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SUMMARY 

On 9 February 2008, France notified to the European Commission an Order suspending the 
cultivation of seed varieties derived from the genetically modified maize event MON810, as 
well as a safeguard measure invoked under Article 23 of Directive 2001/18/EC to 
provisionally prohibit the cultivation of the authorised maize MON810 on its territory. An 
amendment of the Order was further notified to the European Commission on 
20 February 2008. In the meantime, on 13 February 2008, France notified to the European 
Commission a note entitled ‘Emergency measure’ under Article 34 of Regulation (EC) No 
1829/2003. In this respect, the European Commission received from France a written 
submission consisting of different supporting documents. 

On 27 February 2008, the European Commission requested the Scientific Panel on 
Genetically Modified Organisms (GMO Panel) of the European Food Safety Authority to 

                                                 
1  For citation purposes: Scientific Opinion of the Panel on Genetically Modified Organisms on a request from the European 

Commission related to the safeguard clause invoked by France on maize MON810 according to Article 23 of Directive 
2001/18/EC and the emergency measure according to Article 34 of Regulation No 1829/2003/EC. The EFSA Journal 
(2008) 850, 1-45. 
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assess the package of documents supporting and justifying the French safeguard clause and 
the duration of the invoked measure.  

Having assessed the information package provided by France in support of its safeguard 
clause and having considered all relevant publications on the subject, the GMO Panel 
concludes that, in terms of risk to human and animal health and the environment, the provided 
information package does not present new scientific evidence that would invalidate the 
previous risk assessments of maize MON810. Therefore, no specific scientific evidence, in 
terms of risk to human and animal health and the environment, was provided that would 
justify the invocation of a safeguard clause under Article 23 of Directive 2001/18/EC and an 
emergency measure under Article 34 of Regulation (EC) No 1829/2003. 

Key words:   GMOs, maize (Zea mays), MON810, France, safeguard clause, emergency 
measure, human health, animal health, environment, Directive 
2001/18/EC, Regulation 1829/2003/EC 
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BACKGROUND 

Maize MON810 (notification reference C/F/95/12-02) was authorised in the European Union 
(EU) for all uses with the exception of food by the Commission Decision 98/294/EC on 
22 April 1998. On 3 August 1998, France granted a final consent. Food use of maize 
derivatives was notified according to Article 5 of Regulation (EC) No 258/97 on 
6 February 1998. 

On 9 February 2008, France notified to the European Commission an Order suspending the 
cultivation of seed varieties derived from the maize event MON810, as well as a safeguard 
measure invoked under Article 23 of Directive 2001/18/EC to provisionally prohibit the 
cultivation of the authorised maize MON810 on its territory. An amendment of the Order was 
further notified to the European Commission on 20 February 2008. In the meantime, on 
13 February 2008, France also notified to the European Commission a note entitled 
‘Emergency measure’ under Article 34 of Regulation (EC) No 1829/2003. In this respect, 
France submitted an information package made of different supporting documents to the 
European Commission.  

Following receipt of the information package, the European Commission requested, on 
27 February 2008, the EFSA Scientific Panel on Genetically Modified Organisms (GMO 
Panel) to assess the package of documents supporting and justifying the French safeguard 
clause and the duration of the invoked measure.  

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION 

On 27 February 2008, EFSA was requested by the European Commission, under Article 29(1) 
and in accordance with Articles 22(5) and 22(5)(c) of Regulation (EC) No 178/2002, “To 
assess: 

1. the opinion of the “comité de préfiguration” of the High Authority for GMOs, dated 
9 January 2008, which is mentioned as reference in the first “considérant” of the 
Order2; 

2. the French position that the justifications presented by Monsanto on 30 January 2008 
are not sufficient to invalidate the data of the French Order, as presented in the 
second "considérant" of the Order; 

3. the scientific evidence which is presented in the accompanying note of the Order and 
in the note forwarded to the European Commission under Regulation (EC) No 
1829/2003; 

4. the scientific justification of the duration of the measure, which is linked to the 
ongoing procedure on the notification for the renewal of MON810, as referred to in 
Article 1 in the Decree.” 

                                                 
2 French Order of 7 February 2008 suspending the cultivation of seed varieties maize MON810. 
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ASSESSMENT 

1. Introduction 

Directive 2001/18/EC provides the possibility for Member States to invoke safeguards on 
specific GMOs in the case where new or additional information would affect the risk 
assessment of an authorised GMO. Provisions foreseen by France seek to provisionally 
prohibit the marketing of maize MON810 for its intended uses on the French territory. 

The GMO Panel examined the set of supporting documents submitted by France. In this 
respect, the GMO Panel assessed whether the submitted documents comprise new scientific 
information that would change the outcome of previously performed risk assessments, and if 
detailed grounds exist to consider that the authorised maize MON810, for its intended uses, 
constitutes a risk to human and animal health or the environment. 

The GMO Panel looked for evidence for GMO-specific risks taking into consideration the 
EFSA Guidance Document for the risk assessment of genetically modified plants and derived 
food and feed (EFSA, 2006) as well as any related risk assessments carried out in the past. In 
addition, the GMO Panel considered the relevance of raised concerns in the light of the most 
recent scientific data and relevant peer-reviewed publications. 

2. Assessment of documents provided by France 

A set of supporting documents, accompanying the mandate of the European Commission (see 
Terms of Reference as provided by the European Commission), was forwarded to EFSA on 
27 February 2008 and supplemented with additional documents on 16 June 2008 upon request 
of EFSA.  

France provided the following documents: 

- the opinion of the ‘Comité de préfiguration’ of the High Authority for GMOs, dated 
9 January 2008; 

- the analysis by Monsanto, dated 30 January 2008, of the opinion on the dissemination 
of maize MON810 on the French territory by the ‘Comité de préfiguration’ of the 
High Authority for GMOs; 

- the French Order of 7 February 2008 suspending the cultivation of maize varieties 
derived from maize MON810 in France; 

- the French Order of 13 February 2008 amending the French Order of 7 February 2008 
suspending the cultivation of maize varieties derived from the event MON810 in 
France; 

- the note from the French authorities accompanying the French Order of 
7 February 2008 (Object: Safeguard clause); 



 
Safeguard clause and emergency measure invoked by France on maize MON810 
according to Directive 2001/18/EC and Regulation No 1829/2003/EC respectively 

 

 
The EFSA Journal (2008) 850, 7-45 

 

- the supplementary document transmitted by French authorities3 (drafted by Prof. Dr. 
Yvon Le Maho) arguing that the analysis performed by Monsanto on 30 January 2008 
is not sufficient to invalidate the data of the French Order and its accompanying note 
(dated 12 June 2008). 

Based on the above listed supporting documents provided by France, 13 issues were 
identified. Some of these points, however, fall outside the current remit of the GMO Panel. 
For instance, the French ‘Comité de préfiguration’ of the High Authority for GMOs states that 
“New evidence has revealed that Bt maize affects mycotoxin levels which may be 90%–95% 
(AFSSA; 2004) lower than levels with conventional hybrids not treated with insecticides; 
insecticide treatment does not lead to such a large reduction. Levels of fumonisin (classified 
as probably carcinogenic in humans, CIRC group 2B4) for conventional hybrids regularly 
exceed 2000 ppb in relation to insect attack in the Midi-Pyrénées and Aquitaine”. The use 
and risk assessment of pesticides on conventional maize and any beneficial and socio-
economic aspects related to the cultivation of maize MON810 fall outside the remit of the 
GMO Panel, and therefore these aspects are not addressed in this scientific opinion. Similarly, 
ethical concerns related to GM crops, concerns about the coexistence of maize cropping 
systems, and the definition of tolerance thresholds for the unintentional or technically 
unavoidable presence of approved GM material in non-GM crop products are not taken into 
account by the GMO Panel. 

In relation to “biovigilance”, the GMO Panel wishes to clarify that it gives its opinion on the 
scientific quality of post-market environmental monitoring activities proposed by applicants, 
whilst its final endorsement is done by risk managers.  

                                                 
3 The French authority pointed its attention to the fact that this transmitted document does not bind either the interim 

committee of the High Authority on Genetically Modified Organisms or a fortiori the French authorities. 
4 Translator’s note: CIRC group 2B is ‘Possibly carcinogenic to humans’; ‘Probably carcinogenic to humans’ is group 2A. 
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The GMO Panel considered the following issues related to the risk assessment of maize 
MON810: 

2.1. Environmental safety issues: 

2.1.1. Environmental impacts of vertical gene flow 

2.1.2. Resistance development in lepidopteran target pests 

2.1.3. Exposure and impacts on non-target fauna  

2.1.4. Exposure and impacts on pollinating insects 

2.2. Food and feed safety issues: 

2.2.1. Specific arguments 

2.2.2. General impressions 

2.2.3. Health effects 

 

During its assessment, the GMO Panel identified issues raised by the French authorities that 
would require further clarifications from French scientists. To present and clarify the 
provided set of data, an informal meeting was held between French scientists, several experts 
of the GMO Panel and the EFSA staff on 9 October 2008. Representatives of the European 
Commission attended the meeting as observers. 

In its risk assessment and in addition to the information package supporting the French 
national measure on maize MON810, the GMO Panel reviewed all relevant and most recent 
scientific literature and publications, such as the scientific advices of AFSSA (2008) and 
COGEM (2008), as well as those considered specific for French receiving environments. The 
assessment carried out by the GMO Panel and subsequently the present scientific opinion 
follow the order of the above listed points of issues, excluding the ones falling outside the 
remit of the GMO Panel. 

In its consideration of maize MON810, the GMO Panel also studied information available 
from other GM maize events expressing Cry1Ab proteins, in particular maize Bt176 and 
maize Bt11. Due to the use of a different promoter, pollen from maize Bt176 contains 40-fold 
higher concentrations of the biologically active Cry protein than pollen of maize Bt11 and 
MON810. In maize Bt11 and MON810, the promoters used were almost inactive in pollen, 
resulting in very low levels of the gene products accumulating (Hellmich et al., 2001; 
Gatehouse et al., 2002; Mendelsohn et al., 2004). For green tissues of MON810 Bt-maize 
plants, the amount of biologically active Cry protein is in a similar range compared to maize 
Bt11 and Bt176. The GMO Panel indicates in its opinion where information derived from the 
maize Bt176 and Bt11 is used in its assessment on potential impacts of maize MON810. 

Where the scientific views of the GMO Panel differ from those expressed in some of the 
documents provided by France, the divergence of views is specifically discussed in the 
following sections. 
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2.1. Environmental safety issues 

2.1.1. Environmental impacts of vertical gene flow 

In its report, the French ‘Comité de préfiguration’ of the High Authority for GMOs states that 
“New evidence since 1998 concerns the characterisation of pollen dispersal (Klein et al., 
2003; Rosi-Marshall et al., 2007; Brunet 2006; Quist and Chapela 2001) over large distances 
(kilometres) (A. Messéan, 2006) related in particular to climatic conditions and events and to 
different environments. These results show that it is not possible to exclude cross-pollination 
between GMO fields and GMO-free fields at the local scale (small agricultural region) (A. 
Messéan, 2006). The importance of these results was discussed in relation to impact on seed 
purity, compliance with thresholds of unintended presence / contamination and the rules for 
coexistence.” 

2.1.1.1. Vertical gene flow: impact assessment 

Since substantial literature shows that vertical gene flow characteristics of maize MON810 
are similar to those of non-GM maize, the GMO Panel does not consider pollen dispersal and 
consequent cross-pollination as environmental hazards in themselves. The GMO Panel is 
primarily concerned with assessing the environmental consequences of transgene flow on 
ecosystems by assessing the spread and fitness of hybrids and backcross progeny as well as 
exposure to non-target organisms.  

Theoretically, seeds originating from the cross-pollination of certain cross-compatible 
wild/weedy relatives can mediate the potential spread and establishment of hybrids and 
backcross progeny (Wilkinson et al., 2003; Devos et al., 2008; Morales and Traveset, 2008). 
However, in the EU, there are no cross-compatible wild/weedy relatives with which maize 
can hybridise and form backcross progeny (Eastham and Sweet, 2002). The only recipients of 
cross-pollinated transgenes from maize are other cultivated maize varieties and types. Thus 
cross-pollination in maize is not considered an environmental risk, but is an agricultural 
management and coexistence issue and is not within the remit of the GMO Panel. Moreover, 
even though seed dispersal of maize MON810 in Europe is occurring during its cultivation in 
many countries, the seed-mediated establishment of maize MON810 and its survival outside 
of cultivation has not been reported in spite of extensive cultivation and dispersal. Maize 
plants have lost their ability to release seeds from the cob so that most seed dispersal is due to 
harvesting and post-harvest activities of farmers. Maize seeds and seedlings do not generally 
survive away from cultivated land and are only winter hardy in southern European countries. 
In Mediterranean regions, maize kernels remaining on the soil after harvest can germinate, 
grow and flower, and can locally cross-pollinate neighbouring maize plants (Melé et al., 
2007; Gruber et al., 2008). However, the survival of maize is limited by a combination of low 
competitiveness, absence of a dormancy phase, and susceptibility to diseases, herbivory and 
cold climate conditions. Studies conducted by the applicant, published literature on the 
cultivation of numerous varieties of maize MON810 and monitoring observations in France 
(Delos et al., 2006, 2007) and Spain (Eizaguirre et al., 2006) indicate that this maize behaves 
like non-GM maize and is unlikely to establish volunteers or survive over subsequent seasons 
or to establish feral populations under European environmental conditions. 

Consequences of exposure of non-target organisms to pollen of maize MON810 are addressed 
in sections 2.1.3 and 2.1.4. 
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2.1.1.2. Conclusion 

The GMO Panel is of the opinion that the information and documents provided by France do 
not provide new or additional scientific evidence on pollen or seed dispersal and its 
consequences that would alter the previous risk assessments of maize MON810. 

2.1.2. Resistance development in lepidopteran target pests 

The French ‘Comité de préfiguration’ of the High Authority for GMOs states that there is “No 
new evidence on the principal insect pests (no demonstrated resistance) but selection of a 
resistant strain in two secondary target lepidoptera (Huang et al, 2007; Van Rensburg, 
2007).” 

2.1.2.1. Assessment of resistance development 

The GMO Panel agrees with the French ‘Comité de préfiguration’ of the High Authority for 
GMOs that no resistance development in major lepidopteran pests targeted by maize 
MON810 has been observed in fields in the EU and the United States (US) where resistance 
management is in place. 

Resistance development generally refers to a genetically-based decrease in a population’s 
susceptibility to a toxin and can be evaluated with laboratory bioassays estimating the 
resistance ratio, which is the LC50 (concentration of toxin killing 50% of the larvae) of a field-
derived strain divided by the LC50 of the susceptible strain (Saeglitz et al., 2006; Andow, 
2008; Bravo and Soberón 2008). Because insect pests have been able to develop resistance to 
chemical insecticides applied to control them (Whalon et al., 2008), the potential development 
of insect resistance to Cry toxins constitutively expressed in Bt-crops is considered as a 
relevant issue by the GMO Panel. 

To delay or prevent the potential development of insect resistance to Bt-crops, a resistance 
management tactic, relying on a ‘high dose/refuge strategy’, has been endorsed in several 
regions such as the US and Europe (Alstad and Andow, 1995; Bates et al., 2005; Andow, 
2008; Bravo and Soberón 2008). In addition, major lepidopteran target pests of the Cry1Ac 
expressing cotton and Cry1Ab expressing maize (such as MON810) have been monitored 
worldwide for potential resistance development against specific Cry proteins. A recent meta-
analysis of these monitoring data indicated that neither in the EU, nor in the US, populations 
of resistant European corn borer (Ostrinia nubilalis) or Mediterranean corn borer (Sesamia 
nonagrioides) have been found in regions where Cry1Ab expressing maize is grown 
(Tabashnik et al., 2008a), confirming previous observations (Andow et al., 2000; Bourguet et 
al., 2003; Tabashnik et al., 2003, Farinós et al., 2004; Schuphan, 2006; Stodola et al., 2006). 
In Spain, for instance, after 6 years of field exposure of S. nonagrioides to Cry1Ab expressing 
maize, no indications of resistance development were found (Eizaguirre et al., 2006; 
Andreadis et al., 2007). F2 screenings, aiming at detecting rare alleles conferring recessive 
resistance in field-collected mated females and their progeny reared under confined 
conditions (Andow and Alstad, 1998), have failed to generate resistant O. nubilalis strains so 
far (Bourguet, 2004). In contrast, laboratory selections with Cry1Ab pro/toxins have yielded 
significant levels of resistance in some European corn borer strains after many generations 
(Chaufaux et al., 2001; Huang et al., 2002; Alves et al., 2006). However, the polygenic nature 
of resistance in the tested laboratory strains suggests that major genes for resistance to 



 
Safeguard clause and emergency measure invoked by France on maize MON810 
according to Directive 2001/18/EC and Regulation No 1829/2003/EC respectively 

 

 
The EFSA Journal (2008) 850, 11-45 

 

Cry1Ab protein are not common in founding populations of the European corn borer (Alves 
et al., 2006). 

Similar observations have been made in other maize target pests that are not representative of 
the European and French fauna. Huang et al. (2007), for instance, reported that no major 
resistance alleles were detected in F2 populations of the Southwestern corn borer (Diatraea 
grandiosella) which is a major maize stalk borer pest in central and southern parts of the US 
and in Mexico. However, as pointed out by the ‘Comité de préfiguration’, a level of 
‘resistance’ to maize MON810 has been reported in a Bt-maize-derived population of the 
African stem borer (Busseola fusca) in South Africa where some larvae were able to survive 
in the presence of the Bt-toxin, though they showed reduced larval growth rate (Van 
Rensburg, 2007). This African stem borer is not present in the European fauna.  

The only example of field-evolved resistance in Bt-maize concerns resistance of fall 
armyworm, Spodoptera frugiparda, to the Cry1F protein. Larvae surviving on Cry1F 
expressing maize in 2 fields in Puerto Rico (US) were collected and exposed to high 
concentrations of the Cry1F protein in laboratory bioassays, showing no mortality at these 
concentration levels (Moar et al., 2008; Tabashnik et al., 2008b).  

Available data indicate that recessive resistance alleles are rare in populations of European 
and Mediterranean corn borers. Moreover, according to the EU research project ProBenBt in 
which various aspects of European and Mediterranean corn borer genetics and Bt-resistance 
in targeted lepidopteran pest species were studied, gene flow among European populations of 
both pest species is likely to be high enough to delay resistance development to Bt-toxins in 
maize (Schuphan, 2006). The fact that some adults of the European corn borer mate at a more 
restricted spatial scale (Hunt et al., 2001; Qureshi et al., 2005; Dalecky et al., 2006; Bailey et 
al., 2007) than previously assumed in the high-dose/refuge strategy might under certain 
circumstances (e.g., crop rotated landscape) decrease its efficiency (Dalecky et al., 2006; 
Schuphan, 2006). However, predictions generated by a recently developed demo-genetic 
dynamic model confirm that applying the high-dose/refuge resistance management strategy is 
likely to maintain the sensitivity to Bt-toxins in the European corn borer (Tyutyunov et al., 
2008). 

2.1.2.2. Conclusion 

The GMO Panel concludes that the large scale cultivation of maize MON810 over several 
years will increase the selection pressure on corn borers, which could result in the potential 
development of resistance. Even though an analysis of global monitoring data, collected in 
Australia, China, Spain and the US, revealed an increased frequency of resistance alleles in 
some field populations of both Helicoverpa zea (a pest of cotton) to the Cry1Ac protein and S. 
frugiparda (a pest of maize) to the Cry1F protein (Moar et al., 2008; Tabashnik et al., 2008b), 
no field-evolved resistance has been reported to Bt-proteins for other lepidopteran pests 
(Helicoverpa armigera, H. virescens, O. nubilalis, Pectinophora gossypiella and S. 
nonagrioides) (Tabashnik et al., 2008a). The GMO Panel considers that the likelihood of 
occurrence is low in corn borer populations if appropriate resistance management is 
implemented. In fact, under field conditions and after several years of cultivation, no 
resistance has been reported for maize MON810 yet. However, the cultivation of Bt-maize in 
the EU is currently on a limited scale in a few geographic regions. In addition, as potential 
resistance development is dependent upon multiple factors, predicting future responses of 
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corn borer populations in Europe is case specific (Tyutyunov et al., 2008). Adult moth 
dispersal distances, for instance, have been shown to be influenced by plant size, weather 
conditions during the flight, pheromonal patterns in the field and the timing of the flight 
(Hunt et al., 2001; Engels et al., 2008). Therefore, the GMO Panel advises that the potential 
development of resistance in target pests continues to be monitored in order to detect potential 
changes in resistance levels in pest populations. Applicants are generally requested to monitor 
resistance development in target pests under case-specific monitoring as part of their insect 
resistance management requirements and/or consider it under general surveillance through 
farmer questionnaires (Schmidt et al., 2008). In his latest review, Andow (2008) identifies 
resistance development as a potential risk, but indicates that it can be managed. 

The GMO Panel is of the opinion that the claims and documents supplied by France do not 
provide any new or additional scientific evidence that would invalidate previous risk 
assessments of maize MON810, management of insect resistance development, or subsequent 
findings from post-market environmental monitoring of maize MON810. 

2.1.3. Exposure and impacts on non-target fauna 

In its report, the French ‘Comité de préfiguration’ of the High Authority for GMOs states that 
“New evidences confirm the possibility of long-term toxic effects in earthworms (Zwahlen et 
al. 2003), isopods, nematodes and monarch butterflies (Rhopalocera) (Hardwood et al. 2005, 
Prasifka et al. 2007; Dutton et al. 2005). Exposure among natural populations of monarchs 
remains very low (less than 1%), notably for these latter via harmful effects on behaviour. 
(Marvier et al, 2007). Published articles have shown that Bt toxin may be present in the food 
chain (Obrist et al, 2006) and persistence of insecticide molecules has been reported in water 
(Douville et al, 2006; Rosi-Marshall et al, 2007) and in sediment draining from a plot (more 
than 20–40 days) (Icoz, Stotzky, 2007), in contact with roots and in the soil (Saxena and 
Stotzky, 2005; Mulder et al. 2006; Castaldini et al, 2005) with exposure of insect populations 
(Griffïth et al, 2006; Johnson et al, 2006) higher up the food chain. A global analysis of 
nontarget entomofauna (Marvier et al. 2007) demonstrated that Bt maize cultivation does 
have an effect on some families of invertebrates, although these effects were smaller than 
those related to treatment with insecticides. The Marvier study did not provide any evidence 
on direct toxicity.” The French ‘Comité de préfiguration’ of the High Authority for GMOs 
also states that “the biological and microbiological effects of the observed dispersal or 
persistence of Bt molecules or of the transgene in the soil (more than 200 days) (Crecchio, 
Stotzky, 2001) need to be examined” as the “dispersal of the Bt toxin and its persistence have 
been demonstrated and are governed by edaphic, climatic and environmental factors (Icoz 
and Stotzky, 2007)”. 

2.1.3.1. Persistence of Bt-proteins in soil: exposure assessment 

In order to assess the potential adverse impact of Bt-crops on soil organisms, both exposure 
and sensitivity of non-target soil organisms to the Cry1Ab protein need to be established. It is 
well-documented that during plant growth Bt-maize can contribute to the presence and 
persistence of plant-produced Cry proteins in soil via root exudation (e.g., Saxena et al., 2002, 
2004). A second route for potential accumulation and persistence of Bt-proteins in soil relates 
to dead plant material remaining on fields after harvest and which is incorporated into the soil 
during tillage operations (Stotzky, 2004). 
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The persistence of the Cry1Ab protein in soil is dependent upon multiple factors, varying 
among different environmental conditions (e.g., type of crop, soil, pH, microbial activity, 
temperature, method used for quantification of the protein). In a recent review paper, Icoz and 
Stotzky (2008b) discuss the variability in persistence of the Cry1Ab protein in soils. Half-
lives (the time until the amount of a substance remaining is 50% of the original amount) of 
the Cry1Ab protein ranged from 1.6 days in a soil amended with biomass of Bt-maize (Sims 
and Holden, 1996) up to 34 days in soil amended with biomass of and planted to Bt-rice 
(Wang et al., 2006). Schrader et al. (2008) observed a strong decline of immunoreactive 
Cry1Ab in plant residues of maize MON810 in microcosm experiments: after 5 weeks, in leaf 
material, it was reduced to 14.1% and in root material to 12.8% of the initial concentration, 
which was approximately 5 µg/g.  

Although Bt-toxins are degraded or inactivated in soil within weeks, a small fraction can 
persist far longer under certain conditions. Laboratory studies have shown that the Cry1Ab 
protein can bind on clay minerals and humic substances in soil, thereby reducing its 
availability to microorganisms. This reduced availability decreases degradation of the 
Cry1Ab protein, so the insecticidal activity is retained during the growing season (e.g., Tapp 
et al., 1994; Tapp and Stotzky, 1995; Crecchio and Stotzky, 2001). In this respect, Zwahlen et 
al. (2003a) showed that the Cry1Ab protein is still detectable in decaying maize material after 
a soil exposure in litter bags for 200-240 days. The Cry1Ab protein in low concentrations was 
detected for up to 56 days in soil amended with purified or biomass of Bt-cotton (Donegan et 
al., 1995), 234 days in soil amended with purified protein (Tapp and Stotzky, 1998) or for up 
to 180 to 350 days in soil amended with biomass of or planted to Bt-maize residues of Bt-
maize (Saxena and Stotzky, 2002). Stozky (2004) reported that the Cry1Ab protein released 
in root exudates and from biomass of Bt-maize persisted in low concentrations in soil 
microcosms for at least 180 days and 3 years, respectively. 

The potential accumulation of plant-produced Cry1Ab proteins in soil following repeated and 
large-scale cultivation of Bt-maize has been studied. The Cry1Ab protein was recorded in soil 
during 4 consecutive years of Bt-maize cultivation, and no accumulation was observed (Icoz 
et al., 2008). In addition, Baumgarte and Tebbe (2005) and Andersen et al. (2007) reported 
that concentrations of the Cry1Ab protein found in soil were higher in a given season for plots 
with varieties derived from the maize MON810 in comparison with non-Bt-maize varieties, 
but concentrations did not seem to increase from year to year. Hopkins and Gregorich (2003, 
2005) and Dubelman et al. (2005) also reported that Cry1Ab proteins from GM plants do not 
persist in soil 3 months after harvest, and they found no evidence of accumulation of the 
Cry1Ab protein in soil from fields planted for at least 3 consecutive years with Bt-maize, 
regardless of soil type, geographic regions and climatic conditions (Dubelman et al., 2005). 
Despite the fact that Cry proteins can bind rapidly on clay minerals and humic substances, 
there is no evidence for accumulation of the Cry1Ab protein in soils in the field, even after 3 
years of continuous cultivation of Bt-crops (e.g., Baumgarte and Tebbe, 2005; Marchetti et 
al., 2007; Hönemann et al., 2008). 

The review of the literature indicates that the possible exposure of non-target soil organisms 
to the Cry1Ab protein is likely to be variable and case-specific. In an assessment of 
environmental risks, therefore the exposure has to be combined with a hazard assessment. In 
this respect, the focus of the GMO Panel is on the assessment of the susceptibility of non-
target soil fauna to the Cry1Ab protein, effects on microorganisms and impacts on soil 
organism diversity and functions. These aspects are discussed in the following sections. 
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Findings reported by Icoz and Stotzky (2008a) – quoted by the French ‘Comité de 
préfiguration’ of the High Authority for GMOs – were not related to maize MON810. In the 
study, maize MON863 expressing the Cry3Bb1 protein was used and the accumulation of the 
toxin released in root exudates and through decay of plant biomass was analysed over time. 
The authors concluded that the Cry3Bb1 protein does not persist in soil and is degraded 
rapidly (21 days) showing some minor differences in rate of degradation as a function of 
different experimental conditions. The fact that the persistence of Cry proteins is very 
variable, depending upon soil type and environmental conditions was confirmed. As such, no 
new scientific evidence directly relating to maize MON810 or maize producing the related 
Cry1Ab protein were reported in the cited publication. Likewise, the publication of Johnson 
et al. (2007), quoted by the ‘Comité de préfiguration’, addresses risk assessment and risk 
management in general terms, and does not provide new or additional information about 
exposure or impact of the Cry1Ab protein to non-target soil organisms in support to the 
French safeguard clause. 

2.1.3.2. Biological effects in soil: impact assessment 

Multi-year experiments conducted with GM maize at 4 sites across 3 European climatic zones 
in the context of the EU-funded ECOGEN project (Andersen et al., 2007; Krogh and 
Griffiths, 2007) showed that no or only few effects on snails, microarthropods or mycorrhizal 
fungi could be attributed to Bt-maize (event MON810) (Cortet et al., 2007; de Vaufleury et 
al., 2007; Griffiths et al., 2007a; Krogh et al., 2007). Field experiments revealed that Bt-maize 
could have a significant, but small and transient, effect on soil protozoa, nematodes and 
microorganisms (Griffiths et al., 2005, 2007a). Even though the presence of the Cry1Ab 
protein in snail faeces was identified as a novel route of exposure into the soil food web (de 
Vaufleury et al., 2007), no direct effects could be detected related to maize MON810 in 
mesocosm experiments. The ECOGEN experiments allowed for a comparison of results 
ensuing from different scales and for an assessment of their utility since the same organisms 
and soils were studied in laboratory, glasshouse and field. Although useful information and 
insights from each of the experimental approaches and scales were gathered, predicting 
outcomes to one scale from results obtained from another still remains difficult (Birch et al., 
2007). Based on the ECOGEN analyses, the authors concluded that Bt-maize does not have 
adverse effects on soil biota, since effects observed were most likely to be caused by season, 
soil type, tillage, crop type or variety (Cortet et al., 2007; de Vaufleury et al., 2007; Griffiths 
et al., 2007a; Krogh et al., 2007). Similarly, effects on soil microbial community structure, 
microarthropods and larvae of a non-target root-feeding Dipteran (Delia radicum) observed in 
a glasshouse experiment were most likely due to soil type and plant growth stage, rather than 
Bt-maize (event MON810). Although statistically significant effects of Bt-maize on soil 
microfauna populations (e.g., overall increase in protozoa (amoebae) and nematode numbers) 
were observed, these effects were relatively small, especially when compared with effects of 
soil type, plant growth stage, insecticide application and variety (Griffiths et al., 2006, 
2007b).  

Several other studies did not show any consistent effect of Bt-maize on soil species. For 
example, in an 8 month field study consisting of litter-bag experiments with Bt-maize (Bt11), 
Zwahlen et al. (2007) did not detect major changes in the composition of the soil fauna 
community, collembolans, mites and annelids, during the experiment. Similar conclusions 
were drawn by Hönemann et al. (2008) who observed similar meso and macrofauna soil 
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communities between the tested maize varieties (including 2 varieties containing event 
MON810). 

2.1.3.3. Non-target soil organisms: impact assessment on earthworms 

Earthworms can be exposed to the Cry1Ab protein through root exudates and decomposing 
plant material. However, laboratory and field studies performed on some earthworm species, 
such as Aporrectodea caliginosa (Vercesi et al., 2006; Schrader et al., 2008), Eisenia foetida 
(Clark and Coats, 2006) and Lumbricus terrestris (Saxena and Stotzky, 2001a; Zwahlen et al., 
2003b; Schrader et al., 2008) did not reveal significant adverse effects on earthworm survival, 
growth and reproduction following protein ingestion. The detection of the Cry1Ab protein in 
the gut and faeces of earthworms confirmed protein ingestion (reviewed by Icoz and Stotzky, 
2008b).  

Based on laboratory experiments, Saxena and Stotzky (2001a) concluded that the uptake of 
the Cry1Ab protein (event MON810) by earthworms is of no safety concern, since no adverse 
effects on mortality or weight were observed on L. terrestris exposed to soil planted to or 
amended with plant material from Cry1Ab expressing maize after 40 or 45 days, respectively, 
compared to non-Bt-maize. However, as pointed by Clark et al. (2005), growth is probably 
not an appropriate assessment endpoint: individuals used by Saxena and Stotzky (2001a) were 
already mature, with fully developed clitella, and thus less likely to exhibit changes in 
growth. Zwahlen et al. (2003b) investigated mortality and growth of L. terrestris in laboratory 
and field experiments by exposing juveniles and adults to maize Bt11 (expressing the Cry1Ab 
protein) during a period of 200 days. Field experiments did not reveal any differences in 
growth rate between Bt-based and near isogenic maize material exposure. In laboratory 
experiments, the growth of adults, expressed as mean fresh weight, was similar for 160 days, 
but declined thereafter in Bt-exposed earthworms up to 200 days. Experimental conditions in 
the laboratory were quite different from those encountered under field conditions, and it is 
difficult to attribute this biological effect to the life stage, Cry protein or to unanticipated 
changes in plant characteristics that could have altered microbial composition in such 
confined soil samples. Moreover, earthworm reproductive activity was recorded, but not 
quantified and therefore it is not possible to make any inference on long-term effects on 
natural populations. Lower earthworm biomass could have been attributed to, for instance, 
differences in timing or production of cocoons in the Bt-maize treatment. 

Laboratory toxicity studies, in which E. foetida were fed leaf material from Bt-maize (events 
Bt11 and MON810) or the isogenic counterpart in a soil system and monitored for 28 days, 
did not reveal adverse effects on survival or reproduction due to the ingestion of Bt-maize leaf 
material. However, differences in nutritional parameters of Bt-maize lines and isolines were 
anticipated to lead to differences in effects on earthworms (Clark and Coats, 2006).  

Vercesi et al. (2006) studied effects of maize MON810 on important life-history traits 
(survival, reproduction and growth) of A. caliginosa under various experimental conditions. 
In a series of experiments, the authors investigated the growth of juveniles until maturity as 
well as cocoon production and hatchability. Finely ground leaves of maize MON810 added to 
soil had no adverse effects on these life-history traits in A. caliginosa, even if they were 
exposed to high worst-case scenario concentrations. In addition, growth of juvenile A. 
caliginosa was unaffected when they were kept in pots with a growing Bt-maize plant for 4 
weeks. Only when considering cocoon hatchability, a slight, but statistically significant, 
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negative effect of high concentration of Bt-maize residues was observed. However, due to the 
addition of high concentrations of finely ground Bt-maize residues, Vercesi et al. (2006) 
questioned whether the negative effect would have any ecological significance under field 
conditions. In experiments performed by Schrader et al. (2008), the 2 tested earthworm 
species, A. caliginosa and L. terrestris, survived incubation for 5 weeks, irrespective of 
whether they received MON810 or non-transgenic maize material.  

Other papers (e.g., Krogh et al., 2007) confirmed that no effects on earthworms were detected 
in field surveys during the cultivation of Bt-maize expressing the Cry1Ab protein. No 
significant differences were reported in the population density or biomass of Lumbricidae 
between soils with Bt (events MON810 and Bt176) and non-Bt maize and between soils with 
maize treated with or without insecticide at 5 sites during 4 years of maize cultivation in field, 
though both the site and sampling years had a significant influence on both assessment 
endpoints (StMUGV, 2006). 

2.1.3.4. Non-target soil organisms: impact assessment on isopods 

Woodlice (Porcellio scaber), considered a model decomposer organism, have been used in 
laboratory feeding studies for detecting potential adverse impacts related to exposure to plant 
material from Cry1Ab expressing maize. Exposure to and assimilation of the Cry1Ab protein 
by P. scaber were demonstrated by lower concentrations of the protein in faeces than in the 
consumed plant material (Wandeler et al., 2002; Pont and Nentwig, 2005). No adverse effects 
of the Cry1Ab protein on consumption, survival and growth of P. scaber were observed when 
fed plant material of Bt-maize expressing the Cry1Ab protein and non-Bt-maize (Escher et 
al., 2000). The survival and growth of Trachelipus rathkii and Armadillidium nasatum, 2 
abundant isopods in maize growing regions, were not adversely affected after exposure to the 
purified Cry1Ab protein or leaves of Bt-maize (events Bt11 and MON810) under laboratory 
conditions for 8 weeks (Clark et al., 2006). Detected differences in mortality, weight gain and 
consumption by isopods and in digestibility of plant material were generally attributed to 
differences in the nutritional quality of maize varieties used (Escher et al., 2000; Wandeler et 
al., 2002; Pont and Nentwig, 2005; Clark et al., 2006). 

2.1.3.5. Non-target soil organisms: impact assessment on nematodes 

Nematodes are considered useful indicators of soil quality, due to their great diversity and 
participation in many functions at different levels of food webs in soil and due to their 
presence in almost all soils with a high population density and a large number of species 
(StMUGV, 2006; Icoz and Stotzky, 2008b). 

A recent review on the effects of Bt-crops on soil ecosystems illustrated that, depending upon 
experimental conditions, the Cry1Ab protein might have different effects on nematodes (Icoz 
and Stotzky, 2008b). Saxena and Stotzky (2001a) found no significant differences in the 
number of nematodes in the rhizosphere soil of Bt and non-Bt-maize grown in a plant-growth 
chamber or between soil amended with biomass of Bt and non-Bt-maize. An overall 
comparison of MON810 versus non-Bt-maize across 3 different field sites in different 
European regions revealed a significant, but transient, reduction in numbers of nematodes 
under Bt-maize as compared with non-Bt-maize (Griffiths et al., 2005). Nematode community 
structure was different at each site and the effect of Bt-maize was not confined to specific 
nematode taxa. The authors concluded that the effect of Bt-maize was small and within the 
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normal variation range expected in the considered agricultural systems. In contrast, Griffiths 
et al. (2006) reported significantly higher nematode populations of Acrobeloides spp. and 
Pratylenchus spp. under Bt-maize (event MON810) than non-Bt-maize in a greenhouse study. 
There was an overall increase in nematode numbers under Bt-maize when all data were 
pooled, but no significant effect at any individual plant growth stage or in any particular soil 
type. The difference in environmental conditions in the greenhouse and the field might have 
affected interactions between plants and soil organisms (Griffiths et al., 2006; Birch et al., 
2007). In addition, based on a glasshouse study involving 8 different paired varieties of maize 
(Bt – including event MON810 – and near-isogenic), Griffiths et al. (2007b) reported that (1) 
nematode abundance varied mainly between maize varieties, rather than between Bt and non-
Bt maize, and that (2) differences in previously published soil nematode studies under Bt-
maize were smaller than varietal effects. 

Effects of Bt-maize (events MON810 and Bt176) on 2 nematode species, plant-parasitic 
Pratylenchus spp. and the bacteriovorious Caenorhabditis elegans, have also been studied in 
field trials in Germany (StMUGV, 2006). No adverse Bt-effects were observed with respect 
to population density of Pratylenchus spp., whilst growth, number of eggs and reproduction 
rate of C. elegans were negatively affected. In a laboratory bioassay, Höss et al. (2008) 
studied potential toxic effects of the Cry1Ab protein on C. elegans either by exposing C. 
elegans to rhizosphere and bulk soil from experimental fields cultivated with Bt-maize (event 
MON810) or to different solutions of the Cry1Ab protein expressed in Escherichia coli. 
Nematode reproduction and growth were significantly reduced in rhizosphere and bulk soil of 
Bt-maize as compared with soil from isogenic maize, and were significantly correlated with 
concentrations of the Cry1Ab protein in soil samples. However, because concentrations of the 
Cry1Ab protein measured in soil samples from Bt-maize were low and not sufficiently high to 
produce direct toxic effects on C. elegans (see also Baumgarte and Tebbe, 2005), adverse 
effects on the reproduction and growth of C. elegans were assigned to indirect effects. Höss et 
al. (2008) concluded that further investigations are needed to assess whether there are 
potential indirect effects of the protein on reproduction and growth of C. elegans and to 
clarify the causes. Any observed effects would then have to be compared with other factors 
limiting populations such as cultivation and other fluctuations in the physical soil 
environment.  

Experiments conducted in the context of the ECOGEN project showed that changes to 
nematode communities due to Bt-maize (event MON810) were small and transient, and 
smaller than those induced by seasonal, soil type, tillage, crop type or varietial effects 
(Griffiths et al., 2007a). Reduced abundance of nematodes was only observed at the field site 
in Denmark in October 2005 and not at the other sampling occasions. No significant 
differences in nematode abundance in field sites in France were shown. Current scientific 
information indicates that possible changes in the nematode community structure associated 
with Bt-maize and their products are likely to be minor compared with effects of agricultural 
practices, environmental stresses or differences between localities and maize varieties. 
Rearrangements of nematode populations, which are normally associated to several sources of 
variation in the agricultural environment, occur frequently and are not necessarily an 
indication of environmental harm. 

The GMO Panel concludes that no new data were presented to show that maize MON810 
would pose a risk to non-target soil fauna. 
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2.1.3.6. Microbiological effects: impact assessment 

Due to the close interaction between crops and microbe-mediated soil processes, soil 
organisms in the rhizosphere are likely to be exposed to the Cry1Ab protein released from Bt-
maize as root exudates. Some studies demonstrated consistent significant differences in 
relation to microorganisms between soils with Bt and non-Bt-maize. Root exudates of Bt-
maize (event Bt176) were shown to reduce presymbiotic hyphal growth of the arbuscular 
mycorrhizal fungus, Glomus mosseae, as compared with those of another Bt-maize (event 
Bt11) and control maize (Turrini et al., 2004). Castaldini et al. (2005) also reported consistent 
differences in rhizosphere heterothrophic bacteria and mycorrhizal colonization (including G. 
mosseae) between Bt-maize (event Bt176) and its conventional counterpart. According to the 
authors, the genetic modification in maize Bt176 might have led to changes in plant 
physiology and composition of root exudates, which in turn may have affected symbiotic and 
rhizosphere microorganisms. In this respect, Widmer (2007) suggested that effects observed 
on symbiotic microorganisms will only be disadvantageous for the crop itself, without 
representing a concern for the ecosystem. In addition, a number of other studies (reviewed by 
Widmer, 2007; Icoz and Stotzky, 2008b), performed under laboratory, glasshouse or field 
conditions covering a large array of classical and more recent analytical tools, revealed only 
some minor changes in soil microbial community structure with Bt-maize compared to non-
Bt-maize (Blackwood and Buyer, 2004; Brusetti et al., 2004; Griffiths et al., 2006; Mulder et 
al., 2006) or generally show no adverse effects of the Cry1Ab protein released by Bt-maize in 
root exudates or from biomass incorporated into soil microorganisms or microorganism-
mediated processes (Saxena and Stotzky, 2001a; Flores et al., 2005; StMUGV, 2006; 
Hönemann et al., 2008; Icoz et al., 2008). Where effects on microbial communities have been 
reported, these effects were in general considered spatially and temporally limited, and small 
compared with those induced by differences in geography, temperature, seasonality, plant 
variety and soil type (Fang et al., 2005, 2007; Griffiths et al., 2005, 2006; Lilley et al., 2006; 
Icoz and Stotzky, 2008b). Factors such as plant growth stage and field heterogeneities 
produced larger effects on soil microbial community structure than maize MON810 
(Baumgarte and Tebbe, 2005; Griffiths et al., 2007b).  

Mulder et al. (2006) reported short-term effects of maize MON810 which induced ecological 
shifts in microbial communities of croplands’ soils in laboratory tests. However, differences 
in agronomic and compositional characteristics between the tested Bt-maize and the near 
isogenic comparator may have caused the shift in microbial communities, so that no 
conclusions on the impact of the genetic modification can be made. Microbial activity could 
have been mainly affected by, for instance, sugar content (Biavati and Sorlini, 2007) rather 
than the Cry1Ab protein. Percentage differences in sugar content were relatively higher than 
those observed in levels of the Cry1Ab protein. The highly enhanced soil respiration reported 
during the first 72 hours after the addition of Bt-maize residues in Mulder et al. (2006) can be 
interpreted as being related to the presence of other macronutrient crop residues. However, 3 
weeks after the addition of the maize residues to the soil, no differences between the activity 
of specific bacterial guilds in soils amended with transgenic maize and bacteria in soils 
amended with conventional maize were detected.  

Studies in which the decomposition of Bt-maize was compared with that of non-Bt-isogenic 
lines mostly show that Cry1Ab expressing maize does not affect decomposition rate or mass 
of carbon remaining over time (e.g., Cortet et al., 2006; Tarkalson et al., 2008). Litter-bag 
experiments with Bt-maize (Bt11) reported by Zwahlen et al. (2007) did not reveal major 
changes in the decomposition rate of Bt-maize residues. Similarly, various studies on maize 
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MON810 found no evidence of effects related to the genetic modification when examining 
the decomposition rate of Bt-maize (Griffiths et al., 2007b; Hönemann et al., 2008; Lehman et 
al., 2008; Tarkalson et al., 2008). These recent findings confirm that previously reported 
decreases in decomposition rate (e.g., Saxena and Stotzky, 2001b; Flores et al., 2005; Fang et 
al., 2007; Raubuch et al., 2007) do not result from an inhibition of soil microorganisms by the 
Cry1Ab protein, but more likely from increased lignin contents in certain maize varieties. 
Altered lignin content in maize varieties has been shown not to be a generic effect of the 
cry1Ab gene insertion (Griffiths et al., 2007b).  

The GMO Panel is of the opinion that potential effects on soil microorganisms due to maize 
MON810 if they occur, will be transient, minor and localised in different field settings and are 
likely to be within the range currently caused by a range of other agronomic and 
environmental factors. 

2.1.3.7. Presence of cry1Ab gene and Bt-proteins in water: exposure and impact assessment in 
aquatic environments 

The occurrence and persistence of the cry1Ab gene from Bt (kurstaki) and Bt-maize (event 
MON810) have been examined in aquatic environments near fields where Bt-maize was 
cultivated. Douville et al. (2007) reported that the cry1Ab gene persisted for more than 21 and 
40 days in surface water and sediment, respectively, and detected the cry1Ab gene in surface 
water samples taken at long distances downstream from the maize plot. However, DNA 
presence alone is not considered a reliable indicator of toxicity to non-target organisms. A 
more reliable indicator of toxicity to non-target organisms would be the presence and 
concentrations of the Cry1Ab protein in surface water and sediment. In a previous study of 
the same group of researchers, it was reported that the presence of the Cry1Ab protein in 
water bodies was either absent or just above the detection limit (Douville et al., 2005), 
suggesting that Cry1Ab protein concentrations would remain far below any toxic level. 

Based on findings reported by Rosi-Marshall et al. (2007) and Bøhn et al. (2008), the French 
‘Comité de préfiguration’ of the High Authority for GMOs expressed concerns about the 
transport of Bt-maize byproducts (e.g., pollen, detritus) to downstream water bodies and their 
potential toxic effects on non-target aquatic organisms following consumption. 

Rosi-Marshall et al. (2007) reported that byproducts of Cry1Ab expressing maize entered 
headwater streams and claimed that this would reduce growth and increase mortality of some 
non-target stream insects such as Trichopterans. This study quantified maize biomass (Bt or 
non-Bt) in headwater streams, but the GMO Panel (EFSA, 2007a) and other scientists 
(ACRE, 2007; Beachy, 2008; Parrott, 2008) have indicated that the study is incomplete so 
that conclusions on environmental impacts cannot be made. The authors measured 
degradation rates in aquatic systems and found no difference between Bt and non-Bt-maize 
plant material. Concentrations of the Cry1Ab protein in leaves and pollen were not measured, 
so no dose-response relationship with the Bt-protein can be made. It is thus unclear how the 
degradation rate of the Bt-protein is related to that of plant material. In addition, the identity 
of the Bt-maize event used in the feeding test is not clear and no isogenic controls to compare 
with the GM material were used. Also, there is no detailed information given on the amount 
of maize material fed to test organisms, and effects reported are relatively minor in 
comparison with known toxic chemicals. Finally, there is no information on reproducibility of 
the feeding test. Therefore, the GMO Panel is of the opinion that important background 
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information on levels of exposure and plant material used is missing and considers that the 
conclusions made by Rosi-Marshall et al. (2007) are not supported by the data presented in 
the paper. Similar views were also expressed by ACRE (2007), Beachy (2008) and Parrott 
(2008). It can be concluded that a potential hazard for Trichopterans has been identified under 
laboratory conditions when exposed to high doses of Cry toxins. However, due to the low 
level of Cry toxins in aquatic systems reported in this paper and by Douville et al. (2005), 
exposure of Trichopterans in aquatic ecosystems is likely to be extremely low, so that the 
GMO Panel considers that it is unlikely that Bt-toxins in maize MON810 products would 
cause toxic effects to Trichopterans. 

A laboratory experiment performed by Bøhn et al. (2008) revealed that Daphnia magna fed 
with a Bt-maize flour-containing suspension (event MON810) had a higher mortality and a 
lower proportion of females reached sexual maturity as compared to the non-Bt-maize 
treatment, suggesting toxic effects of Bt-maize. However, since maize flour is not part of the 
natural diet of Daphnia, the unusual delays in development of Daphnia fed non-Bt-maize 
might have been caused by nutritional deficiencies related to a maize-based diet. Moreover, 
internationally accepted guidelines for toxicity and reproduction testing of Daphnia were not 
followed. Due to these methodological weaknesses, the GMO Panel doubts that any 
substantive conclusion on potential risks of maize MON810 can be drawn from the study. 

2.1.3.8. Exposure and impacts on non-target lepidopteran organisms 

Although maize is not considered an important resource of food for indigenous lepidopteran 
species in the EU, larvae of lepidopteran species consuming the Bt-plant or its products can 
be exposed to the Cry1Ab protein. In the vicinity of Bt-maize fields, larvae can be exposed to 
the Bt-protein when feeding on host plant leaves naturally dusted with pollen and anthers of 
Bt-maize during anthesis. In a theoretical exposure assessment, Schmitz et al. (2003) 
estimated that approximately 7% of German Macrolepidopteran species (butterflies and 
moths) occur in farmland areas where maize is grown and thus could be potentially affected 
by exposure to Bt-maize pollen.  

Larvae of a range of lepidopteran species are susceptible to the Cry1Ab protein and can be 
adversely affected by the toxin after ingestion of significant amounts (Losey et al., 1999; 
Jesse and Obrycki, 2000; Hellmich et al., 2001; Felke et al., 2002; Anderson et al., 2004, 
2005; Dutton et al., 2005; Lang and Vojtech, 2006; Prasifka et al., 2007). Dutton et al. (2005) 
showed that the pest species, Spodoptera littoralis, fed either on Cry1Ab expressing  plant 
material (event Bt11) or Bt-sprayed plants (Dipel) is adversely affected with young S. 
littoralis larvae being the most sensitive to the Bt-toxin. Compared to larvae maintained on 
control plants, larvae maintained on transgenic or sprayed plants had a higher mortality and a 
slower development time, confirming that certain herbivore Lepidoptera, including S. 
littoralis, are sensitive to the Cry1Ab toxin (Dutton et al., 2005). Sensitivity to the Cry1Ab 
protein was also shown for the stored-product moth pest species, Ephestia kuehniella, 
Ephestia elutella, Cadra cautella and Plodia interpunctella (Hubert et al., 2008). The 
anticipated effects of Bt-maize on secondary Lepidoptera pests largely depend upon the maize 
event, its expression pattern, the type of ingested plant material, and the phenology of the 
species in field conditions. 

In laboratory studies, lethal and sublethal effects of Bt-maize pollen consumption by larvae 
have been demonstrated for several non-target lepidopteran species, with the magnitude of 
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effects depending upon the GM maize event and lepidopteran species used, as well as the 
amount of pollen consumed and toxin amounts contained in it. Concentrations of the 
biologically active Cry1Ab protein in pollen of maize Bt11 and MON810 were shown to be 
relatively low resulting in similar toxicological effects on non-target lepidopteran populations 
exposed to pollen from these maize events (Mendelsohn et al., 2004), in contrast to maize 
Bt176 pollen which contain much higher concentrations of the Cry1Ab protein (Hellmich et 
al., 2001). A laboratory assay revealed toxicity to monarch butterfly larvae (Danaus 
plexippus) that consumed Bt-maize pollen deposited on milkweed plants (Asclepias spp.) 
compared to those reared on leaves dusted with non-transformed maize pollen or on leaves 
without pollen (Losey et al., 1999). Larvae of the pest species Pieris brassicae, Pieris rapae 
and Plutella xylostella also fed less, grew more slowly and showed a higher mortality when 
they ingested their food plant material dusted with pollen of maize Bt176, compared to larvae 
of an untreated control group (Felke et al., 2002). Similarly, Lang and Vojtech (2006) 
reported a lower survival rate of larvae of the European common swallowtail, Papilio 
machaon, exposed to the highest levels of Bt-maize pollen densities (event Bt176) that might 
be experienced under field conditions. The uptake of Bt-maize pollen led to reduced plant 
consumption, lower body weight, longer development time of larvae, and smaller wing size as 
adults. Hence, besides an impact assessment, an exposure assessment is needed for assessing 
potential risks for a given lepidopteran species. 

An extensive study of field experiments conducted in the US reported that the risk of Bt-
maize pollen on monarch butterfly populations is likely to be negligible for maize MON810 
(Hellmich et al., 2001; Oberhauser et al., 2001; Pleasants et al., 2001; Sears et al., 2001; 
Stanley-Horn et al., 2001; Oberhauser and Rivers, 2003; Wolt et al., 2003). Lethal and 
sublethal effects were only observed when monarch butterfly larvae consumed a very high 
number of maize MON810 pollen (Sears et al., 2001; Stanley-Horn et al., 2001; Dively et al., 
2004). Because the proportion of the monarch butterfly larvae population exposed to toxic 
levels of Bt-pollen is small (e.g., due to the lack of temporal overlap between larval 
development and pollen shed (Oberhauser et al., 2001)) and the amount of toxin contained in 
maize MON810 pollen is low as compared to maize Bt176 (Hellmich et al., 2001), it was 
concluded that impacts on D. plexipus populations are negligible (Sears et al., 2001; Dively et 
al., 2004). Pollen concentrations exceeding the toxicity level mainly occur on leaf surfaces in 
Bt-maize fields and within 1-3 m of the edge of the Bt-maize field (Jesse and Obrycki, 2000; 
Pleasants et al., 2001; Zangerl et al., 2001; Wolt et al., 2003; Dively et al., 2004; Lang et al., 
2004), whilst susceptibility to the Bt-toxin declines with older instars (Hellmich et al., 2001; 
Felke et al., 2002). Even though Dively et al. (2004) detected a higher mortality and a 
decreased fitness to monarch larvae consuming MON810 pollen in laboratory and semi-field 
tests, these sublethal effects on the monarch population due to long-term exposure to Bt-
maize pollen were considered small (~0.6% to 2.5%) by the authors and much lower than 
those attributed to natural variability.  

Although decreased larval feeding and weight of monarch butterfly larvae have been reported 
after exposure in the laboratory to a high density of Cry1Ab-expressing anthers (MON810) as 
compared to larvae exposed to milkweed leaf disks with no anthers or non-Bt-anthers 
(Hellmich et al., 2001; Anderson et al., 2004, 2005), an examination of anthers in and near 
maize fields showed that toxic levels of anthers are uncommon (Anderson et al., 2004). The 
GMO Panel concludes that intact Bt-anthers alone or in combination with Bt-pollen are not 
likely to pose a significant risk to monarch butterflies. Although Anderson et al. (2004) and 
Prasifka et al. (2007) reported a reduction in feeding and weight gain due to behavioural 
changes under laboratory conditions, a point that still remains to be explained is how this 
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change might translate to the field. Under field conditions early instar larvae, which are most 
susceptible to the Cry1Ab protein, are less exposed, as they mainly feed on the upper third of 
milkweed plants where the lowest densities of anthers occur (Pleasants et al., 2001; Anderson 
et al., 2004). In addition, larvae can move to the underside of leaves where they would avoid 
any contact with anthers (Pleasants et al., 2001; Jesse and Obrycki, 2003). 

The GMO Panel agrees with the French ‘Comité de préfiguration’ of the High Authority for 
GMOs that extrapolating observations made on certain non-target lepidopteran species to 
others remains difficult due the variability in acute sensitivity among lepidopteran species to 
the Cry1Ab protein (as determined in artificial diet studies reported in Wolt et al., 2003) and 
due to the different biology among lepidopteran species. There are a few studies on the 
distribution and hence the exposure of European lepidopteran species in agricultural 
landscapes on a population level (Schmitz et al., 2003; Gathmann et al., 2006a,b; StMUGV, 
2006). In this respect, a 3-year field study performed in Germany, revealed no difference in 
abundance of larvae of the lepidopteran species P. rapae and P. xylostella between the Bt-
based treatment (event MON810) and control treatment on weed strips artificially sown in 
maize field plots (Gathmann et al., 2006b). Although 7 other lepidopteran species were 
observed in the study, their low abundance did not enable suitable statistical analysis. This 
confirms that studying all lepidopteran species that could be potentially exposed to Bt-maize 
pollen may be difficult in practice, especially if potential effects are to be detected (Lang, 
2004; Gathmann et al., 2006b) against a wide range of existing environmental and agronomic 
stressors currently influencing lepidopteran populations (Aviron et al., 2006; Gathmann et al., 
2006b).  

The GMO Panel concludes that no new scientific data regarding exposure of non-target 
lepidopteran species to maize MON810 were presented in the application that would alter risk 
assessment of this event. 

2.1.3.9. Global analysis of non-target entomofauna 

Nine years of experience of Cry1Ab maize cultivation in Spain revealed no adverse effects on 
non-target arthropods (de la Poza et al., 2005; Pons et al., 2005; Eizaguirre et al., 2006; 
Farinós et al., 2008). Two different field studies in which the potential impact of Bt-maize 
(event Bt176) on predatory arthropods was studied over at least 3 consecutive years in Spain 
did not show clear differences in predatory arthropod abundance among Bt-maize and the 
isogenic counterpart, though their abundance varied between years and sites (de la Poza et al., 
2005; Eizaguirre et al., 2006). Focussing on effects of Bt-maize in species richness, diversity 
and seasonal phenology of ground-dwelling arthropods, Farinós et al. (2008) reported that no 
significant differences among the most abundant arthropod groups (e.g., spiders, ground 
beetles, rove beetles) could be attributed to the Bt-maize treatment. Both Pons et al. (2005) 
and Eizaguirre et al. (2006) showed that Cry1Ab expressing maize did not have an adverse 
impact on non-target pest species in the field: overall, more aphids and leafhoppers were 
found in Bt-maize fields as compared to non-Bt-maize fields, whilst numbers of cutworms 
(Agrotis segetum) and wireworms (larvae of click beetle Agriotes lineatus) remained similar. 

In a field monitoring study performed in Germany from 2000 to 2005, field pairs (half-fields) 
planted with Bt-maize (event MON810) and a conventional maize variety were followed to 
determine densities of taxa on plants, activity densities and diversity of ground-dwelling 
arthropods (Schorling and Freier, 2006). Density comparisons of different taxa (such as 
aphids, thrips, heteropterans, aphid specific predators, spiders and carabids) revealed a few 
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significant differences for specific taxa between Bt and conventional maize fields, but no 
general tendencies over the 6 years. No effects due to the growing of maize MON810 on non-
target communities including lepidopteran larvae were observed during a field study 
performed in Germany over 3 consecutive years (Gathmann et al., 2006b; Eckert et al., 2006; 
Toschki et al., 2007). In another study, monitoring of foliage-dwelling spiders was carried out 
in Bt-maize fields and adjacent margins over 3 successive years in Germany (event Bt176) as 
compared to non-Bt-maize fields. Results did not reveal consistent adverse effects on 
individual numbers, species richness and guild structure of spiders due to the cultivation of 
Bt-maize (Ludy and Lang, 2006a). Ludy and Lang (2006b) also reported that web-building 
spiders such as the garden spider (Araneus diadematus) can be exposed to and thus ingest 
high amounts of Bt-maize pollen via recycling of pollen-dusted webs. However, a laboratory 
study showed that the garden spider is not affected in its weight, survival, mould frequency, 
reaction time and various web variables following consumption of high amounts of Bt-maize 
pollen.  

Results of a meta-analysis of 42 independent field experiments carried out across different 
continents by Marvier et al. (2007) indicated that non-target invertebrates are generally more 
abundant in near isogenic control fields where no insecticide treatments are applied than in 
fields cropped with Bt-cotton or Bt-maize (events MON810, Bt176 and MON863) mainly due 
to a lower abundance of Bt-susceptible (target) pest species, which are prey/hosts for natural 
enemies. However, when non-Bt-cotton or maize fields are managed conventionally with the 
application of insecticides, non-target taxa were shown to be less abundant than in fields 
cropped with Bt-cotton or maize. 

A more recent meta-analysis of published field studies on non-target effects of Bt-crops made 
the differentiation among functional guilds of non-target arthropods. Thereby, the abundance 
of predators, parasitoids, omnivores, detritivores and herbivores was compared under 
scenarios where neither, only the non-Bt-crops, or both Bt and non-Bt-crops received 
insecticide treatments showed different effects of Bt-maize among functional guilds of non-
target arthropods (Wolfenbarger et al., 2008). As expected, fewer specialist parasitoids of the 
target pest occurred in Bt-maize fields, as compared to unsprayed non-Bt-controls, but no 
significant reduction was detected for other parasitoids. In comparison to sprayed non-Bt-
controls, numbers of predators and herbivores were higher in Bt-crops, with the magnitude of 
the difference being influenced by the type of insecticide. Due to reductions of their predators 
in sprayed non-Bt-maize, omnivores and detritivores were more abundant in insecticide-
treated controls. However, no differences in abundance were found when both Bt and non-Bt-
crops were sprayed. Predator-to-prey ratios were unchanged by either Bt-crops or the use of 
insecticides; ratios were higher in Bt-maize relative to the sprayed non-Bt-control. These data 
indicate that a decreased abundance of some target and non-target invertebrate taxa in maize 
agro-ecosystem might be observed in areas of cultivation where no alternative pest control 
measures are adopted. However, the use of and type of insecticides influence the magnitude 
and direction of observed effects, and insecticide effects were reported to be larger than those 
of Bt-crops. Therefore, specific pest control practices on conventional maize in the area of 
GMO deployment would need to be evaluated in order to evaluate the relative effects of 
maize MON810. 

In conclusion, the GMO Panel considers that there is no new evidence that indicates a specific 
risk to non-target organisms linked to the maize agro-ecosystem in France. 



 
Safeguard clause and emergency measure invoked by France on maize MON810 
according to Directive 2001/18/EC and Regulation No 1829/2003/EC respectively 

 

 
The EFSA Journal (2008) 850, 24-45 

 

2.1.3.10. Trophic chain effects on predators 

Invertebrate predators can be exposed to the Cry1Ab protein through their prey organisms. 
Harwood et al. (2005), quoted by the French ‘Comité de préfiguration’, for instance, studied 
exposure to the Cry1Ab toxin (event Bt11) for certain groups of non-target organisms, 
namely Diptera, Hymenoptera, Coleoptera (including predatory Coccinellidae), Hemiptera, 
Homoptera, Neuroptera, Heteroptera (including herbivore species), Orthoptera, Collembola, 
Lepidoptera, Dictyoptera and Araneae. The authors reported levels of Bt-toxin observed 
within non-target herbivores and their natural enemies such as spiders and predatory insects 
under field conditions, showing that significant quantities of the Cry1Ab protein can move 
into higher trophic levels. Similarly, Obrist et al. (2006a) investigated the transmission of the 
Cry1Ab protein through the food chain and thus the exposure of predatory species to the 
Cry1Ab toxin (event Bt176). These studies showed that the Cry1Ab protein from Bt-maize 
passed along trophic chains up to the third trophic level, and that in some cases it 
accumulated in concentrations that were higher than on leaves. The Cry1Ab protein was 
detected in certain predators (such as Orius spp., Chrysoperla spp. and Stethorus sp.), whilst 
its presence was negligible in others (e.g., hemerobiids, Nabis sp., Hippodamia sp., Demetrias 
sp.). Another tritrophic study performed by Obrist et al. (2006b) not only confirmed protein 
uptake by larvae of the green lacewing, Chrysoperla carnea, via its herbivore preys, 
Tetranychus urticae and Spodoptera littoralis, after Bt-maize consumption (see also Dutton et 
al., 2002), but also confirmed maintenance of the biological activity of the Cry1Ab protein 
after ingestion by both herbivore species. Harwood et al. (2007) showed the presence of the 
Cry1Ab protein in gut samples of certain predatory coccinellids (e.g., Coleomegilla maculate, 
Harmonia axyridis, Cycloneda munda, Coccinella septempunctata). The fact that the 
presence of the Cry1Ab protein was not always confined to periods of anthesis suggested that 
tritrophic linkages in the food chain facilitated the transfer of the Cry1Ab protein into higher 
order predators. 

Hence, the uptake of the Cry1Ab protein by predators will not only occur by direct feeding on 
Bt-expressing plant material (such as pollen), but also indirectly through the consumption of 
arthropod prey that contains the Bt-protein, especially for species preying on spider mites. In 
addition, other routes of exposure of non-target organisms can occur (e.g., Andow et al., 
2006). The exposure to the Cry1Ab protein might be thus very different between predatory 
taxa due to variability in phenology and feeding habits. 

Potentially toxic effects on predators fed with preys containing levels of the Cry1Ab protein 
might occur when predators are sensitive to the protein. Literature data on the susceptibility 
of several groups of natural enemies are available and have been reviewed. In this respect, 
Lövei and Arpaia (2005) pointed out some shortcomings related to species selection, sample 
size, statistical power and duration of certain laboratory toxicity studies performed on 
arthropod natural enemies. Based on the current literature, Romeis et al. (2006) suggested that 
there are little or no indications of direct adverse effects of Cry1Ab expressing maize on 
natural enemies. In this respect, several studies confirmed that the Cry1Ab protein is not toxic 
to non-target organisms less closely related to targeted pests. Meissle et al. (2005) related the 
adverse effects on the generalist predator, Poecilus cupreus, fed S. littoralis larvae, which had 
been raised on Bt-maize (event MON810) to the nutritional quality of the prey and not to the 
direct effect of the Cry1Ab protein. In another study, the presence of Cry1Ab in both prey T. 
urticae and ladybird Stethorus punctillum predator collected from commercial fields of maize 
MON810 had neither an adverse effect on survival of the predator, nor on the developmental 
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time through to adulthood. Furthermore, no subsequent effects on ladybird fecundity were 
observed (Alvarez-Alfageme et al., 2008).  

2.1.3.11. Trophic chain effects on parasitoids 

In general, invertebrate parasitoids appear to be more sensitive to diets that contain Cry 
proteins than predators (Lövei and Arpaia, 2005), though effects are possibly associated with 
the poor quality of their hosts. Parasitoids can be exposed to the Cry1Ab protein through one 
or more trophic levels (e.g., their host organisms feeding on Bt-plant tissue). Indirect host-
mediated effects were observed when effects of Bt-maize on the non-target lepidopteran 
herbivore, S. littoralis, and on the hymenopteran parasitic wasp, Cotesia marginiventris, were 
investigated. C. marginiventris survival, developmental times and cocoon weights were 
significantly adversely affected when their S. littoralis host larva had been fed Bt-maize. 
Because S. littoralis larvae are significantly affected by the Cry1Ab expressing maize in 
terms of development time and survival (e.g., Dutton et al., 2002, 2005; Vojtech et al., 2005), 
it is likely that these slower developing hosts might not provide sufficient nutrients for the 
normal development of parasitoid larvae. Even though direct effects to parasitoid larvae 
cannot be excluded, as host larvae contained the Cry1Ab protein, these direct toxic effects 
seemed unlikely due to the specificity of the Cry 1Ab protein (Vojtech et al., 2005). However, 
another study suggested that the Cry1Ab protein present in the host, Spodoptera frugiperda, 
fed Bt-maize may have a direct effect on C. marginiventris, (Ramirez-Romero et al., 2007). 
These authors observed that the exposure to Cry1Ab protein via hosts fed Bt-maize tissue 
affected parasitoid developmental times, adult size, and fecundity, but not cocoon-to-adult 
mortality and sex ratio. These effects occurred even when concentrations of the Cry1Ab 
protein were low in hosts. The fact that C. marginiventris females were smaller and less 
fecund when fed Cry1Ab containing hosts as compared to conventional maize, led the authors 
to suggest a direct effect of the Cry1Ab protein, though effects on parasitoids of direct 
exposure to the Cry1Ab protein were not studied (Ramirez-Romero et al., 2007). The authors 
were also able to prove the importance of the plant in causing negative effects at the third 
trophic level, since negative results were not observed when pure protein-containing diet was 
used in the tritrophic experiments. 

By contrast, the performance of C. marginiventris fed aphid honeydew was observed to 
increase due to positive effects of Bt-maize (events Bt11, MON810 and Bt176) on the 
performance of the maize leaf aphid, Rhopalosiphim maidis (Faria et al., 2007). Even though 
aphid performance was within the normal variation observed among conventional maize 
varieties, different studies reported that aphids perform better on Bt-maize than on near 
isogenic counterparts (e.g., Bourguet et al., 2002; Dutton et al., 2002; Lumbierres et al., 2004; 
Pons et al., 2005; Eizaguirre et al., 2006). With the larger colony densities of aphids on Bt-
maize, more honeydew was produced, in turn increasing parasitoid longevity and rate of 
parasitoism. Based on the observations made, Faria et al. (2007) concluded that as a long as 
aphid numbers do not reach pest status, the increase in Bt-maize susceptibility to aphids may 
pose an advantage in maintaining beneficial insect fauna in Bt-maize. 

2.1.3.12. Conclusion 

The GMO Panel is of the opinion that the information and documents provided by France do 
not provide any new or additional scientific evidence that would invalidate the previous risk 
assessments of maize MON810 for the non-target organisms.  
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2.1.4. Exposure and impacts on pollinating insects 

In its report, the French ‘Comité de préfiguration’ of the High Authority for GMOs states that 
“Impact studies need to be carried out on bees in hives kept under normal apiculture 
conditions, to analyse the cumulative effects” and argues that “there was no consensus on this 
point.” 

2.1.4.1. Impact assessment on pollinating insects 

Maize pollen can be collected, stored and consumed by honeybees, especially in regions 
where there are limited sources of pollen when maize is flowering. Pollen feeding is a route of 
exposure of honeybees to Cry1Ab toxin expressed in maize MON810, and potential adverse 
effects have been considered in previous scientific opinions of the GMO Panel. 

Reviewing available scientific data on potential adverse effects on honeybees of the Cry1Ab 
toxin or Bt-pollen of maize gathered either under laboratory or semi-field conditions, Malone 
(2004) concluded that none of the Bt-plants commercially available at the time of the 
publication have significant impacts on the health of honeybees. Other feeding studies 
performed in controlled conditions with honeybees being fed either with Bt-pollen or 
mixtures of honey or sugar syrup containing purified endotoxin have indicated no direct 
adverse effects on larvae and adult survival (Malone and Pham-Delègue, 2001; Ramirez-
Romero et al., 2005, 2008; Rose et al., 2007). Based on a meta-analysis of 25 independent 
laboratory studies assessing direct effects on honeybee survival of Cry proteins from currently 
commercialised Bt-crops, Duan et al. (2008) concluded that the assessed Cry proteins do not 
negatively affect the survival of either honeybee larvae or adults in laboratory settings. 
However, Duan et al. (2008) considered that in field settings, honeybees might face additional 
stresses, which could theoretically affect their susceptibility to Cry proteins or generate 
indirect effects. 

Since exposure to Bt-pollen could have potential indirect adverse effects on the development 
of the whole honeybee colony, some studies focused on the hypopharyngeal gland 
development in honeybees. Hypopharyngeal glands are considered an important indicator of 
bee life history and thus for colony development, as worker (nurse) bees use their 
hypopharyngeal gland to prepare brood food (jelly) for the larvae. In this respect, Babendreier 
et al. (2005) fed young adult bees for 10 days with Bt-maize pollen expressing Cry1Ab toxin 
(event MON810) or with purified Cry1Ab toxin solubilized in sugar solutions. No significant 
differences either in diameter or weight development of hypopharyngeal glands of control 
bees and bees fed Bt-pollen or Bt-containing sugar solutions were found. By contrast, 
protease inhibitors caused significant differences which indicated the sensitivity of the 
method.  

In a field study where colonies foraged on Cry1Ab expressing maize (event Bt11) and were 
fed Bt-pollen cakes for 28 days, Rose et al. (2007) did not observe adverse effects on bee 
weight, foraging activity, and colony performance. Similarly, in a flight cage study 
maintained in controlled conditions, no significant differences were reported in honeybee 
mortality, syrup consumption and olfactory learning performance when honeybee colonies 
were exposed to different syrups containing Cry1Ab protoxin (Ramirez-Romero et al., 2005). 
In this respect, Ramirez-Romero et al. (2008) recently concluded that negative effects of the 
Cry1Ab protein on foraging behaviour and olfactory learning performance of honeybees are 
unlikely in natural conditions. Feeding behaviour and olfactory learning performance were 
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disturbed only when honeybees were exposed to extremely high concentrations of Cry1Ab 
protein (5000ppb), which do not occur under normal apicultural or field conditions (Ramirez-
Romero et al., 2008). 

2.1.4.2. Exposure assessment on pollinating insects 

As pollen shedding in a given maize field usually takes place for approximately 10 days each 
season, potential bee exposure to pollen from maize MON810 will be limited under normal 
apicultural conditions. In most cases, the proportion of maize pollen as a total of all pollen 
collected and fed to larvae during a summer will be low. Babendreier et al. (2004), for 
instance, reported that fully grown worker bee larvae contain between 1720 and 2310 maize 
pollen grains in their gut before defecation, corresponding to 1.52-2.04 mg of pollen 
consumed per larva. On average, 74.5% of pollen grains were completely digested, while 
23.3% were partially digested and 2.2% remained undigested. Since pollen consumption of 
honeybee larvae is minimal when compared to adults, larval stages are far less exposed to Bt-
toxins: Babendreier et al. (2004) indicated that the contribution of the protein by directly 
feeding larvae with pollen is less than 5% in relation to the total amount of protein necessary 
for complete larval development. Moreover, due to the low concentration of Cry1Ab in 
MON810 pollen, honeybees will only be exposed to very low concentrations of the toxin.  

2.1.4.3. Conclusion 

The GMO Panel considers that the low exposure level of Cry1Ab containing pollen combined 
with its low toxicity is unlikely to result in any adverse effects on honeybees under normal 
apicultural conditions. In addition, available scientific evidence gathered from laboratory and 
semi-field studies does not demonstrate impacts of maize MON810 pollen on honeybees. 
Claims and documents provided by France do not provide any new or additional scientific 
evidence that would invalidate previous risk assessments of maize MON810. 

2.2. Food and feed safety issues 

2.2.1. General impression 

The French ‘Comité de préfiguration’ of the High Authority for GMOs has provided various 
arguments as to why they consider the safety testing performed with maize MON810 and the 
Cry1Ab protein has not been sufficient. However, the GMO Panel considers that the 
arguments provided do not point at specific hazards that would have been identified recently 
in maize MON810 or the Cry1Ab protein, but are of a more general nature, touching upon the 
risk assessment approach recommended by the internationally harmonized Codex 
alimentarius (Codex alimentarius, 2003) and the EFSA Guidance Document (EFSA, 2006), 
although the latter 2 documents are not explicitly mentioned in the French arguments. 

2.2.2. Specific arguments 

The French ‘Comité de préfiguration’ of the High Authority for GMOs states the following: 

- “The proteins produced by Bacillus thuringiensis and that produced by MON810 do 
not have the same primary sequences; 
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- The protein produced by MON810 can be modified in its spatial conformation by 
addition of elements, which can have important consequences for its functional 
characteristics and its potential pathogenic capacity; 

- The duration of the toxicological tests is insufficient and these have to be conducted in 
multiple animal models; 

- The toxicological tests performed for the assessment of transgenic plants do not cover 
the new domains of health (prion disease, oncology).” 

In addition, it concludes that “In the absence of long-term tests on the protein in the 
configuration in which it is really produced by MON810, the precautionary principle should 
prevail”. 

2.2.3. Health effects 

2.2.3.1. Allergenicity 

The French ‘Comité de préfiguration’ of the High Authority for GMOs states that “Emergent 
allergic problems linked with novel foods or industrial processes need to be taken into 
account (Wassenberg et al., 2007). It is known in particular that Cry1Ab triggers an immune 
response in the rat model (Kroghsbo et al., 2008)”. 

During the safety assessment of GMOs and as recommended by the EFSA Guidance 
Document (EFSA, 2006), potential allergenicity of a GMO is considered. In this respect, a 
‘weight-of-evidence’ approach is followed, taking into account multiple factors that provide 
an indication of the likelihood that the GMO may represent additional allergic hazards over 
its conventional counterparts. According to the GMO Panel, no indications have been found 
for the Cry1Ab protein that would raise concerns over any potential allergenicity. 

With regard to the notion that the Cry1Ab protein has triggered an immune response in the 
experiment described by Kroghsbo et al. (2008), it is not uncommon for a protein to act as an 
antigen. The authors themselves note that “It is well documented that introduction of a new or 
‘foreign’ protein by the oral route will induce an antigen-specific immune response”. This 
information can therefore not be taken by the GMO Panel as an indication of any allergic 
response to the Cry1Ab protein. 

2.2.3.2. Toxicity 

The French ‘Comité de préfiguration’ raised questions with regard to modifications of the 
conformation of proteins. Thereby, it states that “The toxicology tests applied to the Cry1Ab 
protein are far from covering the fields of new research that have been revealed by recent 
studies on prion diseases (CJD, mad cow’s disease, scrapie, contaminations and 
transplantations), which have had an important global impact with destructive effects on 
human and animal health caused by new processes applied in agriculture, and which are 
related to modifications of the conformation of proteins. In effect, the Cry1Ab protein has not 
been tested according to current methods in the domain of research on prions (newborn rats 
with IC or IP injections; subsequently studies during 120 till 300 days at minimum) (Liberski 
and Brown, 2007; Unterberger and Voigtlander, 2007). It has to be stressed that such studies 
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could have prevented the “mad cow” crisis and, more recently, that of the growth hormone 
affecting young children (Lewis et al., 2006; Pauli, 2005).” 

In accordance with the EFSA Guidance Document (EFSA, 2006) and the Codex alimentarius 
guidelines (Codex alimentarius, 2003), the GMO Panel considers characteristics of proteins, 
including structure and functionality and various other relevant physico-chemical and 
biochemical properties as part of the data routinely assessed for GMOs, as well as their 
potential toxicity and allergenicity. The GMO Panel is of the opinion that arguments raised by 
the French authorities are highly speculative and do not reveal new insights that the Cry1Ab 
protein specifically could act as a prion, particularly the prion involved with TSE/BSE. 

In its report, the French ‘Comité de préfiguration’ argues that “The toxicological studies also 
have to consider research on oncogenes. Tests on newborn animals have, since a long time, 
been applied in viral and non-viral oncology. These tests have enabled the discovery of 
oncogenes that are the cause of many human cancers (Gelman et al., 1993; Bonham et al., 
1992; Hassan et al., 1990; Darlix et al., 2007).”  

The GMO Panel considers that the information does not specifically indicate that the 
transgenic DNA inside maize MON810 could have oncogenic properties. Moreover, neither is 
the cry1Ab gene a known oncogene, nor does the function and origin of the cry1Ab transgene 
in maize MON810 indicate any role as an oncogene in plants or humans/animals. In a more 
general sense, the impact of potential horizontal gene transfer of transgenic DNA is also 
considered by the GMO Panel during the safety assessment of GMOs with respect to potential 
implications for human and animal health and the environment according to the EFSA 
Guidance Document. 

2.2.3.3. Long-term toxicity tests 

In its report, the French ‘Comité de préfiguration’ argues that “Independently from the 
precautions that already have to be taken with regard to the new pathologies caused by yet 
little understood mechanisms, given that the authorizations currently base themselves on tests 
performed solely on rats only during 90 days, this limitation is far from creating unanimity in 
the scientific community. The usual tests for food additives and pesticides are carried out 
during at least two years, on multiple generations of animals, and on multiple mammalian 
species. Furthermore, the power of the statistical methods employed is doubtful as they 
appear to be hardly sensitive for differences, even if some of these [differences] are 
significant. Actually, instead of being defined at the start of the experiment, the procedure 
evolves based on the results obtained. For the bodyweight curves, a technique that has been 
adapted to longitudinal results should have been employed (Lavielle, 2007). In conclusion, 
the Committee has serious doubts, on one hand on the methodology to decide if a difference is 
significant or not, on the other hand about the biological interpretation of observed 
differences. 

Moreover, scientists should have access to the original results of the toxicological tests that 
have been employed. To block their diffusion, as has been done in the past years with regard 
to the results of tests on rats fed or not with MON863 maize hinders the progress of scientific 
knowledge and contradicts European (in particular Directive 2001/18/EC) and French 
regulations. While re-examining these results, Seralini et al. (2007) have proven differences 
in weights amongst male and female rats, as well as signs of hepatorenal toxicity. A study 
commissioned by the enterprise (Doull et al., 2007) subsequently contested this interpretation 
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arguing that a dose-effect relationship had not been proven and because the results differed 
in function of gender. 

In fact, the protocol of the initial study by the enterprise has not been established in a way 
that could prove such a dose-effect as it limits itself to two dose levels only. What is more, for 
metabolic and hormonal disturbances, the response need not being linear. In each case, 
again, it is needed more than ever before that toxicological tests are performed with a longer 
duration and not only on rats. It should be reminded that the tragic history of thalidomide 
and its impact on the fetus was linked to the fact that only two animal models were utilized. 

In the absence of long-term tests with the recombinant Cry1Ab protein, its RNA messenger, 
and MON810, it appears to be important to let the precautionary principle prevail, without 
biasing future actions to be taken in research and development. Within this context, such tests 
should be carried out completely independently from the enterprise and double-blind. Once 
results have been obtained, they should be made public.” 

The GMO Panel considers that the data provided by the French authorities do not contain any 
data or other indications for hazards specifically posed by MON810 maize. 
The text also discusses the perceived shortcomings of the 90-days rat feeding study performed 
by the applicant. Whilst the 90-days rat study with whole GM crop products is provided to 
EFSA with many dossiers it receives, it is not a standard requirement to perform these studies. 
By contrast, the performance of these studies has to be chosen for on a case-by-case basis, 
depending on the outcome of the extensive comparative assessment in which a GM crop is 
compared to its counterpart with regard to molecular characteristics, composition 
(macronutrients, micronutrients, anti-nutrient, toxins, allergens), and agronomic/phenotypic 
characteristics in accordance with internationally harmonized guidelines of Codex 
alimentarius (Codex alimentarius, 2003) and the EFSA Guidance Document (EFSA, 2006). 
Based upon the biologically relevant changes in characteristics of the GM crop thus 
identified, further testing may be required. More details including the assessment of long-term 
effects can be found in the recently published report of the GMO Panel’s Working Group on 
Animal Feeding Trials, which has appeared in a supplement to Food and Chemical 
Toxicology (EFSA, 2008).  

With regard to the comments made by Séralini et al. (2007), this pertains to maize MON863, 
which is different from maize MON810, the subject of the current safeguard clause. In 
addition, the GMO Panel has already published a statement on the Séralini et al. (2007) 
publication (EFSA, 2007b), concluding that these data do not cause it to deviate from its 
previous opinion on MON863. 

The data presented by the French ‘Comité de préfiguration’ neither provide any new scientific 
information nor give any other indications that maize MON810 would pose a risk. 

2.2.3.4. Characteristics of the Cry1Ab protein 

With regard to the Cry1Ab protein, the French ‘Comité de préfiguration’ points out that 
“…The natural protein and that produced by MON810 do not have the same primary 
sequences. Even more, the one produced by MON810 can possibly be modified by addition of 
phosphates, N-acetylglucosamine, and hexoses, which can cause a change in the 
conformation of the protein (Ahmad et al., 2006), in its functional characteristics, also with 
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regard to its possible pathogenic potential (Wang et al., 2007; Pang et al., 2007; Chen et al., 
2006; Wells et al., 2004; Lüdemannet al., 2005). This is not the case for the natural form of 
Cry1ab as bacteria are incapable of these possible post-translational modifications (Dennis 
et al., 2006).  However, in its analysis of the opinion of CPHA, the enterprise stayed silent 
about the important queries raised about these differences.” 

The GMO Panel considers that the data provided do not point at a hazard that can specifically 
be linked to the Cry1Ab protein and does not provide any new information on this protein 
either. The references pertain to the functionality and post-translation modifications of other 
proteins than Cry1Ab. In addition, it implies that the safety assessment of the Cry1Ab protein 
would be limited to a consideration of its similarity to the protein produced naturally by 
Bacillus thuringiensis. None of the data on the Cry1Ab protein and similar Cry proteins that 
have been assessed by the GMO Panel for their safety have indicated any modifications with 
potential adverse health effects. 

OVERALL CONCLUSIONS AND RECOMMENDATIONS 

The GMO Panel has investigated the claims and documents provided by France. In these 
documents, the GMO Panel did not identify any new data subject to scientific scrutiny or 
scientific information that would change previous risk assessments conducted on maize 
MON810 which currently has marketing consent in the EU. 

Having considered the overall information package submitted by France as well as a broad 
range of relevant scientific literature, the GMO Panel is of the opinion that there is no specific 
scientific evidence, in terms of risk to human and animal health and the environment, that 
would justify the invocation of a safeguard clause under Article 23 of Directive 2001/18/EC 
and an emergency measure under Article 34 under Regulation (EC) No 1829/2003. 

DOCUMENTATION PROVIDED TO EFSA 

1. Letter dated 27 February 2008, with the supporting documents from M.P. Carl, Director-
General Environment EC, to Catherine Geslain-Lanéelle, Executive Director EFSA (ref. 
ENV/B3/YK/gm D(2008) 3460) – Assessment of the scientific studies supporting the 
suspension of cultivation of MON810 in France - Request for EFSA opinion. 

2. Letter dated 11 March 2008 (ref. SR/SM/KL/shv (2008) 2768466), from EFSA to the 
requestor, European Commission/DG ENV, asking for clarifications and further 
information. 

3. Letter dated 19 March 2008 (ref. ENV/B3/YK/gm D(2008) 4751), from the European 
Commission/DG ENV, to EFSA responding to EFSA concerns raised in its letter dated 
11 March 2008.  

4. Note dated 12 June 2008, from French authorities to EFSA, providing EFSA with an 
additional report. 

5. Letter dated 17 July 2008 (ref. RM/PB/SM/shv (2008) 3159835), from EFSA to the 
European Commission/DG ENV, requesting clarifications on the status of the additional 
report.  

6. Letter dated 25 July 2008 (ref. ENV/B3/YK/gm D(2008) ARES (2008) 17110), from the 
European Commission/DG ENV, to EFSA responding to EFSA concerns raised in its 
letter dated 17 July 2008.  
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7. Letter dated 25 September 2008 (ref. RM/PB/SM/shv (2008) 3275930), from EFSA to the 
European Commission/DG ENV, thanking for the clarifications.  
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