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New active substances application workflow
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Ecological realism

Guidance on tiered risk assessment
EFSA 2013
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Global synthetic fertilizers consumption.

Wordlwide exposure
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Use of pesticides per hectare of arable land, kg/ha, in
the years 2007-2012. Source: FAO, 2015¢
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Rodriguez-Eugenio, N et al. 2018. Soil Pollution: a hidden reality. From Singh 2012
Rome, FAO. 142 pp.




Pesticide market evolution: : increasing use of
neocotinoids
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Organophosphoreés

Organochlorés
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Pesticides contamination ZOOM

Po——

Number of measured pesticides in analysed areas in 2014 |

m From 40 to 89 pesticides

2000 m From 20 to 40
measures = From10to 20
From 5 to 10
NHLL From1to5
— No pesticides
measures

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

de points de mesure

Pesticides are found in 87% of analysed areas.
40 pesticides are measured at least once in 6% of the areas




Pesticides contamination ZOOM

Distribution of the total pesticides concentration for hydrogeogical
and hydrographical unit

s

More than 2 pg/L
Between 0.5 and 2ug/L
" Between 0.1 and 0.5 pg/L

Less than 0.1 pg/L

%/ g

measures 0% 20% 40% 60% 80% 100%

de la superficie

measures

Areas with concentrations exceeding 2 pg/L represent 1.4% of total surface waters
sectors and 0.9 % of hydrogeological units



726 samples
analysed
2007-2012

ng/m3
74,4%<0,1
0,1<20,5%<1
5,1%> 1

The most frequently Oxadiazan [135)

detected :

* Pendimethalin (H)  ‘“hamei &
» Tebuconazole (F) Lindane 701
*  Chlorpyrifos (1) e

Air contamination

Pesticides distribution in urban (6) and agricultural (2) areas (in
Mediterranean regions (PACA, Corse)
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Trends in research on pesticide effects

Heinz-R Kohler and R. Triebskorn, Sciences 2013



Some examples : accumulation and toxicity in

insect |arvae Acute toxicity of pesticides in aquatic insect
larvae exposed 1 to 4 days in contaminated
Bioconcentration of pesticides in the aquatic 1 Twater
insect larvae. .
5 0 - 2(3,4/4)
. o T 6(10,16/1)
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1 ¢ m o o 4(4,5/4) ‘
¢ G
0 S T T T -4
2 4 6 8 1, fipronil; 2, imidacloprid; 3, DDT: 4, dieldrin; 5
log K , fipronil; 2, imidacloprid; 3, ; 4, dieldrin; 5,
_ ow parathion; 6, malathion; 7, deltamethrin; 8,
4, midge; m, mayfly; A, caddisfly; e, stonefly; o, fenvalerate. Numbers of species and toxicity data /
damselfly; o, black fly. days of exposure are in the parentheses. o, mayfly;

O, stonefly; A, caddisfly; o, midge.

Katagi & Tanaka J. Pest. Sci., 2016
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Some examples : pesticides and microorganisms

Algae Bacteria Protozoa Fungi
0.0
é-o.z .
m . -
= 04 === [nsecticide
_E ' «+@-- Herbicide
E 0.6 - =& Fungicide
(=]
e
S
- -0.8 1 Interaction between pesticide type (insecticide,
herbicide, fungicide) and taxon (algae, bacteria,
210 4 protozoa, fungi) on microbial densities (+1 for

significant increases in densities, 0 for null
effects, —1 for significant decreases in
densities).

Negative effect of pesticides tends to be offset at community level . By
example : both insecticides and fungicides reduce heterotrophic
predators >> increase abundancy of lower trophic level, algal and
bacteria.

Staley and al. Crit. Rev. Toxicol., 2015



Wordlwide
decline of the
entomofauna

Dramatic rates of decline that
may lead to the extinction of 40%
of the world’s insects species over
the next few decades.

All species are affected : specialist
that occupy particular ecological
niches and many common and
generalist species.

The abundance of small number
of adaptable and generalist
ies is increasing.

Proportion of species
© © o o o o o
N oW R U N @

0.1

W decline <30% W vulnerable endangered extinct

A) Terrestrial taxa

Proportion of species
o o o <) o o o
N w a n > y o

o
o

0.0

B) Aquatic taxa

Ephemeroptera

Odonata Plecoptera Trichoptera

extinct
endangered
m vulnerable

m decline <30%

Sanchez-Bayo & Wyckhuys, Biological Conservation 2019
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Wordlwide decline of the entomofauna : drivers

1) Habitat loss and
conversion to intensive
agriculture and
urbanisation.

2) pollution: synthetic
pesticides and fertilisers

3) biological factors :
pathogens and invasive
species

4) climate change
important in tropical
regions

1.3%
1.9% _ 1-9% 1.9%

3.1%\

M intensive agriculture
M pesticides

m ecological traits

u urbanisation

m fertilisers

m deforestation

m wetlands/rivers alteration
W warming

w other pollutants

. pathogens

u fires

m introduced species

. genetic

Sanchez-Bayo & Wyckhuys, Biological Conservation 2019
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Pesticides and birds

Impacts on neonicotinoids in birds population

« From long term datasets analysis Hallman et al. (2014) show that regional
patterns of population decline in insect-eating birds are nearly predicted by
level of neonicotinoids detected in environmental samples.

» Effect are probably the results of depletion of the bird’s food insects

Wood and hedgerow

plants
: * Dressed seed

Field-margin

» ~19% Dust

Waterways

<94%
Soil and soil water

-~

Goulson, Nature 2014
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Pesticides and pollinators insects

Bees, bumblebees are exposed to systemic pesticides (neonicotinoids,
sulfoxamines) by multiple contamination routes

a Spring b Summer
Residues
Foraging Foraging throughout plant Liquid
qgueen Planter dust

Treated seeds Crops in bloom

Hibernating
queen

Colony

g

Residual
insecticide in soil

Raine N. Nature 2018



Pesticides and pollinator insects

Factors involved in the modulation of pesticide response

Environmental 1 | Nutrition .(quantity and quality) A
TRl 2 | Temperature L(warm), * (cold) <]v©d > D d d
ason winter *(summer wnwar rrow n
3 g?rc:gian il 5( ter bee), *(su bee) ep v Q 0] da sa O da t
4 | Landscape structure | _(simple), * (complex) upwar S arrow indicate
Endogenous 5 | Genetic background a decrease and
factors p . . . e
j j“’ywe'g“‘ increase in pesticide
ge - .
Co-exposures 8 | Pathogens 1 tOX|C|ty, reSpeCtIV6|y,
9 | Pesticides

and plus sign denotes
an additive effect.
Question mark means
that the effect on
pesticide toxicity is
unknown.

Poquet et al. Apid 2016




Pesticides long term risk : what do we know for
wildlife ?
postico o

Neurotoxicity — Altered behavior
Altered metabolism

= Knowledge on

Mammals ine disruption —» Re ive failure
direct impact on e B sy
numerous taxa Mooty i, a1 chik raring L
(individuals) - w.%.“"mm roin
Immunotoxicity -
—_— —~ - ) e ) Affected
= Cause —effect Reptles T Exbmbe Coroda _ Repdive . fopiton | h"’ e
relationships at Nty — Atorodboar T Commntes .
\ Altered metabolism : 1 :
population levels e S~ s o B S e |
are often missing oty oy - decino wo_ | P
Immunotoxicity — Higher parasite load - =~ ‘|= - :
: | | Afeced |
Fish mmm’;mmm Massdeaths  [1| " impaired =
= Low knowledge on | === i
indirects effects at Sdoetne dneten e
. Altered pollinator SOrVICes m — mm — mm = = = = mm = — — — = b Sl
community level — t R
and other - ,,Alloredbehawot—.neduced---»[)ecm -
invertebrates Neurotoxicity _ brood success  colony L Changes in
Alorad Affected memory — Homing — - - » size I 7T food sources
. failure - |
metabolism _Mqrhllly__ "
? = == » Higher parasite load edents :L __mm
Growth modulation P=mmmmmmmmmmmm nd;“
Z:iadn:lsml N Impaired ———— Stimulated
g Impaired photosynthesis phytoplankion e

Heinz-R Kohler and R. Triebskorn, Sciences 2013
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Pesticides long term risk : persistance in soill
and delayed impact

Even its use was stopped in 70° DDT was recently

0m
measured in lake (St Andre) sediment due to erosion on Réenherbement
. . 2007
weeded soil with glyphosate.
“ LE UV E5L uLlne - ]0
comme insecticide _ Utilisation du
™. sur les vignes. DE 1945 A 1972 glyphosate et
“""'; remobilisation
) A 5 du DDT
bW st
'.v".'..::, ..',...'_' v 4 i 20 1990
l saccumule : R 2k = e 8 s
dans le sol. T (s AU ey 2 x Atgaziqe iit
S SLIENENN £ mécanisation
Sédiments § 970
&
Glyphosate 5 30 Utilisation
% § de produits
: rs .g phytosanitaires
DANS LES ANNEES 1990 : B
1940
Erosion
40
A A e TR Jonslind (5. 4 gl Utilisation
e §lyphosafe « ¢ * & * T S8 NN PRSI v @ s S e L ‘Carotte de la bouillie
tue les herbes. . ‘ - sédimentaire 45 POTRIERG
= AR AR PR I o uniquement
Le sol n'est plus retenu L'érosion entraine le DDT du sol vers le lac.
par les racines d'herbes. Il s’accumule dans les sédiments. % 28

Poulenard J. & Sabatier P. La recherche
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Resistance : neglected consequence of chemicals

Cumulative number of arthropod species
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5004 Compounds

Insecticid with
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# Resistant species for several herbicide sites of action
(HRAC codes)

=== ACCase inhibitors (A) w== ALS inhibitors (B)
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PSl electron diverter (D) Microtubule inhibitors (K1)
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New pesticides : new issues ?

ACS AutharChiolce.

]
ience&lecinology

Impacts of (Nano)formulations on the Fate of an Insecticide in Soil
and Consequences for Environmental Exposure Assessment

Melanie Kah,* Anne-Kathrin Weniger, and Thilo Hofmann*

Bifenthrin (nano)formulations

Sorption ?
Degradation ?
Leaching ?

Exwimn Sa Polkat Res (2018) 2% 108 8410206 CrossMark
DO 10.10075113560179 824 @

PLANT-BORNE COMPOUNDS AND NANOPARTICLES : CHALLENGES FOR M EDICINE, PARASITOLOGY AND ENTOMOLOGY

Mosquito control with green nanopesticides: towards
the One Health approach? A review of non-target effects

Giovanni Benelli” - Filippo Magg * - Roman Pavela’ - Kadarkarai Murugan® -
Marimuthu Govindarajan” - Baskaralingam Vaseeharan® - Riccardo Petrelli® -
Loredana Cappellacei® - Suresh Kumar + Anders Hofer” - Mohammad Reza Youssefi” «
Abdullah A Alarfaj'® . Jiang-Shiou Hwang " « Akon Higuchi




New pesticides : new issues ?

frontiers pubiahot 27 oy T8

Is the efficacy of biological control
against plant diseases likely to be
more durable than that of chemical
pesticides? & tronts
Marc Bardin *, Sakiv Ajouz *, Morgane Comby ', Miguel Lopez-Ferber®, Benoit Graillot*, in Flar

Myriam Si * and Philioe C. Nicot !

Environmental Science and Pollution Research (2018) 25:33895-33900
https://doi.org/10.1007/s11356-018-3356-5

Resistance to bio-insecticides or
how to enhance their sustainability: a
review

%5, Chrstine Blachers Lopar®, Samantha Besse’,
and Miguel Lopes-Ferber”

ECOTOX, NEW QUESTIONS FOR TERRESTRIAL AND AQUATIC ECOTOXICOLOGY

Biocontrol, new questions for Ecotoxicology?
Marcel Amichot’ (® - Pierre Joly? - Fabrice Martin-Laurent? - David Siaussat® - Anne-Violette Lavoir’

Received: 30 April 2018 /Accepted: 26 September 2018 / Published online: 10 October 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018
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Conclusions : Ecological and evolutionary impacts
of chemicals

Need of an holistic research approach to understand the effect and to
manage chemicals (pesticide) risks.

community-level effects ecosystem-level effects 8
predator/prey abundance nutrient cycling Z
. biodiversity/relative species abundance carbon sequestering z
indirect effects invasive species water quality 5
local extinction ecosystem resilience ')
competition
predation physiology behaviour fitness evolution 2
pathogens and hormone levels predatory behaviour survival sensitivity and _;_
vectors brain neurotransmitters | avoidance of pollutant/predator| > breeding success physiological resistance 5
oxidative stress reproductive behaviour recruitment sexual selection g
inter/intraspecific metabolic rate risk taking natural selection <
differences in
sensitivity \ / /
density-dependent fics . .
effects geneucs phenotypic plasticity z
genetic diversi!ymomozygosily, gene mul‘a(ions developmental trajectories ;
polymorphisms in genes as.so.cmled with behavioural variance :_
_ tolerance to xenobiotics , physiological adaptation S
selection on single-nucleotide polymorphisms -

contamination

water flow, temperature, weather, refuge, soil, water chemistry

Saaristo et al. Proc. R. Soc. 2018
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JiN And yet ...since the 60° ....

Rachel
carson

WILD BIRD INDEX: EUROPE

Forest Specialists Farmland Specialists All birds.
(34 species) (39 species) I (268 species)
P
RESEARCH ARTICLE ) ) ‘@-PLOS | ONE . ~
More than 75 percent decline over 27 years in
total flying insect biomass in protected areas 80 P\ AN
Caspar A. Hallmann'#, Martin Sorg?, Eelke Jongejans’, Henk Siepel®, Nick Hofland",
Heinz Schwan?, Werner Stenmans®, Andreas Miller?, Hubert Sumser?, Thomas Hérren?, 70
Dave Goulson®, Hans de Kroon'
EFA Technical report | No 11/2013 é 60
- Variation de l'indicateur groupe de spécialisation
S so 1.2-
The European Grassland Butterfly Indicator: 1990-2011 3
§ 40
- Généraliste
Figure 4.1 The Grassland Butterfly Indicators for Europe (left) and the EU (right) . b 1.0- 19%
Butterfly Conservation Europe /Statistics Netherlands Butterfly Conservation Europe/Statistics Netherlands 1 20 ___ Milieu agricoles
125 1259 B
10
— Milieux bétis
100 100 0.8~ -30 %
° T T T T T T T
25 1980 1985 1990 1995 2000 2015 2010 2015 Milieux forestiers
75 Year = 8%
50 50 6 . ° . . . 06- — Toutes espéces
Shocking’ decline in birds across 5%
e o
s Europe due to pesticide use, say
. . ' . . 3 . .
1990 1995 2000 2005 2010 2015
scientists K.
1990 1995 2000 2005 2011 1990 1995 2000 2005 2011
New figures reveal decline in farmland birds at a level approaching an ecological catastrophe'
— | e )

http://vigienature.mnhn.fr/page/produire-des-indicateurs-
https://www.birdlife.org/sites/default/files/ partir-des-indices-des-especes-habitat
attachments/BL_ReportENG_V11_spreads.pdf

Chemicals : one of causes of worldwide biodiversity
decrease
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