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ABSTRACT

This document provides guidance for the environmental risk assessment (ERA) of genetically modified (GM)
plants submitted within the framework of Regulation (EC) No. 1829/2003 on GM food and feed or under
Directive 2001/18/EC on the deliberate release into the environment of genetically modified organisms (GMOs).
This document provides guidance for assessing potential effects of GM plants on the environment and the
rationales for the data requirements for a comprehensive ERA of GM plants. The ERA should be carried out on a
case-by-case basis, following a step-by-step assessment approach. This document describes the six steps for the
ERA of GM plants, as indicated in Directive 2001/18/EC, starting with (1) problem formulation including
hazard identification; (2) hazard characterisation; (3) exposure characterisation; (4) risk characterisation; (5) risk
management strategies; and (6) an overall risk evaluation. The scientific Panel on Genetically Modified
Organisms (of the European Food Safety Authority (EFSA GMO Panel) considers seven specific areas of
concern to be addressed by applicants and risk assessors during the ERA (1) persistence and invasiveness of the
GM plant , or its compatible relatives, including plant-to-plant gene transfer ; (2) plant-to-micro-organism gene
transfer; (3) interaction of the GM plant with target organisms and (4) interaction of the GM plant with non-
target organisms, including criteria for selection of appropriate species and relevant functional groups for risk
assessment; (5) impact of the specific cultivation, management and harvesting techniques; including
consideration of the production systems and the receiving environment(s); (6) effects on biogeochemical
processes; and (7) effects on human and animal health. Each specific area of concern is considered in a
structured and systematic way following the above-mentioned steps (1 to 6). In addition, the guidance document
is supplemented with several general cross-cutting considerations (e.g. choice of comparator, receiving
environment(s), general statistical principles, long-term effects) that need to be considered in the ERA. ©
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SUMMARY

This document provides guidance for the environmental risk assessment (ERA) of genetically
modified (GM) plants submitted within the framework of Regulation (EC) No 1829/2003 on GM food
and feed or under Directive 2001/18/EC on the deliberate release into the environment of genetically
modified organisms (GMOs).

The ERA of GM plants involves generating, collecting and assessing information on a GM plant in
order to determine its impact on human/animal health and the environment relative to non-GMOs, and
thus assessing its relative safety.

The present document provides guidance to risk assessors for assessing potential effects of GM plants
into the environment and the rationales for data requirements in order to complete a comprehensive
ERA, and to draw conclusions for the post-market environmental monitoring (PMEM).

The ERA should be carried out in a scientifically sound manner based on available scientific and
technical data and on common methodology for the identification, gathering and interpretation of the
relevant data. Tests, and measurements, and data generated should be clearly described as well as the
assumptions made during the ERA. In addition, the use of scientifically sound modelling approaches
could provide further useful information for the ERA. Sufficient scientific data must be available in
order to arrive at qualitative/quantitative risk estimates.

The ERA should follow a step-by-step assessment approach. The EFSA GMO Panel describes the six
steps for the ERA of GM plants, as indicated in Directive 2001/18/EC, starting with: (1) problem
formulation including hazard identification; (2) hazard characterisation; (3) exposure characterisation;
(4) risk characterisation; (5) risk management strategies; and (6) an overall risk evaluation.

Each risk assessment begins with problem formulation in which the most important questions that
merit detailed risk characterisation are identified. Problem formulation helps to make the risk
assessment process transparent by explicitly stating the assumptions underlying the risk assessment.
At the end, the overall risk evaluation should result in informed qualitative and, if possible,
guantitative advice to risk managers, outlining the nature and magnitude of uncertainties associated
with the identified risks. The implications of the risk assessment for risk management measures should
also be assessed.

The EFSA GMO Panel considers that seven specific areas of concern should be addressed by
applicants and risk assessors during the ERA (1) persistence and invasiveness of the GM plant , or its
compatible relatives, including plant-to-plant gene transfer ; (2) plant-to-micro-organism gene
transfer; (3) interaction of the GM plant with target organisms; (4) interaction of the GM plant with
non-target organisms, including criteria for selection of appropriate species and relevant functional
groups for risk assessment; (5) impact of the specific cultivation, management and harvesting
techniques; including consideration of the production systems and the receiving environment(s); (6)
effects on biogeochemical processes; and (7) effects on human and animal health. Each specific area
of concern is considered in a structured and systematic way following the above-mentioned steps (1 to
6).

The ERA should follow a weight-of-evidence approach considering intended and unintended effects.

The ERA should be carried out on a case-by-case basis, meaning that the required information may
vary depending on the type of the GM plants and trait(s) concerned, their intended use(s), and the
potential receiving environment(s). Information for ERA can be collected via (1) field-generated data
(from field trials, field surveys, semi-field trials, and/or agronomic field trials), (2) molecular
characterisation data, (3) compositional data, (4) ecotoxicological testing, (5) modelling, and/or (6)
desk and literature studies.
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In addition, the Guidance Document is supplemented with several general cross-cutting considerations
(e.g. choice of comparator, receiving environment(s), general statistical principles, long-term effects)
that need to be considered in the ERA.

The scientific Panel on Genetically Modified Organisms of the European Food Safety Authority
(EFSA GMO Panel) proposes a step-wise selection process of relevant receiving environments to be
addressed for ERA of a GM plant in question. Applicants should follow general statistical principles
as outlined in this document. If experimental studies are being used they should allow testing for
difference and equivalence. The EFSA GMO Panel also provides statistical guidance for specification
of effect size, limits of concern, power analysis, experimental design, analysis and reporting.
Recommendations are given how to address uncertainty.

The assessment of long-term effects requires specific information sources and techniques, including
experimental or theoretical methodologies, and recommendations for establishing relevant baseline
information. Further, GM plants containing stacked events are considered with respect to specific
areas of risk.

EFSA Journal 2010;8(11):1879
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION AND EFSA

The scientific Panel on Genetically Modified Organisms of the European Food Safety Authority
(EFSA GMO Panel) regularly reviews its Guidance Document (GD) in the light of experience gained,
technological progress and scientific developments.

The Guidance Document of the Scientific Panel on Genetically Modified Organisms for the Risk
Assessment of Genetically Modified Plants and Derived Food and Feed, adopted on 24 September
2004, was in 2005, with a chapter on general surveillance of unanticipated effects of genetically
modified (GM) plants as part of the post-market environmental monitoring (published in May 2006)
and further in 2008 (EFSA, 2009f). Moreover, in May 2008, for the food and feed safety assessment,
the EFSA GMO Panel adopted a version of the Guidance Document for the Risk Assessment of GM
Plants and Derived Food and Feed. This version, which did not include a revision of the ERA chapter,
was submitted for public consultation (EFSA, 2009f).

The present GD on ERA of GM plants has been prepared by expanding and completing most sections
of the previous GMO Panel GD (EFSA, 2006a,b) in accordance with current legislation, experience
gained during the evaluation of the risk assessment of past applications, the outcome of a self-tasking
activity on non-target organisms*, the outcome of the sub-working group on statistics ERA guidance,
additional guidance on stacked events® and in response to a mandate® from the European Commission
(see Terms of Reference).

In parallel, the EFSA GMO Panel developed and adopted a scientific opinion on the assessment of
potential impacts of GM plants on non-target organisms (NTOs) (EFSA, 2010c). The present GD on
ERA of GM plants contains in a condensed format of the scientific opinion which provides guidance
to applicants on the assessment of potential impacts of GM plants on NTOs. The scientific opinion on
NTOs further describes the data requirements and gives the scientific rationale as well as examples of
methodologies in order to complete a comprehensive ERA for NTOs.

A draft EFSA GMO Panel GD for the ERA of GM plants as well as the draft EFSA scientific opinion
on assessment of potential impacts of GM plants on NTOs went for public consultation for a two-
month period (from 5" March 2010 to 30" April 2010). The outcomes of both public consultations are
published on the EFSA website (EFSA, 2010b,a).

The present ERA GD provides detailed update on the ERA of GM plants by the EFSA GMO Panel,
consisting of the following members:

Hans Christer Andersson, Salvatore Arpaia, Detlef Bartsch, Josep Casacuberta, Howard Davies,
Patrick du Jardin, Gerhard Flachowsky, Lieve Herman, Huw Jones, Sirpa Kdrenlampi (vice-chair),
Jozsef Kiss, Gijs Kleter, Harry Kuiper (chair), Antoine Messéan, Kaare Magne Nielsen, Joe Perry
(vice-chair), Annette Po6ting, Jeremy Sweet, Christoph Tebbe, Atte Johannes von Wright and Jean-
Michel Wal.

EFSA established three specific Working Groups, which worked in parallel and close collaboration, to
address the following mandates:

» The sub-Environmental Risk Assessment Working Group on the ERA GMO Panel Guidance
Document (sub-ERA GD WG): was established in October 2008. The sub-ERA GD WG was
responsible for the update of the chapters of the GD linked to the four issues mentioned in the
mandate from the European Commission as well as the update of most other chapters of the ERA

* ESA-Q-2008-089
5 http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_1211902599859.htm
6 EFSA-Q-2008-262
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GD. The WG was composed of: Detlef Bartsch (chair) (GMO Panel member), Cristina Chueca,
Adinda De Schrijver, Yann Devos (EFSA GMO unit), Achim Gathmann, Rosie Hails, Antoine
Messéan (GMO Panel member), Joe Perry (GMO Panel member), Lucia Roda, Angela Sessitsch,
Geoff Squire and Jeremy Sweet (vice-chair) (GMO Panel member). The WG was supported by
Karine Lheureux and Sylvie Mestdagh from the EFSA GMO Unit.

» The Self-Tasking Working Group on Environmental Impacts of GM plants on Non-Target
Organisms (NTO WG): was established in March 2008 following the recommendations made on
NTO testing during the EFSA scientific colloquium entitled “Environmental risk assessment of
GM plants — challenges and approaches” held in June 2007 (EFSA, 2008). The NTO WG was
responsible for harmonising different NTO testing approaches and for the development of more
detailed guidance in this area. The NTO WG contributed to the development of selection of
criteria for species and ecological functional group selection, experimental design of field studies
for NTO tests, statistical analyses of NTO tests and considerations of the receiving
environment(s). The WG was composed of: Salvatore Arpaia (chair) (GMO Panel member),
Detlef Bartsch (GMO Panel member), Marc Delos, Achim Gathmann, Rosie Hails, Jozsef Kiss
(vice-chair) (GMO Panel member), Paul Hening Krogh, Barbara Manachini, Joe Perry (GMO
Panel member), Jeremy Sweet (GMO Panel member) and Claudia Zwahlen. The WG was
supported by Sylvie Mestdagh from the EFSA GMO Unit.

» The Statistics ERA Guidance Document Working Group (Statistics ERA GD WG): A Statistics
WG was established in November 2005 to provide support in the update of the EFSA GMO Panel
GD (food-feed chapter). In March 2009, the Statistics ERA GD WG was established to provide
support to the NTO WG and sub-ERA GD WG in particular to address the development of criteria
for field trials and statistical analysis. The WG was composed of: Salvatore Arpaia (GMO Panel
member), Marco Acutis, Detlef Bartsch (GMO Panel member), Rosie Hails, Antoine Messéan
(GMO Panel member), Joe Perry (chair) (GMO Panel member), Jeremy Sweet (GMO Panel
member) and Hilko Van Der Voet. The WG was supported by Claudia Paoletti from the EFSA
GMO Unit.

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION AND EFSA

On 17 March, 2008, the EFSA GMO Panel received a 24-month mandate from the European
Commission to further develop and update its guidelines as regards the environmental risk assessment
and to cover the following points:

1. Environmental risk assessment of potential effects of genetically modified plants on non-
target organisms through

> Development of criteria for the selection of non-target organisms and representative
species thereof, focusing on arthropods and other invertebrates, and also considering
other relevant non-target organisms in different trophic levels;

» Selection and recommendation of appropriate method to study the potential effects on
these non-target organisms;

2. Development of criteria for field trials to assess the potential ecological effects of the GM
plants in receiving environments (including experimental design and analysis to ensure
sufficient statistical power);

EFSA Journal 2010;8(11):1879
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3. Identification of the EU geographical regions where the GM plants (combination crop + trait)
may be released and the selection of representative receiving environment(s) which reflect the
appropriate meteorological, ecological and agricultural conditions;

4. Selection of appropriate techniques to assess potential long-term effects of GM plants
including experimental and theoretical methodologies, and recommendations for establishing
baseline information.

In addition to the points raised by the mandate of the European Commission, EFSA requested the
EFSA GMO Panel to

» revise/update most sections of the ERA GD in the light of the experience gained during the
evaluation of ERA of applications that included cultivation in their scope, and of the latest
scientific development;

» include the outcome of the self-tasking working group on NTOs;
» include a section related to GM herbicide tolerant crops;
» include the outcome of the self-tasking working group on stacked events.

The present ERAGD expands and completes all sections of the ERA part of the EFSA GD (EFSA,
20064a) in accordance with current legislation, experience gained during the evaluation of the ERA in
applications, the outcome of a self-tasking activity on Non-Target Organisms’,the outcome of the sub-
working group on statistics ERA GD, additional guidance on stacked events® and in response to a
mandate from the European Commission®. The chapter on post-market environmental monitoring has
not been revised and is similar to the GD of the EFSA GMO Panel issued in 2006.

Given the complexity of the topic and the large number of public comments expected, the duration of
the mandate to deliver a scientific opinion on the GD for the ERA of GM plants was extended till
November 10, 2010.

7 ESA-Q-2008-089
8 http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_1211902599859.htm
9 EFSA-Q-2008-262
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ASSESSMENT
1. Introduction

This document provides guidance for the ERA of GM plants submitted within the framework of
Regulation (EC) No. 1829/2003 on GM food and feed (EC, 2003) or under Directive 2001/18/EC on
the deliberate release into the environment of GMOs (EC, 2001). It covers the ERA in case of
cultivation of GM plants and in case of import of food and feed containing or consisting of GM plants
or produced from GM plants. The document provides in particular guidance on drawing up of
information to supplement Annex 111 B of Directive 2001/18/EC, on the preparation of the conclusion
of the ERA as described in Annex Il of that Directive and on the set up of a post-market
environmental monitoring plan according to Annex VI thereof.

These ERA GD of the EFSA GMO Panel on the Risk Assessment of GM plants and/or Derived Food
and Feed replaces the ERA and supporting chapters in the ‘Guidance Document for the Risk
Assessment of GM Plants and Derived Food and Feed’ of May 2006 (EFSA, 2006Db).

This ERA GD provides detailed guidance for the applicant in the preparation and presentation of the
ERA part of applications, according to Articles 5(8) and 17(8) of Regulation (EC) No. 1829/2003.
This document addresses the requirements set out in Articles 5(5)(a) and (b) and 17(5)(a) and (b) of
that Regulation, e.g. taking into account Annexes Ill B, Il D2 and VII of Directive 2001/18/EC. The
ERA GD is a ‘stand-alone’ document, meaning that all environmental issues are addressed in this
document, while all molecular characterisation issues and food and feed safety issues (such as
toxicology, allergenicity, nutritional aspects) are addressed in the EFSA Guidance Document for the
Risk Assessment of GM Plants and Derived Food and Feed (see update EFSA, 2009f). Cross-
references between these two GDs are made wherever necessary.

This ERA GD does not consider issues related to traceability, labelling, or co-existence.Socio-
economic and ethical issues are also outside the scope of this guidance. The overall risk/benefit is out
of the remit of the EFSA mandate. The ERA should primarily focus on potential environmental risks
arising from the GM plants. The chapter on post-market environmental monitoring has not been
revised and is similar to the GD of the EFSA GMO Panel issued in 2006.

This GD does not cover the deliberate release into the environment of GMOs for experimental
purposes (Part B notifications under Directive 2001/18/EC). Nor does it cover the deliberate or non-
deliberate environmental release or the contained use of genetically modified micro-organisms
(GMMs), or the placing on the market of food and/or feed consisting of, containing, or produced from
GMMs (Directive 2001/18/EC, Annex II1 A). For food and feed containing, consisting of or produced
from GMMs, a GD is provided by the EFSA GMO Panel (EFSA, 2006a). For the RA of GM plants
used for non-food or non-feed purposes, a parallel GD is provided by the EFSA GMO Panel (EFSA,
2009d).

The EFSA GMO Panel considered various sources of information and references from scientific
reviews, conference reports, and expert consultation in preparing this GD.

An overview of the structure of the ERA GD is presented in Figure 1.

10
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organisms

I |
3.4 Interactions of the GM plant with non-target >< 2.3.4 Long term effects (including techniques

2.2.3 Step 3: Exposure characterisation

organism for their assessment)
I |
3.5 Impacts of the specific cultivation, 2.3.5 GM plants containing stacked
management and harvesting techniques transformation events

| 2.2.4 Step 4: Risk characterisation
3.6 Effects on biogeochemical processes

References

3.7 Effects on human and animal health 2.2.5 Step 5: Risk management strategies Appendices

| I A. Background information for geographical
3.8 Overall risk evaluation and conclusions 2.2.6 Step 6: Overall risk evaluation and zones in the receiving environment(s)

conclusions |
4. PMEM plan

B. Considerations for long-term effects

Figure 1: Structure of the ERA GD with chapter assignments and relationships between different
steps in the ERA. Chapter 1 is the introduction. Chapter 2 describes the general strategies for the ERA.
After the description of the comparative safety assessment in sub-chapter 2.1, the six steps of the ERA
are described in general terms in sub-chapter 2.2. These steps are further elaborated in more detail in
chapter 3. The cross-connectivity between chapters 2.2 and 3 is visualised by curly brackets. Chapter
2.3 introduces cross-cutting considerations for chapter 3. Chapter 4 describes the post-market
environmental monitoring (PMEM) plan taking into account the results of the ERA. References and
appendices complete the GD.

2. Strategies for ERA of GM plants

The purpose of the ERA is to assess if the introduction of the GM plant into the environment would
have adverse effects on human and animal health and the environment. The ERA of GM plants
involves generating, collecting and assessing information on a GM plant in order to determine its
potential adverse impact relative to its non-GM plant comparator, and thus assessing its comparative
safety. The underlying assumption of the comparative assessment for GM plants is that the biology of
traditionally cultivated plants from which the GM plants have been derived, and the appropriate
comparators is well known. To this end the concept of familiarity was developed by the OECD
(OECD, 1993). In the ERA, it is appropriate to draw on previous knowledge and experience and to use
the appropriate comparator in order to highlight differences associated with the GM plant in the
receiving environment(s). The ERA for GM plants containing events combined by conventional
breeding (stacked events) may also involve comparison with GM events as well as appropriate
comparators (chapter 2.3.5).
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The ERA should be carried out in a scientifically sound and transparent manner. The ERA should
include any relevant data (e.g. research data, scientific publications, monitoring reports) obtained prior
to and/or during the risk assessment process. The purpose of the performed studies, the data and their
interpretation, as well as the assumptions made during the ERA, should be clearly described. In
addition, the use of models could provide further information useful for ERA. The final risk evaluation
should result in qualitative and if possible quantitative conclusions on risk that inform risk managers
and allow decision-making. Any uncertainties associated with the identified risks should be outlined.

The ERA should be carried out on a case-by-case basis, meaning that the required information may
vary depending on the species of GM plants concerned, the introduced genes, their intended use(s) and
the potential receiving environment(s), taking into account specific cultivation requirements and the
presence of other GM plants in the environment.

2.1. Comparative safety assessment as a general principle for the risk assessment of GM
plants

The risk assessment strategy for GM plants seeks to use appropriate methods to compare the GM plant
and derived products with their appropriate comparator (see chapter 2.3.1). Thus non-GM plants serve
as comparators for the ERA of GM plants. The comparative safety assessment is being followed in
order to identify differences caused by either intended or unintended effects.

Comparative safety assessment includes molecular characterisation, the agronomic and phenotypic
characteristics of the GM plant in question, as well as its compositional analysis (OECD, 1993,
FAO/WHO, 1996). In addition, the comparative safety assessment within ERA shall use information
on the interactions of the GM plant with its receiving environment(s) (see chapter 2.3.2).

Any type of genetic modification of plants results in intended effects, but may also result in
unintended effects. The ERA is focused on the identification and characterisation of both effects with
respect to possible adverse impacts on human and animal health and the environment. Effects can be
direct and indirect, immediate and delayed, including cumulative long-term effects.

Intended effects are those that are designed to occur and which fulfil the original objectives of the
genetic modification. Alterations in the phenotype may be identified through a comparative analysis of
growth performance, yield, pest and disease resistance, etc. Intended alterations in the composition of
a GM plant compared to its appropriate comparator, may be identified by measurements of single
compounds.

Unintended effects of the genetic modification are considered to be consistent (non-transient)
differences between the GM plant and its appropriate comparator, which go beyond the primary
intended effect(s) of introducing the transgene(s). Since these unintended effects are event-specific,
applicants must supply data on the specific event. Sources of data™® that may reveal such effects are:

1. Molecular characterisation: A starting point in the identification of potential unintended effects is
analysis of the DNA construct and insertion site to establish whether the insertion is likely to have
potential effects other than the intent of the original genetic modification (e.g. unintended effect(s)
could be due to loss of function of an endogenous gene at the insertion site).

2. Compositional analysis: Unintended effects may be detected through the comparison of the
compositional characteristics of the GM plant with its appropriate comparator (e.g. unintended
effect(s) could potentially be linked to metabolic perturbations).

19 Fyrther guidance on the type and relevance of laboratory, semi-field, and field generated data is provided in chapter
2.3.3.4.
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3. Agronomic and phenotypic characterisation: Unintended effects may also be detected through the
comparison of the phenotypic and agronomic characteristics of the GM plant with its appropriate
comparator (e.g. unintended effects could be linked to morphological alterations).

4. GM plant-environment interactions: Unintended effects may be detected through comparisons of
biotic and abiotic interactions of the GM plant and its appropriate comparator with components of
their receiving environment(s). In planta data are the fundamental source of information (e.g.
unintended effects could be linked to changes in the interaction of the GM plant on functionality of
NTO guilds).

Statistically significant differences between the GM plant and its appropriate comparators, which are
not due to the intended modification, may indicate the occurrence of unintended effects, and should be
assessed specifically with respect to their biological relevance and potentially hazardous
environmental implications. The outcome of the comparative safety assessment allows the
determination of those “identified” characteristics that need to be assessed for their potential adverse
effects in the environment, regardless of whether they were intended or unintended, and will thus
further structure the ERA.

The level and routes of environmental exposure to the GM plants shall be taken into account (e.g. in
relation to the scope of the application: cultivation in the EU versus import and processing).
Comparisons should be made between the GM plant and its appropriate comparators (see chapter
2.3.1), wherever applicable, grown in relevant production systems and similar environments (see
chapters 2.3.3 and 3.5).

2.2. Obijectives of the different steps of the environmental risk assessment

The objective 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 cumulative long-term effects) on
the receiving environment(s) where the GM plant will be released. The ERA consists of the six steps
described in Directive 2001/18/EC:

1. Problem formulation including hazard identification,
2. Hazard characterisation,

3. Exposure characterisation,

4. Risk characterisation,

5. Risk management strategies,

6. Overall risk evaluation and conclusions.

The ERA is conducted starting with step 1 and moving towards step 6; step 2 and 3 can, however, be
carried out in parallel (see Figure 2).

Any uncertainty inherent to the different steps of the ERA should be highlighted and quantified as
much as possible (for more background on uncertainties see chapter 2.3.3.7).
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v
Environmental Risk Assessment (ERA)

(1) Problem formulation (including hazard
identification)

v v

(2) Hazard (3) Exposure
characterisation characterisation
[ |
v
(4) Risk characterisation

Feedback

l

(5) Risk management strategies

l

(6) Overall risk evaluation and conclusions

v
Overall Risk Management, including
— Post Market Environmental
Monitoring (PMEM)

Figure 2: Six steps within the environmental risk assessment (ERA) and relationship to risk
management, including monitoring, according to Directive 2001/18/EC and Regulation (EC) No.
1829/2003.

2.2.1.  Step 1: Problem formulation: including hazard identification

The risk assessment begins with problem formulation in which all important questions for the risk
characterisation are identified. Problem formulation helps to make the risk assessment process
transparent by explicitly stating the assumptions underlying the risk assessment.

In this document, problem formulation includes the identification of characteristics of the GM plant
capable of causing potential adverse effects to the environment (hazards), of the nature of these
effects, and of pathways of exposure through which the GM plant may adversely affect the
environment. It also includes defining assessment endpoints and setting of specific hypotheses to
guide the generation and evaluation of data in the next risk assessment steps (hazard and exposure
characterisation). In this process, both existing scientific knowledge and knowledge gaps (such as
scientific uncertainties) are considered.

Problem formulation starts with the identification of hazards of the GM plant and its use. A

comparison of the characteristics of the GM plant with those of its appropriate comparator (plant)
enables the identification of differences in the GM plant that may lead to harm (see chapter 2.1). These
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differences are identified in the problem formulation process in order to focus the ERA on the
potential environmental consequences of these differences. While some differences may be deemed
irrelevant to the assessment, others will need to be assessed for their potential to cause harm. More
detailed guidance for applicants on how to apply problem formulation on specific areas of risk to be
addressed in the ERA is provided in chapter 3 of this document.

After identifying the hazards and potential adverse effects that warrant further consideration, problem
formulation then considers the available information on exposure through which the GM plant may
interact with the environment. Depending upon the intended uses of a GM plant, such as import,
processing, food, feed and/or cultivation, the pathways and levels of exposure of the GM plant to the
environment will vary. In the case where the use of GM plant does not include cultivation in the EU,
the problem formulation will consider exposure (1) via the accidental release into the environment of
propagules, such as seeds, of the GM plant during transportation and processing potentially leading to
sporadic feral GM plants and (2) indirect exposure, for example, through manure and faeces from the
gastrointestinal tracts mainly of animals fed the GM plant, and/or (3) organic plant matter either
imported as a fertiliser or soil amendment or derived from other bioproducts of industrial processes. In
the case where the GM plant use includes cultivation in the EU, the problem formulation will consider
exposure resulting from the expected cultivation of the GM plant in the receiving environment(s).

A crucial step in problem formulation is to identify the aspects of the environment that need to be
protected from harm according to environmental protection goals set out by EU legislation (for
background information, see table 1). Because protection goals are general concepts, they should be
translated into measurable assessment endpoints (Suter, 2000, Romeis et al., 2008, Sanvido O, 2009,
EFSA, 2010f, Wolt et al., 2010). Defining assessment endpoints is necessary to focus the risk
assessment on assessable/measurable aspects of the environment — a natural resource (e.g. natural
enemies) or natural resource service (e.g. biological control functions of pest populations performed
by natural enemies) that could adversely be affected by the GM plant and that require protection from
harm. Examples on how to consider protection goals for the ERA of GM plants are provided in the
NTO Scientific Opinion in chapter 1.2 and appendix 1 (roadmap).

Subsequently, within the problem formulation, the identified potential adverse effects need to be
linked to assessment endpoints in order to derive testable hypotheses that allow quantitative evaluation
of the harm posed to those assessment endpoints. The hypotheses are of importance as they will
further guide the setting up of a methodological approach** on how to evaluate the magnitude of harm.
Through hypothesis, assessment endpoints are translated into quantitatively measurable endpoints,
termed measurement endpoints (such as measurements of mortality, reproduction, abundance). A
measurement endpoint can be regarded as an indicator of change in the assessment endpoint, and
constitutes measures of hazard (chapter 2.2.2) and exposure (chapter 2.2.3).

Finally, for each measurement endpoint, the level of environmental protection to be preserved is
expressed through the setting of ‘limits of concern” which may take one of two forms. For studies in
the environment(s) that are controlled (see chapter 3.4) the limits of concern will usually be trigger
values which, if exceeded, will either lead to conclusions on risks or the need for further assessment in
receiving environment(s). For field studies, the limits of concern will reflect more directly the
minimum effect that is considered to potentially lead to harm (see also chapter 2.3.3). If these limits
are exceeded, then detailed quantitative modelling of exposure may be required to scale up effects at
the field level both temporally and spatially. Limits of concern can be defined by e.g. literature data,
modelling, existing knowledge and policy goals.

The information considered in problem formulation can take many forms, including published
scientific literature, scientific and expert opinions, and/or research data. Available data from analyses

11 problem formulation is generally performed on the basis of a conceptual model and an analysis plan (EPA, 1998, Hill and
Sendashonga, 2003, Raybould and Cooper, 2005, Raybould, 2006, 2007, Romeis et al., 2008, Storkey et al., 2008,
Raybould, 2009, Raybould et al., 2009, Wolt, 2009, Wolt et al., 2010).
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performed to characterise the GM plant, including molecular, compositional, agronomic/phenotypic
analysis and plant-environment interactions, shall also address the occurrence of unintended effects.
Data generated outside Europe with the GM plant might be used by the applicant only if its relevance
for the European environment(s) is justified.

Problem formulation should on a case-specific basis:

>

Identify characteristics of the GM plant and, where appropriate, the associated production and
management systems capable of causing potential adverse effects to the environment;

Identify the potential adverse effects linked to those harmful characteristics;

Identify exposure pathways through which the GM plant may adversely affect the
environment;

Define assessment endpoints being representative of the aspects of the environment that need
to be protected from harm according to protection goals set out by EU legislation and their
translation into national policies, and describe criteria used for the selection of assessment
endpoints (e.g. relevance, practicality);

Define measurement endpoints that can be used to assess the potential harm to assessment
endpoints defined;

Formulate testable hypotheses that are clearly phrased and easily transferable to data to be
generated or evaluated,

Set the limits of concern for each measurement endpoint;

Consider knowledge gaps (such as scientific uncertainties)
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Table 1:  Examples of environmental protection goals and their legal bases in the European Union
(EU). Directive 2001/18/EC specifically applies to GM plants. Other legislations as listed below
should be considered by the applicant, even though GM plants may not be specifically mentioned.

Protection goals Legal basis
Areas of protection Background Scope
Directive 2004/35/EC® Environmental liability

- - (C)
Directive 92/43/EEC of wild fauna and flora
Directive 2009/147/ECY Conservation of wild birds

Species of . ) Protection of endangered wild fauna
conservation or Regulation 338/97 and flora
o cultural - value; A ion pian for biodiversity® Conservation of biodiversity
Biodiversity red list species o . T
conservation /! Biodiversity strategy® Conservation of biodiversity
Protected Biodiversity  action plan fO(L) e Conservation of natural resources
habitats; conservation of natural resources
landscapes Biodiversity - action  plan for ¢ covation of biodiversity

agriculture®

)
Bern convention and natural habitats

Convention on biological diversity® Conservation of biological diversity

Ecological
functions

Conservation of natural habitats and

Conservation of European wildlife

Directive 2004/35/EC Environmental liability
Soil Thematic strategy for soil protection”’  Preservation of soil functions
Water Directive 2000/60/EC™ Water protection

Regulation 1107/2009™

Production Directive 2009/128/EC

systems; plant

health Biodiversity strategy Sustainable use of biodiversity
Thematic strategy on the sustainable
use of natural resources®

product

Sustainable use of natural resources

@):
(b):
(©:
(d):
(e):
(®:
(9):
(h):
(i):
@):
(k):
:
(m):
(n):
(0):

Directive 2001/18/EC of the European Parliament and of the Council of 12 March 2001 on the deliberate release into the
environment of genetically modified organisms and repealing Council Directive 90/220/EEC

Directive 2004/35/CE of the European Parliament and of the Council of 21 April 2004 on environmental liability with
regard to the prevention and remedying of environmental damage

Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora
Council Directive 2009/147/EC of 30 November 2009 on the conservation of wild birds

Council Regulation (EC) No 338/97 of 9 December 1996 on the protection of species of wild fauna and flora by
regulating trade therein

Commission Communication of 22 May 2006 "Halting the loss of biodiversity by 2010 - and beyond - Sustaining
ecosystem services for human well-being" COM(2006) 216

Communication from the Commission to the Council and the European Parliament of 4 February 1998 on a European
Community biodiversity strategy COM(1998) 42

Commission Communication of 27 March 2001 to the Council and the European Parliament: Biodiversity Action Plan
for the Conservation of Natural Resources (Volume 11) COM(2001) 162

Commission Communication of 27 March 2001 to the Council and the European Parliament: Biodiversity Action Plan
for Agriculture (Volume 111) COM(2001) 162

Council Decision 82/72/EEC of 3 December 1981 concerning the conclusion of the Convention on the conservation of
European wildlife and natural habitats (Bern Convention)

Council Decision 93/626/EEC of 25 October 1993 concerning the conclusion of the Convention on Biological Diversity
Commission Communication of 22 September 2006 entitled "Thematic strategy for soil protection" COM(2006) 231
Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 establishing a framework for
Community action in the field of water policy

Regulation (EC) No 1107/2009 of the European Parliament and of Council of 21 October 2009 concerning the placing
of plant protection products and repealing Council Directives 79/117/EEC and 91/414/EEC

Directive 2009/128/EC of the European Parliament and of the Council of 21 October 2009 establishing a framework for
Community action to achieve the sustainable use of pesticides
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(p): Communication from the Commission of 21 December 2005 - Thematic Strategy on the sustainable use of natural
resources COM(2005) 670

2.2.2.  Step 2: Hazard characterisation

Hazard characterisation in this GD is defined as the qualitative and/or quantitative evaluation of
environmental harm associated with the hazard as set out in one or more hypotheses derived from
problem formulation.

The magnitude of each potential adverse environmental effect should, if possible, be expressed in
quantitative rather than qualitative terms. Ordered categorical descriptions such as "high", "moderate”,
"low" or "negligible”, where the ordering is from 'high' at one end to 'negligible' at the other (Liu and
Agresti, 2005), may be used to place identified hazard on a scale of severity. If at all possible, these
terms should themselves be defined in quantitative terms, as precisely as possible’?. If the expression
of magnitude is not made in quantitative term, but solely using the “ordered categorical description”, a

justification for this categorisation is necessary and should be provided.

2.2.3.  Step 3: Exposure characterisation

This step is to evaluate the exposure, i.e. likelihood of adverse effects occurring, and to estimate the
exposure quantitatively.

For each hazard identified and characterised, it may not be possible to estimate the exposure
(likelihood) precisely. Likelihood of exposure can be expressed either qualitatively using an ordered
categorical description (such as "high", "moderate”, "low" or "negligible™) or quantitatively as a
relative measure of probability (from zero to one, where zero represents impossibility and one
certainty). However, if qualitative terms are used to express such likelihoods, then the link between
likelihood and probability should be accounted for. Thus, whatever term is chosen, an indication
should be given of the range, within a numeric scale of 0 to 1, to which the term is intended to refer.
For example, “the likelihood of exposure of a non-target lepidopteran species to Bt toxin (CrylAb
protein) in field margins was estimated to be moderate, where 'moderate’ in this context means within
the range 0.1 to 0.4".

12 The following classifications are extracted from the Commission Decision 2002/623/EC (EC, 2002) and are suggested as
illustrative and qualitative examples in a very broad sense. They are not intended to be definitive or exclusive, but to give
an indication of the considerations that might be taken into account when weighing up the consequences:

"high level consequences™ might be significant changes in the numbers of one or more species of other organisms, including
endangered and beneficial species in the short or long-term. Such changes might include a reduction in or complete
eradication of a species leading to a negative effect on the functioning of the ecosystem and/or other connected
ecosystems. Such changes would probably not be readily reversible and any recovery of the ecosystem that did take place
would probably be slow;

"moderate consequences” might be significant changes in population densities of other organisms, but not a change which
could result in the total eradication of a species or any significant effect on endangered or beneficial species. Transient and
substantial changes in populations might be included if likely to be reversible. There could be long-term effects, provided
there are no serious negative effects on the functioning of the ecosystem;

"low level consequences"” might be non-significant changes in population densities of other organisms, which do not result in
the total eradication of any population or species of other organisms and have no negative effects on functioning of the
ecosystem. The only organisms that might be affected would be non-endangered, non-beneficial species in the short or
long-term;

"negligible consequences” would mean that no significant changes had been caused in any of the populations in the
environment or in any ecosystems.
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2.2.4.  Step 4: Risk characterisation

Risk is characterised by combining the magnitude of the consequences of a hazard and the likelihood
that the consequences occur (EC, 2002). It is described in this GD as the quantitative or semi-
quantitative estimate, of the probability of occurrence and severity of harmful effect(s) based on
problem formulation, hazard and exposure characterisation. It is important that the values obtained for
each measurement endpoint are related to the limits of concern to test whether the observed effect falls
within those limit and, thereby, to aid in the assessment of the biological relevance of the observed
effect (see 2.3.3).

On the basis of the conclusions reached in steps 2 and 3, an estimate of the risk of adverse effects
should be made for each hazard identified in step 1. If a hazard has more than one adverse effect, the
magnitude and likelihood of each individual adverse effect should be assessed. Where precise
guantitative evaluation of risk is not possible, terms should be defined where possible. The evaluation
for each risk should consider:

» The magnitude of the consequences of the hazard ("high", "moderate™, "low" or "negligible",
with an explanation of what is meant by these terms);

» The likelihood of the consequences related to hazard occurring ("high"”, "moderate”, "low" or
"negligible”, with quantified definitions of terms, using ranges of probability) in the receiving
environment(s);

» The risk characterised by combining the magnitude of the consequence of the hazard and its
likelihood.

The uncertainty for each identified risk should be described where relevant, possibly including
documentation relating to:

» Assumptions and extrapolations made at various levels in the ERA;
» Different scientific assessments;

» Specified uncertainties (see also chapter 2.3.3.7);

» Conclusions that can be derived from the data.

The risk characterisation should indicate whether the problem formulation (including hazard
identification), hazard characterisation and exposure characterisation are complete.

2.2.5.  Step 5: Risk management strategies

When the risk characterisation (step 4) identifies risks, then applicants should propose measures to
manage them. These risk management strategies should aim to reduce the identified risks associated
with the GM plant to a level of no concern and should consider defined areas of uncertainty.
Applicants should describe the risk management in terms of reducing hazard and/or exposure, and the
consequent reduction in risk should be quantified (when possible). Where applicants have identified
risk management characteristics (e.g. reduced fertility) in the GM plant which can reduce these risks,
then th