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Abstract 

We identify the origins, and key characteristics, of the current regulatory framework for genetically modified organ-
isms (GMOs) in the European Union (EU). We focus on the approach of the European Food Safety Authority (EFSA) 
to assessing GMO risks to public and environmental health. An historical account informs our critical appraisal of the 
current practices of EFSA’s GMO panel, and helps to explain how and why it fails to satisfy the objectives of the EU’s 
GMO legislation. While those legislative texts set appropriate objectives, their concrete implementation has fallen 
far short of the legislative goals. EFSA’s prevailing approach to GM crop and food risk assessment starts from what it 
terms a ‘comparative safety assessment’. Those comparisons require the scrutiny of sets of molecular, chemical and 
phenotypic data from GM plants and non-GM varieties (many of which may be only remotely related to the GM vari-
ety). Those data are, however, inadequate for predicting adverse biological, toxicological and ecological effects. EFSA’s 
‘comparative safety assessments’ draw over-optimistic conclusions from too little data from too few studies. When 
GM products are deemed to have passed a ‘comparative safety assessment’, EFSA has interpreted that as grounds 
for conducting only very narrowly circumscribed risk assessments, which have not required meaningful data from 
studies of ecological or eco-toxicological impacts. This is a reductionist approach to risk assessment, when a more 
inclusive and comprehensive approach, which we outline, is scientifically available, and also more likely to meet the 
specified legislative aims. Instead, however, the reductionist choice is systematically applied, but never justified nor 
acknowledged as such. Indeed, it is concealed, by EFSA and by its main policy client the European Commission, as if 
it were only for specialist expert scientific deliberation. Thus, key questions that sound scientific assessments should 
ask about potential harm are not even posed, let alone answered—or at least, they are ‘answered’ only by default, 
given that the implicit burden of proof requires harm to be demonstrated. Furthermore, and a key point of this paper, 
we show how the problematic features of EFSA’s approach have been premised on a set of evaluative policy judge-
ments, rather than purely scientific considerations. Responsibility for selecting how EFSA frames its scientific approach 
should however lie with European Commission risk managers, and not with EFSA. These problems might have been 
and could be avoided if explicit commitments entered into by the EU at the Codex Alimentarius Commission were 
implemented by the European Commission and EFSA were instructed accordingly.
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Background
In this paper, we identify the origins, and analyze sev-
eral key characteristics, of the current regulatory 
frameworks for genetically modified organisms, or 
GMOs, in the European Union (EU) (including, for the 
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scope of this paper, also Switzerland and Norway). This 
requires, in particular, a practical understanding of the 
interpretive context in which the EU risk assessment 
methodologies for GMOs are designed and applied, 
in particular by the European Food Safety Author-
ity (EFSA). Firstly, we provide an historical account 
that informs our critical appraisal of the current prac-
tices of EFSA’s GMO risk assessment panel, and helps 
to explain why and how it fails to satisfy the objectives 
of the EU GMO regulations, namely to protect human 
health and the environment from adverse impacts. This 
historical context includes the development of EU and 
international regulations for controlling GMO cultiva-
tion and trade, which have reflected the different insti-
tutional and political–economic conditions where they 
were established.

The analysis in this paper is predicated on the assump-
tion that, notwithstanding orthodox rhetoric and nar-
ratives, science-based risk policy-making is not, and 
cannot be, neatly compartmentalized into two discrete 
components. Orthodox accounts assume an up-stream 
stage that is purely scientific and a down-stream stage 
that exerts no influence on the science, but which rather 
combines the scientific advice that has been provided 
with non-scientific considerations concerning, for exam-
ple, economic costs and societal judgements about the 
acceptability of, e.g., risks and costs. This paper, in con-
trast, assumes that scientific risk assessments are inevi-
tably framed by some normative judgements about what 
counts as a relevant risk, what counts as relevant evi-
dence, and how that evidence should be interpreted. The 
answers that scientific advisors provide to policy-makers 
depend on the questions that are asked, as well as the rel-
evant evidence available. The choice of questions asked 
is, at least in part, unavoidably normative, which was 
first noted by Wynne [1] in four different case-studies, 
including environmental–agricultural ones, which he 
termed the “framing issue”. It has since then been widely 
accepted, and was adopted in 2007 by the UN FAO and 
WHO Codex Alimentarius Commission [2], using the 
appropriate term, risk assessment policy [3]. That per-
spective informs both the empirical analysis this paper 
provides, and the policy-relevant conclusions that are 
drawn from the analysis. We identify a repeated confu-
sion, not only at EFSA but much more broadly within sci-
ence itself as well as policy, between risk-scientific issues 
and choices, and policy-laden normative choices in fram-
ing the technical–scientific questions and criteria. As this 
paper unavoidably engages with both scientific and pol-
icy considerations, an explicit acknowledgement of the 
assumed relationship between those two types of consid-
erations is preferable to pretending they are confined to 
two separate and independent compartments.

The US approach to GM regulation
When Cohen reported in 1975 that DNA could be 
transferred between species, suggesting the invention 
or creation of novel varieties and species (called geneti-
cally modified organisms, GMOs), US federal legislators 
started drafting regulations that would apply to GMOs 
[4]. This immediately alerted those scientists and indus-
trialists who anticipated large economic gains from their 
research, in part because of the prospect of inventors 
or their institutional employers to obtain patent protec-
tion [5–7]. Consequently, in 1977, a Congressional Bill 
to regulate GMOs was blocked, after Cohen managed to 
convince legislators that the products of the new technol-
ogy could also have appeared in nature through sponta-
neous mutations [8, 9]. Expecting a revolution in biology 
and immense business opportunities, genetic engineer-
ing was declared by the US government for risk regula-
tory purposes as ‘equivalent to’ conventional breeding 
methods, meaning a GMO is not legally deemed to be a 
novel organism, that could pose unforeseeable risks, and, 
therefore, does not require specific sui generis safety reg-
ulation [8, 9].

The US government’s view that GMOs are so uniquely 
novel that they deserve patent protection, while they are 
also so ordinary that they deserve no safety review or 
testing, always was anomalous. But, understandably, bio-
technology companies were keen for the same anomaly 
to be accepted in the EU, and in other prospective mar-
kets. Consequently today, the claim that GM crops and 
foods are no different from, and no less safe than, plants 
and animals that have evolved naturally, or are products 
of human selective breeding, is a familiar narrative (e.g., 
[10, 11]). It has been articulated for decades by biotech-
nology companies and their scientific and regulatory 
collaborators, and is used to argue either for no regula-
tions, or at most, for a light-touch regulatory regime. 
The same narrative has been widely re-invoked recently 
for so-called ‘gene-editing’ methods, such as Crispr/Cas, 
although it was not endorsed by the European Court of 
Justice, which ruled that agricultural products developed 
by such ‘gene-editing’ methods are within the scope of 
EU legislation on GMOs [12], and thus (unlike in the 
USA) require specific prior human health and environ-
mental risk assessment [13].

In 1976, the US National Institutes of Health (NIH) 
adopted guidelines on ensuring safety, which set out a 
system based on biological and physical containment, 
but it applied only to scientists and projects funded by 
the NIH, not to independent or commercial labs, or even 
to research funded by other US public agencies. Subse-
quently, in 1983, the US National Research Council [14] 
published a study to explore the feasibility of uniform 
risk assessment guidelines (for cancer and other health 
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related risks from chemicals and related new commercial 
products) for use by all regulatory agencies. This authori-
tative report separated ‘risk assessment’ as a supposedly 
independent and prior scientific activity from risk man-
agement decision-making which should be based on the 
scientific risk assessment, but which also takes account of 
non-scientific considerations such as economic costs and 
benefits and judgements about what levels of risk could 
be deemed acceptable. When, in 1983, the first GM bac-
teria and GM plants were released in field trials in Cali-
fornia, the prevailing health protection guidelines, which 
had been routinely used for conventionally produced 
plants, were followed to assess possible environmental 
risks [15]. Thus, the USA opted to apply an existing leg-
islative and regulatory framework designed for non-GM 
products, rather than to establish GMO-specific legisla-
tion or regulation. This was very different from the EU’s 
approach, promulgated in the 1990 EU Directive 220, 
which required specific prior risk assessment for GMOs, 
whether intended for lab-confinement or for environ-
mental release [16].

The US approach came to be termed a ‘product-based’ 
approach, because it has not been concerned about the 
particular technologies that produce GMOs, but only 
about the novel characteristics of the GM end-products. 
In the USA, those GM products have been judged by ref-
erence to estimates of biochemical similarities to, and 
differences between, the GM products and a range of 
their non-GM counterparts. The idea, in theory, is that 
if the results of such ‘comparative analyses of the relevant 
characteristics of the GM plant’ [17, 18] resting primar-
ily on the ‘comparative compositional assessment (FAO/
WHO 2000, OECD 1993)’ [17, 18] of basic plant com-
pounds (such as total fat, fatty acid, fiber, protein, ash, 
amino acids, vitamins, minerals and, on occasion at the 
discretion of the producers, some secondary metabolites) 
differ significantly between a GM product and its non-
GM counterparts (especially the non-engineered parent 
organism that has served as recipient organism of the 
new transgenic traits), then it could trigger a fuller risk 
assessment. However, in reality, that hardly ever hap-
pens, since there are no cut-off thresholds for the poten-
tially significant estimated differences that would trigger 
such an additional assessment. That approach will be 
described in more detail below, in relation to the initial 
concept of ‘substantial equivalence’ which subsequently 
became the basis for EFSA’s ‘comparative safety assess-
ment approach’. Ironically, that approach has never been 
applied in practice to new conventionally bred crops, but 
only to those developed by genetic engineering. The US 
regime for GMOs was, therefore, different from that for 
its non-GM counterparts, despite being officially por-
trayed as if providing exactly the same treatment.

EU and international approaches
In contrast to the USA, the debate in EU member states 
extended far beyond closed expert circles and from the 
start involved civil society groups including independent 
scientists. Civil society organizations strongly opposed 
the US approach, which they saw as biased in favor of 
pursuing the commercial prospects of genetic engineer-
ing, to the neglect of possible risks, and by denying the 
‘novelty’ of GMOs in relation to risk/safety assessment, 
while insisting on ‘novelty’ when it permitted patent-
ing. While many European governments originally 
adopted the model of the US NIH guidelines, by the late 
1980s the emergent public debate had concluded that 
an overarching, specific legal framework for all types of 
agricultural applications of genetic technologies was nec-
essary, because of the ‘novelty’ of GMOs [8, 16]. The EU 
approach shares with its US counterpart the assumption 
that, in respect of ‘intellectual property rights’, GMOs 
are novel. The EU permits novel GM agricultural prod-
ucts and processes to be patented, but correspondingly 
also deems the GMOs to be novel in respect of requiring 
their sale and use to comply with regulations concerning 
efficacy and safety. The EU, therefore, never adopted or 
endorsed the US system, and, as from the early 1990 reg-
ulations, covered both products and processes.

The first European domestic GMO biosafety frame-
works were adopted in Denmark in 1986 and Germany in 
1990 [19–21]. Legally binding European biosafety regula-
tions followed in 1990 [16]. Eleven years later that Direc-
tive was replaced by EU Directive 2001/18 [22], partly in 
response to the BSE crisis of March 1996, and the recog-
nition that BSE had been mistakenly assumed to be ‘sub-
stantially equivalent’ to the familiar sheep disease known 
as scrapie. Evidently, superficial similarity as determined 
by substantial equivalence assessments of individual 
chemical components had not been a sufficient guar-
antee of safety. The 2001/18 Directive also reflected the 
EU’s decade-or-more experience that the original GMO 
risk assessments since Directive 1990/220 had failed to 
address scientifically recognized indirect, cumulative or 
long-term environmental and health risks from GMOs. 
As a result, assessing those types of risk were made new 
explicit requirements of EU and the member states’ risk 
assessment agencies, the prime one being EFSA. Prior to 
2002, it was the Scientific Committee of Plants (SCP) that 
provided scientific advice on GM risks to the EU Com-
mission, though it also adopted a reductionist scientific 
approach.

The currently prevailing EU Directive 2001/18 
(amended by Directive 2018/315 in March 2018), regu-
lating GM crops for environmental release, requires a 
risk assessment of GMOs that are intended to be released 
into the environment. The Directive identifies and names 
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the subject of regulations as ‘organisms’ and its objec-
tives require the protection of human health and the 
environment in the event of the commercial introduction 
of GMOs. It is important to recognize that organisms 
are not simply the sum of their constituent molecules. 
Organisms respire, digest and excrete, as well as repro-
duce and die, all of which are beyond the capabilities of 
individual chemical molecules of which organisms are 
composed. And due to these capabilities, living organ-
isms can exhibit complex, unexpected, emergent prop-
erties that cannot be predicted from the sum of their 
individual added chemical compounds. This becomes rel-
evant when we discuss the reductionistic practical imple-
mentation of these regulations.

The UN Cartagena Protocol on Biosafety (called the 
Protocol hereafter) [23, 24] was strongly influenced by 
the legal text of the earlier 1990 Directive [16]. The Pro-
tocol is an international agreement under the Conven-
tion on Biological Diversity, which aims to ensure the 
safe handling, transport and use of GMOs that may have 
adverse effects on biological diversity, also taking account 
of risks to human health [25, 26]. It also treats GM organ-
isms, (in the Protocol called Living Modified Organ-
isms, LMOs), as an obligatory and scientifically required 
object of regulations. Both legal texts define GMOs or 
LMOs by reference to the application of certain tech-
nologies to introduce new, or to alter, genetic material in 
organisms, which could not be produced through natu-
ral processes. Although not mentioned explicitly in the 
legal texts, the basic assumption is that due to the man-
made and technology-based introduction of new genes, 
no evolutionary selection or normal testing of ‘fitness’ 
has taken place to influence their survival, or to reduce 
or reveal potential ecological and/or health risks. Con-
sequently, an official ex ante scientific risk assessment 
has to be conducted before permitting a release of such 
organisms into the environment, as the consequences of 
such releases could well be irreversible and hard to pre-
dict. From this perspective, the EU and the international 
approaches, opened the possibility to develop adequate, 
scientifically sound risk assessment methodologies, going 
beyond the deliberately limited and voluntary US consul-
tative approach to facilitate technology promotion. How-
ever, by opening that possibility of scientifically sound 
risk assessment in the EU, it does not automatically fol-
low that public and environmental health are adequately 
protected.

Different concepts for risk assessment
International and European regulatory regimes governing 
the safety of the production and sale of GMOs (or LMOs) 
are framed by a recognition that the process of genetic 
engineering—regardless through which technique(s) it is 

achieved—raises novel issues of risk and safety. The same 
applies for new genetic engineering techniques that some 
commercial and scientific interests—again—claim are so 
controlled and precise that they do not require specific 
process-based risk assessment [12, 13]. Such regula-
tory regimes recognize that processes to engineer DNA 
sequences in novel ways, which previously were not pos-
sible, could result in unintended and scientifically unan-
ticipated genotypic and phenotypic novelties the safety 
of which, for public and environmental health, cannot 
simply be assumed (for recent examples, see e.g., Mar-
tineau [27] commenting on Norris et al. [28]; Wilson [29] 
commenting on Bollinedi et  al. [30]). Regulatory judge-
ments must, therefore, be based on scientific evidence 
and expert advice. That advice should be based on assess-
ments of both the scope and the limits of the available 
evidence and understanding. Traditional breeding tech-
niques, which work within the reproductive boundaries 
of individual species or at a population level, bring about 
gradual changes to organisms and populations, and have 
been effectively tested and often used safely for millen-
nia, with problematic novelties occurring rarely or being 
readily detectable [31]. In Europe and elsewhere, geneti-
cally engineered genotypes, regardless of which genetic 
engineering tools were used for their production (older 
or newer), are categorized as novel human innovations, 
not products of evolution and natural selection or con-
ventional deliberate crossbreeding. In many, but not all, 
jurisdictions GMOs are therefore deemed patentable. 
By virtue of that novelty, GMOs have no (evolutionary) 
history of use, let alone ‘safe use’, and, therefore, ques-
tions about their safety beyond those of conventional 
crossbreeding are scientifically legitimate and politically 
unavoidable.

Only genetic engineering methods, not traditional 
breeding or mutagenesis, can facilitate the use of genetic 
material between distant taxa (e.g., viral promotors, tran-
sit proteins, etc.), thus, enabling genomic changes which 
cannot be achieved by vertical (inherited) gene transfer. 
This raised concerns among geneticists, ecologists, evo-
lutionary biologists and toxicologists that genetic engi-
neering could lead to higher rates of hard-to-predict 
molecular genetic changes. Those can arise because of 
uncontrolled re-arrangements of DNA due to the ran-
dom insertions of additional DNA, which can include 
position effects and/or pleiotropic effects (for review 
see [28, 32]). Supposedly small, single gene changes can 
provoke multiple knock-on effects. Genetic engineering 
can also provoke re-arrangements and alterations of the 
epigenome, i.e., non-DNA-based heritable traits that can 
be transferred for example via the methylation of DNA 
(see e.g., [32, 33]). All such changes are different from, 
and go beyond, those that occur through conventional 
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crossbreeding methods, and they cannot, yet at any rate, 
be reliably predicted or controlled, nor can they be repro-
duced (e.g., [32, 33]). On that empirical and normative 
basis, EU legislation, regulations and some implementa-
tion guidance were developed by the EU Commission (as 
risk managers) and by EFSA (as risk assessors), which dif-
fer significantly from the voluntary light-touch regime of 
the USA [34].

Despite these clear conceptual differences between 
the EU and US risk assessment approaches, based on 
competing legal norms, biotechnology companies, their 
collaborating scientists and lobby groups have worked 
relentlessly on developing risk assessment schemes, 
technical definitions and decision-rules, and implemen-
tation guidelines, and on influencing the institutions 
involved, so as to make the actual EU technical require-
ments for approval of GMOs as similar as possible to the 
US approach ([35–38] and references therein). While 
full regulatory transatlantic harmonization of the legal 
frameworks has not been possible until now (i.e., 2020), 
some harmonization at the technical level of risk assess-
ment can be observed, which we will highlight by analyz-
ing the guidance documents developed by EFSA on how 
to conduct risk assessments of GM crops—both for envi-
ronmental release [17] and for food and feed [18].

A critical appraisal of EFSA’s guidance 
on environmental risk assessment (ERA) 
and on risk assessment of food and feed 
of genetically modified plants
According to EU Directive 2001/18 [22], “…the objec-
tive of the ERA is on a case-by-case basis to identify and 
evaluate potential adverse effects of the GM plant, direct 
and indirect, immediate or delayed (including cumula-
tive long-term effects) on the receiving environment(s) 
where the GM plant will be released.” (op cit L 106/19). 
The interpretation and implementation of those stipu-
lations by EFSA remains however highly controversial, 
with EFSA and other scientific groups interpreting 
them very differently and arriving at contrasting con-
clusions about possible risks. Those different judge-
ments, which imply differing conclusions about safety 

or potential risks, that in the absence of evidence would 
require regulatory control under the EU Treaty com-
mitment to the Precautionary Principle, are supposed 
to be identified and acknowledged by EFSA, and a pro-
cedure should have been established for their resolu-
tion. But this legal requirement of EFSA’s regulatory 
practice has never been properly implemented. Nor 
has this lack been acknowledged and addressed by the 
European Commission, as policy client of its scientific 
adviser, EFSA.

Evidence supporting that contention is provided 
by the text of the corresponding guidance documents 
developed by EFSA’s GMO panel [17, 18]. In those doc-
uments EFSA has, in effect, provided guidance to itself 
and member-states about how to interpret the require-
ment to conduct risk assessments of GMOs (here only 
GM plants), as laid out by the EU Directive 2001/18 
[22]. The EFSA 2010 guidance [17] on environmental 
risk assessment of GMOs in particular was based on 
the narrowest possible interpretation of the six risk 
assessment steps set out in Table 1.

As we will show, the EFSA guidance rests almost 
entirely on concepts developed either directly by cor-
porate applicants or by applicant-aligned consortia, i.e., 
not by independent scientists, or by publicly account-
able policy-makers. Alternative concepts favoring a 
broader and more comprehensive, and ecologically 
realistic, approach developed by scientists working 
independently of commercial and/or industrial appli-
cants, which were available to EFSA, were mostly or 
completely ignored, as we shall show below. Those 
more inclusive, less reductionistic approaches are, 
importantly, far more consistent with the legal stipu-
lations in EU Directive 2001/18 than the approach 
adopted by EFSA’s GMO panel. In this paper, we high-
light the consequent shortcomings in EFSA GMO risk 
assessment guidances along 3 types of action taken by 
the EFSA GMO panel: introducing a new, uncalled-for 
stipulation, and altering (two) existing stipulations—all 
of which lead further to a narrowly construed scientific 
approach in risk assessments that is particularly advo-
cated by commercial stakeholders.

Table 1  Different headings for the 6 steps of ERA, in EU Directive 2001/18 [22] and the EFSA Guidance [17]

Directive 2001/18 EFSA 2010 guidance

1. Identification of characteristics which may cause adverse effects 1. Problem formulation including hazard identification

2. Evaluation of the potential consequences of each adverse effect, if it occurs 2. Hazard characterisation

3. Evaluation of the likelihood of the occurrence of each identified potential adverse effect 3. Exposure characterisation

4. Estimation of the risk posed by each identified characteristic of the GMO(s) 4. Risk characterisation

5. Application of management strategies for risks from the deliberate release or marketing of 
GMO(s)

5. Risk management strategies

6. Determination of the overall risk of the GMO(s) 6. Overall risk evaluation and conclusions
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EFSA introduces a ‘problem formulation’ step 
and a comparative (safety) assessment (approach) 
before a risk assessment is conducted
The introduction of a ‘problem formulation’ step need 
not be controversial and could well be justified, indeed 
in principle it is consistent with the risk assessment 
policy (RAP) stage mandated by Codex Alimentarius [2, 
3] which we analyze below. “Problem-formulation” for 
risk assessment, and “RAP”, are—or ought to be—virtu-
ally the same. However, in this case, the way the EFSA 
GMO panel has framed the problem is itself prob-
lematic, both procedurally and substantively. It also 
obscures deeper problems in the way both the Euro-
pean Commission, as policy agent, and EFSA, as scien-
tific ‘adviser’, (mis)understand and enact those formal 
roles.

In procedural terms, an explicit, internationally 
agreed protocol for deciding the problem framing (or 
problem formulation) stage prior to risk assessment 
was defined by the Codex Alimentarius Commission 
(aka Codex). Codex used the phrase ‘RAP’ to refer to 
the task of selecting a framing of the problems and 
questions to which expert risk assessors are expected 
to respond. It is not clear why EFSA and its European 
Commission risk managers failed to adopt that already-
agreed global terminology, when the EU as overall 
policy authority had already ratified this Treaty. But 
however it is referred to, it is important to appreciate 
that the specific way in which the GMO Panel framed 
the parameters of its risk assessments, and the proce-
dure by which that framing was decided, had profound 
and unacceptable implications as we show below.

Codex was established in 1961 under the joint auspices 
of the World Health Organization and the UN Food and 
Agriculture Organization. It sets internationally recog-
nized minimum baseline standards (as well as issuing 
codes of practice, guidelines and other recommenda-
tions) in relation to food production and food safety in 
international traded products (see http://www.fao.org/
fao-who-codex​alime​ntari​us/en/). All Codex member-
states, which include all EU Member States and the EU 
itself, committed themselves in 2007 to explicitly articu-
lating RAPs for scientific risk assessments. It seems that 
this general commitment was never converted into prac-
tical, domain-specific practice—certainly not for agricul-
tural biotechnologies (GMOs).

Codex has defined RAP as “Documented guidelines on 
the choice of options and associated judgements for 
their application at appropriate decision points in the 
risk assessment such that the scientific integrity of the pro-
cess is maintained” ([2]—emphasis added in bold).

The Codex Procedural Manual stipulates that:

•	 “Determination of RAP should be included as a spe-
cific component of risk management.

•	 Risk assessment policy should be established by risk 
managers in advance of risk assessment, in consul-
tation with risk assessors and all other interested 
parties. This procedure aims at ensuring that the risk 
assessment is systematic, complete, unbiased and 
transparent.

•	 The mandate given by risk managers to risk asses-
sors should be as clear as possible.” ([2], Appendix IV 
paras. 13–16—emphases added in bold).

Empirical studies have indicated that, in technology 
policy debates of this type, at least three main types of 
RAP issues are in play, namely: substantive, procedural 
and interpretative [3]. Substantive RAP is concerned 
with what is, and is not, deemed to constitute a ‘risk’, and 
therefore what do, and do not, count as relevant ques-
tions, factors and evidence. We argue that EFSA’s GMO 
panel has chosen to adopt a narrow framing, and, con-
sequently, it has only assessed a few sub-sets of possible 
risks and has only required relatively modest amounts 
of evidence. Procedural RAP is concerned with how 
risk assessments are to be framed and then conducted, 
as tasks distributed between policy actors and scientific 
actors. The EFSA GMO panel—a scientific panel—has 
chosen to hold all its meetings in closed sessions, it has 
invoked an up-stream ‘comparative safety assessment’ 
which involves normative, thus, policy choices, and 
used it to constrain the scope of any subsequent risk 
assessment. It has been prepared to accept unpublished 
industry data, and to keep those data from wider, easily 
accessible scrutiny. These are policy as well as scientific 
choices, and should, therefore, be the risk-managers’ 
domain, not EFSA’s alone. Interpretative RAP is con-
cerned with how evidence is to be interpreted, including 
whether it is defined as relevant or irrelevant, and judge-
ments concerning how much of which kinds of evidence 
is deemed variously to be necessary and/or sufficient to 
support recommendations to permit, restrict or forbid 
some product or process. EFSA’s GMO panel has chosen 
to deem GMOs as posing no risks to public or environ-
mental health on the basis of those selectively limited 
amounts of evidence.

Given that the EU committed itself to implementing 
the Codex RAP procedure, it should have been followed 
in its regulation of agricultural biotechnology, but in 
practice something else occurred. Firstly, risk managers, 
in the Directorate General for Health and Food Safety 
(or DG-Sante) in the European Commission, played no 
acknowledged role in deciding how the risk assessment 
problem of agricultural biotechnology should be framed. 
Instead, the decision emerged from EFSA, which is 
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ostensibly a scientific ‘risk assessor’ not a policy-making 
‘risk manager’. The Chief Executive of EFSA has acknowl-
edged that EFSA is supposed to be a purely scientific 
body, giving advice but with no statutory responsibility 
for policy decisions [39]. In practice, however, numerous 
policy choices have been autonomously made by EFSA 
risk assessors concerning the problem-framing they 
adopted, without the involvement of, or reference to, risk 
managers [40, 41].

Consequently, a key, irredeemably normative RAP 
judgement has been mis-represented both by EFSA and 
by the European Commission as if it was a purely scien-
tific judgement. Moreover, the procedure by which those 
risk assessment policies were decided by EFSA’s GMO 
risk assessors excluded all but a few of “…all other inter-
ested parties.”, which Codex requires. While representa-
tives of some specialist public and environmental health 
organizations responded to the consultation, many oth-
ers were unable to do so. Furthermore, the procedure did 
not ensure that risk assessments are systematic, com-
plete, unbiased or transparent; on the contrary, as we 
argue below, they have been partial rather than system-
atic, as well as incomplete, biased and, in key respects, 
opaque.

The EFSA GMO panel’s approach, in its 2010 guid-
ance on environmental risk assessments framed the risk 
assessment problem as that of identifying the charac-
teristics of GMOs that are most likely to cause adverse 
effects [17]. The Panel chose to design and implement 
that procedure in the context of what it terms a ‘com-
parative safety assessment’ (see Table 1 and further dis-
cussion below in “EU and international approaches” 
section). With alternative options available, the Panel 
chose to interpret that concept in a particularly narrow 
reductionist fashion. The panel’s version of a ‘comparative 
safety assessment’ consists of a comparison only between 
basic molecular and chemical properties, focusing on the 
genetically engineered trait, as well as on selected agro-
nomic and phenotypic characteristics of a GM food or 
plant with some of its non-GM counterparts. The phe-
notypic traits are restricted to those of direct commercial 
relevance to farmers and seed companies such as ‘plant 
vigour, growth and development, morphology, yield, crop 
characteristics, pest and disease susceptibility and fertil-
ity’ ([42], p. 10). This is an example of narrow scientific 
reductionism as a working premise for EFSA. This frame 
systematically excludes questions about ecological inter-
actions—relational or interactional effects—with other 
organisms or populations of the kind that ecological per-
spectives would raise.

The GMO panel’s chosen interpretation of what could 
count as a ‘comparative safety assessment’ might be sci-
entifically, though not procedurally, legitimate if any 

physiological, toxicological or other types of risks could 
be reliably anticipated on the basis of the limited data-
sets it has chosen to require and include. However, the 
biochemical and agronomic data required by EFSA (see 
above [17, 42]) have not been shown to provide a suffi-
cient basis for predicting biological, toxicological or eco-
toxicological consequences for ERA. Moreover, the EFSA 
panel’s ‘comparative safety assessment’ precedes the ‘risk 
assessment’ step, thus, effectively serving as a filtering 
step that allows only those GMOs or parts of the GMOs 
as isolated components to proceed to the ‘risk assess-
ment’ step that were not deemed ‘safe’ already at the ini-
tial step. This ‘scientific’ choice is also a framing choice, 
and has normative consequences. Moreover, the panel’s 
interpretation of the particular data-sets that it requires 
for the determination of the ‘comparative safety’ has not 
been guided by any specific risk hypothesis or hypotheses 
which only follow after that.

The EFSA GMO Panel’s approach in its 2010 guidance 
on environmental risk assessment of requiring and rely-
ing on ‘comparative safety assessments’ of chemical anal-
yses and phenotypic characteristics to indicate whether 
or not any biological, toxicological, ecological risks could 
be anticipated, has depended upon a cluster of unrecog-
nized RAP considerations of all three types; as does the 
inclusion of numerous unrelated control varieties into 
the comparison (see e.g., “Different concepts for risk 
assessment” section on unrelated reference controls). The 
panel’s approach has narrowly restricted the scope and 
limits of what it has deemed as relevant risks, which data 
have been necessary and sufficient to support key deci-
sions, and how those data were interpreted: favorably or 
unfavorably. EFSA’s 2010 guidance document on environ-
mental risk assessments of GMOs presumed several nor-
matively based substantive, procedural and interpretative 
RAP judgements, but without any acknowledgement that 
this was an intrinsic constituent of the guidance it chose 
to provide. Instead of acknowledging that it was provid-
ing policy guidance (to itself ), the document was a classic 
exercise in technocratic rhetoric, because it (mis)repre-
sented its chosen approach as if it relied purely on sci-
entific and technical considerations. The only legitimate 
practice would have been to acknowledge the indispensa-
ble RAP judgements as irredeemably normative assump-
tions. These should have been properly subjected to the 
wider, inclusive policy deliberation which such normative 
choices deserve, and as the Codex Treaty recognizes.

If EFSA and its GMO panel had acted in accordance 
with the commitments that the European Commission 
made to Codex, then as a risk assessor, it would not have 
adopted a singular prescriptive approach as if it were 
purely scientific, rather it would have insisted, as a pub-
lic matter, that the European Commission implement 
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its commitments, as risk managers, to provide EFSA, as 
risk assessor, with comprehensive RAP guidance. In the 
absence of such RAP guidance from the Commission, 
EFSA should have confined its advice to setting out for 
the European Commission, for EU Member States and 
for all relevant stakeholder groups, what it believed was 
known, and what was uncertain, about the likely con-
sequences of adopting, or failing to adopt, a range of 
alternative competing scientific approaches. Further, we 
suggest, EFSA should have identified which parts of the 
European Commission’s mandate for GMO risk assess-
ment required further normative direction from the 
(democratic) policy agent, which they as EFSA were not 
qualified to provide. In its role as risk manager, the Com-
mission in consultation with all interested parties, should 
have chosen the approach that it wanted EFSA to follow, 
instead of leaving EFSA to take implicit responsibility for 
crucial policy judgements.

Our analysis of the EFSA panel’s 2010 guidance docu-
ment on environmental risk assessment reveals that 
EFSA’s ‘problem formulation’ (i.e., framing, or part of the 
RAP input) step rests on models and concepts developed 
exclusively by biotechnology industry representatives and 
their scientific collaborators. Eight of the ten publications 
cited in support of EFSA’s ‘problem formulation’ step, 
listed in footnote 11 on p. 15 [17], were authored or co-
authored by scientists working for industry, together with 
collaborating scientists from public research institutions 
in the USA and the EU who agree with that particular 
interpretation. In contrast, EFSA ignored all publications 
that have proposed alternative models for problem for-
mulation that would address a broader scientific range of 
possible risks, and consequently require data from more 
and different types of studies. These would also allow for 
the participation and deliberation on the part of a wider 
range of stakeholders [43–49] (see also the exchanges 
between Wynne and Wickson [50], and the EFSA GMO 
Panel, 2012, in EMBO Reports [51]).

An important feature of one of those alternative mod-
els is that it recommends a ‘problem formulation’ proce-
dure not just to assess a single technological innovation 
in isolation, but rather to assess the choices between 
alternative technological options as well as clarifying the 
criteria by which those options should be judged. The 
team developed an approach that they termed ‘Problem 
Formulation and Options Assessment’ (PFOA), which, 
unlike the prevailing official EFSA EU process, would 
be consistent with the Codex RAP stipulation ([36]—see 
above). The authors have described the PFOA methodol-
ogy as: “a science-based multi-stakeholder process to 
formulate problems and assess options as a basis for 
environmental risk assessment when a country is consid-
ering the introduction of a genetically modified organism 

(GMO) into a specific environment.” ([47], p. 65) (empha-
sis added).

PFOA is a framework that starts by identifying the key 
societal need(s) that the introduction of a GM crop vari-
ety into an agricultural system is expected to address. It 
compares the GM variety to other possible alternative 
technological pathways for meeting that societal need. 
Hence, a PFOA puts people and their needs at the center 
of its criteria of appraisal and then relies upon a trans-
parent, inclusive process that should be informed by 
the best available scientific evidence and understanding. 
More importantly, it incorporates precaution as a funda-
mental guiding principle, which the EU is also formally 
committed to uphold. Furthermore, the PFOA approach, 
developed by international experts working indepen-
dently of the agro-biotechnology industry, was tested 
with four real-world GMO case examples [52–55] and 
a handbook issued detailing the PFOA process for gen-
eral use [48]. EFSA’s approach does not include (or even 
acknowledge) any initial assessment of competing tech-
nological options as part of its ‘comparative’ approach. It 
opted instead straight for a model provided by the bio-
technology industry that is directly contrary to the PFOA 
model, by virtue of the way it preemptively forecloses and 
excludes important normative questions and restricts its 
testing- and data-requirements, whilst also eliminating 
precaution from consideration.

In its 2012–2016 strategy document EFSA asserted 
that: “Since its inception, EFSA has…striven to work 
openly and transparently, relaying often complex scien-
tific issues in a manner that is both accessible and useful 
to risk managers and other stakeholders. The Scientific 
Panels and the Scientific Committee have worked to 
ensure that scientific outputs clearly indicate what data 
or other information have been considered or disregarded 
and why, the nature and level of uncertainty, assumptions 
made; and any minority views that are held.” ([56], 2012 
p. 9). Published evidence shows those attractive EFSA 
claims to be untrue, at least for the GMO domain (see 
e.g., [41, 57, 58]).

Re‑introducing the concept of ‘substantial equivalence’ 
into EU risk assessment by renaming it a ‘comparative 
safety assessment’
The concept of the putative ‘substantial equivalence’ 
of GM foods to their non-GM counterparts has had a 
contested history (e.g., [59–61]). It was initially devel-
oped in the context of the US approach of not regulat-
ing foodstuffs derived from GMOs [62] and was later 
incorporated into a legally non-binding report by the 
OECD in 1993 [63]. This suggested that the safety of a 
new GM food could be assessed by comparing it with 
a similar traditional food that had been proven safe in 



Page 9 of 15Hilbeck et al. Environ Sci Eur           (2020) 32:54 	

normal use over time. This concept shares the distinctive 
assumption of the US permissive system that processes of 
genetic engineering will not cause greater unpredicted 
and/or unintended adverse effects than the application 
of conventional breeding methods and, therefore, can be 
expected to lead to no new risks or new types of risks. 
Consequently, the comparisons envisaged, for assessment 
purposes, can be limited to comparisons of biochemi-
cal analyses of basic plant compounds such as levels of 
proteins, carbohydrates, vitamins and minerals. It was 
subsequently also invoked by a joint FAO/WHO consul-
tation on GM risk assessment (FAO/WHO 1996) [64].

The EU’s legislation since 1990, however, implicitly 
contests that assumption; it stipulates that GM products 
must be scientifically tested and assessed for biological, 
toxicological and ecological risks, because GMOs can-
not be assumed to be safe solely on the basis of data 
from chemical analyses and phenotypic characteriza-
tion. Accordingly, in the late 1990s, the scientific legiti-
macy of that limited concept and the adequacy of its 
interpretation and employment for policy purposes were 
increasingly critically judged. The European Commis-
sion eventually proposed abandoning the concept, in part 
because it was pointed out that between 1985 and March 
1996 the UK and European authorities had repeatedly 
assumed and asserted that BSE (or Mad Cow Disease) 
was ‘substantially equivalent’ to the familiar long-term 
sheep disease known as ‘scrapie’, and therefore posed 
no risk to human health [65]. That non-precautionary 
assumption had been proven wrong with devastating 
consequences for the affected humans.

In July 2001, the European Commission proposed a 
new ‘Regulation on Genetically Modified Food and Feed’ 
that said: “In order to ensure clarity, transparency and a 
harmonized framework for authorization of genetically 
modified food, this proposal does not include a notifica-
tion (simplified) procedure as laid down in Regulation 
EC 258/97 on novel foods…which are substantially 
equivalent to existing foods.” ([66], emphasis added). 
The draft regulation stipulated in paragraph 6 that: “In 
order to ensure clarity, transparency and a harmonised 
framework this notification procedures […involving the 
attribution of substantial equivalence…] should be 
abandoned in respect of genetically modified foods.” (op. 
cit. [66], para 6, p. 12, emphases added). As Levidow et al. 
[61] have argued, the concept of substantial equivalence 
was not abandoned, it was merely recast in a modified 
form and in a different vocabulary, namely in terms of a 
‘comparative approach’. Subsequently, it was re-adopted 
by the EFSA panel and phrased in terms of a ‘comparative 
safety assessment’—along with the highly reductionistic 
interpretive norms as to what level and kind of compari-
son was deemed scientifically adequate in this context 

(see above). This EFSA reincorporation was not acknowl-
edged as such, and also (mis)represented as if a solely 
technical question, as criticized above.

The suggestion that the concept of substantial equiva-
lence can be used as a ‘safety assessment’, or, at least, as 
grounds for not requiring safety tests, was explicitly 
rejected in the final 2003 EU legislation, despite EFSA’s 
unannounced use of its equivalent, the ‘comparative 
safety assessment’. The Preambular Recital 6 of the final 
EU Regulation 1829/2003 mentions that the now obso-
lete “Regulation (EC) No 258/97 also provides for a noti-
fication procedure for novel foods which are substantially 
equivalent to existing foods. … (This) procedure should be 
abandoned in respect of genetically modified foods.” [67].

While Codex proposed using the concept of substan-
tial equivalence as a point of departure for a risk assess-
ment of GM foods [68], an analogous step was not taken 
in another international environmental risk assessment 
for GMOs. Notably, the Report of the Ad Hoc Technical 
Expert Group on Risk Assessment and Risk Management 
under the Cartagena Protocol [69] and the respec-
tive decision of the Eighth Meeting of the Parties to the 
Cartagena Protocol on a ‘Roadmap’ for risk assessment 
([69], p. 19), gave no indication that a ‘comparative safety’ 
assessment should be a new step or even an assumed 
question in environmental risk assessment. As explained 
above, the concept of a ‘comparative safety assessment’ 
was invoked solely on the initiative of the EFSA GMO 
panel, which used it as a preliminary filter to a risk assess-
ment, and to circumscribe its scope. This very significant 
alteration to EU regulatory policy, misrepresented as if 
“expert guidance”, went far beyond the limits of scien-
tific advice; it introduced a policy device that effectively 
undermines the comprehensiveness of environmental 
risk assessments that the legislation requires. This was 
not called for by the European Commission—nor by any 
other body.

EFSA’s 2010 guidance on the assessment of GM plants 
said: “Comparative safety assessment includes molecu-
lar characterisation, the agronomic and phenotypic 
characteristics of the GM plant in question, as well as 
its compositional analysis….” ([17], emphases added). 
EFSA’s 2011 guidance on GM food and feed risk assess-
ment [17] elaborated further that: “The underlying 
assumption of this comparative approach is that tradi-
tionally cultivated crops have a history of safe use for 
consumers and/or domesticated animals. These tradi-
tionally cultivated crops can thus serve as compara-
tors when assessing the safety of GM plants and derived 
food and feed. The application of this comparative risk 
assessment in the area of plant composition (Kok and Kui-
per, 2003), also denoted as the concept of substantial 
equivalence (FAO/WHO, 2000; OECD, 1993), serves the 



Page 10 of 15Hilbeck et al. Environ Sci Eur           (2020) 32:54 

purpose of identifying intended and unintended differ-
ences and/or lack of equivalences between GM plants and 
derived food and feed and their comparator(s), taking 
into account the range of natural variation.” (emphases 
added).

The EFSA panel has subsequently used this ‘compara-
tive (safety) assessment’ step for GM plants and GM food 
and feed, as an opportunity to declare the many reported 
statistically significant differences found among the 
chemical analytical data (called ‘compositional analyses’ 
or ‘comparative analyses of the composition’) to be ‘not 
biological relevant’, so long as the reported values fall 
within the ‘natural variation’ of ‘traditionally cultivated 
crops’, i.e., data derived from any non-GM varieties ever 
analyzed in history as long as they may share common 
pedigree (e.g., [70–72]): “The potential variability in the 
degree of genetic similarity between the GM plant and 
its comparator(s) does not necessarily compromise the 
reliability of the safety assessment, provided that the 
comparator is genetically “as close as possible” to the 
GM plant with regard to its breeding pedigree.” [17].

In addition, analogous basic data on agronomic, pheno-
typic performance of the GM crop should be submitted 
to document that the product’s efficacy and agronomic 
performance (e.g., plant vigor, growth, yield, etc.) is ‘sub-
stantially’ equivalent to the non-GM variety as compared 
to their chosen comparators including references and 
controls. While this information is useful to begin a risk 
assessment, EC Regulation 1823/2003 states clearly that 
it is not in any way to be treated as a ‘safety’ assessment 
in its own right which the EFSA term comparative ‘safety 
assessment’ claims (see quote above). Moreover, the non-
GM natural ranges chosen by applicants and accepted by 
the EFSA GMO panel are so broad as to make ‘significant 
difference’ almost beyond detection. Again, an appar-
ently purely scientific determination carries strong nor-
mative framing commitments—from EFSA—which relax 
ab initio any risk assessment performed within them. We 
explain this next.

Including unrelated reference ‘controls’
Paradoxically, the use of unrelated and even historical 
data from non-GM varieties of the GMO is one remark-
ably open-ended aspect to be assessed by applicants in 
the compositional analyses of the comparative safety 
assessment. And it is another example of introducing 
uncalled-for changes to the EU’s stipulations. Contrary to 
the EFSA GMO panel claims (see above), this does serve 
to ‘maximize’ the variability in the data to constitute what 
is deemed to be a gratuitously diverse ‘control group’, to 
which GM plants (their compositional characteristics) 
are compared. Firstly, it introduces substantial quanti-
ties of data for ‘controls’ in contrast to the far fewer data 

provided for GM varieties. Secondly, the permissible 
levels of variability (granted by forgiving ‘limits of con-
cern’; [73]) within the selected non-GM counterparts) 
is so great as to generate considerable ‘statistical noise’ 
in the control data-set that are entirely unrelated to the 
question at issue. This makes it much less likely that sta-
tistically significant differences between the GM and con-
ventional plant compounds would be identifiable, even if 
there are such differences between the GM variety and 
the varieties from which it was derived. This EFSA choice 
does undoubtedly ‘compromise the reliability of the safety 
assessment’ (see quote above), in a direction favoring a 
‘scientific’ determination of ‘no harm’.

The extraneous noise added to the control group can 
mask many differences between a GMO and the particu-
lar varieties from which it was derived; it diminishes the 
sensitivity of the test, rather than increasing it. The lack 
of statistically significant differences in turn, however, 
is then deemed by the EFSA panel sufficient to declare 
the new GM plant comparatively as safe as the non-GM 
counterparts. But even if significant differences between 
the measured biochemical compounds are reported that 
also regularly exceed even historical ranges, these differ-
ences are interpreted away as being biologically irrelevant 
(e.g., see case examples [70–73]).

According to EU Directive 2001/18 and the Carta-
gena Protocol on Biosafety, the varieties from which a 
GMO was derived (near isogenic parent) are the relevant 
comparator and the only scientifically valid and precise 
control that could indicate differences that could be sci-
entifically attributed to the genetic modification process. 
Nevertheless, the EFSA GMO panel has unilaterally cho-
sen to accept far more ‘noise’ into the comparator data. 
Widening the variability in the set of comparators to 
contextualize the assessment in ‘natural variation… esti-
mated from a set of non-GM reference varieties’ [15] is 
neither required by the EU Regulation nor is it scientifi-
cally justified, necessary or appropriate for a sound safety 
and risk assessment process. To the extent that compari-
sons may be revealing, the focus should be between the 
novel GM variety and the parent varieties from which 
it was derived, not with any other remotely related or 
antecedent varieties. Adding more varieties for broader 
comparison would only make sense scientifically for risk 
assessment of GMOs, if they would also all be available 
as both GM and non-GM variety. In any case, such com-
parisons can be interpreted in opportunistic or inconsist-
ent ways as there are very permissive and flexible ‘limits 
of concern’ above or below which variations of those 
parameters, compared to a parental organism, are con-
sidered not to be substantially equivalent [73].

In practice, commercial applicants have been allowed 
to choose the comparators that suit them. But such 
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choices have clear policy-implications, and if they were 
decided in accordance with the provisions of the Codex 
agreement on RAP, the parameters for choosing should 
be set by (accountable) risk managers in DG-Sante at 
the European Commission, and not by EFSA, and cer-
tainly not by private industrial or commercial applicants 
(Wickson and Wynne [51] incl. related correspondences). 
But instead, this has provided applicants with consider-
able freedom to select and to weaken the benchmarks 
against which their products are to be officially judged. 
That ‘scientific’ tactic substantially prioritizes commer-
cial interests over the protection of environmental and 
public health and is neither objective, independent nor 
scientific, it is the antithesis of precaution. It undermines 
the democratic EU policy commitments it is supposed to 
support.

The consequences of EFSA’s reductionist strategy
Once ‘comparative safety’ has been formally declared, it 
is invoked by EFSA’s GMO panel to narrow, or reduce, 
the evaluation in the subsequent risk assessment to only 
the GM-inserted chemical compound ‘coded’ for by the 
genetic modification, e.g., the isolated Bt toxin in case of 
GM Bt crop plants [74, 75]. Underlying this approach is 
a reductionistic conceptual understanding of biology, 
genetics and ecology. In this, EFSA’s GMO panel aligns 
closely with US regulators in that both assume that each 
genetic change, and each added gene, acts independently 
of any and all other genes or changes; it is therefore a res-
olutely reductionist approach. Moreover, it shows no sign 
of interest in being open—as it claims to be—to more 
comprehensive scientific framings of the risk assess-
ment question, nor to established scientific paradigms 
which reflect those. EFSA’s GMO panel assumes that if 
a new transgene-‘coded’ product (e.g., Bt toxin) with a 
pre-determined level of risk is added to an organism, the 
overall risk level of that newly created GM organism will 
only be increased by that level and kind of risk arising 
from the newly added transgene. In effect, it is assum-
ing that the (new) whole is only the ‘sum of its (new and 
old) parts’, ignoring all newly created interactional rela-
tions. It fails to acknowledge the widely accepted scien-
tific understanding that genes can and do interact, not 
only amongst themselves in the genome, but also with 
other intracellular, intra-organismic, and environmen-
tal factors, and often do so in non-additive and (so far) 
unpredictable ways (e.g., [76, 77]). Such possible effects 
are excluded for example by the reductionist scientific 
method of testing only the purified Bt toxin coded for by 
the inserted gene, rather than the full GM plant, which 
needs to be tested for the effects also of those further 
whole cell, whole organism, and organism–environment 
interactions, some of which may be uncontrolled and 

unknown, thus overlooked by the existing dogma. Again, 
a set of non-precautionary strategic scientific commit-
ments with normative consequences for policy have been 
made by EFSA, despite the EU’s ostensible policy, indeed, 
Treaty commitment to the Precautionary Principle.

Consequently, risk assessments using this approach 
may not require the safety testing of the GMO at all, or 
may allow stopping short of that by accepting a few, basic 
studies using the ‘coded’ transgene product isolated from 
GM microbes instead of the GM plant [74–76, 79]. This 
novel substance is then treated only as an ‘added’ chemi-
cal compound and tested in isolation from the actual sub-
ject of regulations, the GM plant. Since the Bt toxin is a 
pesticidal compound, it is tested like a synthetic pesticide 
following prescribed OECD first-tier testing protocols. 
The pesticide-testing regime is based on the use of uni-
versal surrogate testing species, many of which have little 
if any ecological relevance to any receiving agro-ecolog-
ical environment. The protocols are narrowly designed 
to test direct, immediate and acutely toxic effects of the 
purified substance produced and extracted from bacte-
ria (not from the GM plants) as an isolated single prod-
uct. Consequently, what is a living organism, distributing 
and reproducing itself in variable open environments, is 
assessed as if it were only a pure pesticidal chemical—
effectively reducing biology and ecology to chemistry [75, 
79].

Similarly, for herbicide-tolerant (HT) GM plants, while 
the GM HT plant is sold and its benefits are assessed 
solely as an integrated package of the GM plant with the 
corresponding herbicide, for risk assessment purposes, 
that integrated package is reduced to at least four com-
ponents presumed to operate in isolation as the sum 
of those parts: the GM plant is declared substantially 
equivalent as described above. The GM trait in the case 
of Roundup-tolerant GM plants is the substitute EPSP 
synthase.1 The corresponding herbicide is not considered 
a part of the GMO technology (although it is the funda-
mental part of the GMO technology for sales, uses, bene-
fits and patent purposes), and is thus assessed by separate 
pesticide regulations [74, 75, 78, 80–82]. Lastly, the her-
bicide itself is further reduced to its declared active prin-
ciple and ‘adjuvants’ (Fig. 1).

Consequently, herbicide-residues contained in GM 
HT crops were ignored and not tested for regulatory risk 
assessment of GM crops and, today, after mounting pres-
sure, are tested for GM HT plants but in unrealistically 
low concentrations ([58, 78, 80, 81]). Detailed critiques 

1  A slightly different enzyme from a microbe which is allowing the GM plant 
when sprayed with Roundup (which blocks the plant-native EPSP synthase) 
to continue the biosynthesis of certain aromatic amino acids (phenylalanine, 
tyrosine, tryptophan) via the shikimate pathway.
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of this reductionistic approach to evaluating the safety of 
GMOs—and by implication also of pesticides—have been 
published in the scientific literature (e.g., [75, 78–82]).

Conclusions on EFSA Guidance on ERA of GM 
plants
The assumption that ‘familiarity’ or ‘substantial equiva-
lence’ of a part of an organism indicates ‘safety’ con-
travenes the intention, spirit and wording of the EU 
legislation and has vanishingly little scientific evidential 
support. At best, it could be characterized as a hypoth-
esis that could and should be tested. But the EFSA GMO 
Panel uses it as grounds for exempting GMOs from test-
ing. By creating an incentive not to require or conduct 
further tests, EFSA’s guidance is, in this respect, not just 
unscientific but anti-scientific.

While EU legislation assumes that processes of genetic 
engineering can potentially cause different and poten-
tially more unpredictable and unintended adverse effects 
than the application of conventional breeding methods, 
EFSA instead assumes, without EU legislative authoriza-
tion, that the molecular-level changes assumed to be con-
trollably and precisely engineered into a GMO may be 
individually and separately identified by chemical analy-
ses, and assessed on the basis of those chemical data. But 
biological activity, toxicological potency and ecological 
interactions cannot be identified or characterized solely 

by reference to the results of crude (or even sophisti-
cated) chemical analyses alone.

Consequently, much of the EFSA GMO panel’s RA 
Guidance reads rather like a guidance on ‘how to mini-
mize’ or even avoid providing meaningful data: by 
encouraging commercial applicants to substitute for 
experimental testing of actual GM plants; by relying 
on desk exercises based on untested theoretical and 
hypothetical considerations; and with some testing of 
artificially isolated add-on compounds ‘coded’ by the 
transgenes, but not extracted from the GMO to be reg-
ulated (except for the occasional low-expressing pollen 
test). Much of this may have little or no relevance to real-
world ecological and human health contexts.

EFSA’s mandate from the Commission was to develop 
guidance to implement the EU’s GMO legislation. It 
was not to alter and steer the approach fundamentally 
away from those aims, nor to harmonize it with the US 
approach. EU legislation stipulates that each GMO has 
to be assessed through a risk assessment without a pre-
ceding upstream screening and decision-making process. 
No provision in the text of Directive 2001/18 or Regula-
tion 1829/2003 justifies or requires the introduction of 
a ‘comparative (safety) analysis’. It is the GM Organism 
that should be assessed, not just the isolated, biochemi-
cal difference between it and some non-GM compara-
tors. Directive 2001/18/EC defines the principles of 
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B�oxins

Na�onal regula�ons 
for adjuvants  – less 
stringent than those for 
ac�ve ingredients

EU regula�ons 
for declared ac�ve 
ingredient

EU regula�ons for GMOs: 
EPSPS enzyme: no or 
li�le tes�ng;
insec�cidal (Bt) toxin:  
tested as ’ac�ve’ 
ingredient (below), in 
isola�on of plant context
occasionally pollen

Herbicide(s), e.g.:

GMO

Plant
declared ‘substan�ally 
equivalent’ – safe, no 
tes�ng 

Fig. 1  Reductionism in the environmental risk assessment of GM crops (e.g., HT and Bt): GM HT Bt plant package divided into individual 
components, assessed in isolation from each other under different national and EU regulations
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environmental risk assessments as the precautionary 
principle plus five other principles. Nobody has tasked, 
entitled or asked EFSA to add the ‘comparative safety 
assessment as a general principle for the risk assessment 
of GM plants’ [17], emphasis added).

The EFSA GMO panel has contrived to exempt novel 
GM organisms from proper empirical testing and assess-
ment, weakening its ability to protect against potential 
unintended adverse effects caused by the genetic modifi-
cation processes. For the industry, this has the advantage 
that much or all of the same submitted data for regula-
tory decision are accepted on both sides of the Atlantic, 
despite their supposed—and to Europeans reassuring—
differences of principle. However, general potential risks 
that the panel fails to assess continue to be borne by the 
environment, consumers and society at large.

The problems highlighted in this paper indicate that 
substantial changes are required both at EFSA and in 
the European Commission, and in their interactions. At 
a minimum, the Commission should properly research, 
understand, and then deliver on the commitments con-
cerning explicitly articulating risk assessment policies, 
in advance of risk assessments, and in accordance with 
the inclusive and accountable procedure stipulated in 
the Codex provisions on risk assessment policy-mak-
ing. It should have done this some years ago. EFSA and 
its expert panels probably needs to undergo a similarly 
urgent process of learning, so that its panels can then 
make clear how those risk assessment policies frame and 
influence the substance, procedure and outcomes of their 
‘scientific’ deliberations. In accordance with international 
agreements to which the EU and every one of its member-
states is a signatory, such as Codex, we are recommend-
ing changes not just to the risk assessment policies, but 
also to the institutional location at which, and to the pro-
cesses by which, those policy issues are decided. Just as 
it is illegitimate to allow policy actors to make scientific 
judgements, so too is it illegitimate to allow supposedly 
scientific actors (i.e., EFSA) to decide policy questions. It 
is even more problematic to misrepresent those judge-
ments as if they were purely scientific. The process by 
which the Commission decides GMO risk assessment 
policies for EFSA should ensure that they do so ‘in consul-
tation with risk assessors and all other interested parties’ 
which includes elected European Parliament members, 
and civil society and its variety of representatives.

If this unacknowledged policy burden buried within what 
is called ‘science’ were to be removed from EFSA, perhaps 
it could then better ensure that its framing procedures and 
subsequent risk assessments meet the criteria of being sys-
tematic, complete, unbiased (which would include being 
open to peer-review), and transparent. Then we might also 
further discover two major all-round benefits: that EFSA’s 

science is able to support and comply with EU democratic 
legislative and regulatory objectives, rather than to under-
mine them; and that EFSA’s repeated failure to achieve 
European public and Parliamentary respect [83, 84] might 
begin to reverse itself.
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