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Environmental risk assessment (ERA) 

Problem Formulation can be structured into four 

questions 
 

1) What do we not want to see harmed? What must 

be protected?     Protection goals 

2) Can we envision a way in which they could be 

harmed?     Pathway to harm 

3) How can we assess whether they are likely to be 

harmed?     Development of risk hypotheses and a 

plan to test them 

4) Does it matter? 

Gray 2012, Collection of Biosafety Reviews 6, 10-65 
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Prey herbivores ingest the Bt toxin 

Predator ingests Bt toxin when feeding on prey 

Predator is sensitive to Bt toxin 

Ingestion of Bt toxin causes population decline 

Biological control function is disrupted 

Example: Ladybird beetles that provide 

biological control of non-target pests 

Pathway to harm 



Prey herbivores ingest the Bt toxin 

Predator ingests Bt toxin when feeding on prey 

Predator is sensitive to Bt toxin 

Ingestion of Bt toxin causes population decline 

Biological control function is disrupted 
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biological control of non-target pests 

Pathway to harm 



«The insecticidal protein is not toxic to 

valued non-target arthropods at the 

concentration present in the field» 

 

 

 

 

 

Risk hypothesis 



Tiered risk assessment 



Early-tier studies 

Studies need to be 
 

Relevant - test representative and most  

    suitable species 
 

Reliable - minimal risk for false negatives               

    and false positives 

 
Romeis et al. 2011, Transgenic Research 20, 1-22 



Criteria to consider: 

 representative of valued taxa and functional 

groups that are most likely to be exposed 

 species most likely to be sensitive to the test 

compound 

 suitable life-stages must be available in sufficient 

quantity and quality 

 

 

Selection of test species 

 Romeis et al. 2013, Chemosphere 90, 901-909  



Early-tier studies 

Studies need to be 
 

Relevant - test representative and most  

    suitable species 
 

Reliable - minimal risk for false negatives               

    and false positives 

 
Romeis et al. 2011, Transgenic Research 20, 1-22 



Test substance characterization 

 

 

 
 

• Characterization and equivalence 

• establish equivalence to plant expressed protein 

• information on purity 

• biological activity 
 

• Stability and homogeneity 

• ensure consistent exposure of the test        

organisms over the course of a study 

 

 

Characterize and formulate in a way that allows precise 

calculation of the amount that is delivered to the test 

organism 



Test substance concentration 

• Worst-case exposure conditions 
 

• Define worst case Estimated Environmental 

Concentration (EEC): highest average amount of 

insecticidal protein measured in the relevant tissue 

 leaves – predators 

 pollen – pollinators 

 roots – decomposers 
 

• “Margin of safety” (e.g., 10 x or 100 x EEC) 

• adds certainty to the conclusion drawn 

• accounts for species to species difference 

 

 

 



Measurement endpoints 

• Typical endpoints: mortality, fecundity, body mass 

• easy (and reliably) to evaluate 

• indicate adverse effects on the population of a valued 

non-target 
 

• Take into account knowledge about the toxin 

 

• Risk assessors should agree beforehand on how to 

interpret and use the data 

 



Test duration 

Test duration depends on 
 

• The surrogate species and its life-stages 
 

• Measurement endpoints; tests must be sufficiently long 

for the endpoint to respond 

• mortality tests: typically 14 to 30 days 

• fecundity test for Aleochara bilineata: 11 weeks 
 

• Suitability of the test system  

• terminate experiment if negative control exceeds threshold 
 

• Characteristics of the test substance 

• e.g., Cry proteins cause an effect within few days 

 



Negative controls 

Appropriate negative controls 

• Untreated diet 

• Unmodified near-isoline plant material 
 

Purpose of negative controls 

• Assess the natural background effects on the 

measurement endpoints within the test system 

• Indicate whether an appropriate study design was used 

• Define acceptable negative control mortality                  

(typically: 20% control mortality) 

 

 



Positive controls 

Appropriate positive controls 

• Diet in which a control substance is incorporated 

• Characteristics of the control substance:  

• known to cause an effect on the test organism 

• similar mode of action (e.g., gut-active) 

 

Purpose of positive controls 

• Proof that the test system works  

• Determine whether the test substance was ingested 

• Allow comparison to other test results 



Positive controls 

Appropriate positive controls 

• Diet in which a control substance is incorporated 

• Characteristics of the control substance:  

• known to cause an effect on the test organism 

• similar mode of action (e.g., gut-active) 

 



 Study reports adverse effect of the test substance 

 

 

Check whether… 

 there are indications that the test system was not reliable 

(e.g., unusual high control mortality) 

 the right negative control was used (particularly important 

when Bt plant material is the test substance) 

 other confounding factors cannot be excluded (e.g., fungal 

infection of plant material) 

 

Is the effect real or a „false positive“ ? 

Recommendation 



 Study reports no adverse effect of the test substance 

 

 

Check whether…  

 test organisms were exposed to and ingested biologically 

active test substance  

 test substance was ingested at EEC or higher 

 the test system was able to detect adverse effects                     

(positive controls, statistical considerations) 

 

Is the effect real or a „false negative“ ? 

Recommendation 



• ERA starts with formulation of plausible risk hypotheses and 

a plan to test them 

• Collect only data where risk assessors agree how to 

interpret the data and how to use them in the risk 

assessment 

• Adhering to the outlined study design principles will result in 

high quality data 

• increase confidence in a conclusion of no adverse effects 

• strengthen the robustness of the ERA 

• make data acceptable across regulatory jurisdictions 

 

 

 

 

Conclusions 


