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Executive summary
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Why it’s time to break the vicious
cycle of pesticides use

For almost half a century, the global agricultural system has relied heavily on the
widespread application of millions of tonnes and hundreds of types of synthetic
chemical pesticides to reduce crop losses. As most farmers are now treating their
crops with a variety of pesticides on a routine basis, rather than as a last resort in rare
cases of heavy pest infestations, this means that chemical inputs are applied multiple
times to a crop throughout the whole growing season. As a result of our dependence
on chemical pesticides, and because of their persistence and pervasiveness, almost
every ecosystem on earth has already been negatively impacted by these harmful
chemical compounds.

“Europe’s Pesticide Addiction: How Industrial Agriculture Damages our Environment.” examines
the use of synthetic chemical pesticides in Europe, the widespread and severe environmental
impacts they are having - including how they are degrading some essential ecosystem services
and, the urgency of tightening the regulations that are supposed to control their use.

The production, sale and use of synthetic chemical pesticides has become a multi-billion euro
industry dominated by a small number of agro-chemical businesses. In 2011, three European
companies, Syngenta (Switzerland), Bayer CropScience and BASF (Germany), controlled 52.5%
of the global pesticide market. Three US companies, Dow AgroSciences, Monsanto and DuPont,
made up the list of the top 6 pesticide companies, which together accounted for 76% of global
pesticide sales.!

EUROPE'S PESTICIDE ADDICTION How Industrial Agriculture Damages our Environment 3



Although the global pesticide market is growing fastest in Asia and South America, driven by
large increases in use in China, India, Brazil and Argentina,? pesticide use in the more mature
European market is still forecast to rise, due to increased use in the east of the continent and an
increase in the frequency of pesticide applications. The concept of the “Treatment Frequency
Index” as a metric of the number of pesticide applications per crop in a given growing season

has been applied to some crops in some countries. This paints an alarming picture. For example,
since 2001 in Germany this index has increased in arable crops such as rapeseed, cereals and
sugar beet, and in fruit crops such as apples and grapes. In 2012 the index reached a value of

32 in apple orchards,®* meaning that on average 32 full doses of pesticides were applied to apples
during a single growing season. This intensive use of pesticides raises significant questions about
the impacts on single species, whole ecosystems and biodiversity, as well as the way in which
these chemicals are assessed, authorised and regulated in the EU.

Pesticides
Missing the target

The chemicals and compounds used in pesticides can affect all organisms, and the
environments that they live in and depend upon, with potentially serious ecological
consequences. It has been known for a long time that the use of agro-chemicals is putting wildlife
and natural environments at risk. Pesticides, in particular, are having a major impact on biodiversity
losses - almost one in four (24.5%) vulnerable or endangered species in the EU are threatened by
agricultural effluents, including the use of pesticides and fertilizers, like nitrates and phosphates.*
European data also suggests a widespread decline in the diversity of wildlife species across all groups
of organisms studied. For example, 27% of monitored mammal populations in Europe are in decline
and even this figure could be masking a far worse trend, as the status of 33% of mammal species is
unknown.s Highly vulnerable groups of species such as amphibians or dragonflies seem to be faring
even worse. Despite the continually growing body of evidence about the serious problems being
caused by chemical pesticides, no substantial policy changes have yet been made to reduce

the impacts on the environment. This must be seen as a Europe-wide failure.

Pesticide effects: Acute, sub-lethal and indirect effects on individuals,
populations and ecosystems

Pesticides can cause acute toxic effects in both target and non-target organisms, with direct
acute mortality being the most common impact examined and reported. In some cases, the
secondary toxic impacts are recognised as significant, such as in predatory birds feeding on
small mammals poisoned with rodenticides, or on insects targeted with insecticides. Quite
apart from these relatively obvious toxic “endpoints”, pesticides can exert a variety of subtle
and complex, sometimes delayed, effects. Immunotoxicity and disruption of endocrine systems
are two comparatively well-known examples of such effects where organisms are made more
susceptible to disease, or where reproductive or other functions are disrupted.

The translation of these individual and sometimes subtle impacts on populations and whole
ecosystems may be extremely challenging to detect and quantify, and may only be detectable
over a long period of time. Attribution of impact is made more difficult by the innate complexity
of ecosystems and ecosystem interactions. One relatively obvious potential impact is the
reduction of food sources as a result of pesticide use. Essential components of the food web,
and the parasitoids and other predators feeding on these organisms, are affected, as well as

How Industrial Agriculture Damages our Environment







other organisms feeding, in turn, upon them. A partial collapse of the food web could result from
this. The complexities are well illustrated by the widely documented decline of farmland bird
species over the last three decades in Europe. Direct poisoning of birds plays a role, as does the
reduction in their food sources. Insectivorous bird species have been impacted by reductions

of arthropod prey populations. But herbicides can also affect birds by reducing the availability of
seeds as a food source. Reductions in plant biodiversity and favourable habitat have also had a
considerable impact on the decline of farmland bird species.¢

Ultimately, what is at stake are the diverse ecosystem services, such as pollination,
natural pest control, cleaning of drinking water, nutrient cycling and soil fertility, which

are provided by a fully functioning and fully functional ecosystem. Also at stake is the
resilience of disturbed systems to climate and weather extremes. Broadly speaking, the more
diverse the ecosystem - the greater its resilience to such impacts. “Europe’s Pesticide Addiction:
How Industrial Agriculture Damages our Environment.” considers just a few of these ecosystem
services and their immense economic importance. It must be realised, however, that any
monetary valuation placed on ecosystem services is held hostage to the fact that many are in
effect irreplaceable, and once they are lost then their value quickly becomes immeasurable.

Ultlmately, what '|s at

| stake are the diverse
ecqsystem services, surch

g "as pollination, .natural .
pest control, cleaning of
drinking water, nutrient
cycling and soll fertility,.
which are provided by &«
fully functioning and fully
functional ecosystem.

© Fred Dott / Greenpeace
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Exposure to pesticides
No Escape

Pesticides can be found widely distributed in the environment, and can be transported significant
distances from the areas in which they were originally applied; via the atmosphere, in water, and
even in the tissues of living organisms.

Samples of ground and surface water analysed for pesticides in surveillance monitoring are
regularly found to be contaminated. A recent five-year survey in Germany showed that pesticides
or their metabolites had reached the ground water at 60% of the 2280 sampling points.” In the
Netherlands, 65% of surface water samples taken from sampling stations in 2013 contained 30
or more insecticides.s Even more pervasive pesticide contamination has been identified in surface
water, even though, in general, only a narrow spectrum of chemicals is monitored such as those
specified in the EU Water Framework Directive.c Failings in the EU’s regulatory system also

mean that monitoring efforts tend to lag significantly behind the introduction of new pesticides,
S0 problems may not be identified in a timely manner. Finally, monitoring efforts focus largely

on single substances, whereas pesticides are present in the environment as mixtures of active
agents, their metabolites and other chemicals.

The toxicological behaviour of these mixtures has been, and remains, very poorly researched.

Europe is failing to effectively
regulate chemical pesticides

Given the well known potential hazards associated with pesticides which are used openly in

the environment, all pesticides have to go through an authorisation process before they can be
used. The procedure consists of an effect assessment, which is based on toxicity tests, and an
exposure assessment that relies largely on modelling of various scenarios. Mathematical modelling
is used as field data are not usually available for the assessments. Pesticide risk assessments and
authorisations have sometimes proven problematic or inaccurate in some way and, in some cases,
adjustments have had to be made retrospectively and decisions revisited. A recent example of EU
restrictions concerns some systemic insecticides of the neonicotinoid family.

On 1 December 2013, a number of uses of three neonicotinoid insecticides, thiamethoxam (produced
by Syngenta), imidacloprid and clothianidin (produced by Bayer), were banned in the EU following

a growing body of scientific evidence countering the initial positive assessment these systemic
insecticides, instead showing serious negative impacts on honey bees and other pollinators.

A further illustration is provided by the ongoing debate around the re-authorisation of the herbicide
glyphosate, and the widely differing conclusions that different institutions have arrived at - with

the World Health Organisation’s International Agency for Research on Cancer (IARC) classifying
glyphosate as a “probable carcinogen” despite other scientific authorities giving a green light to the
same chemical. This shows not only how difficult the assessment of even a single chemical can be,
but also that even when a chemical has been subjected to much scrutiny, evidence may emerge
much later, which requires an extensive re-think of the authorisation decision.

While improvement of the EU authorisation process for pesticides has been, and
continues to be a work in progress, there still appear to be major gaps in assessment,
authorisation and subsequent surveillance monitoring. Currently, almost 500 pesticide active
ingredients are authorised for use in the EU. The number of commercially available pesticide

How Industrial Agriculture Damages our Environment 7
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formulations, is actually much higher, since pesticides are sold as variously formulated products.
Pesticide formulations usually contain not only the active substance, but also additives like
solvents, surfactants and emulsifiers, designed to make them work more effectively (e.g. to assist
penetration of cell membranes). Only the active ingredients are authorised, however, rather than
the whole formulated product.

Given the fact that formulated pesticide products can have a much higher toxicity than the active
substance alone, and that pesticide residues do not generally occur singly but in combinations, it
is alarming that the EU is so far failing to regulate them. Although both the additive and synergistic
effects of pesticides are described in the scientific literature, such effects are currently not taken
into account in risk assessment procedures. Although there have been long running discussions
about standardised methods for assessing mixtures, nothing has yet been agreed.

In addition to the EU’s failure to address combinations of pesticides, some specific properties
are also poorly addressed. For example, human endocrine disrupting properties have been a
criterion potentially excluding chemicals from authorisation in the EU since 2009.

Not one authorisation has so far been withdrawn because of the endocrine disruption
threat and, despite the very serious human health risks involved, standardised methods
for quantifying such properties are still under discussion. This critical failing should be viewed
against the very high probability that taking endocrine disrupting properties into account in the
authorisation process would result in a number of substances being withdrawn from the market,
making it more difficult for new substances to gain authorisation.

8 EUROPE'S PESTICIDE ADDICTION How Industrial Agriculture Damages our Environment
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Setting aside the relatively new concerns around mixtures and additional modes of toxicity, even
the long-used and accepted test methods applied in the authorisation process have a lot of
demonstrable shortcomings. Usually, only effects on a few “standard” test organisms are tested
for. The generally low susceptibility of these test organisms throws into question the degree to
which they really reflect likely impacts on other individual organisms and real ecosystems. Some
groups of organisms, such as amphibians, are not represented in the tests. Moreover, it is highly
questionable whether the suite of lethal and sub-lethal effects used as test endpoints can ever
truly represent the full range of possible impacts and some known and likely significant potential
toxic endpoints are simply not evaluated at all.

The flaws extend to potentially serious conflicts of interest within the assessment process, as

it is the applicant (usually the agro-chemical company) that has to perform and report on the
standardised tests. Moreover, only summaries of the test results are published, not the full results,
which are often only available upon request. This makes it impossible to discuss findings or to
replicate the tests independently.

For many substances, particularly those which have been on the market for a longer period of

time, scientific data can be found in open literature. These studies often have a markedly different
scope to prescribed tests, investigate different effects and endpoints, or seek to answer more
complex questions about sub-lethal and chronic effects. Additionally, they may be performed under
less artificial conditions. According to EU guidelines, these studies, where they exist, have to be
considered in the authorisation process, but in reality this rarely happens, because such studies

are usually not considered to be relevant by either applicants or regulatory authorities.

It is also true that the wider environmental effects of pesticides are somewhat more difficult to assess
than the “simple” toxicological ones. In many cases, instead of “real” data, assessments use a standard
procedure involving the prediction of environmental concentrations and their effects by mathematical
modelling. Studies have shown, however, that measured insecticide concentrations in the field can
exceed the calculated ones by up to 78%. Therefore, under such circumstances modelling can
considerably underestimate the real threat of pesticides to ecosystems. On top of this, some pesticides
show unexpected “behaviours” in nature. As an example, chemicals thought to be “immobile” in sail
are detected in water samples, which they were not originally expected to reach. Finally, in the EU,
monitoring itself has major deficiencies. The spectrum of pesticides tested for is very narrow, and seems
to focus largely on substances listed in EU regulations, namely the Water Framework Directive. A lot of
substances, particularly newer pesticides like neonicotinoids, are not monitored as extensively as they
should be given their widespread use. This means that pesticide regulations are currently not designed
to allow a serious evaluation of the fullimpact of pesticides on the environment.

These examples not only demonstrate the obvious failure of the EU’s pesticide approval process,
they also strongly point to the serious lack of implementation of one of the fundamental principles
of EU environmental law, the “Precautionary Principle”. As defined in the 1992 Rio Declaration on
Environment and Development, the Precautionary Principle requires that, where there are threats
of serious or irreversible damage, “lack of full scientific certainty shall not be used as a reason

for postponing cost-effective measures to prevent environmental degradation”. In other words,
protective actions must be put in place whenever risks are identified, even if there is no full scientific
certainty about them. In the case of pesticides several risks have been identified, indicating the
need for a more a rigorous application of the Precautionary Principle.

How Industrial Agriculture Damages our Environment



Jumping off the pesticide treadmill
Shifting to ecological agriculture

The over-reliance on chemical inputs, particularly of pesticides, has the potential to cause
collateral damage to ecosystems precisely because they are designed to be toxic to a
variety of organisms. Pesticide use, even in accordance with regulations, not only endangers
single species, but ultimately can put at risk essential ecosystem services. Paradoxically, this
services include natural processes of pest control.

The problems caused by the control of pest organisms through the use of chemicals are, to an
extent, self-reinforcing under current agricultural practice. The farming of relatively few species
and varieties, effectively in monocultures, increases their vulnerability to fungal diseases, and
to insects and to weed infestations. Low diversity at all levels (species, varieties, crop rotation)
supports the development of, and subsequent pressure, from all kinds of pests, which are
currently controlled using pesticides.

In order to solve the problems caused by pesticide dependency, the current agricultural
paradigm needs to be radically shifted towards viable, chemical-free, ecological
agriculture methods. Such methods make full use of ecosystem services, including natural
pest control. The development and selection of disease resistant varieties helps to reduce, and
even eliminate, insect and fungal pests. Carefully designed crop rotation, as well as diversification
of agricultural systems and use of di- or poly-cultures, can enhance yields markedly, and buffer

The over-reliance

on chemical inputs,
particularly of pesticides,
has the potential to cause
collateral damage to
ecosystems precisely
because they are
designed to be toxic to a
variety of organisms.

10f / Greenpeace ™
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against heavy pest infestation. Protecting soils and enhancing their organic matter, thus boosting
fertility, also plays a fundamental role in managing pest infestation and ensuring plant resilience.
Finally, the replacement of synthetic pesticides is already being successfully carried out via
biological control, which makes use of natural enemies to control pests.

The shift from a chemical-intensive agriculture system to an ecological farming model
requires significant political and financial support. Only by systematically putting in

place effective support mechanisms, will the majority of farmers be able to adopt ecological
farming practices. Most farmers are currently involved in a system that promotes the further
industrialisation and specialisation of agricultural holdings, often disregarding the serious
economic and environmental impacts. This effectively prevents the long-term development of
rural communities. Adequate economic incentives are essential to create the paradigm shift to
ecological farming. Billions of euros of taxpayers’ money currently supporting unsustainable
conventional farming systems and agro-chemical R&D, should be spent instead in promoting
the rapid development and uptake of ecological farming practices, with their clear benefits for
the environment, but also benefits for consumers, producers and rural communities.

12 EUROPE'S PESTICIDE ADDICTION How Industrial Agriculture Damages our Environment



KEY FINDINGS

e The current destructive model of industrial agriculture depends on high levels of chemical use,
particularly pesticides.

e Data shows that pesticide use continues to increase in the EU.

e Pesticides are found everywhere in the environment, they are distributed in many ways and can harm
organisms far away from their point of application.

e Pesticide contamination is rarely due to a single substance. Mixtures or cocktails of pesticides are
found most frequently in environmental samples.

e Acute toxicity of pesticides is often the most obvious hazardous effect, but subtle, sub-lethal effects
may also take place and can include impacts on immune and endocrine responses, development,
orientation, mating or foraging behaviour.

e Pesticides miss the target. They are not a precise tool targeting single pest insects but can cause
severe damage to other, often ‘beneficial’, organisms.

e Pesticides cause biodiversity losses reducing populations of several organisms in agricultural
ecosystems, even of animals on high trophic levels, such as birds of prey.

e Pesticides also have serious indirect effects on ecosystems, including the disruption of food webs
and the destruction of habitats, and can already be linked to the decline of farmland bird species and
arthropod populations, which many organisms feed upon.

e Pesticides can significantly affect fundamental “ecosystem services” like pollination, natural pest
control, cleaning of drinking water, nutrient cycling and soil fertility.

e The EUis failing to control pesticides:
- “Cocktail effects” of mixtures of pesticides are not routinely assessed;

- Adverse effects, particularly sub-lethal ones, are too often overlooked, even on important
pollinators like honey bees;

- Only the active ingredients of pesticides are assessed, not the formulations applied in practice;

- Endocrine disruption is not adequately assessed, despite being a criterion for the rejection of
pesticide authorisations since 2009;

- Assessment of sub-lethal effects is inadequate;

- The authorisation process is not transparent and is dominated by industry information,
particularly in relation to the studies used to inform it;

- Organisms used in standard tests are often “robust” ones, thus not representative of naturally
occurring organisms;

- Independent studies are generally not taken into account, although they often find subtle impacts
on certain species or the wider environment;

- Modelling of pesticide contamination in the environment underestimates the real concentration of
pesticides, even though it is integral to the authorisation process;

- For many pesticides environmental monitoring is not currently foreseen.

e  Powerful political and financial support is urgently required to support the shift from the current
destructive chemical-intensive industrial agriculture system to ecological farming.



A wide body of empirical scientific research, already provides irrefutable evidence
of the environmental impacts that pesticides cause. This indicates once more the
urgent need to move away from the current chemical dependency of industrial agriculture.
The widespread presence of pesticide residues in ecosystems, with its both, known and
as yet unknown consequences, makes it obvious that the only way to avoid the risks and
dangers posed by pesticides use is to phase out their use in agriculture. Non-chemical
alternatives to pest management are already available to farmers but need the necessary
political and financial support to be mainstreamed.

Only by reducing pesticide use and ultimately converting farming systems to
ecological farming practices will it be possible to address the ecological and
economic problems that agriculture currently faces.

In order to drive the needed change the following measures must be put

in place as a priority:

¢ Breaking the vicious circle imposed by pesticide use. Focusing on
functional agro-biodiversity is a key element. Choosing resistant varieties
adapted to local conditions, setting up serious crop rotation schemes,
diversifying agricultural systems at field and landscape level, improving
soil management methods and implementing biological control of pests
can replace pesticide use in agriculture.

Ensuring proper implementation of the directive on the
sustainable use of pesticides. As required by EU law, member
states should put in place concrete measures and targets leading to a
substantial reduction in pesticide use.

Overhauling regulatory controls for pesticide risk assessment.

In particular, investigating and monitoring the effects that the exposure to
cocktails of chemicals can have on human health and the environment.
The specific pesticide formulations used in the field should also be subject
to testing and rigorous scientific assessment rather than the active
ingredients alone. In addition, all available independent scientific literature
should be taken into account as part of risk assessment processes, and
all studies and data used in the assessment should be made publicly



available. Once an authorisation has been granted, if scientific evidence
emerges bringing additional information that could put into question the
conclusions of the risk assessment process a re-evaluation of the active
substance and the formulations should immediately take place.

Shifting towards ecological farming needs political and
financial support. Public research must be re-focused on ecological
farming practices, and plant breeding should address the needs of
ecological farmers, by delivering robust and locally adapted varieties,
in participation with farmers.

Abolishing subsidies that promote the maintenance and
upscaling of industrial agriculture practices. Billions of euros of
taxpayers’ money is being poured into a broken system that continues
to cause serious environmental and economic impacts. Public subsidies
must instead be targeted to farmers to support the implementation of
environmentally friendly farming methods. This would mean radically
reforming the EU’s Common Agricultural Policy (CAP) by phasing out
subsidies promoting environmentally destructive practices, and making
rural development subsidies conditional on the development and
implementation of ecological farming methods.

Phasing-out synthetic chemical pesticides by prioritising
chemicals with particularly hazardous properties. This would
mean banning pesticides that have bee-harming properties, are
carcinogenic, mutagenic and toxic to reproduction, or which interfere
with the hormone system (endocrine disrupting substances) as well as
neurotoxic substances.

Introducing fiscal measures discouraging the use of pesticides
and promoting the implementation of ecological farming
practices.
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Biodiversity - the extraordinary variety of ecosystems, species and genes that surround
us - is not only important in its own right, it also provides society with a wide range of
ecosystem services upon which we depend, such as food, freshwater, pollination,
protection against floods, etc.

Biodiversity is however in crisis. In Europe, almost a quarter of wild species are now
threatened with extinction and the majority of ecosystems are degraded to the point
where they are no longer able to deliver their valuable services. This degradation
represents enormous social and economic losses for the EU.

EU Biodiversity Strategy to 2020

The trends in the status of these ecosystem services are to a large extent negative (Fig. 1). Since
1990, over 30 essential ecosystem services have been degraded (European Environmental
Agency - EU 2015a). For some ecosystems like grasslands or lakes and rivers, nearly all services
have been degraded.

EUROPE'S PESTICIDE ADDICTION How Industrial Agriculture Damages our Environment 17



Fig 1: Trends in the status of European ecosystem services (EU 2015a)
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Biodiversity is crucial for maintaining the ecosystem services (CBD 2000). These provide basic
“services” which are essential for human existence, e.g. crop pollination or water purification.
Wildlife species in Europe are declining in a “continuing and serious” manner, according to the
European Environment Agency (EU 2010). A baseline summary of the status of wildlife species

in Europe in 2010 found that 25% of marine mammals and 15% of terrestrial mammals, 22% of
amphibians, 21% of reptiles, 16% of dragonflies, 12% of birds and 7% of butterflies are threatened
with extinction (EU 2015a). An analysis of population trends for amphibians and reptiles showed
that nearly 60% of amphibian species and 42% of dragonfly species were in decline (Fig. 2).

For mammals, the situation is not much better, with at least 27% of species in decline as the
population trend of one third of mammal species is unknown (Fig. 2).

The European Commission stated in 2010 that the current rate of biodiversity loss is putting the
future well-being of citizens in the EU and worldwide at risk (EU 2015b).

One of the major drivers of biodiversity loss is industrial agriculture, which is exerting considerable
pressure on the environment due to land use changes, despite the application of mitigation
measures and the steady increase in organic farming (EU 2010).
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Figure 2: Population Trends

Amphibians and reptiles in Europe (EU 2015a)

Figure 3: Population Trends
European mammals (EU 2015a)
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Effects of industrial agriculture include:

¢ Reduction, fragmentation or elimination, eutrophication of habitats.
¢ Intensification of grassland use.

¢ Abandoning of traditional and extensive land use measures.

e | and utilisation (field, grassland as meadow, pasture).

Crop rotation (e.g. restriction of crop rotation).

Infiltration by invasive species.

Deployment and more frequent use of heavy machinery.

Reduction and elimination of food supply for wild species e.g.
through plant protection measures.

Pesticides play a major role in many of the above effects. Aimost one in four (24,5 percent)
vulnerable or endangered species in the EU are threatened by agricultural effluents, including

the use of pesticides and fertilizers, like nitrates and phosphates. (IUCN 2015). Habitat
destruction and deterioration with the increased use of pesticides has diminished the abundance
and diversity of many insect pollinators (EASAC 2009). Thus, it is possible that a threshold in
pollinator species exists below which pollination services become too scarce or too unstable.
Such a tipping point can occur when pollinator habitat is destroyed to such an extent, by
reducing landscape diversity and increasing land-use intensity, that a population crash in multiple
pollinator species becomes evident (EU 2015a).

In this report Greenpeace summarises the multiple threats of pesticides to nature and includes
examples of some of the impacts. We also examine the current status quo of pesticide use
and evaluate the quality of environmental risk assessments used for the approval of pesticides.
Our report concludes with strong policy recommendations for alternatives to the current use of
conventional agricultural pesticide to be implemented at both policy and farm levels.
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Pesticide use What are
Pesticides?

in Europe

The number and frequency of pesticide applications
by farmers depends on many variables. The number
of applications (measured as Treatment Frequency
Indicator)? between farmers growing the same crop
in the same country can vary by a factor of 10
(RoBberg 2013).

A number of EU countries conduct pesticide use
surveys over many years, including UK and Germany,
however, only Slovakia and the Czech Republic
maintain a pesticide use reporting system where
farmers (with farms above a certain size) are legally
required to report each use to authorities. Most
countries assess pesticide use by the amounts of
pesticides sold, and Regulation (EC) No 1185/2009
concerning statistics on pesticides use requires

that Member States survey pesticide use on major
crops over 5-year periods. The first survey results are
expected in late 2015.

Therefore, it is impossible to conduct a European
pesticide use trend analysis over the last 10 years.

The total amounts used by use type (sales of herbicides
etc.) are of little value, because changes in cropping
area or pesticides’ efficacy (e.g. substitution of high
dose with low dose pesticides or vice versa), will always
distort any analysis of highly aggregated sales data.

More reliable data about the number of treatments per crop is shown in Fig. 4. Such data is only
available for a few EU member states and for a limited number of years. The Treatment Frequency
Indices (TFI) in Fig.4 are probably somewhat representative for the specific crop, whereas the
type of pesticides used may change depending on different climatic and regional conditions.

The graphs in Fig. 4 (A, B, C) show that in Germany the Treatment Frequency Index has risen
considerably since 2001 for arable crops, apples and grapes (JKI 2015, RoBberg 2013). The
same trend was observed in Denmark (The Danish Government 2013).

The information presented in Fig. 4 (A, B, C) coupled with a crop specific toxicity index would be

of best value for analysing pesticide use trends. In Denmark, the toxicity and environmental fate of
pesticides - what happens to a pesticide once it enters the environment e.g. dispersion or persistence
- is now incorporated in the pesticide use analysis. The new index is called pesticide load. Fig. 4 (D)
shows the pesticide load per hectare for different crops in Denmark (Miljgstyrelsen 2014).
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Figure 4: Treatment Frequency Index (TFI)

In Germany over time (Graphs A, B, C) and pesticide load (toxicity & fate x amounts sold) per hectare in Denmark 2013.
The TFI reflects the number of applications at full recommended dose. A higher TFI shows higher pesticide use intensity.
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1. Due to the re-authorisation process, which began in 1991, the number of available
pesticide active ingredients in the EU has decreased by about 50% since 2001. Currently
about 500 active ingredients are authorised in the EU compared to about 650 in 2004
(Neumeister 2014).

2. Many pesticides with a high degree of acute toxicity to birds and mammals that have
many cases of resistances (e.g. organophosphates, carbamates) have been substituted
by other pesticides, mainly neonicotinoids (Fig. 5)

3. In order to save labour and fuel costs many farmers adopted conservation tillage and no-
tillage practices. However, an overall reliance on agricultural chemicals and without other
elements of ecological agriculture in place, farmers appear to have relied on increasing
herbicide treatments.

4. The EU patent for glyphosate, which is a non-selective, systemic herbicide, expired in
2000 and became cheaper. In combination with a higher share of reduced tillage, where
glyphosate replaces ploughing as a weed control measure, it became the most used
pesticide globally (by volume).

5. The introduction of genetically modified crops started, but mainly due to public opposition
such crops are not widely planted.

6. While demand for organically grown food rose significantly in some countries, this does
not yet represent a major shift in consumption. The area under organic production is still
small (5.7% in the EU)® and in some areas the lack of financial support has forced organic
farmers to shift back to conventional production.

A variety of changes have also taken place at national policy level. Some countries (Denmark)
continued, started (France, UK) and abandoned and restarted (Germany) pesticide use reduction
programmes. New EU member states underwent a large transition period also affecting
agriculture and pesticide use. With the implementation of the Framework Directive on the
sustainable use of pesticides some activities within National Action Plans* are planned.
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Figure 5: Neonicotinoids and fipronil

The rise of neonicotinoids and fipronil in Great Britain (Graph A) and Sweden (Graph B). Simon-Delso et al. (2015).
Neonicotinoids largely replaced the use of other insecticides, specifically carbamate and organophosphates.
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The Authorisation of Pesticides
Failure of the registration process

The Authorisation of pesticides in the EU is performed according to Regulation EC 1107/2009,
which demands that pesticides “shall not have any harmful effects on human health, including
that of vulnerable groups, or animal health or on groundwater”. The registration procedure
consists of an effect assessment, which is based on toxicity tests, and of an exposure
assessment, which relies on modelling, as usually no field data is available.

The registration process is severely limited by a lack of scientific knowledge and also by
systematic process weaknesses.

Endocrine disruption not considered

There is sufficient evidence of the effects of endocrine active pesticides in invertebrates, reptiles,
fish, birds and mammals, as reviewed by Mnif et al. (2011). Despite the alarm bells about
endocrine disrupting chemicals first being rung decades ago, endocrine disrupting properties are
still not considered in the EU’s pesticide authorisation process.

While under the pesticide authorisation guideline EC 2009/1107, endocrine disruption properties
are now an exclusion criterion for authorisation, the actual criteria in the guideline for identifying
endocrine properties are provisional and most likely incomplete. Standardised and harmonised
test methods are still in discussion and an end of the process is not expected in the foreseeable
future.®

Combination effects not considered

Additive and synergistic® effects of pesticide combinations in the environment are described

by different authors (e.g. Zhou et al. 2011, Laetz et al. 2009, Phyu et al. 2011) and has been
reviewed in a report commissioned by Greenpeace Germany.” For years now, research and
discussion processes for detecting and evaluating these effects, and how to integrate them into
the Risk Assessments, are ongoing in Europe.t Since no standardised test methods are yet
available, these properties can not be considered in the pesticide authorisation process.
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Population effects based on behavioural
changes not considered

Many studies report about the effects of pesticides on insect behaviour, with most focused on
honey bees.

In a review by Blacquiere (2012), low-dose effects on bees were reported for:

¢ [mdiacloprid; on learning, medium term memory, delay in returning time to feeding place
and locomotor activity.®

e acetamiprid; on long term memory and locomotor activity.
e Thiamethoxam; on orientation.

Nevertheless, in (semi-) field studies, ° not all of these effects could be confirmed. One of the
reasons could be that bees change their behaviour in response to pesticide perception.
They reject contaminated sugar solutions resulting in a significant reduction of the foraging
activity, and this behaviour contributes to a decrease in general fitness of the bees by 6-20%
(Cresswell 2011).

Further behavioural effects of pesticides on invertebrates in sub-lethal doses were reported for
mobility, navigation/orientation, feeding, oviposition, or learning (Desneux et al. 2007).

These behavioural effects are reported in open scientific literature and are not detected by the
prescribed tests of the current pesticide authorisation process.

Flawed testing

Under EC guideline 1107/2009, the active ingredient of a pesticide is tested extensively. In the
field, however, this active ingredient is always applied in a formulation also containing the so-
called “Inert Ingredients”. These include solvents, surfactants, and emulsifiers, which have a
variety of functions such as preventing caking or foaming, extending product shelf-life, or allowing
herbicides to penetrate plants with the general aim to maintain and enhance the effect of the
active ingredient.Therefore, pesticides are always applied as chemical mixtures and should also
be treated as such in effect assessment. Any formulation is approved by each EU member state
following guideline EC 284/2013. According to the guideline, the formulation is not to be tested
as intensively as the active ingredient.
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Shortcomings of the EU’s pesticide
testing failure include:

Generally, experimental data on formulations are only to be performed if ‘its toxicity cannot
be predicted on the basis of data on the active substance. It may be sufficient to test the
plant protection product with that species of a group that was most sensitive with the active
substance.’ (EC 284/2013).

® For birds, only one species of quail was tested and, therefore, any interspecies variation in
insecticide susceptibility may be underestimated (Gibbons et al. 2015).

® For birds, mammals and fish, longer term tests are only to be performed when acute
tests have shown higher acute toxicity (for fish: 10-fold) compared to the active substance
- 50 effects appearing over longer time periods are likely to be missed.

® [or aquatic invertebrates, the large water flea, Daphnia magna, and one other not defined
invertebrate species are tested; Daphnia is not the most sensitive species for all pesticides e.g.
the neonicotinoids (Morrissey et al. 2015).

® For other organisms, longer term tests (including reproductive, behaviour and juveniles) are
only to be performed for honey bees, two arthropod species (one mite and one aphid) and
earthworms, so effects appearing over longer time periods in other species may be missed.

® Other insects are only investigated if the tests with the arthropod indicator species indicated a
risk; so beetles, other insects and spiders are not tested.

® Amphibians like frogs are not tested regularly, only after discussion with the national authority.

® Endocrine effects are not tested at all for pesticides.

Testing pesticide active ingredients misses
effects of formulations

So-called “inert ingredients” in pesticide formulations can already have toxic properties. For
example, the nonylphenol polyethoxylates, a class of serious endocrine disruptors or the solvent
N-methyl-2-pyrrolidone, which is toxic to reproduction in humans™ and highly toxic to bee larvae
(Zhu et al. 2014). The wetting agents (organosilicones) showed toxicity on honey bee learning
ability (Cjarlo et al. 2012). The adjuvants - agents that modify the effects of other agents - in

the formulations, e.g. solvents, surfactants, and emulsifiers, can also have an important role in
mixture effect assessment, for example when enhancing the entrance of the active ingredient
into cell membranes like the surfactants do. So higher toxicities of the pesticide formulations
compared to the contained active ingredient can appear as shown by Mullin et al. 2015, Clair et
al. 2012, Demetrio et al. 2014, and Coalova et al. 2014. Some formulations showed up to 1000-
fold higher toxicity in human cell lines than the active ingredient (Mesnage et al. 2014).
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Fig 6: Frog Mortality
Mortality of juvenile European common frogs (Rana temporaria) after seven days following an overspray exposure for seven
pesticides at 0.1x, 1x and 10x the label rate (formulation name, active substance and class are given). (Brihl et al. 2013)
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Brihl et al. (2013) have recently shown that juvenile frogs oversprayed with a fungicide product

at recommended label rates caused surprisingly high mortality rates. The commercially available
product Headline (pyraclostrobin and 67% naphta solvent) caused 100% mortality just after 1 hour
at the label rate, the formulation with the lower (< 25%) naphta content revealed 20% mortality at
the label rate. Other products caused 40% mortality in even only 10% of the label rate.

Earlier investigations confirm the relatively high amphibian toxicity of certain strobilurin fungicides
(Hooser et al. 2012; Belden et al. 2010). Both studies show the outstandingly high toxicity of the
product “Headline®.

Publicly available toxicity information for pesticide formulations is generally limited to some acute
effects. Information about the inert ingredients in pesticide formulations is not publicly available
due to corporate confidentiality. In the EU, only ingredients classified as dangerous substances
according to EC regulation 1272/2008'2 have to be specified, €.g. in the Safety Data Sheet (SDS)
of the formulation.
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Incomplete exposure scenario

A yawning gap in the pesticide authorisation process was identified in 2008. In the exposure
assessment of the neonicotinoid clothianidin, a special insect exposure scenario had been
overlooked. Although the abrasion issue had already been identified (Greatti et al. 20086), abrasion
particles of corn seeds dressed with clothianidin were distributed into the environment using
seeding machines, killing many thousands of bees in southern Germany.'® As a consequence,
the authorisation for 8 pesticide products was withdrawn in Germany. Previously these products
had been classified as “not dangerous to bees”. This example clearly demonstrates the dangers
of the current flawed testing regime and shows why tests need to be performed with more
species or over longer time periods in the assessment of plant protection products according to
EC-Guideline 284/2013.

Calculated ‘Predicted Environmental
Concentration’ (PEC) values too low

The environmental risk assessment for pesticides comprises the comparison of the regulated
acceptable concentration (RAC) derived from toxicity tests with the calculated predicted
environmental concentration (PEC). The PEC values for surface waters and sediments are
calculated by the FOCUS exposure model of the Joint Research Center of the EU™ using a
4-tiered approach. Knabel et al. (2012) compared FOCUS PEC values with 122 insecticide
concentrations found in surface waters with the result that measured insecticide concentrations
in the field exceeded those calculated by FOCUS by up to 78% - the authors’ conclusion: The
FOCUS modelling approach is not protective for insecticides.'® Knébel et al. (2014) repeated the
same assessment with fungicides: Up to 43% of the predicted PECs were exceeded by field
concentrations.

Dose-response models for the relationship of pesticide toxicity with the abundance of sensitive
macroinvertebrate species showed significant differences to reference sites at 1/1000 to
1/10,000 of the median acute effect concentration (EC50) for Daphnia magna; about 50% of
the sensitive species were not abundant any more at concentrations of 1/100 of the EC50 for

D. magna. That means that effects well below the threshold of 1/100 of the EC50 for D. magna
(incorporated in the EU Uniform Principles (UP) for registration of pesticides) appear and that this
threshold is not protective for field communities subject to multiple stressors, pesticide mixtures,
and repeated exposures (Schafer et al 2012).

Incomplete regulation of pesticide
degradation products

During the authorisation process, metabolites are identified and classified as relevant or non-
relevant. The EU authorisation directive demands:

“A metabolite is deemed relevant if there is a reason to assume that it has intrinsic properties
comparable to the parent substance in terms of its biological target activity, or that it poses
a higher or comparable risk to organisms than the parent substance or that it has certain
toxicological properties that are considered unacceptable.”

How Industrial Agriculture Damages our Environment



G ; 2/
[
Fi

S nee
pestici

- -

evidence

T N e e T

before a



30

So in water legislation at EU and member state level, non-relevant metabolites of pesticides are
either not specifically regulated or diverse threshold values are applied (Laabs et al. 2015). But from
the perspective of drinking water hygiene, the often very water-mobile degradation products should
be regarded as “relevant for drinking water” (Dieter 2010) because during oxidative drinking water
processing like chlorination or ozonation, unexpected metabolites with critical toxic properties can
occur (Schmidt and Brauch 2008). When “non-relevant metabolites” are found in drinking water,
the procedure of what to do (reporting, measures) is not defined, yet a common European legal
regulation for the “non-relevant metabolites” is demanded (UBA 2015, Laabs et al. 2015).

Risk assessment for bees inadequate

The huge decline in Europe’s honey bee population in recent years makes it even more evident
that the pesticide risk assessment for honey bees is failing. A statement from the European
Food Safety Authority (EFSA) from 2012 confirmed “considerable” effects of field realistic levels
of neonicotinoids on honey bee colony stability and on bumble bees, found by free scientific
literature and performed research on several bee-harming substances and on species other
than the honey bee.® As a consequence, an EFSA guidance document for the risk assessment
for bees was released in July 2013. The underlying EFSA study for this factor found sensitivity
differences between honey bees and 18 other bee species by up to 10 for 95% of the
investigated cases but 5% of the cases showed much higher differences, by up to 2000 (Arena
and Scolastra 2013).

Chronic testing of bees and testing of larvae is now mandatory; a safety factor of 10 was
introduced to extrapolate from honey bee tests to other bee species. Additionally, many studies
report about behavioural changes in bees caused by pesticides (Chapter 6). The new EFSA must
consider these studies as part of its new guidance.

In December 2013, the European Commission commenced a two year restriction for use

of neonicotinoids on seed or soil treatment for some flowering crops. It was hoped that the
restriction would result in better performance of bumble bee colonies in farmland over time as
neonicotinoid residues fall. However, it is unfortunate that no regular monitoring is taking place
that might detect such benefits (Goulson 2015a).

Most recently, EFSA has also confirmed a risk to bees by neonicotinoid pesticides applied as foliar
sprays (sprayed on crops rather then applied e.g. as seed coating or into soil). EFSA will then
review the material and offer conclusions concerning an updated risk assessment (EFSA 2015).
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Relevance of the shortcomings of the
registration process for human health

Pesticides in plants and animals are also highly relevant for human health since many of them
serve as food. Food often contains even multiple residues of pesticides (Fenik et al. 2011).

The toxic effect of these mixtures is particularly poorly understood, though it is recognised that
some substances can interact additively (1+1=2) and even synergistically (that means that their
combined effect is even greater than additive effects (1+1=3 or more; Reffstrup et al. 2010).

Many of the shortcomings of the pesticide registration process are related to the human risk
assessment. Endocrine disruption and combination effects are not tested at all, formulations and
degradation products are barely tested. Moreover, there are critical toxicological human endpoints which
are not tested yet: the developmental neuro- and immunotoxicity representing exposition in early life
stages and of serious effects later in life (e.g. during growth or puberty) as reviewed by Bjarling-Poulsen
et al. (2008) and Dietert (2014) respectively. One such example is the reduced drawing ability of children
exposed to pesticides as reported by Guillette et al. (1998). A recent Greenpeace report, “Pesticides and
our Health” (Greenpeace 2015a), has extensively reviewed the effects of pesticides on human health. '

How much evidence is needed before
a pesticide is regulated or banned?

The herbicide, glyphosate, is currently one of the most frequently used pesticides worldwide.

The International Agency for Research on Cancer (IARC) classified glyphosate in March 2015

as a ‘probable carcinogen’ (Class 2A) (Guyton et al. 2015). In sharp contrast, as part of the
current European reassessment procedure for glyphosate, Germany as the Rapporteur Member
State has assessed glyphosate as “unlikely to pose a carcinogenic risk in humans”e. However,
independent scientists have severely criticised the risk assessment report prepared by Germany.
They say the report omits a number of important studies, and the evaluation of the remaining,
largely unpublished, studies is often questionable **. The European Food Safety Agency (EFSA)
is currently undertaking a peer review of the German report. The EFSA’s opinion will then form the
basis for the possible re-approval of glyphosate. This example illustrates several crucial issues in
pesticide authorisation: How much evidence is needed before a pesticide is regulated or banned?
How is the EU precautionary principle being applied? The German Federal Institute for Risk
Assessment (BfR), responsible for assessing the health risks linked to glyphosate, has said:

“The fact that different bodies assess issues differently due to differing information and assessments
of experimental data is part and parcel of the risk assessment process.”2' This points to a further
crucial authorisation issue: Who is able to interpret data and with which criteria?
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Scientific Literature — to be considered,
but not in practice

For the authorisation process of a pesticide, the applicant - in most cases the manufacturer
-has to perform studies on the effects of the pesticide on human health and the environment
using standardised test methods. Currently these studies are usually either performed, or
commissioned, by the applicant and are not publically available and the results are only available
by request. According to the results of these studies, the approving authority decides which
studies have to be performed additionally.

For many pesticides, even for those under re-authorisation processes, scientific data of the
pesticide’s effects is available in “open” scientific literature (e.g. independent studies not following
test guidelines, which can be found in publicly accessible journals and databases). Often these
studies have a different scope and show different effects and results than the applicant’s studies.
Under EC guideline 2009/1107, open literature has to be considered during authorisation, but

in reality, many of these studies are not recognised and most of all are not accepted by the
applicant or the authorities. One of the most common excuses given is that they do not fulfill

GLP (“Good Laboratory Practice”) standards. In an analysis of the risk assessments of seven
pesticides authorised according to guideline 2009/1107, Tweedale (2014) discovered that of 434
important toxicity studies from academia, only 99 (23%) were identified by the applicant. Of those
99 studies, not one was seen as relevant and reliable enough to be used, generally because they
were not performed according to OECD test protocols (including GLP). Tweedale (2014) also
found critical doses in open literature studies being up to 1500-fold (!) lower than the established
‘safe’ doses in the EU pesticide Assessment Report.

Figure 7: Scientific
Literature in Risk
Assessment

Identification and consideration
of 434 studies from open
literature for seven pesticides by
the applier in the according risk
assessment (Tweedale 2014).

[l not identified

[ identified

considered
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The studies were not even read but only checked for OECD compliance. This GLP criterion

is based on a study by Klimisch et al (1997), employees of BASF. Nevertheless, not one EU
rapporting member state, responsible for the evaluation of the applicant’s test data, demanded
the consideration of all studies in their Assessment Report (Tweedale 2014).

Key toxicity results not sensitive enough

The key studies, following the standards of Good Laboratory Practice (GLP) and OECD testing
guidelines (TG)?? that are performed for pesticides, aim to find a threshold with no effect. Normally
these chronic studies doing long-term testing. Since these chronic tests have to be performed to
the GLP/TG standard, in many cases they do not find the lowest adverse effect level (LOAEL), as
reported by Buonsante et al. (2014). One reason is that test animals are only kept alive for limited
periods, so any long-term effects can not be detected. Another is that adequate negative and
positive controls are not used. In addition, using light microscopes to identify tissue alterations is
criticised for being outdated..

The current risk assessment standard is to extrapolate high or medium dose toxicity results to a
(low) dose with no effect (NOAEL) by using safety factors 2* and assuming a linear dose-response
curve. But this ‘safe’ dose is rarely tested — based solely on the assumption that there are
monotonic dose-effect relationships, and thus no adverse effects can occur below the NOAEL.
But many examples, even for endocrine disrupting chemicals, show non-linear dose-response
curves; in 20%-30% of the Bisphenol A literature, non-linear dose-response curves are reported
(Vandenberg 2014). This means that effects can occur below the ‘safe’ doses.

Risk assessments and known impacts
of pesticides can change dramatically

Organochloride insecticides such as DDT were used all over the world before their persistence,
bioaccumulation and disruptive impacts on ecosystem functioning were recognised, and they
were subsequently banned in most countries.

Organophosphates have been largely withdrawn because of a belated acceptance by the
chemical industry and governments that they posed great risks to human and wildlife health. (Van
der Sluis et al.2015).

Identification of endocrine disrupting properties, first reported in the 1960’s, only led to changes
in pesticide authorisation criteria 50 years later, in EU Pesticide Directive 2009/1107.

The current discussion about the classification of glyphosate as a carcinogen shows that

even the evaluations of specialist risk assessors can be extremely contradictory. It will be very
interesting to see if the precautionary principle is factored in to the decision on whether or not to
extend the glyphosate authorisation.
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Over recent decades, there have been examples of pesticide approvals being
withdrawn based on scientific findings of environmental pollution:

In 2010, the authorisation for the herbicide trifluralin was stopped because of the
“high risk for aquatic organisms, especially fish, the toxicity of metabolites to sediment
dwelling organisms, the consumer exposure for non-cereal applications, the high
persistence in sail, the high potential for bioaccumulation, and the potential for long
range transport via air”. (EC 2010).

After frequent findings of atrazin in groundwater (Graymore et al. 2001), the EU
Commission stopped its authorisation in 2004 (EC 2004a).

For amitraz, “the applicant has not demonstrated for the proposed uses that consumers
might not be exposed to amitraz exceeding the Acute Reference Dose”. The Commission
ceased the authorisation in 2004 (EC 2004b).

In 2012, new scientific findings indicated that the neonicotinoid insecticides clothianidin,
thiamethoxam, imidacloprid and fipronil showed high risks for bees. In 2013, the EU
Commission restricted the use of these pesticides (EC 2013a; EC 2013b).

New pesticides are not the solution

Neonicotinoids are a relatively new class of pesticides, being introduced into the market

from 1991 on (Tomizawa and Casida 2011). Previously expected to exert only low toxicity on
mammals, birds, and fish, because these compounds have a low affinity for vertebrates relative
to insect nicotinic receptors (Tomizawa and Casida 2005), over the following two decades,
these systemic pesticides and also fipronil have become the most widely used insecticides

of the five major chemical classes on the global market (Jeschke et al. 2011). Today, several
reviews are available proving the growing body of evidence that persistent, low concentrations
of systemic pesticides pose serious risks of undesirable environmental impacts (Simon-Delso
et al. 2015; Van der Sluis et al. 2015; EASAC 2015); several authors demand regulatory
measures (Pisa et al. 2015; Van der Sluis et al. 2015) and reiterate that alternative agricultural
and forestry practices exist (Furlan and Kreutzweiser 2014).

Although endocrine disruption is a new criterion for the authorisation according to the EU
Pesticide Directive 2009/1107, not a single pesticide authorisation has been withdrawn for that
reason.On the contrary, even after entry into force of directive 2009/1107, profoxydim, an EU
Category 1 Endocrine Disruptor,?® was approved in 2011.26 Another widely used Category 1
Endocrine Disruptor, deltamethrin, is still authorised for use (EC 2007).
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There are no tests in open independent
literature for new pesticides

For new pesticides, data not derived from the applicant/manufacturer is very sparse. For example,
four new pesticides approved by the EU in 2014, benzovindiflupyr, rescalure, mandestrobin, and
flupyradifurone, together only mustered eight hits on PubMed, one of the world’s largest online
databases for biomedical literature.?” So, the only data for these substances (or products) is
available in the Draft Assessment Report, which is mostly based on the manufacturer’s studies.

More pesticides, more risks
Combination effects

In the European Union, 477 pesticide active ingredients are authorised for use. Imagining the
possible theoretical number of combinations of these substances is enormous, it will never

be possible to evaluate these combinations and their effects. Nevertheless, since 2006 the

EU Commission has been trying to find strategies and methods for evaluating the effects of
combined exposure to pesticides.? In the meantime, new pesticides are being authorised and
released into the environment, adding to the impacts of those already authorised and to those
not being used any more but still abundant due to their persistency.

Uncertainties in Risk Assessment

EFSA is about to assess the influences that scientific uncertainties have in the risk pesticides’
assessment. In a draft guidance document, EFSA offers a tool-box made of both quantitative
and qualitative methodologies. Through the application of these tools EFSA aims to give
decision-makers a clearer picture of the scientific uncertainties affecting each assessment and,
where possible, quantify their impact on the conclusions that decision-makers have to take in
their role of risk managers. The public consultation carried out for EFSA guidance on uncertainty
in scientific assessments guidelines ended in September 2015 and, after a test phase, new
guidelines will be applied to all EFSA’s scientific assessments.? It remains to be seen which
measures will be specifically suggested when dealing with uncertainties. Additional safety factors
(e.g. applied to maximum residue levels in water or the environment), which reflect scientific
uncertainties, would respond to the need of applying the precautionary principle at EU level.
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Paths of pesticides into and within
the environment

Pesticides are transferred into and distributed throughout the whole natural environment;
persistent ones can even be found in organisms thousands of kilometres away from the
locations where they were first applied, such as DDT being found in polar bears. (Dietz 2013).

When applied to soil or plants, pesticides can enter the environment via spray mist not reaching
the plants and as dusts when pesticide solutions dry on the plant and are then distributed by
the wind. Pesticides can also enter into air and rainwater when a dissolved sample is vaporised
(volatilisation). Based on a literature review of 28 European studies from 10 EU countries, Dubus
et al. (2000) reported that 50% of 99 chemically analysed pesticide-active ingredients (including
isomers and metabolites) were found in rainwater.

After rainfall, pesticides can wash off plants onto and into the soil. Bach et al. (2005) estimated
runoff rates of 59 pesticide active ingredients for field crop treatment to be 14.9 tonnes, 0.11%
of the total amount (14,053 tonnes) of these 59 substances applied in Germany in 2000. Via
leaching and drainage, an average of between 1% and 5%, in exceptional cases, can be lost
through lateral and vertical infiltration into groundwater (Carter 2000).

During the sowing of coated seeds, pesticide dust can enter into the air and from the seeded grain into
the soil. In the soil the pesticides can be mobilised by soil water, depending on the solubility and the
adhesion potential of the substance. From the soil water or from contaminated puddles, the pesticides
can get into ground and surface waters and from there into brooks, rivers and their sediments and,
finally, into the oceans, depending on their individual water solubility and persistence.
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Fig 8: Overview of paths of pesticides into adn within the environment
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Alarmingly, data about the amount of pesticides entering into the environment is very
limited. Up to 10% of the active pesticide ingredient concentrations measured in treated crops
can be detected in adjacent untreated plants (Bavarian Environment Agency 2008). Municipal
sewage treatment plants may contribute 65 - 95% of the pesticide load that reaches small bodies
of running water (Schulte-Oehlmann et al. 2011).

Animals can ingest or absorb pesticides via all of the above paths: by eating the pesticide directly
or parts of a treated plant or sucking plant sap; by drinking from pesticide contaminated puddles,
runoffs or brooks; via the skin or the insect carapace e.g. during spraying or in the sediment or;
directly via the respiratory tract. The food chain is another very important pathway for pesticides.
Pesticides, depending on their physicochemical properties, can accumulate in animals with
those on higher trophic levels - higher up the food chain - e.g. birds of prey, ingesting or
absorbing a higher concentration of pesticide. As humans are at the top of the food chain, we
also take up persistent and fat soluble pesticides via animal products like fish, milk, or meat.

For example, human breast milk contains a cocktail of chemicals, including both the well-known
persistent pesticides like DDT, as well as less well known, non-persistent ones like chlorpyrifos
or permethrin (Weldon et al. 2011).

Pesticides found in the environment

Analysis of ground and surface water samples in the German state of Baden-Wuerttemberg in 2006,
identified 100 different substances (pesticide active ingredients and metabolites). Of these, 43%
were approved substances (according to EU directive 91/414/EEC), 50% were prohibited, and 7%
represented metabolites - the degradation products of active pesticide ingredients. The drinking
water reference value of 0.1 pg/L was exceeded for 82% of all positive findings. (Sturm et al. 2007).

From 2009 to 2013, 2,280 German ground water sampling points were analysed for 23
pesticides. Pesticide active ingredients or their metabolites were found at more than 60% of the
points and respective limits and thresholds for health orientation values were exceeded at 154
sampling points (GW-DB 2013).

An analysis of surface waters from 29 studies covering 