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Summary
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 EU PPP regulation - history

 Risk, hazard and risk assessment

 Ecotoxicological Risk Assessment (ERA)

- principles

- examples
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EU regulation

 Council Directive 79/117/EEC

Article 1:

“This Directive concerns prohibition of the placing on 

the market and use of plant protection products 

containing certain active substances“

3
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EU regulation

 Council Directive 91/414/EEC

Article 1:

“This Directive concerns the authorization, placing on 

the market, use and control within the Community of 

plant protection products in commercial form and 

the placing on the market and control within the 

Community of active substances intended for a use 

specified in Article 2 (1).“
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EU regulation
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 Council Directive 91/414/EEC

- Annex I

- Annex II

- Annex III
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EU regulation

 Regulation (EC) No 1107/2009

Article 1:

“1. This regulation lays down rules for the

authorisation of plant protection products in

commercial form and for their placing on the market,

use and control within the Community.

2. This regulation lays down both rules for the approval

of active substances, safeners and synergists, which

plant protection products contain or consist of, and

rules for adjuvants and co-formulant“
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EU regulation

 Annex II, point 4: active substances candidate for 

substitution if:

-POP

-PBT

-vPvB

-Category 1 & 2 CMR (Carcinogenic-Mutagenic-

Reprotoxic)

-Endocrine disruptor (ED)
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EU regulation

 Council Directive 2009/128/EEC

Article 1:

“This Directive establishes a framework to achieve a

sustainable use of pesticides by reducing the risks

and impacts of pesticide use on human health and

the environment and promoting the use of integrated

pest management and of alternative approaches or

techniques such as non-chemical alternatives to

pesticides“
8
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EU regulation

 EU Regulation 540/2011

Article 1:

 “The active substances as set out in the Annex to 

this Regulation shall be deemed to have been 

approved under Regulation (EC) No 1107/2009.“
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 EU Regulation 283/2013

Article 1:

 “The data requirements for the active substance 

provided for in Article 8(1)(b) of Regulation (EC) No 

1107/2009 shall be as set out in the Annex to this 

Regulation.”

EU regulation
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 EU Regulation 284/2013

Article 1:

 “The data requirements for plant protection products 

provided for in Article 8(1)(c) of Regulation (EC) No 

1107/2009 shall be as set out in the Annex to this 

Regulation.” 

EU regulation
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Active Substance authorisation process
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PPP authorisation process
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Pesticide dossier sections
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 Identity

 Physical and chemical properties

 Details of uses and further information

 Classification and labelling

 Methods of analysis

 Impact on human and animal health

 Residues

 Fate and behaviour in the environment

 Effects on non-target species

 Efficacy
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Pesticide dossier
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Hazard or Risk ?

 A hazard is any biological, chemical, mechanical, 

environmental or physical agent that is reasonably 

likely to cause harm or damage to humans, other 

organisms, or the environment in the absence of its 

control1.

 Risk is defined as the probability that exposure to a 

hazard will lead to a negative consequence2.

16

1 Sperber, William H. (2001). "Hazard identification: from a quantitative to a qualitative 

approach". Food Control 12: 223–228.
2 Ropeik, David (2002). Risk. New York, New York, USA: Houghton Mifflin Company
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Risk assessment - A fundamental 
part of everyone’s lives

 There is no such thing as no risk...

- risk can be negligible, acceptable or 

significant but zero risk is unattainable

- avoidance of one risk still leaves or 

enhances other risks

17

 Balancing risk and benefit...

- taking risk may be acceptable 

if a benefit is achieved

- the benefit must be clear and exceed the risk

http://images.google.ch/imgres?imgurl=http://www.dreamstime.com/businessman-about-to-slip-on-a-banana-skin-thumb1937932&imgrefurl=http://www.training.swwcontractors.co.uk/&usg=__dTEfEa3R-latjKu1_UShxXhwpcM=&h=225&w=300&sz=49&hl=en&start=18&um=1&tbnid=pK0yUu-u4PGYoM:&tbnh=87&tbnw=116&prev=/images?q=banana+skin&hl=en&sa=N&um=1
http://images.google.ch/imgres?imgurl=http://www.dreamstime.com/businessman-about-to-slip-on-a-banana-skin-thumb1937932&imgrefurl=http://www.training.swwcontractors.co.uk/&usg=__dTEfEa3R-latjKu1_UShxXhwpcM=&h=225&w=300&sz=49&hl=en&start=18&um=1&tbnid=pK0yUu-u4PGYoM:&tbnh=87&tbnw=116&prev=/images?q=banana+skin&hl=en&sa=N&um=1


Centro Internazionale per gli Antiparassitari e la 

Prevenzione Sanitaria
Ospedale Luigi Sacco
Azienda Ospedaliera

Polo Universitario

Ecological Risk Assessment

 Ecological risk assessment is the practice of 

determining the nature and likelihood (probability) of 

effects of our actions on animals, plants and the 

environment

 Physical (changes to ecological systems, lakes, 
rivers, forests, draining wetlands)

 Chemical (including pesticides, plant proteins)

 Biological (Introducing new species, GMOs)

 Effects may be local (edge of field), regional, global18
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Ecological Risk Assessment for 
Chemicals: What is it?

Scientific process including the following elements

Hazard identification

 identification of the adverse effects a substance has the 
inherent capacity to cause

Effects assessment –Ecotoxicity Testing

 definition of the dose response relationship (incidence and 
severity of effect) 

Exposure Assessment – Environmental Fate and 
Exposure Modelling

 emissions, transformation/degradation rates, movement to 
estimate concentration in environmental compartments, varies 
with time and space 

Risk Characterisation – Ecological Risk Assessment

 Effects + exposure to estimate incidence and severity

of effects

19
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Beyond the ERA: Risk Management

20

 Risk Management is a policy-

based activity that defines risk 

assessment questions and 

endpoints to protect human 

health and the environment.  It 

takes the scientific risk 

assessment and incorporates 

social, economic, political and 

legal factors that impinge or 

influence the final decision and 

selects regulatory actions

Core DataSet Core DataSet

Identification of Potential Issues
Identification of Potential Benefits

Tier 4

Tier 3

Tier 2

Tier 1

Characterize

Exposure

Tier 4

Tier 3

Tier 2

Tier 1

Characterize

Effects

Risk
Characterization

including Ecological

Significance

Benefits

Characterization

Ecological Economic Social

Regulatory

Evaluation of

Risk / Benefits

Risk

Refinement
Regulatory

Decision

*) GCPF Techn. Monograph No. 21 : Framework for the ecological risk assessment of plant protection products (March 1999)
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Beyond the ERA: Risk 
Communication

21
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Importance of ERA for pesticides

1. Amount?

• > 500.000.000 kg each year are applied worldwide.

• Other chemicals are produced in much greater amounts (e.g. 

yearly polyethylene production is 80.000.000.000 kg).

polyethylene
pesticides
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Importance of ERA for pesticides

2. Aim

• To eradicate (i.e. to kill) populations of undesired living

organisms (weeds, fungi, arthropods or other invertebrates).

• Conceived as toxicants: their toxicity is not a collateral effect,

it is the main goal of their production!!
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Importance of ERA for pesticides

3. Application

• Pesticides are (almost) entirely destined to the environment.

• Once again, the emission of pesticides into the

(agro)ecosystems is not a collateral effect, they are

intentionally released into the environment.
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Pesticides evolution
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Pesticides evolution

Yesterday Today

• High persistence

• Medium-low toxicity

• Generalist active ingredients

• Few available chemicals

• Few applications per year

• High application rates

• No control of application techniques

• Poor operator and bystander 

protections

• No environmental concern in 

registration process

• Almost free production and sell

• Low persistence

• Medium-high toxicity

• Specific active ingredients

• Many available chemicals

• Many products applied many times per 

year

• Low application rates

• Continuous engineering innovation in 

sprayers, nozzles, etc.

• Great care in operator and bystander 

protections

• Detailed environmental risk assessment

• Strictly regulated registration process, 

which allow specifically detailed uses 

(app.rates, timing, etc)
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ERA - Considered organisms

 Terrestrial Organisms

-Birds and Mammals

-Bees

-Non-target arthropods - IPM

-Earthworms & other soil macrofauna

-Soil micro-organisms 

-Non-target plants

 Aquatic Organisms

-Fish

-Aquatic invertebrates 

-Algae and macrophytes

27
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ERA - Guidelines
Terrestrial 

vertebrates

Birds and mammals SANCO/4145/2000

(74 pp.)

Guidance of EFSA for risk assessment for birds and 

mammals (2009, 138 pp. + 220 pp. of appendixes)

Amphibians and reptiles Foreseen in EU Regulation1107/2009

Aquatic

organisms

Fish, aquatic 

invertebrates, algae, 

aquatic macrophyte

SANCO/3268/2001 

(62 pp.)

Guidance on tiered risk assessment for plant protection 

products for aquatic organisms in edge-of-field surface 

waters

(2013, 186 pp. + 82 pp. of appendixes)

Sediment organisms Scientific Opinion on the effect assessment for pesticides 

on sediment organisms in edge-of-field surface water

(2015, 145 pp.)

Terrestrial 

organisms

Bees SANCO/10329/2002

(39 pp.)

Guidance on the risk assessment of plant protection 

products on bees (Apis mellifera, Bombus spp. and solitary 

bees)

(2013, 100 pp. + 166 pp. of appendixes)

Non-target arthropods Scientific Opinion addressing the state of the science on 

risk assessment of plant protection products for non-target 

arthropods 

(2015, 212 pp.)

Soil organisms 

(earthworms and other 

soil macro-organisms)

Scientific Opinion addressing the state of the science on 

risk assessment of plant protection products for in-soil 

organisms

(draft 2016, 248 pp.)
Soil microorganisms

Non-target terrestrial 

plants

Scientific Opinion addressing the state of the science on 

risk assessment of plant protection products for non-target 

terrestrial plants

(2014, 163 pp.)
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ERA - Acute Toxicity Testing

Acute – short-term in laboratory, 
defined & controlled conditions

 Range of test concentrations, doses, 
rates + control(s) or limit test

 Covers range 100 to 0 % effect (often, 
but not always mortality)

 Endpoints: LC/EC50 - LD50 – LR/ER50 
(Conc which effects 50% of the test 
population)

29

May also derive NOEC/NOER/NOEL and LOEC 
-NOEC highest concentration with no effect relative to 
the control
-LOEC - concentration above the NOEC

-L= lethal; E= effect (e.g. reproduction, development)

-C= concentration; D= dose; R= application rate 
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ERA – Chronic Toxicity Testing

Chronic – long-term lab studies, generally a 
requirement, may be triggered based on exposure or 
(acute) toxicity

 Range of test concentrations (rates/doses) + control, maybe 
chosen by rangefinding or acute toxicity data, rarely done 
as limit tests

 Endpoints: NOEC/LOEC based on survival, growth, 
development, reproduction (ecologically relevant 
parameters)

30
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ERA - Semi-field/ Field Tests 

 May have range of concentrations (dose response design) 
or applied under field conditions

 Endpoints focussed at population, community, ecosystem  
level – NOEC and/or NOAEC (No observed adverse effect 
concentration)

 Generally, compare treatments to control to determine 
whether any effects.  If effects occur, what is the incidence 
and severity of effect and time to recovery 

 Field studies are relevant for the conditions (region, climate) 
under which they were conducted.  Need to extrapolate to 
other regions. 

31
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ERA - Field Studies

 Long history in ecotoxicity testing, as high tier 
exposure/effects assessments 

 Legislation protects of field 
populations/communities/ecosytsems

 Better simulation of exposure  

 Effects on communities, species interactions, population 
dynamics, recovery 

32
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ERA - Exposure

 Direct (e.g. contact bees, non-target 

arthropods, non target terrestrial plants)

 Indirect (e.g. birds and mammals, oral 

bees)

 Environmental (e.g. aquatic and soil 

organisms)
33
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How do organisms get exposed?

34

Exposure depend to a large extent on the compartment the organism is living in.

Exposure in water is usually constant in space but brief in time (especially moving water

bodies). On the contrary terrestrial organisms can be exposed to spatially heterogeneous

conditions, sometimes for longer periods.

Respiration/contact Food ingestion

The two main exposure routes for animals are

food ingestion and contact/respiration.
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Bioconcentration

35

Definition

Indicate the increase of the concentration of a chemical in a living organism in relation to

the environment (water, air, soil) where it is living. It occurs mainly through respiratory

surfaces. It can be explained simply by physical-chemical partitioning.

Respiratory 

surfaces

Circulating 

fluids

Storage Metabolism

Excretion

O2 / CO2

Pesticide

External environment

(air, water, soil)
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Bioconcentration: saturation 
kinetics and clearance

36

Uptake

C0

Exposure phase (Cw)

Equilibrium

(dCorg/dt = 0)

End of exposure (Cw= 0)

Clearance phase

Clearance

(dCorg/dt = -k2Corg)
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Bioconcentration factor (BCF)

 BCF is the ratio between the concentrations of a chemical in the organism and in the

medium at the equilibrium (dCorg/dt = 0).

BCF = Cmax /Cw = k1/k2

 BCF is dimensionless and represent the enrichment factor organism/environment

due to reversible and passive partitioning processes. Therefore a relationship exists

between BCF and partitioning coefficients.

Indeed, for hydrophobic chemicals in aquatic organisms:

BCF = L ∙ Kow

Where L is the lipid fraction in the organism (around 5% for fish)

For terrestrial plants:

BCF = L ∙ Koa
37
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Bioaccumulation

38

Definition

Indicate the increase of the concentration of a chemical in a living organism through any

possible intake route (mainly respiratory surfaces and food ingestion).

Respiratory 

surfaces

Circulating 

fluids

Storage Metabolism

Excretion

O2 / CO2

Pesticide

External environment

(air, water, soil)

Digestive 

apparatus

Food

Different 

elimination 

pathways

Pesticide
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Biomagnification

39

Definition

Indicate the increase of chemical concentration from a lower to an higher trophic level,

due to transfer through the food chain.
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Biomagnification mechanism

40

If a certain chemical is almost entirely transferred from one trophic level to the

other, the same amount (weight) of a pesticide can reach much higher

concentrations at higher trophic level, due to a reduction of total biomass

0.01 ppm

0.1 ppm

1 ppm

10 ppm

Producers

Primary consumer

Secondary consumer

Tertiary consumer
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ERA - Risk Characterisation

 Toxicity Exposure Ratio:

TER = endpoint / exposure

 Hazard Quotient:

HQ = exposure / endpoint     

Trigger, indicated in the Annex VI of Directive 91/414, 

intended as safety factor

41

acceptable if > Trigger

acceptable if < Trigger
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ERA- Tiered approach

42

Ease of 

Interpretation

Acceptable Risk

TIER I

Potential Risk

Potential Risk

Potential Risk

Acceptable Risk

Acceptable Risk

TIER III

TIER II

Risk Management
Cost, Complexity

& Realism
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ERA- Example: birds and mammals

43

TIER I

Potential Risk

TIER II
DDD

LD
TER 50

)(]/[ 90MAFvalueshortcuthakgratenapplicatioDDD 

 TER>Trigger?
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ERA- Example: birds and mammals

44

TIER II

DDD

LD
TER 50

)(]/[ 90MAFvalueshortcuthakgratenapplicatioDDD 

 TER>Trigger?

Potential Risk

TIER III
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ERA- Example: birds and mammals

45

Potential Risk

TIER III

Risk 

Management

DDD

LD
TER 50

AFPDPTRUDbwFIRMAFhakgarDDD  /]/[ 90

Focal species (field studies)
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ERA- Example: aquatic organisms

46

TIER I

Potential Risk

Potential Risk

Potential Risk

TIER III

TIER II

Risk 

Management

SWPEC

endpoint
TER 

 PECSW Step 1
 PECSW Step 2,3,4

 Fish: LC50 (acute), NOEC (chronic)

 Daphnia: LC50 (acute), NOEC (chronic)

 Algae: EC50 (chronic)

 Aquatic plants: EC50 (chronic)
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ERA- Example: bees (old guidance)
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toxicity

exposure
HQ 

 (µg/bee) LD oral

(g/ha) raten applicatio
OHQ

50


 (µg/bee) LDcontact 

(g/ha) raten applicatio
CHQ

50
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ERA- Example: Non-Target Arthropods 

toxicity

exposure
HQ 

TIER I

 Tier 1 on two standard species:

- Aphidius rhopalosiphi (parasitic wasp)

- Typhlodromus pyri (predatory mites)

 Standard laboratory test (glass plates)

 In-field and off-field exposure 

(correction factor of 10 for off-field)

Potential Risk

TIER II

 Trigger = 2
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ERA- Example: NTA

toxicity

exposure
HQ 

TIER II

 Tier 2 on two standard species:

- Aphidius rhopalosiphi (parasitic wasp)

- Typhlodromus pyri (predatory mites)

And additional species, one for in-field unacceptable risk, two for off-

field unacceptable risk (Chrysoperla carnea, Poecilus cupreus, 

Coccinella septempunctata, Orius laevigatus, ….)

 Extended laboratory test (leaf disc), effects on mortality and reproduction

 Trigger = 1

Potential Risk

TIER III

 In-field and off-field exposure (correction factor of 5 for off-field)
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ERA- Example: NTA

toxicity

exposure
HQ 

TIER III

 Tier 3 on species showing an unacceptable risk at Tier 2 

 In-field exposure (off field source of recolonisation)

 Aged residues studies, effects on mortality and reproduction

 Semi-field and field test, recolonisation

Potential Risk

Risk 

Management

 Mitigation measures to assure an acceptable off-field risk
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TIER I

Potential Risk

Potential Risk

Potential Risk

TIER III

TIER II

Risk 

Management

SoilPEC

endpoint
TER 

 Maximum PECSoil

 PECSoil TWA

ERA- Example: Earthworms and soil 
macro-organisms

 Earthworms, NOEC (chronic)

 If unacceptable risk for NTA at Tier 1, 

if data on Aphidius and Typhlodromus 

are missing, if product is applied 

directly to soil, tests on Folsomia 

candida and Hypoaspis aculifer, 

NOEC (chronic)

 Field studies
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ERA- Example: soil micro-organisms

 Tests on soil nitrogen transformation (carbon mineralisation 

not required any more)

 Trigger: 25% effect after 100 days

 Direct comparison with application rate or PECsoil (depending 

on the test outcome)
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ERA- Example: Non-Target 
Terrestrial Plants

TIER I

Potential Risk

Potential Risk

Potential Risk

TIER III

TIER II

Risk 

Management

drift*AR

endpoint
TER 

 Drift values

 Endpoint (SSD)

 Screening test for non-herbicidal pesticide

 Test on a selection of minimum 6 species 

(both mono- and dicotyledon) on seedling 

emergence and vegetative vigour

 Endpoint: ER50

 Semi-field studies


