
prolonged. Furthermore, it is important to consider that glyphosate-based products can be
more toxic than glyphosate alone, as they contain glyphosate together with co-formulants
oradjuvants that are added to increase the absorption of glyphosate by the target plants and
augment the overall efficacy of the product as an herbicide.

Aim of the study

The widespread use of glyphosate-based products has resulted in the contamination of EU
waters with this chemical, lowering the quality of our water resources and putting aquatic
ecosystems at risk. In anticipation of the 2023 vote on the reauthorisation of glyphosate,
the Pesticide Action Network Europe, together with its members and those from the Stop-
Glyphosate Coalition, conducted a water sampling campaign across the EU. Based on the
results, this report aims to provide information on the widespread exposure of the aquatic
environment to glyphosate and AMPA, and alert decision-makers to take the actions
necessary to protect our aquatic environment and its vulnerable ecosystems from exposure
to this chemical.
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2. METHODOLOGY

Sampling and analysis

PAN Europe and its partners collected surface water samples across 12 EU countries in late
October 2022, after the agricultural season. The latest use of glyphosate-based herbicides
in early autumn is either for desiccation (pre-harvest) or for post-harvest purposes. Samples
were taken by members of PAN Europe and of the Stop-Glyphosate Coalition (list of partners
in Annex 1). Overall, 23 river/stream samples and 5 lake water samples were collected.
Samples were sent in cooling boxes with ice packs to the Eurofins laboratory in Budapest
for analysis to detect glyphosate and AMPA. The limit of quantification (LOQ) was set at 0.2
Mg/L, which is twice the safety threshold under which water is considered of good quality for
human consumption (0.1 ug/L) for individual active ingredients or for relevant metabolites.

Description of water bodies, location of samples

The samples collected and analysed for the purpose of this study originate from rivers
and streams located in 12 European countries: Austria, Belgium, Bulgaria, Croatia, France,
Germany, Hungary, the Netherlands, Slovenia, Spain, Poland and Portugal.

Table 2. Collection sites of the surface water samples.

River/stream water samples

Country Water body Size of river | GPS

46.242540, 15137991
Slovenia River Savinja Large

46°14'331"N 15°08'16.8"E

Sample 1

51168215, 6.704045

1°10'05.6"N 6°42'14.6"E
Germany River Erft Medium

Sample 2

51182481, 6.730497

Ejon'Et Qlltl :Ogslqg BIIE

1.64352 75861
Germany River Lippe Medium

1°38'36.7"N 6°40'331"E

50.924639, 10.987667
Germany River Gera Medium

50°55'28.7"N 10°59'15.6"E
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https://www.google.com/maps/place/46%C2%B014'33.1%22N+15%C2%B008'16.8%22E/@46.24254,15.137991,18z/data=!3m1!4b1!4m13!1m8!3m7!1s0x47656f1d811af879:0x858242ede05f9045!2sSpodnje+Roje+9,+3311+%C5%A0empeter+v+Savinjski+dolini,+Slovenia!3b1!8m2!3d46.2436414!4d15.1381365!16s%2Fg%2F11c4d6_3p0!3m3!8m2!3d46.24254!4d15.137991
https://www.google.com/maps/place/46%C2%B014'33.1%22N+15%C2%B008'16.8%22E/@46.24254,15.137991,18z/data=!3m1!4b1!4m13!1m8!3m7!1s0x47656f1d811af879:0x858242ede05f9045!2sSpodnje+Roje+9,+3311+%C5%A0empeter+v+Savinjski+dolini,+Slovenia!3b1!8m2!3d46.2436414!4d15.1381365!16s%2Fg%2F11c4d6_3p0!3m3!8m2!3d46.24254!4d15.137991
https://www.google.com/maps/place/51%C2%B010'05.6%22N+6%C2%B042'14.6%22E/@51.168215,6.704045,17z/data=!3m1!4b1!4m4!3m3!8m2!3d51.168215!4d6.704045
https://www.google.com/maps/place/51%C2%B010'05.6%22N+6%C2%B042'14.6%22E/@51.168215,6.704045,17z/data=!3m1!4b1!4m4!3m3!8m2!3d51.168215!4d6.704045
https://www.google.com/maps/place/51%C2%B010'56.9%22N+6%C2%B043'49.8%22E/@51.182481,6.730497,17z/data=!3m1!4b1!4m4!3m3!8m2!3d51.182481!4d6.730497
https://www.google.com/maps/place/51%C2%B010'56.9%22N+6%C2%B043'49.8%22E/@51.182481,6.730497,17z/data=!3m1!4b1!4m4!3m3!8m2!3d51.182481!4d6.730497
https://www.google.com/maps/place/51%C2%B038'36.7%22N+6%C2%B040'33.1%22E/@51.6435278,6.6758611,17z/data=!3m1!4b1!4m4!3m3!8m2!3d51.6435278!4d6.6758611
https://www.google.com/maps/place/51%C2%B038'36.7%22N+6%C2%B040'33.1%22E/@51.6435278,6.6758611,17z/data=!3m1!4b1!4m4!3m3!8m2!3d51.6435278!4d6.6758611
https://www.google.com/maps/place/50%C2%B055'28.7%22N+10%C2%B059'15.6%22E/@50.9246389,10.9876667,17z/data=!3m1!4b1!4m4!3m3!8m2!3d50.9246389!4d10.9876667
https://www.google.com/maps/place/50%C2%B055'28.7%22N+10%C2%B059'15.6%22E/@50.9246389,10.9876667,17z/data=!3m1!4b1!4m4!3m3!8m2!3d50.9246389!4d10.9876667

Austria River MUhlbach Small
Croatia River Drava Large
Bulgaria Maritza River, Varbitsa Large
Bulgaria Bivolare/Pleven, Vit Medium
Poland Pilica River, Sulejow Large
Poland Opocznianka River Small
Poland Rykolanka River Small
Spain Lleida Aigua Panta Small

Canal perimetral San
Spain Small
Pedro del Pinata

Agua superficial Rambla

Spain Small
del Albujén
Stream, Herdade da Fonte

Portugal Small
Insonsa Idanha-a-Nova

Portugal Duoro river Large

River Little Danube,

Hungary Medium
Dunaharaszti,
La Chapelle aux pots /
France Small
I'Avelon
France Rochy Condé/ le Therain Small
France St Leu d’Esserent / I'Oise Large
Netherlands | RiverVeengootR. Small
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48.318102, 16.56444
48°19'05.2"N 16°33'52.0"E
46.360611. 16.326500
46°21'38.2"N 16°19'35.4"E
42.040889, 25.372222
4::0!!::':: !::"t' 25022I2Q QIIE
43.493778, 24565722

g 50::52'5 ! :"tl 24035'55 :IIE
51.354879. 19.882903
1°2117.6"N 19°52'58.5"E
51.359204, 20.254507
51°21'33.1"N 20°1516.2"E
51.662500, 20.846110
41.497145, 0.5132
gjo::s!'gs! Z"tl QOEQIgZZ"E
7.843281, -0.767189
7°50'35.8"N 0°46'01.9"W
37716286, -0.861044
37°42'68.6"N 0°51'39.8"W
39.880780, -7.247578
41.072450, -8.46437
gjo!!g'::g! Blltl 8022'51 zll!!!
47.352778, 19.069028
47°2110.0"N 19°04'08.5"E
49.437407, 1.919286
49°2614.7"N 1°65'09.4"E
49.398526, 2182851

4520:: 5'! 4 Z"tl 20]QI58 EIIE
49.21 2.42212

2°05"13.0"N 6°21'62.4"E


https://www.google.com/maps/place/48%C2%B019'05.2%22N+16%C2%B033'52.0%22E/@48.3174456,16.5623419,17z/data=!4m4!3m3!8m2!3d48.318102!4d16.5644448
https://www.google.com/maps/place/48%C2%B019'05.2%22N+16%C2%B033'52.0%22E/@48.3174456,16.5623419,17z/data=!4m4!3m3!8m2!3d48.318102!4d16.5644448
https://www.google.com/maps/place/46%C2%B021'38.2%22N+16%C2%B019'35.4%22E/@46.3598485,16.3250945,17z/data=!4m4!3m3!8m2!3d46.3606111!4d16.3265
https://www.google.com/maps/place/46%C2%B021'38.2%22N+16%C2%B019'35.4%22E/@46.3598485,16.3250945,17z/data=!4m4!3m3!8m2!3d46.3606111!4d16.3265
https://www.google.com/maps/place/42%C2%B002'27.2%22N+25%C2%B022'20.0%22E/@42.0408889,25.3722222,17z/data=!3m1!4b1!4m4!3m3!8m2!3d42.0408889!4d25.3722222
https://www.google.com/maps/place/42%C2%B002'27.2%22N+25%C2%B022'20.0%22E/@42.0408889,25.3722222,17z/data=!3m1!4b1!4m4!3m3!8m2!3d42.0408889!4d25.3722222
https://www.google.com/maps/place/43%C2%B029'37.6%22N+24%C2%B033'56.6%22E/@43.4937778,24.5657222,17z/data=!3m1!4b1!4m4!3m3!8m2!3d43.4937778!4d24.5657222
https://www.google.com/maps/place/43%C2%B029'37.6%22N+24%C2%B033'56.6%22E/@43.4937778,24.5657222,17z/data=!3m1!4b1!4m4!3m3!8m2!3d43.4937778!4d24.5657222
https://www.google.com/maps/place/51%C2%B021'17.6%22N+19%C2%B052'58.5%22E/@51.354879,19.882903,17z/data=!3m1!4b1!4m4!3m3!8m2!3d51.354879!4d19.882903
https://www.google.com/maps/place/51%C2%B021'17.6%22N+19%C2%B052'58.5%22E/@51.354879,19.882903,17z/data=!3m1!4b1!4m4!3m3!8m2!3d51.354879!4d19.882903
https://www.google.com/maps/place/51%C2%B021'33.1%22N+20%C2%B015'16.2%22E/@51.359204,20.254507,17z/data=!3m1!4b1!4m4!3m3!8m2!3d51.359204!4d20.254507
https://www.google.com/maps/place/51%C2%B021'33.1%22N+20%C2%B015'16.2%22E/@51.359204,20.254507,17z/data=!3m1!4b1!4m4!3m3!8m2!3d51.359204!4d20.254507
https://www.google.com/maps/place/51%C2%B039'45.0%22N+20%C2%B050'46.0%22E/@51.6625,20.84611,17z/data=!3m1!4b1!4m4!3m3!8m2!3d51.6625!4d20.84611
https://www.google.com/maps/place/51%C2%B039'45.0%22N+20%C2%B050'46.0%22E/@51.6625,20.84611,17z/data=!3m1!4b1!4m4!3m3!8m2!3d51.6625!4d20.84611
https://www.google.com/maps/place/41%C2%B029'49.7%22N+0%C2%B030'47.7%22E/@41.497145,0.513258,17z/data=!3m1!4b1!4m4!3m3!8m2!3d41.497145!4d0.513258
https://www.google.com/maps/place/41%C2%B029'49.7%22N+0%C2%B030'47.7%22E/@41.497145,0.513258,17z/data=!3m1!4b1!4m4!3m3!8m2!3d41.497145!4d0.513258
https://www.google.com/maps/place/37%C2%B050'35.8%22N+0%C2%B046'01.9%22W/@37.8432806,-0.7671889,17z/data=!3m1!4b1!4m4!3m3!8m2!3d37.8432806!4d-0.7671889
https://www.google.com/maps/place/37%C2%B050'35.8%22N+0%C2%B046'01.9%22W/@37.8432806,-0.7671889,17z/data=!3m1!4b1!4m4!3m3!8m2!3d37.8432806!4d-0.7671889
https://www.google.com/maps/place/37%C2%B042'58.6%22N+0%C2%B051'39.8%22W/@37.7162861,-0.8610444,17z/data=!3m1!4b1!4m4!3m3!8m2!3d37.7162861!4d-0.8610444
https://www.google.com/maps/place/37%C2%B042'58.6%22N+0%C2%B051'39.8%22W/@37.7162861,-0.8610444,17z/data=!3m1!4b1!4m4!3m3!8m2!3d37.7162861!4d-0.8610444
https://www.google.com/maps/place/39%C2%B052'50.8%22N+7%C2%B014'51.3%22W/@39.88078,-7.247578,17z/data=!3m1!4b1!4m4!3m3!8m2!3d39.88078!4d-7.247578
https://www.google.com/maps/place/39%C2%B052'50.8%22N+7%C2%B014'51.3%22W/@39.88078,-7.247578,17z/data=!3m1!4b1!4m4!3m3!8m2!3d39.88078!4d-7.247578
https://www.google.com/maps/place/41%C2%B004'20.8%22N+8%C2%B027'51.7%22W/@41.07245,-8.46437,17z/data=!3m1!4b1!4m4!3m3!8m2!3d41.07245!4d-8.46437
https://www.google.com/maps/place/41%C2%B004'20.8%22N+8%C2%B027'51.7%22W/@41.07245,-8.46437,17z/data=!3m1!4b1!4m4!3m3!8m2!3d41.07245!4d-8.46437
https://www.google.com/maps/place/47%C2%B021'10.0%22N+19%C2%B004'08.5%22E/@47.3527778,19.0690278,17z/data=!3m1!4b1!4m4!3m3!8m2!3d47.3527778!4d19.0690278
https://www.google.com/maps/place/47%C2%B021'10.0%22N+19%C2%B004'08.5%22E/@47.3527778,19.0690278,17z/data=!3m1!4b1!4m4!3m3!8m2!3d47.3527778!4d19.0690278
https://www.google.com/maps/place/49%C2%B026'14.7%22N+1%C2%B055'09.4%22E/@49.4374071,1.9192862,17z/data=!3m1!4b1!4m4!3m3!8m2!3d49.4374071!4d1.9192862
https://www.google.com/maps/place/49%C2%B026'14.7%22N+1%C2%B055'09.4%22E/@49.4374071,1.9192862,17z/data=!3m1!4b1!4m4!3m3!8m2!3d49.4374071!4d1.9192862
https://www.google.com/maps/place/49%C2%B023'54.7%22N+2%C2%B010'58.3%22E/@49.398526,2.182851,17z/data=!3m1!4b1!4m4!3m3!8m2!3d49.398526!4d2.182851
https://www.google.com/maps/place/49%C2%B023'54.7%22N+2%C2%B010'58.3%22E/@49.398526,2.182851,17z/data=!3m1!4b1!4m4!3m3!8m2!3d49.398526!4d2.182851
https://www.google.com/maps/place/49%C2%B012'47.9%22N+2%C2%B025'19.6%22E/@49.2133081,2.4221229,17z/data=!3m1!4b1!4m4!3m3!8m2!3d49.2133081!4d2.4221229
https://www.google.com/maps/place/49%C2%B012'47.9%22N+2%C2%B025'19.6%22E/@49.2133081,2.4221229,17z/data=!3m1!4b1!4m4!3m3!8m2!3d49.2133081!4d2.4221229
https://www.google.com/maps/place/52%C2%B005'13.0%22N+6%C2%B021'52.4%22E/@52.086944,6.3623653,17z/data=!4m4!3m3!8m2!3d52.0869444!4d6.3645556
https://www.google.com/maps/place/52%C2%B005'13.0%22N+6%C2%B021'52.4%22E/@52.086944,6.3623653,17z/data=!4m4!3m3!8m2!3d52.0869444!4d6.3645556

Netherlands

Belgium

River Slinge, Borculo

La Mehaigne

Lake water samples

Austria

Croatia

Croatia

Portugal

Hungary

Padersdorf

Retencija Senkovec

Retencija Mackovec

Albufeira da Barragem do
Roxo, Portugal

Délegyhaza lake

Small

Small

52107611, 6.491056
2°06'27.4"N 6°29'27.8"E

50.628207, 5.083869

50°37'41.6"N 5°05'01.9"E

47.855679. 16.82
47°51'20.5"N 16°49'30.0"E
46.417891, 16.410886

46°25'04.4"N 16°24'39.2"E

o ' " o v n

47.259778, 19.095972

47°15'35.2"N 19°05'45.5"E

Figure 1. Location of rivers and streams from which samples were collected. Map data
©0penStreetMap
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https://www.google.com/maps/place/52%C2%B006'27.4%22N+6%C2%B029'27.8%22E/@52.1067061,6.490217,17.4z/data=!4m4!3m3!8m2!3d52.1076111!4d6.4910556
https://www.google.com/maps/place/52%C2%B006'27.4%22N+6%C2%B029'27.8%22E/@52.1067061,6.490217,17.4z/data=!4m4!3m3!8m2!3d52.1076111!4d6.4910556
https://www.google.com/maps/place/50%C2%B037'41.6%22N+5%C2%B005'01.9%22E/@50.6289318,5.0814443,17z/data=!4m4!3m3!8m2!3d50.628207!4d5.083869
https://www.google.com/maps/place/50%C2%B037'41.6%22N+5%C2%B005'01.9%22E/@50.6289318,5.0814443,17z/data=!4m4!3m3!8m2!3d50.628207!4d5.083869
https://www.google.com/maps/place/47%C2%B051'20.5%22N+16%C2%B049'30.0%22E/@47.8556794,16.825008,17z/data=!3m1!4b1!4m4!3m3!8m2!3d47.8556794!4d16.825008
https://www.google.com/maps/place/47%C2%B051'20.5%22N+16%C2%B049'30.0%22E/@47.8556794,16.825008,17z/data=!3m1!4b1!4m4!3m3!8m2!3d47.8556794!4d16.825008
https://www.google.com/maps/place/46%C2%B025'04.4%22N+16%C2%B024'39.2%22E/@46.4178889,16.4108889,17z/data=!3m1!4b1!4m4!3m3!8m2!3d46.4178889!4d16.4108889
https://www.google.com/maps/place/46%C2%B025'04.4%22N+16%C2%B024'39.2%22E/@46.4178889,16.4108889,17z/data=!3m1!4b1!4m4!3m3!8m2!3d46.4178889!4d16.4108889
https://www.google.com/maps/place/46%C2%B025'42.7%22N+16%C2%B025'30.0%22E/@46.4285278,16.425,17z/data=!3m1!4b1!4m4!3m3!8m2!3d46.4285278!4d16.425
https://www.google.com/maps/place/46%C2%B025'42.7%22N+16%C2%B025'30.0%22E/@46.4285278,16.425,17z/data=!3m1!4b1!4m4!3m3!8m2!3d46.4285278!4d16.425
https://www.google.com/maps/place/37%C2%B055'57.0%22N+8%C2%B004'48.4%22W/@37.9325,-8.0801,17z/data=!3m1!4b1!4m4!3m3!8m2!3d37.9325!4d-8.0801
https://www.google.com/maps/place/37%C2%B055'57.0%22N+8%C2%B004'48.4%22W/@37.9325,-8.0801,17z/data=!3m1!4b1!4m4!3m3!8m2!3d37.9325!4d-8.0801
https://www.google.com/maps/place/47%C2%B015'35.2%22N+19%C2%B005'45.5%22E/@47.2597778,19.0959722,17z/data=!3m1!4b1!4m4!3m3!8m2!3d47.2597778!4d19.0959722
https://www.google.com/maps/place/47%C2%B015'35.2%22N+19%C2%B005'45.5%22E/@47.2597778,19.0959722,17z/data=!3m1!4b1!4m4!3m3!8m2!3d47.2597778!4d19.0959722
https://www.openstreetmap.org/

The samples were collected from large, medium and small rivers and streams. Out of the 23
samples we collected across Europe, 8 samples originate from small rivers and streams. 6
were collected from large rivers (Maritsa in Bulgaria, Oise in France, Savinja in Slovenia, Pilica
in Poland, Duoro in Portugal, Drava in Croatia) and 9 originate from medium-size rivers (Vit
in Bulgaria, Lippe, Gera & Erft in Germany, Ponsul in Portugal, Rackevei-Duna in Hungary).

Classification of the types of water bodies sampled

Large rivers

261%
Small rivers or

streams
52.2%

@ Largerivers Medium rivers

21.7%

Medium rivers
@® Smallrivers or

streams

Figure 2. Proportions of water body types and sizes in the samples
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Sampling location: Vit river, Bivolare, Bulgaria.

As part of the study, lake water samples were also collected in Austria, Croatia, Hungary and
Portugal.
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3. RESULTS

Out of the 23 river/stream surface water samples collected, 17 (74%) of them, in 11 out of
the 12 countries, had detectable levels of glyphosate or AMPA above the 0.2 pg/L limit of
gualification (LOQ). As the samples were taken after the agricultural season, the glyphosate
metabolite AMPA was more frequently detectable in the river samples, ratherthan glyphosate
itself. Hence, AMPA was present in 17 samples, whereas glyphosate was detected in just five
of them.

Therefore, AMPA was detected in 74% of cases of the river/stream samples, while glyphosate
was detected in 22% of cases. The highest concentration measured was 3.9 ug/L for AMPA
in Poland and 3 pg/L for glyphosate in Portugal. Of the samples that had detectable residues
of AMPA, approximately 22% showed measurements exceeding 1 ug/L. Five out of 23 water
samples (22%), collected in Austria, Spain, Poland, Portugal, contained glyphosate at levels
exceeding the 0.1 ug/L threshold limit for human consumption.

Moreover, the drinking water safety limit for the total amount of pesticides and their relevant
metabolites, and the one currently proposed for surface waters (AA-EQS) is 0.5 ug/L. In this
respect AMPA was detected at levels above or equal to 0.5 pg/L in 10 sites, and glyphosate
was detected above this threshold in one site. Hence, taking both glyphosate and AMPA into
account, this threshold was breached in 44% (10 out of 23) of river/stream sites sampled in
Austria, Belgium, France, Germany, Netherlands, Poland, Portugal and all 3 samples from
Spain. However, at the time of writing it has not been clarified whether the EQS limit includes
AMPA, at EU level AMPA is considered relevant for aquatic toxicity but not relevant for human
consumption. Furthermore, an extremely high EQS value for glyphosate is currently being
proposed, which would allow a higher level of glyphosate contamination.

In contrast to other countries, the samples collected in Slovenia did not contain glyphosate
or AMPA above the detection limit of 0.2 ug/L. At least one of the tested river water samples
from Austria, Belgium, Bulgaria, Croatia, France, Germany, Hungary, the Netherlands,
Spain, Poland and Portugal did contain detectable amounts of glyphosate or AMPA. The
concentrations of glyphosate and AMPA of our random water samples were comparable, or
even higher than, those reported in the monitoring data and scientific literature presented in
Table 1. All detailed results can be found in Annex 2.

No residues of glyphosate or AMPA were detected in the 5 lake water samples.
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Figure 3. Concentration of AMPA and glyphosate in ug/L: PAN EUROPE, 2022 October
measurements

The highest concentrations recorded:

« Poland, Rykolanka River: AMPA 3.9 ug/L

+ Spain, Agua superficial Rambla del Albujén: AMPA 3.4 ug/L

+ Portugal, Idanha-a-Nova: AMPA 3.0 ug/L and glyphosate 3.0 pg/L

+ Austria, River Mhlbach in Deutsch Wagram: AMPA 1.9 ug/L
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4. DISCUSSION: IMPACT OF GLYPHOSATE
AND AMPA ON AQUATIC ECOSYSTEMS

EU law aims to ensure, on one hand, that authorised pesticides do not harm the environment
and its ecosystems, and, on the other hand, to achieve good surface water quality across
the EU, under the WFD. This has led to a false assumption that pesticides that have been
approved to be used in agriculture and food do not contaminate the aquatic environment
and do not cause any harm to its ecosystems. However, our report shows that glyphosate
and its metabolite AMPA reach the surface waters long after the application of glyphosate
pesticides, and due to their toxic properties, they adversely impact water quality and put
aquatic ecosystems at risk.

The detection of both AMPA and glyphosate in certain European rivers suggests that the real
level of the active substance glyphosate was previously even higher than the one measured,
since part of glyphosate had been metabolised to AMPA and we are measuring the tail end of
the exposure curve. Therefore, we can assume that the aquatic environment was previously
exposed to higher levels than the ones measured.

Water unsuitable for human consumption

In our study we set the detection limit for glyphosate and AMPA at 0.2 ug/L, which is twice
above the EU standard for individual pesticides and for relevant metabolites in drinking water.
Therefore, the five water samples out of the 23 (22%) with detectable levels of glyphosate at
orabove 0.2 ug/L, collected in Austria, Spain, Poland, Portugal, contained glyphosate at levels
not suitable for human consumption. The water of all the 17 rivers where the samples tested
positive for AMPA would be a concern for human consumption in some Member States, and
would breach drinking water safety limits. Moreover, in 10 sites, the concentration of AMPA
on its own exceeded the 0.5 ug/L threshold set for the total amount of pesticides or relevant
metabolites in drinking and surface water. Therefore, additional pesticides used in the
surrounding fields would be adding to the pollution of glyphosate and AMPA reaching even
higher contamination levels. From the scientific literature, we know that higher glyphosate
concentrations can be found in puddles and runoff waters in agricultural areas. In our study,
samples were taken from running rivers, the water of which is diluted by rainwater, but
significant contamination was still found.

Based on the conclusion drawn by EFSA (EESA. 2015) “AMPA presents a similar toxicological
profile to glyphosate and the reference values of the latter apply to its metabolite AMPA",
yet AMPA is not currently recognised as a metabolite of toxicological significance in relation
to the EU's drinking water standard for human consumption. Therefore, the 0.1 ug/L limit
(as established by the Drinking Water Directive 2020/2184 for individual pesticide active
substances and their relevant metabolites) does not apply to AMPA at EU level. However,
some Member States, including Denmark, Hungary and France, apply the 0.1 ug/L threshold
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for both AMPA and glyphosate. We are of the opinion that other Member States should
adopt a similar precautionary approach by applying a 0.1 ug/L safety limit for each of these
compounds.

In Austria, Belgium, Poland, Spain and Portugal, AMPA concentrations were even above 1
pg/L. The highest glyphosate concentration in a sample from Portugal was 30 times above
drinking water safety limit.

Contamination of surface waters with pesticides has been a great challenge for water
companies who need access to adequate and reliable water resources to guarantee that
EU citizens have access to safe drinking water. Water companies must increasingly resort
to expensive and energy-intensive additional treatments to reach drinking water safety
standards, while the consumers paying the water bills bear the costs. As a result, European
Water companies have requested strict rules for the protection of EU freshwater ecosystems
from pesticides. In our study, there was no indication whether the rivers from where the
samples were taken were used to extract drinking water or not.

Impacts on aquatic environments

The observation that glyphosate or/and AMPA was detected above 0.2 pug/L in 74% of the
river sites outside the agricultural season indicates prolonged exposure of the aquatic
environment to glyphosate. This extended exposure puts aquatic ecosystems at risk. In
22% of the sites, concentrations exceeded 1 ug/L, which has been shown to cause adverse
effects in certain aquatic organisms. The concentrations we found after the agricultural
season are still comparable, and often even higher than what is found in monitoring studies
from scientific literature [Table 1].

Academic scientific literature confirms that glyphosate and glyphosate-based herbicides can
affect biochemical, physiological, endocrine, and behavioural pathways in fish , invertebrates,
and amphibians (Goncalves et al.. 2019). Glyphosate is also toxic to plants and algae which are
primary producers and provide food and shelter for other species in the higher trophic levels
of the ecosystem. Therefore, chronic exposure of the aquatic environment to glyphosate can
gradually alter the structure of the whole ecosystem.

To our concern, some of the effects of glyphosate can be observed at concentrations below
the ones corresponding to the Category 2 chronic aquatic toxicity hazard class (< 0.1 mg/L),
which are comparable to the levels detected in the environment and the ones found in our
study [Box 2]. Moreover, glyphosate’s degradation product AMPA has also been found to be
toxic in various aquatic organisms, and in certain cases where both substances are present,
they may result in more pronounced toxic effects than the individual substances acting on
their own.

For example, low concentrations of glyphosate (50 ug/L) may significantly alter the growth
of aquatic plants and algae, whereas inhibition of chlorophyll synthesis has been observed
at 16 ug/L, and effects were more prominent when AMPA was also present. In fact, AMPA has
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been shown to inhibit chlorophyll synthesis at between 6 and 1.6 pg/L. depending on the
species.

Fish, particularly fish embryos, are sensitive to low levels of glyphosate exposure, as delays
in growth and development have been observed at concentrations in the range of 5-10 ug/L.
Changesincellmembrane permeability and expression of genes regulating key developmental
processes in embryo and juvenile fish have been found at exposures of 1-10 ug/L. On the
other hand, amphibians appear to be particularly sensitive to glyphosate-based herbicides
during their early development, possibly due to their surfactants as well as AMPA (Annett
et al.. 2014). Effects on development of tadpoles have been observed at concentrations as
low as 0.7 ug/L (expressed as glyphosate); exposures of as low as 0.07 to 3.57 ug/L of AMPA
decrease embryonic survival. Similarly, aquatic invertebrates are sensitive to glyphosate
during early life stages, with insects being particularly sensitive to glyphosate-based
products. Interestingly, the combination of glyphosate and AMPA together, at the very low
concentration of 0.1 and 1 ug/L respectively, disrupt the cytoprotective and detoxification
mechanisms of the Mediterranean mussel, indicating the combined toxic effect of these two
substances acting together [Box 3].

Delays in the growth of embryos or embryonic malformations lengthens the time that they are
vulnerable to aquatic predators and may increase mortality rate impacting the populations
of species. Amphibians for example, have been victims of some of the sharpest population
crashes in recent decades, indicating that pesticide exposure may be among the factors
leading to their decline.

Therefore the levels of glyphosate and its metabolite AMPA detected in our study indicate
that this pesticide is putting the aquatic ecosystem at risk, particularly because of its adverse
effects on growth and development during the early life stages and during reproduction of
non-target organisms.

Although the harmful effects caused by glyphosate-based herbicides (GBHs) to aquatic
organisms are relatively well documented in the scientific literature, there are many gaps
regarding the toxicity of AMPA. Nevertheless, the current state of research suggests that
AMPA may also cause adverse effects to aquatic organisms and therefore its impact should
be taken into account.

Moreover, the active substance glyphosate is not the only problem, as GBHs are composed
of multiple, often unknown, constituents, each with a unique level of toxicity. Co-formulants
such as surfactants thatincrease herbicidal efficacy also increase the toxicity of the products
for non-target species, particularly amphibians (Annett et al., 2014).

The impact of glyphosate on the different trophic levels should not be considered in isolation
from one another, as changes in one trophic level will inevitably affect the others, leading
to alterations in the function and structure of the ecosystem. Moreover, this impact should
be estimated together with the presence of other pesticides and pollutants (rather than
considering each in isolation, which does not reflect real life situations). There are also other
anthropogenic activities that should be taken into account as they might be putting the
aquatic environment under stress, e.g. habitat destruction, climate change, urbanisation
and other kinds of pollution.
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Policy relevance

Currently there is no environmental quality standard (EQS) for glyphosate or AMPA on the
EU level. In the recent proposal of the European Commission for a revised list of priority
substances for surface water, there is a proposal for AA-EQS (average value - inland surface
waters) for glyphosate, but not AMPA, and for two different values:

+ 0.1 ug/l for freshwater used for the abstraction and preparation of drinking water.
« 86.7 ug/l for freshwater not used for the abstraction and preparation of drinking water.

In the same proposal, the Commission has introduced a threshold limit of 0.5 ug/L (AA-
EQS?) for the total of all active substances in pesticides, including their relevant metabolites,
degradation and reaction products in surface waters. In 10 of the PAN testing sites (44%
of river/stream sites), AMPA was detected at levels above or equivalent to 0.5 ug/L and
glyphosate was detected above or equal to 0.5 ug/L in 1 site. At the time of writing, it is not
yet defined by the Commission and EU member states whether metabolites such as AMPA,
which pose a risk to the aquatic environment, would be included in this threshold limit. This
0.5 pg/L value is much lower and clearly contradicts the 86.7 ug/L threshold for glyphosate.
In fact, it does not make sense for the EQS of an individual pesticide and its metabolites
(glyphosate/AMPA) to exceed the threshold value established for the total EQS of all detected
pesticides and their metabolites (AA-EQS).

Additionally, such a large distinction in the water quality values between surface waters that
are intended for drinking water and those that are not is difficult to understand: the high
standards are needed for both use scenarios - humans and other non-target organisms will
still be exposed regularly during their normal activities to “non-drinking standard” water, so
a differentiated approach does not make sense. In the case of glyphosate, setting such a
high safety threshold for water not intended for human consumption diminishes the impact
of adding glyphosate in the priority substances list in the first place. The EQS for glyphosate
and AMPA should be set at 0.1 ug/L in all surface waters based on the harm these pesticides
may cause.

2 Annual Average of Environmental Quality Standard, as proposed for Total active substances
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Box 4. Ecotoxicological studies

Below we summarise scientific studies showing harmful effects to aquatic ecosystems
at low GBH or glyphosate exposure levels as well as AMPA.

Aquatic plants, algae and other microorganisms

Because of its properties, glyphosate can alter the growth of plants and algae, and the
structure of certain microorganism communities (phytoplankton, microbes). These
are considered primary producers and provide food and shelter for other species at
different trophic levels of the ecosystem. Therefore, chronic exposure of the aquatic
environment to glyphosate can gradually alter the structure of the whole ecosystem.

Alterations in the growth of macrophyte Vallisneria natans and phytoplankton Chlorella
vulgaris, have been observed at concentrations as low as 50 ug/L of glyphosate. At
that level of exposure, glyphosate, particularly when combined with AMPA, inhibited
the growth of aquatic plants but induced the growth of phytoplankton indicating
that glyphosate may alter the structure of freshwater ecosystems to an algal-based
one (Qu et al.. 2022). Glyphosate and AMPA have been reported to decrease the rate
of photosynthesis in the aquatic macrophyte Salvinia molesta at 16 and 6 ug/L.
respectively, whereas in combination their impact increased (Mendes et al., 2021). In
another study, negative effects on the photosynthesis of the macrophyte Lemna minor,
through chlorophyll biosynthesis inhibition, were observed at concentrations as low as

1.3 pug/L of AMPA (Gomes et al., 2022).

A study that tested the impact of five glyphosate-based formulations on aquatic
microbial communities found differential effects on microphytoplankton and
picoplankton community structures, suggesting that co-formulants have an important
role in the toxicity of these glyphosate products for primary producers (Garcia et al.,
2022).

Aquatic vertebrates
Fish species

Scientific literature shows that glyphosate exposure may lead to adverse effects in fish
below the established level of exposure of 0.1 mg/L (or 100ug/L) and at concentrations
comparable to the ones found in the environment.

Exposure of carp fish Cyprinus carpio embryos to different concentrations of glyphosate
(0.005-50 mg/L) during their development resulted in higher malformation disorders
and late development in all exposure groups, including at the lower concentration of 5
pg/L. Malformations on zebrafish embryos of Danio rerio were also apparent but above
0.05 mg/L of glyphosate exposure although reduced hatching rates and mortality were
observed at the lowest level of exposure 5 ug/L by Fiorino et al. (2018). Delays in the
growth of embryos or malformations lengthens the time that they are vulnerable to
aquatic predators and may increase mortality rate.
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In a different experiment, zebrafish of Danio rerio embryos exposed to glyphosate-
based herbicide Roundup or glyphosate alone (0.01, 0.065 and 0.5 mg/L) altered their
swimming behaviour, resulting in reduced distance travelled and altered swimming
patterns even at 10 ug/L exposure level. However, in zebrafish adults, changes in
swimming behaviour were observed at 0.5 mg/L of glyphosate and above 0.065mg/L of
roundup, indicating that larvae are much more sensitive to glyphosate exposure than
adults (Bridi et al., 2017).

Similarly, in a different study zebrafish Danio rerio embryos were exposedto 1, 10,100, and
700 pg/L of glyphosate or AMPA for 72 hours. A series of developmental abnormalities
were observed, including embryo hatching inhibition, spinal curvature, abnormal blood
circulation, and abnormal heart shape and function. These changes were significant at
concentrations of 10 pg/L. although at 1 ug/L both glyphosate and AMPA reduce the
activity sodium-potassium pump, which controls ion exchange in cells, whereas AMPA
upregulated a key gene related to heart development (Zhang et al., 2021).

Even in cases where glyphosate exposure is not high enough to cause significant
mortality in laboratory experiments, it can still lead to biological effects through

alterations in gene expression of components of the antioxidant defence system, which
can gradually lead to disease. In this respect, exposure of juvenile female brown trout
to the glyphosate-based herbicide Roundup or glyphosate alone (0.01 - 10 mg/L) for 14

days, resulted in alternations in the expression of genes that encode for components
of the antioxidant system, a number of stress-response proteins and molecules of pro-
apoptotic signalling, among others, across all exposure levels (Uren Webster & Santos
2015). The results were shown to be consistent with a cellular response to oxidative
stress, as it has been previously reported, even at lower exposure levels of 10 ug/L.

Le Du-Carrée et al. (2022) found that exposure to glyphosate or two glyphosate-based
products at environmental concentrations of 1 ug/L reduced the level of an important
protein involved in the immune response (interleukin-1B). The researchers observed
that glyphosate co-formulants can modulate fish viral susceptibility, meaning that the
presence of other chemicals in the GBH can affect how susceptible the fish are to viral
infections.

Amphibians

Studies on amphibians showthat they are more sensitive to glyphosate-based pesticides
than glyphosate alone, particularly during early developmental stages possibly due
to the action of surfactants. For example, significant effects on the development of
tadpoles Leptodactylus latrans (at Gosner stage 25) were observed following exposure
to 0.7 ug/L (expressed as glyphosate acid equivalent) of Roundup ULTRA MAX® whereas
such a significant effect was only apparent with pure glyphosate following exposure to
15 mg/L (Bach et al., 2016).
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AMPA has been observed to affect embryonic development in the European common
toad. Cheron et al. (2020) found that exposure to concentrations spanning the range
found in natural water bodies (0.07 to 3.57 ug/L) decreased embryonic survival,
increased developmental time, and influenced hatchling morphology.

Aquatic invertebrates

Study by Cuhra et al. (2012) suggests that even environmental concentrations of
glyphosate can have an impact on the growth and development of juvenile Daphnia
Magna. The findings show that exposure of juvenile D. Magna to low concentrations of
50 pg/L glyphosate or Roundup resulted in a significant reduction in their size.

Ferreira-Junior et al. (2017) observed that the glyphosate-based herbicide Roundup
had deleterious effects on the growth and development of tropical aquatic diptera,

Chironomus xanthus (C. xanthus) at environmentally relevant concentrations of 700
Mg/L. Furthermore, exposure to glyphosate caused females to emerge later (at 1.53
mg/L) and males to emerge earlier (at 0.49 mg/L) than in the control group, suggesting
that glyphosate exposure can affect the reproductive development of C. xanthus in
sex-dependent manner.

In their investigation on the impact of glyphosate and AMPA on cytoprotective/
detoxification mechanisms expressed in haemocytes of the Mediterranean mussel
(Mytilus galloprovincialis) Wathsala et al. (2022) showed that exposure to a mixture
of glyphosate and AMPA at 0.1 pg/Land 1 ug/L respectively was enough to decrease
cellular defence mechanisms.

Overall, these concentration values of glyphosate and AMPA that are reported in
scientific literature to cause adverse effects in aquatic species, are comparable to
PAN's test results for AMPA samples (range 0.2-3.9 ug/L).
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CONCLUSIONS

The majority of our water samples collected from EU rivers and streams contained glyphosate
or its main metabolite AMPA after the agricultural season. This observation emphasises the
widespread contamination of the aquatic environment resulting from glyphosate use, even
outside the agricultural season. Much higher glyphosate and AMPA concentrations can
be found around agricultural areas. Scientific literature shows that the concentrations we
found already pose risk to different aquatic species, and continuous exposure to glyphosate-
based herbicides not only lowers the water quality but also endangers our ecosystems and
their functioning. Glyphosate-based herbicide products as such (active substances acting
together with co-formulants) can be more toxic to aquatic life than the active substance
alone.

We can conclude that the current extent of glyphosate-based herbicide use translates to an
unacceptable risk to the aquatic environment, and it should be discontinued. Accordingly,
and in light of the recent European Commission proposal on a revised list of priority
substances for surface water, strict EQSs below 0.1 ug/L environmental quality standards
are needed for both glyphosate and AMPA in all European surface waters. It is now time for all
regulations to be ambitious. It goes without saying that the issue of glyphosate and AMPA’s
water contamination has to be addressed at the stage of approval of the active substance;
however, strict and ambitious EQSs effectively protecting aquatic biodiversity and human
health must also be enforced.

Policy recommendations

In light of the findings from the report regarding the widespread contamination of our waters
with glyphosate, and recognising the importance of protecting our European waters and
their ecosystems, we recommend the following:

+ Adopting the Commission’s proposal on the Sustainable Use of Plant Protection Products
Regulation to set legally binding targets to halve the use and risk of chemical pesticides
by 2023, and ban the use of all chemical pesticides in sensitive areas used by the general
public and of ecological importance. Pesticides should not be used at a distance of 50m
from these areas, to ensure their protection.

« Setting the EQS for glyphosate and AMPA in surface waters at 0.1 pug/L, to ensure
protection of human health and biodiversity in the aquatic ecosystems.

« Include both AMPA and glyphosate in national monitoring programs, as AMPA is also
toxic to aquatic organisms.

« Include all scientific literature studies in the assessment of glyphosate’s toxicity and
take into consideration that glyphosate-based products are much more toxic for certain
species than glyphosate alone.
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Increase the chronic aquatic toxicity classification from Category 2 to Category 1 since
glyphosate can cause adverse effects to aquatic organisms below 0.1 mg/L.

The European Commission and Member States should issue a non-renewal of glyphosate’s
licence and phase out the use of glyphosate-based products, as their use lowers the
quality of EU waters, and exposure to glyphosate has been linked to adverse effects in a
wide range of species including humans.
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Annex 1. Partners in the water sampling

1. Austria: Global2000 (Robert Schwarzwald)
2. Belgium: Nature & Progres

3. Bulgaria: AGROLINK

4. Croatia: Biovrt

5. Germany: PAN Europe

6. France: Générations Futures

7. Hungary: PAN Europe

8. Netherlands: PAN Europe

9. Poland: European Regional Centre for Ecohydrology of the Polish Academy of Sciences
(Pawet Jarosiewicz)

10. Portugal: Zero. & Plataforma Transgénicos Fora (Graca Passos)
11. Slovenia: National Council of Slovenia

12. Spain: Ecologistas en Accién (Koldo Hernandez)

Annex 2. Glyphosate and AMPA monitoring results, PAN, 2022 October

Sample country / . Results
Location
code pg/L
Poland Pilica River, Sulejéw - 17.10.2022
AMPA<0,2
ERCE L4dz River 1 51.354879, 19.882903
. Glyphosate <0,2
Sulejov 51°21'17.6"N 19°52'58.5"E
Poland Opocznianka River - 17.10.2022
AMPA 0,2
ERCE Lédz River 2 51.359204, 20.254507
Glyphosate <0,2
Opoczno 51°21'33.1"N 20°15"16.2"E
Poland Rykolanka River - 18.10.2022
AMPA 3,9
ERCE Lédz River 3 51.662500, 20.846110
Glyphosate 0,2

Rykolanka 51°39'45.0"N 20°50'46.0"E
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AMPA 0.4 (0,37)
River, Rackevei-Duna, Danube, Dunaharaszti,
Hungary, HU2

47°2110.0"N 19°04'08.5"E Glyphosate <0.2
(0,03)2
Duoro, River water, GPS: 41.072450, AMPA 0,2
Portugal
-8.464370 Glyphosate <0,2
Portugal Idanha-a-Nova - Herdade da Fonte Insonsa ) AMPA 3
39.880780, -7.247578 Glyphosate 3
Austria River: Mihlbach in Deutsch Wagram AMPA1.9
GER1- 12.10.2022.was here, river Erft river
going into Rhine,
https:/maps.app.goo.gl/
Germany JU3DoNmy5sIPhU2Fé AMPA 0,3
https:/maps.app.goo.gl/VB5Miog2VnoJdgx576
(GER 1and GER 2 - same river, mixed)
Germany River Gera just before it enters river Unstrunt | AMPA<0,2
GER 3 50°55'28.7"N 10°5915.6"E Glyphosate <0,2
river (Lippe) going into Rhine (west germany)
Germany 19.10.2022 AMPA 0,9
GER 5 51°38'36.7"N 6°40'33.1"E Glyphosate <0,2
https:/goo.gl/maps/sSHMal AQDNdEh4hE?
Dimitrovgrad Maritza surface water
AMPA 0.3
Bulgaria 42.04090 25.37221
Glyphosate <0,2
https:/goo.gl/maps/fgW7QeT1YN6CAFb79
Bivolare/Pleven Vit surface water
AMPA 0,2
Bulgaria 43,493775 24,565768
Glyphosate <0,2
https:/goo.gl/maps/VCgPEEbF7LfNBU7g7
Location 3 - DRAVA
46°21'38.2"N 16°19'35.4"E AMPA 0.4
Croatia
46.360619, 16.326499 Glyphosate <0,2

Type of sample: river Drava

3 Glyphosate was also detected in the Hungarian small Danube sample, but in that case the laboratory applied lower LOQ,
and the detected concentration was below the 0.1ug/L threshold.
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https://goo.gl/maps/5ixV5pvbELuwm2ot6
https://goo.gl/maps/5ixV5pvbELuwm2ot6
https://maps.app.goo.gl/gU3DoNmy5sJPhU2F6
https://maps.app.goo.gl/gU3DoNmy5sJPhU2F6
https://maps.app.goo.gl/VB5Miog9VnoJqx576
https://www.google.com/maps/place/50%C2%B055'28.7%22N+10%C2%B059'15.6%22E/@50.9246389,10.985478,17z/data=!3m1!4b1!4m4!3m3!8m2!3d50.9246389!4d10.9876667
https://goo.gl/maps/sSHMaLAQDNdEh4hE9
https://goo.gl/maps/fgW7QeT1YN6CAFb79
https://goo.gl/maps/VCgPEEbF7LfNBU7g7

France
SO1F
France
S02F
France

SO03F

Slovenia

Spain
Lleida Aigua Panta

Spain - Muestra 1,

Spain - Muestra 2.

Netherlands

Netherlands

Belgium

La Chapelle aux pots / I'Avelon, 49,4374071
1,9192862

Rochy Condé/ le Therain
49,398526 .2,182851

St Leu d’Esserent . I'Ois
49,2133081. 2,4221229

River Savinja - 150 m south of the address
Spodnje Roje 9, 3311 Sempeter in the
Savinjska dolina

https:/maps.app.goo.gl/
PN8ZdRPWNAVTKKRx6
Utxesa swamp (Lleida). T

Agua superficial, Canal perimetral San Pedro
del Pinatar,

37°50'35.81"N, 0°46'1.88"W

Agua superficial Rambla del Albujon,
37°42'68.63"N, 0°51'39.76"W

River Veengoot R.

near Ruurlo, https:/goo.gl/maps
HulmgX8hR9QjscM66

River Borculo

Sample 2 - river, near Borculo, https:/goo.gl/
maps/2Hb7xhépWIinSeaut?

Moxhe - surface water - La Mehaigne
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AMPA 0.4
Glyphosate <0,2
AMPA<0,2
Glyphosate <0,2
AMPA 0.5

Glyphosate <0,2
AMPA 0,2
Glyphosate <0,2

AMPA 0.5
Glyphosate 0.2

AMPA 0,8
Glyphosate <0,2

AMPA 3.4
Glyphosate 0,4

AMPA 0,2
Glyphosate <0,2

AMPA 0,8
Glyphosate <0,2

AMPA 1
Glyphosate <0,2


https://maps.app.goo.gl/PN8ZdRPWnAVTkKRx6
https://maps.app.goo.gl/PN8ZdRPWnAVTkKRx6
https://goo.gl/maps/HuLmqX8hR9QjscM66
https://goo.gl/maps/HuLmqX8hR9QjscM66
https://goo.gl/maps/HuLmqX8hR9QjscM66
https://goo.gl/maps/2Hb7xh6pW1nSeaut7
https://goo.gl/maps/2Hb7xh6pW1nSeaut7
https://goo.gl/maps/2Hb7xh6pW1nSeaut7
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