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EU legislation 

European Union Directive on GMOs 
 
Risk assessment: 
”the objective of a ERA is … based on case-by-

case studies... identify and evaluate potential 
adverse effects…direct or indirect… 
immediate or delayed… cumulative” 

 
Decision (002/623/EC) 
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•! Develop a methodology for selecting 

aquatic testing species relevant for most 
likely exposed aquatic habitats. 

    Through adapting a selection procedure      
 developed for terrestrial systems to 
 aquatic systems 

•! Selection of aquatic testing organisms for 
testing 



Bacillus thuringiensis (Bt) = a naturally-occurring 
soilborne bacterium found world-wide 

Produces a cry (crystal) protein killing most 
effectively certain groups of insects when digested: 
e.g. beetles, flies, mosquitoes, moths, and butterflies.  

‚Constitutive‘ Bt-toxin expression: 

  all plant parts 

  most plant fluids, except        
  perhaps phloem/xylem 

  season-long 

  high concentrations 

INSECTICIDAL Bt-PLANTS 

Bt 

CASE EXAMPLE 



Selection procedure – for 
terrestrial systems 



Biosafety Science & Risk Assessment – 
as ‚embedded‘ exercise 
 
Places transgene products at center of 
assessment – focus on substance 
 
(Tox-)Testing of transgene product(s) only, in 
isolation of GMO (sum-of-parts) and 
environmental context 
 
Focus on what is known 
 

   Reductionistic, narrow 
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Biosafety Science & Risk Assessment 
– as independent exercise 
 
Biosafety research/science begins where 
efficacy & development research ends 
 
Places Synbio/GMO(rganism) at the center of the 
evaluation – focus on substance AND function 
 
Assessment within its environmental context 
 
Building on best scientific knowledge but going 
beyond what is known – aims to detect unexpected, 
unintended adverse effects 

    
   Ecological, more holistic 



Brazil Vol II 2006 Kenya Vol I 2004 Vietnam Vol IV 2008 
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Based on a selection procedure developed for 
terrestrial systems 
Project funded by SDC and local partners, public sector scientists 
developed an improved concept, tested it in 4 GM crop cases in 3 
countries: Kenya (maize), Brazil (cotton) Vietnam (cotton). Published in a 
CABI book series (2002 – 2008) 
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GMO-fed animals 

Plant material Litter - no tillage 

Litter – tillage Root exudates 

•!Dissemination in food   
 web 
•!Dead organisms, faeces 
•!Leaching: free“transgene 
 product 

Binding to 
soil particles 

Rhizosphere 

Bt Cry1Ab protein 

manure 

Uptake by 
plants? 

Spread and degradation of Bt-toxin in ecosystem 
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Functional groups    

Potential species 

Relevant species 

Test species 

(1 ... n) 

(many) 

(managable number)  
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Test methods 
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•! Step 1 – Concept: Identify important ecological 
functions for GM cropping system.  
 Tool for operationalization ‘Guidance Table’ 
–! Herbivory, pollination, biocontrol, decomposition, 

etc. – not all functions are likewise important in all 
cropping systems (e.g. pollination) 
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•! Step 2 – Matching the ecological functions 
(EFs) with non-target organisms or ecological 
processes  
 Tool for operationalization – Matrix I 
–! Criteria for evaluation of spatio-temporal 

coincidence of non-target organisms with the 
GM-crop (in Matrix IA)9 

–! Criteria for evaluation of trophic relationship of 
non-target organisms to crop species (in Matrix 
IB) 

<(d$1)*&%+$,')$7)(%G)^e_`=)

Functional groups    

Potential species (1 ... n) 

!"#$%&'%()*+)%,-.+/0.12%340-$5%14#%#6$05#78&

!"#$%9'%:1.;*.3%0,%5$#+*#5%1.7%,-.+/0.5&

!"#$%<'%=6$05-4#%$1")>1?5%%%%%%%%%%%%%

6')G&IJ&
.E*D*%H&



•! Step 3 – Exposure analysis and 
pathways. .  
–! Tool for operationalization – Matrix II.  
case-specific to the GM plant; requires 
information on the phenotypic pattern of 
transgene expression and any induced 
pleiotropic changes in the various parts of the 
transgenic plant over the whole growing season 
including the application of the corresponding 
chemical, where appropriate.  

<(d$1)*&%+$,')$7)(%G)^e_`=)

Functional groups    

Potential species (1 ... n) 

!"#$%&'%()*+)%,-.+/0.12%340-$5%14#%#6$05#78&

!"#$%9'%:1.;*.3%0,%5$#+*#5%1.7%,-.+/0.5&

!"#$%<'%=6$05-4#%$1")>1?5%%%%%%%%%%%%%

6')G&IJ&
.E*D*%H&



•! Step 4 – Practicability test.  
–!Tool for operationalization – Matrix III. By 

species list is further reduced to those 
species that are suitable for testing under 
laboratory conditions  
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2009 Draft 2010 Final 



EFSA incorporated GMO ERA model 
for nontarget assessment, 
BUT…. 

Europe: 



EFSA incorporated GMO ERA model 
for nontarget assessment, 
BUT…. offsets it through: 

Europe: 

Controversy continues…. 
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‘Embedded approach’ 
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‘Embedded approach’ 



Bt-maize residues in maize fields in 
South Africa after strong rain event – 
January 2010 

EXPOSITION – REALITY CHECK 
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STEP 2 
Population dynamics – spatio-temporal 
Exposure of species to GM products 
I#F$0412%+0*.+*7#.+#%0,%JIK%"0%LMN$407-+" 
•! Species population present in June/July 
•! Species population present in Fall 
•! Same species population present in summer and 

fall 
•! Exposure of species via pulsed inputs of plant 

material regular, often, rare (storms, floods, etc) 
RANKING A 
!$#+*12*O1/0.%0,%JIK%"0%1P-1/+%)1C*"1" 
•! Species rare or dominant in aquatic system 
•! Species specialized to aquatic system 
RANKING B 



STEP 3 
Ecological selection criteria - 
:?GA)'EB*?#dX"DB\"?EB*?'DCGH&*\&#-AECA# 
 
•! Significance for more than 1 ecological 

function 
•! Significance as food/prey for natural enemies 
•! Significance for important nutrient cycling 

processes 
•! Indicator for water quality 
•! Significance for  biomass degradation / re-

cycling  
•! Significance for other processes 



STEP 4 
Nature conservation criteria 
 
•! Protected species 
•! Endangered species 
•! Highly specialized species 
•! National responsibility for the species 
 



STEP 5 
Practicality criteria 
 
•! Is species easy to keep/rear 
•! Does species have a fast generation cycle 
•! Is the species sensitive to stress factors 
•! Broad ecological tolerance 
•! What patameters to measure 
•! Status of protection 
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Stream-microcosms 

39 

! ! 5 Treatments 
! ! Black alder 
! ! Organic corn 
! ! Conventional corn 
! ! GMO-corn (green house) 
! ! GMO-corn (field; Spain) 

! ! 5 species with 10 individuals each 
! ! Endpoints are e.g. mortality; growth; lipid content; emergence; dry 

weight of adult insicts Flow direction 
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