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Environmental risk assessments (ERAs) 

Performed to evaluate the likelihood of 
adverse effects in the environment occurring as 
a result of exposure to biological, physical or 
chemical stressors.  

ERAs must be “fit-for-purpose” 

• Focus on the key aspects that the 
assessments must consider 

• Provides relevant information for 
decision-makers 

 
 
 

 

FACILITATE DECISION MAKING 
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Fit-for-purpose 
“using the right tool to adequately answer the risk 
managers questions” 
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     VALIDITY  

•The assessment 
measures exactly 
what we set out 
to measure 

RELIABILITY 

• Consistent 

• As accurate as 
possible 

• As realistic as 
possible 

TRANSPARENCY 

•Clearly explains 
the logic of what 
has been done, 
how and why it 
has been done  



In the EU, ERAs for different stressors are covered by different regulations, 

e.g.: 

• Pesticides (EC) No 1107/2009 

• Well codified risk assessments, tiered approaches with specific data 

requirements and trigger values that guide the assessment 

• Genetically modified crops: Directive 2001/18/EC 

• Case-by-case risk assessments with a set of data requirements expected for 

all types of products. 

Emerging technologies such as: gene drive modified mosquitoes, RNA 

interference-based genetically modified plants and pesticides, etc raise 

questions on whether existing ERA tools can be readily applied 
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How to ensure that the ERAs are fit-for-purpose? 



Problem formulation  

Implicitly used by risk assessors. 

Early described more explicitly in the frame of the EPA pesticide risk 

assessment (USEPA, 19921).  

Identified as a useful tool for organizing and harmonizing ERAs for GM crops. 

Now used explicitly in ERAs for GMOs submitted to EFSA (e.g. EFSA, 20102) 

and other countries (e.g. India) 

Could be useful for new technologies under development 
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1https://www.epa.gov/sites/production/files/2014-11/documents/framework_eco_assessment.pdf 
2https://www.efsa.europa.eu/en/efsajournal/pub/1879 
 
 

PF helps ensuring that the assessment will be fit-
for-purpose (validity, reliability, transparency) 

 

https://www.epa.gov/sites/production/files/2014-11/documents/framework_eco_assessment.pdf
https://www.epa.gov/sites/production/files/2014-11/documents/framework_eco_assessment.pdf
https://www.epa.gov/sites/production/files/2014-11/documents/framework_eco_assessment.pdf
https://www.epa.gov/sites/production/files/2014-11/documents/framework_eco_assessment.pdf
https://www.efsa.europa.eu/en/efsajournal/pub/1879
https://www.efsa.europa.eu/en/efsajournal/pub/1879
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What is Problem Formulation? 

Allows the organization of the risk assessment in a transparent 
and logical way 

Considers the relevant Protection goals 

Relevant available information is compiled to address key 

questions 

Facilitates an initial risk characterization to establish: 

• If the risk characterization can be completed with available information 

• If more information is necessary 

If more information is needed, problem formulation allows: 

• The development of a clear analysis plan, or  

• The identification of the information needed to facilitate decision 

making 
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What will be 
assessed? 

What relevant 
information do we 

already have? 

What additional 
information do we 

need? 

Do we have 
enough 

information? 



PROBLEM FORMULATION 

IDENTIFY MISSING 
INFORMATION 

OR 
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CONCLUSION 

INITIAL RISK  
CHARACTERIZATION 

PROTECTION GOALS 

GATHERING RELEVANT  
INFORMATION 



 PROTECTION GOALS: 

Different regulatory frameworks may have different protection goals 

 

 

 

 

Usually the protection goals set by policy are very broad and not always clear. 
They need to be translated to more operative protection goals that can then 
be translated to testable hypothesis 

 

  
OPERATIONAL PROTECTION 

GOAL 
TESTABLE HYPOTHESIS 
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HIGH LEVEL PROTECTION 
GOAL 

A good understanding of the protection goals set 
in the regulatory framework within which we are 
operating is essential  
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POLICY PROTECTION GOALS 

 OPERATIONAL PROTECTION  
GOALS 

 MEASUREMENT 
ENDPOINTS 

 ASSESSMENT ENDPOINTS 

Broad 

Specific 

What the country policy is 

Aspects of the country policy that will be 
included in the risk assessment 

What will be assessed based on the 
characteristics of the product and the 
potential harm it can cause 

What will be measured to assess risk for 
the chosen assessment endpoints. Based 
on testable hypothesis. 
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PROBLEM FORMULATION 

IDENTIFY MISSING 
INFORMATION 

OR 
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 GATHERING RELEVANT INFORMATION:  

Collection of information relevant to the hypotheses formulated that may help 
prove or disprove the hypotheses 

There are different sources of these sort of information   

• From studies conducted within the regulatory package 

• e.g. Ecotox studies  

• Relevant peer reviewed publications 

• e.g. information related to the compounds or class of compounds 

• Previous risk assessments 

• e.g. risk assessment conducted in other countries 
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INITIAL RISK CHARACTERIZATION 

 

 Risk = 𝑓 (Hazard, Exposure) 

If there is no exposure or the hazard is 
very low (no toxicity found), the risk 

can be considered low 
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If the exposure levels are not known or 
the level of hazard is not known 

Risk Conclusion:  
The risk is low 

Need more information to 
make a risk conclusion 



Example: 
 

 
HERVIBORES 
 

SOIL ORGANISMS 

POLLINATORS 
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No protein expressed in pollen, 
low risk to pollinators 
 



QUALITATIVE RISK MEASURES 

 When the risk can not be quantified, qualitative measures can be used.  

(HAZARD) 

  RISK ESTIMATE 

LI
K

EL
IH

O
O

D
 

A
SS

ES
SM

EN
T

 Highly likely Low Moderate High High 

Likely Low Low Moderate High 

Unlikely Negligible Low Moderate Moderate 

Highly unlikely Negligible Negligible Low Moderate 

  Marginal Minor Intermediate Major 

  CONSEQUENCE ASSESSMENT 

 

HAZARD 

EXPOSURE 
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http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/content/raf-3/$FILE/raffinal4.pdf 
Page 45  
 

http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/content/raf-3/$FILE/raffinal4.pdf
http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/content/raf-3/$FILE/raffinal4.pdf
http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/content/raf-3/$FILE/raffinal4.pdf


PROBLEM FORMULATION 

IDENTIFY MISSING 
INFORMATION 

OR 
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Identifying missing information 

If the initial risk characterization can not be completed more data may be needed 

● Characterization of hazard 

● Characterization of exposure 

The data must be relevant to the assessment endpoints and risk hypotheses 
formulated 

 

 

The purpose always is to collect data that facilitates  

decision making  
(“need to know” versus “nice to know”) 
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Proposed activity 

Specify events 
that must 

occur for the 
particular use 
to lead to the 
defined harm 

Defined harm 

Event A 

Event B 

Event C 

Hypothesis 1 

Hypothesis 2 

Hypothesis 3 

Choice of hypothesis depends 
on definition of harm & decision-

making criteria 

Slide based on material provided by Dr. A. Raybould 

Implementation: Pathways to Harm 



Proposed activity 

Specify events 
that must 

occur for the 
particular use 
to lead to the 
defined harm 

Defined harm 

Event A 

Event B 

Event C 

Hypothesis 1 

Hypothesis 2 

Hypothesis 3 

Slide based on material provided by Dr. A. Raybould 

Implementation: Pathways to Harm 

Hypotheses are false, not 
tested or only weakly tested  

At least one hypothesis is 
corroborated after rigorous testing: 

pathway blocked  

Several hypotheses are 
corroborated after less 

rigorous testing  

High risk/high 

uncertainty 

Negligible risk 

Low risk  

(weight of 

evidence) 

RISK CHARACTERIZATION 



Cultivation of Bt 
maize 

Population decline 

Bt pollen reaches 
butterfly food plant  

Butterfly eats Bt pollen 

The Bt protein is 
expressed in pollen 

The Bt protein is toxic to 
the butterfly 

No  Bt  protein in pollen 

No pollen on food plant 

Pollen not eaten 

Pollen not  toxic 

Toxicity has no effect on population 

Slide based on material provided by Dr. A. Raybould 

Pathways to Harm 
Example: assessing the potential population decline of a valued species of  

butterfly due to the cultivation of Bt maize 



Cultivation of Bt 
maize 

The Bt protein is 
expressed in pollen 

Population decline 

Bt pollen reaches 
butterfly food plant  

Butterfly eats Bt pollen 

The Bt protein is toxic to 
the butterfly 

No  Bt  protein in pollen 

No pollen on food plant 

Pollen not eaten 

Pollen not  toxic 

Toxicity has no effect on population 

The expression study shows that 
the Bt protein is not expressed in 

pollen 

Low risk 

No exposure 

Pathways to Harm 
Example: assessing the potential population decline of a valued species of  

butterfly due to the cultivation of Bt maize 



Cultivation of Bt 
maize 

The Bt protein is 
expressed in pollen 

Population decline 

Bt pollen reaches 
butterfly food plant  

Butterfly eats Bt pollen 

The Bt protein is toxic to 
the butterfly 

No  Bt  protein in pollen 

No pollen on food plant 

Pollen not eaten 

Pollen not  toxic 

Toxicity has no effect on population 

Once the path is blocked a risk 
conclusion can be made 

Testing all the hypothesis is not 
always useful/necessary 

Pathways to Harm 
Example: assessing the potential population decline of a valued species of  

butterfly due to the cultivation of Bt maize 



Cultivation of Bt 
maize 

The Bt protein is 
expressed in pollen 

Population decline 

Bt pollen reaches 
butterfly food plant  

Butterfly eats Bt pollen 

The Bt protein is toxic to 
the butterfly 

No  Bt  protein in pollen 

No pollen on food plant 

Pollen not eaten 

Pollen not  toxic 

Toxicity has no effect on population 

No information that allows 
ruling out potential hazard 

Gather further 
information on  toxicity of 

the protein  

Pathways to Harm 
Example: assessing the potential population decline of a valued species of  

butterfly due to the cultivation of Bt maize 



Protection goals: clear definition of what is being 
assessed and what is regarded as harmful 

Gathering relevant data: data relevant to the 
assessment endpoints and risk hypotheses 

Initial risk characterization: a pathway to harm can be 
used  

Conclusion: can be reached when pathways are clearly 
blocked 

Identifying missing information: when a pathway can 
not be blocked with existing information, a clear plan 
for collection of key data can be drawn 
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Summary  

ERAs are conducted to facilitate decision making, they must be fit-for-purpose. 

Problem formulation provides a useful method for ERAs that can be applied to 
any kind of stressor. 

Problem formulation can be implemented using pathways to harm 

• Taking into account relevant protection goals to define the specific harms  

• Formulating hypotheses to test the events that constitute the pathway 

• Making risk conclusions with existing information, or 

• Identifying information that must be gathered to continue the assessment 

 

 

 

 

 

Using problem formulation to construct  
fit-for-purpose risk assessments 



    

 

 

Thank you for 
your attention! 
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