Monitoring of GMOs released into
the Norwegian environment:
A case study with herbicide-tolerant
GM rapeseed
Biosafety Report 2013/02

GenØk Biosafety Report 2013/02 | GM rapeseed

Biosafety Report 2013/02
GenØk - Centre for Biosafety, Tromsø, Norway
December 2013

Monitoring of GMOs released into the Norwegian environment:
A case study with herbicide-tolerant GM rapeseed
Report Author
David Quist

Acknowledgements
The author wishes to thank in particular Jan Husby, along with Anne I. Myhr, Georgina Catacora-Vargas, Idun
Grønsberg, Lise Nordgård, and Marek Cuhra for critical feedback and advice in the preparation of this report. Lars
Frederikson from Norges Sjømatråd for helpful information in the development of this report. Katrine Jaklin provided
graphical and formatting support. Idun Grønsberg and Jan Husby provided assistance with the Norwegian translation.
Coverphoto: istockphoto.com: iStock_000025540072

GenØk - Centre for Biosafety, Forskningsparken i Breivika, Postboks 6418, 9294 Tromsø, Norway
Tel.: (+47) 77 64 66 20, Fax: (+47) 77 64 61 00
www.genok.com - post@genok.no

ii

Summary
Monitoring GMOs approved for release into the environment is a requirement under both EU and
Norwegian legislation, in order to safeguard desired protection goals from potential adverse
effects arising from their use. Achieving this objective requires that monitoring be practical and
feasible, its use of resources effective, and that its outcomes are useful for producing new
knowledge. This report aims to help ensure monitoring carried out under the Norwegian Gene
Technology Act (NGTA) is robust, comprehensive, and useful for meeting the stated aims of
safeguarding the environment and human/animal health.
In Part I of this report, we describe the rationale and means for monitoring GMOs in the
environment and present both general considerations and a detailed recommended framework
for the description of monitoring activities, including their use, review and reporting within the
context of national biosafety legislation.
Part II of this report illustrates the practical implementation of monitoring activities, using the
proposed framework, with a real case of a herbicide-tolerant GM oilseed rape (OSR), MON88302,
under regulatory review in the EU. Potential exposure pathways are discussed that highlight some
possible unintended adverse effects for the environment, biodiversity and human and animal
health, including critical uncertainties and knowledge gaps. Annex I to this report illustrates how
this framework may be implemented in practice.
Outcomes from this exercise make it clear that further information and direction for the
development of a monitoring plan will be needed to ensure the monitoring activities undertaken
are practical and feasible. Mechanisms for information gathering, particularly on agronomic,
biogeographic and ecological details, exposure pathways is needed to determine the purposes and
types of monitoring that may be required, and what kinds of questions should be addressed. A
problem formulation and options assessment (PFOA, see Box 1) involving multiple actors is
therefore recommended in order for a more integrative assessment to consider a more diverse
set of decision-making options under the NGTA regarding the use of GM OSR in Norway.

Box 1. Problem Formulations and Options Assessment (PFOA)
A PFOA “process directly involves the people (i.e. the stakeholders) in an assessment of the
positive and negative impacts of a GMO. The process centers an Environmental Risk
Assessment (ERA) on the stakeholders to collaboratively identify and analyze both the
benefits and harms of a GMO. A PFOA is transparent, inclusive of all appropriate stakeholders,
and rationally informed by the best available science. It serves to strengthen an ERA by
incorporating deliberations with scientific assessments1.”
This mechanism provides an opportunity for greater integration the environmental, social,
legal and cultural context. Local and lay knowledge also plays a role in formulating problems
and options. Hence, the PFOA provides a platform to into integrate these considerations as a
broad holistic approach to the environmental risk assessment of a GMO.
1 Problem Formulation and Option Assessment Hand Book, A guide to PFOA process and how to integrate it into the
Environmental Risk Assessment (ERA) of GMOs; By Kristen C. Nelson and Michael J. Banker, A publication from the GMO
ERA Project, 2007.
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Norsk sammendrag
En plan for overvåkingen av GMO som er godkjente for utsetting i miljøet er krav satt i lovgivning
både i EU og Norge, for å ivareta ønskede mål om vern fra potensielt uønskede effekter forårsaket
ved bruk av GMO.
For å oppnå disse målene kreves det at lovgivning spesifiserer overvåking i stor nok grad for å
sikrer at de er praktisk gjennomførbare, og at de er ressurseffektive med et utfall bra nok til å
produserer ny relevant kunnskap.
Uten slike spesifiseringer kan overvåkingen mislykkes i å oppfylle sine mål, noe som kan fører til
sløsing med ressurser og tapt mulighet for å produsere ny kunnskap, og dermed en oppfatning
av at noe viktig er oppnådd når det faktisk ikke er det. Denne rapporten har som mål å bidra til å
sikre at overvåkingen som utføres under den norske genteknologiloven er robust og nyttig for å
kunne møte målene som er satt for å ivareta miljø og helse.
I del I av denne rapporten beskrives behov for retningslinjer og metoder som bør kreves for å
overvåke GMO i miljøet. Her beskrives både generelle betraktninger og detaljerte anbefalte
rammeverk for selve overvåkingen. Dette inkluderer også bruk, gjennomgang og rapportering.
Målet er å beskrive i detalj de hensyn som må tas for å etablere en robust og omfattende
overvåkingsplan for GMO i Norge i samsvar med genteknologiloven, og for å sikre at overvåkingens
aktiviteter oppfyller de mål som er satt av myndighetene.
Del II av rapporten har som mål å illustrere den praktiske implementeringen av overvåkingsaktiviteter ved å benytte det foreslåtte rammeverket. Her brukes en virkelig søknad med herbicid
tolerant GM raps, MON88302, slik søknaden er mottatt i tråd med reguleringene i EU/EØS. GM
raps er av spesiell relevans for Norge på grunn av sitt potensiale for spredning i miljøet. Raps er
også interessant på grunn av mulig hybridisering og introgresjon med ville arter, herunder også
ugressarter. Raps har også sosioøkonomisk betydning i Norge, både ved dyrkning og til bruk som
mat, fôr og brennstoff. I del II diskuterer vi potensielle eksponerings veier ved bruk av GM raps i
Norge, og setter søkelys på noen potensielle utilsiktede og uønskede effekter, samt diskuterer
usikkerhet og kunnskapshull. Da potensielle uønskede effekter kan være uventede utfra
risikovurdering av den enkelte GMO, representerer overvåking og risiko håndtering alternativer
for en kontinuerlig kunnskapsinnhenting om sikkerhet ved bruk av GMO i Norge, hvis de skulle bli
tillat i mat, fôr eller til dyrking.
Ved å bruke det spesifikke tilfellet med MON88302 i vårt forslag til rammeverk for overvåking, ble
det klart at mer informasjon og målrettet håndtering er påkrevd for å gjøre
overvåkingsaktivitetene praktiske og gjennomførbare. Det er behov for retningslinjer for
innsamling av informasjon, spesielt vedrørende detaljer om agronomiske og økologiske forhold.
Det er behov for mer informasjon om farer ved mulige eksponeringsveier. Det kan også være
behov forandringer i forskrifter og utvikling av nye retningslinjer.
Ett “problemformulering og alternativ vurderings system” (PFOA), som bl.a. involverer flere
sammensatte forhold, er anbefalt for å kunne utføre en mer integrert vurdering, noe som gir et
mer variert sett av beslutningsmuligheter under den norske genteknologiloven ved eventuell
godkjenning av GM raps i Norge.
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Objective and scope of this report
The aim of this report is to provide information and considerations for monitoring carried
out under the Norwegian Gene Technology Act, that is at the same time robust,
comprehensive, and useful for safeguarding the environment and human and animal
health. The framework proposed here is however quite adaptable to biosafety
frameworks in other regulatory contexts and may be of broad interests to those involved
in risk assessment and management of GMOs.
In general, applications will specify the scope of usage as one of two types:
a) For use as food or in food processing, including feed: Here any release into the
environment of viable material would be unintended and indirect.
b) For cultivation: Here direct environmental releases are intended.
In both scenarios, the focus of monitoring the GMO in the environment will vary in the
scope and extent necessary to ensure regulatory compliance of the activity, and the
safeguarding of important protection goals.
It is worth noting that monitoring, in the context of human and animal health especially in
the case of products used as food or feed, are covered in general but would require
different and/or additional approaches. The guidance here focuses on considerations of
human health in relation to incidental exposure to GMOs and their products directly by
GMO handlers during their transport, use or processing. Monitoring for regulatory
compliance of national biosafety frameworks in the event of unintended releases to the
environment is generally related to instances where the LMOs have not been approved
for release in the environment. In some frameworks it can be treated as part of the
monitoring plan as an emergency measure, and therefore is included in this report.
Lastly, this report focuses on improving the specifications for monitoring of adverse effects
that may arise from the release of GMOs into the Norwegian environment, and conducts
a theoretical exercise in the event of an approval for use in food, feed and cultivation,
using a real-world case of a GMO under regulatory assessment in the EU. It is intended for
illustrative purposes to address some, but not all of the knowledge gaps where further
research and monitoring may provide some data to address these uncertainties in a
regulatory context.
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PART I: Monitoring GMOs released into the environment
Introduction
The Norwegian Gene Technology Act (NGTA) is the main regulatory instrument concerning
the approved use of genetically modified organisms within the country. As of today, no
genetically modified (GM) organism has been approved for use in food, feed, fiber, or
cultivation. At the same time, global production of GM commodity crops continues to
increase, thus limiting the available sources of non-GM commodity crops for Norway. This
situation means that actors who depend on such grains as feed sources, such as the
aquaculture industry in Norway, face growing unavailability of non-GMO commodities (e.g.
soy, oilseed rape, and maize) required for dairy, poultry, pork, beef and fish production.
This dependence on foreign sources of grain for feed has led some in the agricultural
community to call for strengthening domestic grain production, particularly of those
grown in the country, such as oil seed rape (OSR)2.
As of today, the four largest farmed fish producers in Norway are allowed to import and
use 19 pre-processed (non-viable) GM maize, GM soy, or GM oilseed rape (mainly as meal
or oil)3 for use as feed as a special exemption on a time-limited basis. Currently, none of
these firm exercise this option4, yet is a decision that in practice could change at any time.
Actors within the aquaculture industry cite growing difficulties to source non-GM plant
ingredients for food 5 , signaling that the time where Norway may be faced with the
regulatory challenge of ensuring environmental and health safety in the event that GMOs
are introduced into the food and feed system.
Although accidental introduction of imported GM seeds into the Norwegian food supply
has not yet been detected (although reports of unlawful amounts GM ingredients in
imported food have been reported6) the issue has been and continues to be a problem in
some European countries. Given the many examples of unintended introductions of GM
crops around the world7, the extent of unintended introductions of GM seed into the
Norwegian environment and diet remains, however, and under examined possibility.
Monitoring serves as a precautionary measure to safeguard from potential adverse effects
on the environment, is a necessary requirement to ensure a safe and legal food supply.
The purpose of this report is to discuss in detail the specifications for a comprehensive,
practical framework for the description, implementation, reporting, and use of a
monitoring plan to provide science-based knowledge of realities and uncertainties from

2 http://www.aftenposten.no/nyheter/iriks/Baten-som-berger-oss-7137776.html#.UdPByD5gZNP
3http://www.mattilsynet.no/planter_og_dyrking/genmodifisering/oversikt_over_tillatte_gmproduktgrupper
_pr_15_september_2013.10952/BINARY/Oversikt%20over%20tillatte%20GMproduktgrupper%20pr%2015%20september%202013
4 Personal communication, Lars Fredrik, Kommunikasjonsrådgiver i Norges Sjømatråd
5 http://fhl.no/oppgjor-med-bonde-topp/
6 Holst-Jensen A, Spilsberg B, Ali AR, Emanuelsen L, Skjæret C, Røyneberg T, Østhagen Ø. Tilsyn med
genmodifisering i såvarer, fôrvarer og næringsmidler 2011. Felles rapport fra Veterinærinstituttet og
Mattilsynet. Veterinærinstituttets rapportserie 10-2012. Oslo: Veterinærinstituttet; 2012.
7 See Ellstrand, N.C. (2013) Over a decade of crop transgenes out of place, Chapter 7, p. 123-125. In: C.A.
Wozniak and A. McHughen (eds.), Regulation of Agricultural Biotechnology: The United States and Canada,
DOI 10.1007/978-94-007-2156-2_7, and references therein.
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the impacts of GMOs that may be introduced into Norway. This framework compliments
and expands on the existing provisions for monitoring under the 2005 revised regulations
of the NGTA, and builds on the experience and information for monitoring from other
jurisdictions, particularly in the EU.
To provide a concrete example of how the proposed monitoring framework may be
implemented, a case study using publically available information 8 on MON88302 GM
rapeseed, a GM oilseed rape (OSR) currently under application for environmental release
in the EU is presented. Following a general exposure and distribution pathway discussion,
including identifying the critical gaps of knowledge, the corresponding case-specific and
general monitoring needs will be elaborated, based on the proposed framework.

What is GMO monitoring?
GMO Monitoring, in general, is the observational science undertaken when a GMO is to
be released into the environment, which aims at detecting the occurrence of changes (e.g.
in the receiving environment(s) or in the GMO) that could lead to the occurrence of
adverse effects (see Box 2). Some of these effects will be observed as changes, for which
plausible links to the GMO should be examined. That is, as an observational science, the
nature of the question under investigation (e.g. will butterfly populations be impacted in
some way by eating the LMO?) may not allow the construction of specific hypothesis or
experiments. In such circumstances, the collection of information as observations (e.g.
butterfly abundance) and use of statistical inference may give clues for the occurrence of
changes that may lead to adverse effects. Adverse effects may be direct or indirect, short
or long-term, immediate or delayed, and occur at various ecological levels and biological
processes or at various stages in an organism’s life cycle or food chain.

Box 2. Defining adverse effects and their threshold values
The issue of defining adverse effects (i.e. “damage), and threshold values for which the
definition might apply, has little consensus, despite its central importance in decisionmaking. We find it useful to apply the definition outlined in the report by Bartz et al. in
2009 9 . There they suggest considering an environmental damage as a significant
adverse effect on an identified protection goal (e.g. conservation resource), which
decreases its quality. Here, adverse effects must be related to subjects for protection,
however it is also worthwhile to consider that in some cases adverse effects may occur
where the protection goals were not previously acknowledged. Nevertheless, applying
this definition in a risk assessment or monitoring context requires the further step of
assigning normative determinations (choice of indicators/parameters or concrete
threshold values) in order to differentiate significant adverse effects from insignificant
ones. Significant adverse effects should be distinguished based on the value of the
affected subject of protection (e.g. endangered species, or one imparting important
ecosystem services), and the intensity (e.g. degree of loss or change).

8 A public version of the submitted dossier is available at:
http://www.transgen.de/pdf/zulassung/Raps/MON88302_summary-application_food-feed.pdf
9 Bartz, R., Heink, U. and Kowarik, I. (2010), Proposed Definition of Environmental Damage Illustrated by the
Cases of Genetically Modified Crops and Invasive Species. Conservation Biology, 24: 675–681.
doi: 10.1111/j.1523-1739.2009.01385.x
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Why Monitor?
The reasons for montoring, in general, is to detect both anticipated and unanticipated
effects that are direct and indirect, immediate and delayed, by observing changes on the
environment or in human or animal health and determine whether these changes are
related to one (or more) GMO(s)10. The outcomes of monitoring provide informational
feedbacks to guide future risk management, or the need to revisit the risk assessment, or
provide a mechanism for reflexive decision-making.
GMO monitoring may serve three principle functions (see also Figure 2), depending on
where in the appraisal process monitoring is requested. In practice, the decision to
undertake monitoring is ultimately a political and regulatory one. Decisions are based on
the acceptability of risks informed by scientific and technical aspects related to
environmental health and safety, but also other aspects such as ethics, social utility, or
socioeconomic considerations within the decision-making
framework.

“Monitoring may serve
several interlinked purposes
within the entire decision
process. That is, while
monitoring activities are
generally directed by the
outcomes of the risk
assessment, they may also
be utilized concurrently
within risk management,
which informs the decisionmaking on the GMO under
consideration”.

1. Monitoring can be a science-based means for
confirming the conclusion on hazards anticipated in the
risk assessment

Given the limited scope of a risk assessment, the nature of
the information provided may have inherent limitations
for approximating real-world adverse effects (e.g. given
the complexity of the receiving environment under
evaluation, effect sizes under investigation, or ability to
extrapolate from limited temporal and spatial scales of
field trials). As a result, important adverse effects may be
overlooked, underestimated or deemed irrelevant.
Monitoring here functions as a fact-check that the level of
potential risk for a specific hazard appraised as negligible
in the risk assessment is indeed true. Thus monitoring data
may be a useful feedback to verify safety assumptions
over longer time scales and larger spatial scales of release.
Evidence from monitoring may necessitate the adjustment in the risk assessment or the
decision for a step-by-step incremental increase in scale of approved release, as well as
the adoption of contingency plans.
2. Monitoring can survey for adverse effects that were not identified in, or could not have
been anticipated in, a singular risk assessment
Here monitoring can be effective for uncovering indirect, delayed, cumulative and longterm effects of GMOs or their products on the environment or human health that could
not have been anticipated in a limited and singular risk assessment. Here monitoring can
act as an early warning system to provide information on the potential impacts on
important protection goals, and may also help to identify future research needs to address
these issues more throughly. Observations target ensuring critical protection goals more

10 Heinemann, J.A. and El-Kawy, O.A. (2012) Observational science in the environmental risk assessment
and management of GMOs. Environment International 45: 68-71.
http://dx.doi.org/10.1016/j.envint.2012.03.011.
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broadly, rather than monitoring for a specific effect. This type of monitoring is often
described in terms of general surveillance.
3. Monitoring may be used to evaluate the effectiveness of selected risk management
strategies
The provision for risk management measures is often used to address concerns or
uncertainties related to not only environmental, but social and economic issues 11 that
exist at the nexus of the conservation and sustainable use of biological diversity in the
context of decisionmaking. That is, monitoring can provide valuable assurance that risk
management procedures put in place are indeed working to achieve declared protection
goals, or in a worst case scenario, or as an early detection system to effects that require
further mitigation, contigency measures or emergency plans as outlined in the NGTA.
However, monitoring itself should not be considered as means for risk mitigation under
decisionmaking.
As such, monitoring may serve several interlinked purposes within the decision-making
process and initiating various monitoring activities concurrently may fulfill each purpose.
Ultimately, the purpose of monitoring is to provide further information to guide future
action or decision-making.

Canola seed. Photo: Craig Sillitoe

11 See article 26 of the Cartagena Protocol on Biosafety, Convention on Biological
Diversity. http://bch.cbd.int/protocol/
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Provisions for monitoring under international agreements: The
Convention on Biological Diversity/Cartagena Protocol on Biosafety
Provisions in the Cartagena Protocol on Biosafety relevant to monitoring and how it can
be utilized are laid out in article 15 on “Risk Assessment”, paragraphs 8(e) and (f) of Annex
III, which states that the risk assessment methodology may entail “a recommendation as
to whether or not the risks are acceptable or manageable, including, where necessary,
identification of strategies to manage these risks” and “where there is uncertainty
regarding the level of risk, it may be addressed by requesting further information on the
specific issues of concern or by implementing appropriate risk management strategies
and/or monitoring the living modified organism in the receiving environment”12. That is,
the monitoring of GMOs (referred to under Cartagena as “LMOs”) is a tool to address
uncertainties that may arise in the risk assessment that may be used in conjunction with
risk management. However, no guidance is given regarding when monitoring should be
required, its scope, or how to develop an appropriate monitoring plan, despite its
importance for ensuring that the objectives of the Protocol are achieved, i.e., to ensure
the safe use of GMOs.
Further considerations on monitoring are elaborated in subsequently developed guidance
under the Protocol, namely the “Guidance on Risk Assessment, Part I Roadmap for Risk
Assessment,” 13 . Uncertainties encountered during a risk assessment may affect the
evaluation of overall risks and the conclusions of the risk assessment process. In such
instances, where the relevant uncertainties identified in the risk assessment cannot be
reduced by more information, monitoring strategies may be recommended to test risk
hypotheses or scenarios in the event that a decision is taken to approve the GMO14. As
such, the results of monitoring activities may be used to evaluate the conclusions of the
risk assessment process. The Guidance here also contains specifications for developing a
monitoring plan in Part III of the report15.
Article 16 of the Protocol on Risk Management reinforces the provision for risk
management measures to “regulate, manage and control risks identified in the risk
assessment”16, where “measures based on risk assessment shall be posed to the extent
necessary to prevent adverse effects of the living modified organism on the conservation
and sustainable use of biological diversity, taking also into account risks to human health,
within the territory of the Party of import.” and “endeavour to ensure that any living
modified organism, whether imported or locally developed, has undergone an appropriate
period of observation that is commensurate with its life-cycle or generation time before it

12 See Annex III of the Cartagena Protocol on Biosafety, Convention on Biological
Diversity. http://bch.cbd.int/protocol/
13 See Part I: Roadmap for Risk Assessment, ”Overarching issues” and Step 5 of ”Conducting the Risk
Assessment”. In: CBD, 2012. Guidance for Risk Assessment of Living Modified Organisms”.
http://www.cbd.int/doc/meetings/bs/mop-06/official/mop-06-13-add1-en.pdf
14 This may be particularly useful for releases of approved for experimental/field testing purposes where the
GMO is evaluated incrementally over successive scales of release, but also applicable for large scale
environmental releases.
15 See “Guidance for Risk Assessment, Part III: Monitoring LMOs released into the environment”, In: CBD,
2012.
Guidance
for
Risk
Assessment
of
Living
Modified
Organisms”.
http://www.cbd.int/doc/meetings/bs/mop-06/official/mop-06-13-add1-en.pdf
16 Article 17 (1) of the Cartagena Protocol on Biosafety, Convention on Biological
Diversity. http://bch.cbd.int/protocol/
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is put to its intended use” 17 . Under these provisions, a number of measures may be
employed, including monitoring, to effectively prevent uncertain adverse effects with
appropriate action. Further monitoring may be used to help investigate whether a risk
management strategy undertaken actually achieves the desired protection goals.
Additional provisions that may be relevant to the monitoring of GMOs are elaborated in
the Protocol’s parent treaty, the Convention on Biological Diversity (CBD). According to
article 7 of the CBD on “Identification and Monitoring”, Parties shall identify and monitor
components of biological diversity important for its conservation and sustainable use.18

Provisions for monitoring under the European Union
Directive 2001/18/EC contain the central provisions for GMO monitoring in the EU. Annex
(VII) details the objectives, general principles and requirements for a “post-market”
monitoring plan. The specifics of this regulation, supplements and guidance notes 19 ,20
related to monitoring are well documented elsewhere21,22. Of note here is the lack of a
provision for monitoring “pre-market”, i.e. before intended use, such as “small-scale” field
trials and “experimental releases”, whose scale is undetermined 23 . These types of
monitoring, involving pre-market experimental field releases, is within the EU regulatory
framework dealt with at the national levels, not necessarily involving other EU member
countries (although relevant information and decisions shall be shared with the other
countries in line with standard procedures).

Provisions for monitoring under the Norwegian Gene Technology Act
The Norwegian Gene Technology Act of 199324 sets provisions regarding any proposed use
of GMOs in Norway, including import, export, confined use, open field trials, large scale
cultivation, use in food and feed, and disposal of waste containing GMOs. The Act sets a
general regulatory framework for handling requests for use of GMOs in Norway and

17 Ibid. (2)
18 See Article 7 of the Cartagena Protocol on Biosafety, Convention on Biological
Diversity. http://bch.cbd.int/protocol/

19 2002/811/EC: Council Decision of 3 October 2002 establishing guidance notes supplementing
Annex VII to Directive 2001/18/EC of the European Parliament and of the Council on the deliberate
release into the environment of genetically modified organisms and repealing Council Directive
90/220/EEC, http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32002D0811:en:NOT
20 EFSA, 2006.”Opinion of the Scientific Panel on Genetically Modified Organisms on the Post Market
Environmental Monitoring (PMEM) of genetically modified plants The EFSA Journal (2006) 319, 1-27.
http://www.efsa.europa.eu/en/efsajournal/doc/gmo_op_ej319_pmem_en,0.pdf
21 Traxler A, Heissenberger A, Frank G, Lethmayer C, Gaugitsch H (2001) “Ecological Monitoring Of
Genetically Modified Organisms” Monograph. Umweltbundesamt Wien 147: 1 – 87.
http://www.umweltbundesamt.at/fileadmin/site/publikationen/M147.pdf
22 Zughart W, Raps A, Wust-Saucy A-G, Dolezel M, Eckerstorfer M. Monitoring of Genetically Modified
Organisms. A policy paper representing the view of the National Environment Agencies in Austria and
Switzerland and the Federal Agency for Nature Conservation in Germany. Vienna: Federal Agency for Nature
Conservation; 2011.
23 In Mexico, approvals for experimental releases of more than 330 hectares have been previously approved
24 http://lovdata.no/dokument/NL/lov/1993-04-02-38
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follows a concept of “case by case” and “incremental release” 25 for most types of
approvals, e.g. those pursuant to environmental and commercial releases. In many respect,
all GMOs that does not have an approval from the authorities as contained, within an
approved contained facility, is per definition a release in accordance with the NGTA. The
2005 revision 26 harmonizes the Act along with EU regulations as a starting point, and
describes in greater detail the requirements for an impact assessment to be conducted by
the applicant of any proposed import or use of GMOs into Norway, including the requisite
submission of a monitoring plan for most types of releases, including any environmental
release or use as animal food or in processed foods. Additionally, the NGTA states that the
competent authority “may require the
applicant to initiate further investigations
during and after project implementation”,
which may include additional monitoring
or risk assessment.
In the 2005 revised regulations, two
appendices contain provisions related to
monitoring that are harmonized with EU
guidelines. Appendix 1 of these regulations
establishes the methods of detection and
observation for compliance with detection
and waste disposal. Appendix 3 of the 2005
regulations outlines the core purpose,
principles, and the types of monitoring27 to
be included in the Applicant’s description
of a monitoring plan, in relation to any
environmental release 28 , and in
accordance with related EU guidelines
under the EEA agreement (see Appendix 2
of this report).

By Franz Eugen Köhler, Köhler's Medizinal-Pflanzen
Wikimedia Commons

The revision of the regulation establishes
the link between the EU regulatory procedures on GMOs under the EEA agreement. The
EEA agreement clearly states Norway’s rights, in line with the NGTA, to enact its own
decisions over the use of GMOs in its jurisdiction29. The NGTA also includes the possibility
to take decisions based on assessments of social, ethical and sustainability related
considerations of the GMO application in question, as outlined in appendix 4 of the
regulation on impact assessment30.

25 Ibid, Article 10, first sentence
26 http://www.lovdata.no/for/sf/md/md-20051216-1495.html
27 See section “Types of monitoring” below
28 Ibid, Appendix 3
29 See reference 18 above
30 See http://www.regjeringen.no/en/dep/kld/documents-and-publications/acts-andregulations/regulations/2005/regulations-relating-to-impact-assessmen.html?id=440455
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Advancing monitoring under the NGTA
The provisions for monitoring and the requirements for a monitoring plan under the NGTA
to date are quite general, and thus allow a broad interpretation as to what is “relevant”
for monitoring, both in the carrying out of monitoring activities and the subsequent
reporting of what was done. Detailed requirement for addressing what, how, where, when,
and how long to monitor, would facilitate a more effective monitoring plan for the
safeguarding of desired protection goals.
In a previous report31, GenØk presented a series of case-specific options for monitoring,
and suggested that a more comprehensive framework is needed to support the objectives
of the NGTA. Below we present such framework for the description of a monitoring plan,
and the requirements for reporting that might be considered during the further
development of regulations under the Norwegian Gene Technology Act.

31 Bøhn, T., Myhr, A., Traavik, T., Skotvold, T., Hilbeck, A. & Breckling, B., 2009. Monitoring GMOs in Norway.
Project report from GenØk – Centre of Biosafety to the Norwegian Directorate for Nature Management.
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Monitoring GMOs released into Norway: A proposed
framework
General considerations
Perhaps the most important consideration for the undertaking of any monitoring activity
is that monitoring must be done correctly, or it might as well not be done at all. Extensive
experience from environmental monitoring in other fields has clearly shown that
monitoring, when not done following a detailed and well-laid plan, will not produce results
that can support the stated objective, where ”Results from inadequate monitoring are
misleading for their information quality and are dangerous because they create the illusion
that something useful has been done.” 32. Even worse, such exercises that fail to meet this
threshold would give the appearance that something useful has been done to meet
protection goals, when it in fact was not capable of doing so due to shortcomings in the
monitoring plan. To avoid this, the monitoring plan should be clear in its requirements,
detailed in its description, practical and feasible in its management, robust in its analysis
and interpretation, and consistent in its reporting. With this aim there are a number of
general considerations that may be kept in mind in the development of a monitoring
framework.
These include:
1. The monitoring plan should be flexible and adaptive to respond to new information,
realities, and/or monitoring needs
Such adaptations may be necessary in a
variety of cases. For instance, practical
problems may be encountered during the
implementation
of
the
proposed
monitoring plan (e.g. accessibility of
monitoring sites, infeasibility of proposed
existing
monitoring
networks
or
methodologies). Further, unanticipated
issues during the conduct of the monitoring
may occur, such as changes in availability or
status of indicators or parameters under
measurement, or where the newer
methods or approaches are identified that
will better achieve the monitoring
objectives. Finally, during the periodic
reporting phases, results from monitoring
may indicate the need for changes in the
specific hypotheses to be tested in the
monitoring plan, or identify unanticipated
cases that may require follow-up with
additional monitoring.
Brassica napus. Photo: Tilo Hauke
32 Legg, C.J., Nagy, L., 2006. Why most conservation monitoring is, but need not be, a
waste of time. J. Environ. Manage. 78, 194–199.
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2. The collection of baseline data in both the specific GMO and the potential receiving
environment is critical to detect changes and establish causal relationships
In order to detect changes to selected indicators and parameter in the chosen receiving
environment, and establish causal relationships, baseline data should be collected prior to
the introduction of the GMO under observation (or in representative receiving
environments elsewhere), taking into consideration spatial heterogeneity in selected sites,
or variation within the selected parameter.

3. Review and assessment of monitoring should ensure scientific quality and integrity in
the conduct of monitoring, and to ensure that the objectives outcomes set forth at the
beginning of the monitoring are met
A critical feature of any monitoring activity is that it is sufficiently robust to produce
meaningful, relevant and useful outcomes. Critical review of all aspects of the monitoring
plan by competent authorities is essential to verify the appropriateness and rigor of the
proposed monitoring plan for the desired outcomes.

4. Additional risk assessment studies may be deemed necessary based on the results from
monitoring
In some instances monitoring results may prompt new specific hazard questions or
scenarios, or questions regarding relating observed changes to the GMO that may be
followed up with further investigations. The EU Council decision on monitoring, supporting
directive 2001/18/EC, 2002/811/EC 33 , stipulates that unexpected changes in the
environment may need to consider further risk assessment to ascertain a causal link with
the GMO in question. Under the NGTA the competent authority may require the applicant
to initiate further investigations during and after project implementation, which may
include additional risk assessment.

5. Monitoring should begin early in the development of a GMO
As monitoring should be considered in conjunction with any application for environmental
release at any scale, this includes early-stage development of the GMO (i.e. confined trials
and small scale releases). Monitoring at these stages can help to detect and then minimize
potential adverse effects that may occur over larger scales of release, and thereby identify
conditions that should be part of a risk assessment for a larger scale of release. Early stage
monitoring of release in this way also builds familiarity with the monitoring process and
requisite needs under more controlled settings, where any potential adverse effects may
be more effectively identified and managed before any larger scale release.
Thus and incremental approval procedure of introduction, as suggested under the EU
regulatory system (see Figure 1 below), starting from contained use, through to limited
release for field testing, and any larger scale release, could utilize monitoring. The

33 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32002D0811:en:NOT
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knowledge base gained from monitoring at early stages may contribute to more targeted
and cost effective monitoring over larger scales of introduction.

Figure 1. A step-by-step approach to risk assessment and management.

6. Observation and management of long-term, indirect and cumulative effects
Long-term effects may be unanticipated, and thus not identified as a risk pathway within
a risk assessment. In some cases, long periods of observation are required for changes to
become apparent, and may require that monitoring be extended beyond the consent for
release. In particular, specific attention should be paid to monitoring long term or
cumulative effects of GMOs, where simultaneous monitoring of multiple GMOs in the
same receiving environment may be necessary. Lastly, observing long-term effects
through monitoring may pose a number of practical challenges, e.g. in consistency or
availability of test sites or subjects over long periods, and empirical limitations (e.g.
establishing a causal relation with any change identified in the monitoring program).

7. The capacities to carry out the required monitoring activities should be taken into
account when designing a plan or determining its feasibility, in order to identify and
estimate any additional resources needed to carry out the activity
In some cases, the Applicant, or even the competent authority, may lack the resources, or
capacity necessary to support or carry out specified provisions of the monitoring plan. This
may be addressed within the decision-making considerations of the case in question. The
actual exercise of describing the monitoring plan can provide useful information to
evaluate scope of the monitoring requirements, where estimates on resource uses and
available expertise may also factor into decision-making under the NGTA.
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8. Monitoring for human and animal health impacts may require additional methods
and/or information sources
The provision for monitoring human health impacts in the NGTA, the regulations on
impact assessment34 may require the establishment of epidemiological investigations or
medical (or veterinary medical) questionnaires, based on a consideration of plausible
pathways to harm from known exposure routes, taking into account uncertainties through
general surveillance. Participation from health and veterinary authorities is necessary to
assure that health considerations are taken care of within the monitoring plan and
appropriately monitored.

9. The competent authority may request, as appropriate, the exporter to carry out the
implementation and coordination of monitoring activities
While it is the competent authority that is ultimately responsible that any risk
management measures are indeed carried out, the Applicant may be asked to implement,
coordinate, conduct and/or provide the resources
for the specified monitoring plan as a pre-condition
of environmental release (including the reporting
“CSM and GS, forms the basis
and analysis of the derived information).

of a comprehensive plan to
monitor for both known but
uncertain and unknown yet
undesirable effects of GMOs
for defined protection goals.
Monitoring thereby generates
observational and
experimental data that can
serve as an early warning of
such effects, inform further
assessment, risk management
strategies and decisionmaking regarding the use of
one or more GMOs”.

Types of Monitoring
Monitoring can be distinguished as two main types
of activities: case-specific monitoring and general
surveillance. This terminology has wide usage
internationally 35 , particularly in the EU 36 , and
satisfies the two stated goals for monitoring in the
revised regulation of the Norwegian Gene
Technology Act from 200537.

Case-Specific Monitoring (CSM) deals with
monitoring for potential adverse effects that were
identified and evaluated in the risk assessment of a
specific GMO, or to verify the effectiveness of risk
management strategies that were enacted with the
GMO release, based on specified protection goals.
For instance, CSM may provide further observational data, once the GMO is released into
the environment, on whether any potential adverse effect identified in the risk assessment
may occur, and thus provides a feedback to the risk assessment to verify if the conclusions
of the risk assessment are accurate. Use of monitoring in such a manner enhances the
predictive capacity where the information available is limited (e.g. the scale or duration of
34 See Appendix 3, point 6 of the Norwegian Gene Technology Act,
http://lovdata.no/dokument/SF/forskrift/2005-12-16-1495
35 Yet differs with the Cartagena Protocol “Guidance on Risk Assessment of Living Modified Organisms” in
that uses “general monitoring” in the place of “general surveillance”
36 See EU Directive 2001/18/EC and council decision 2002/811/EC.
37 See Appendix 3 of the Norwegian Gene Technology Act http://lovdata.no/dokument/SF/forskrift/200512-16-1495
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release, degree of prior knowledge of the receiving environment, the exposure model
considered, the experimental model chosen, etc.).
In this way, CSM tracks the occurrence of changes (e.g. in the GMO or the environment)
that could lead to adverse effects that were identified in the risk assessment. These
changes could, for instance, affect the likelihood or consequences of one or more potential
adverse effects identified during the risk assessment and, therefore, impact the estimation
of overall risk of the GMO as new information arises. Here CSM has close links in producing
relevant information, with a system of incremental scales of release approvals, or for
individual steps of the risk assessment as monitoring is carried out (hazard identification,
exposure assessment, risk identification). Therefore, CSM may be a useful tool when the
level of uncertainty regarding the risks of the GMO is such that monitoring may be a means
for gathering more information before successively larger scales of release are considered.
General Surveillance (GS) surveys for unanticipated adverse effects that were not
identified in the risk assessment. GS would also include monitoring for interactive or
cumulative adverse effects that by definition could not have been anticipated in a singular
risk assessment. This is particularly useful where there is a limited understanding of
persistence, accumulation or exposure of the GMO or its products in the environment, or
where different GMOs may interact, or new agricultural management strategies may be
employed.
As some of these unforeseen effects may be indirect, delayed, or apparent only over the
long term or at larger scales of exposure, it should therefore be recognized that GS would
likely need to be conducted over a larger area and longer timeframe than the CSM. GS
activities are typically observational rather than experimental activities, where the
detection of changes may inform more targeted monitoring to determine causation
between the observed effects of the GMO, and may lead to testable hypotheses through
further investigation. In these cases, GS may help identify and anticipate effects that may
be further approached with more targeted monitoring. In addition, GS can be viewed as
an important tool in decision-making process with respect to the safeguarding of
protection goals from any adverse effects of GMO release, particularly where the threats
are considered serious or irreversible, but lack full scientific certainty of their occurrence.
It may not always be immediately clear which types of effects should be considered in CSM
or GS, and they may overlap. Different conceptualizations of what is “case-specific”,
whether it was addressed in the particular risk assessment, or in the specificity of the
questions asked. As the identification and predictability of effects may vary from case to
case, what should be considered as CSM or GS should be flexible, and may overlap. In
some instances (e.g. monitoring for cumulative effects), similar parameters or indicators
may need to be monitored in both CSM and GS simultaneously.
In conclusion, these two types of monitoring, CSM and GS, forms the basis of a
comprehensive plan to monitor for both known but uncertain, and unknown yet
undesirable effects of GMOs for defined protection goals. Monitoring thereby generates
observational and experimental data that can serve as an early warning of such effects,
inform further assessment, risk management strategies and decision-making regarding
the use of one or more GMOs.
The importance of baseline data as a starting point for any types of monitoring, but also
risk assessments, has to be stressed. Norway is in many respects in a unique situation in

14

GenØk Biosafety Report 2013/02 | GM rapeseed

comparison to many other countries regarding baseline data, both for monitoring and risk
assessments. There has not yet been any commercial import, usage or releases of GMOs,
and no experimental field trials so fare, except for one small field experiment with
potatoes in 1992. This is an excellent situation in order to establish and collect baseline
data, and as a comparison or control of a pre-situation, before any GMO release. Norway
has also existing environmental monitoring regimes in place, and a rather good control
and overview of the agriculture production systems, implying a reliable and good starting
point for collecting baseline data for a variety of possible future GMO monitoring plans.
There is however a challenge in this regards, especially for foreign applicants, how best to
have access to the relevant Norwegian data and information regarding monitoring and
risk assessments? In this regard collaboration with Norwegian research institutions and
the competent authorities will be important.

Regulatory requirements and pathways for monitoring
The NGTA regulation on impact assessment (see Appendix 2) outlines when and what
types of monitoring are required as a part of the decision-making process on individual
applications. This is to some degree harmonised with the EU regulations through the EEA
agreement. It may however be necessary to clarify the linkages and overlaps between
when, what and how the detailed EU regulations on monitoring, the NGTA impact
regulations, and other laws and regulations, e.g. on seed variety approvals, apply. In the
case where an approval for environmental release is granted, monitoring (including other
forms of risk management) may be deemed appropriate as a condition of the approved
release, on a case-by-case basis.
However, it is important to note that an application for which environmental release is not
intended (e.g. use in food, feed or processing) is not exempted from a description of
monitoring based on its expected use, and should contain a description of monitoring for
unintended environmental release into the environment. That is, authorities may
nevertheless request monitoring for unintended releases to verify compliance with
existing laws and regulations, or to ensure the safeguarding of important protection goals.
From this approval point, the “clock starts” in the implementation of the approved
monitoring plan (for an overview of the purposes, types and regulatory pathways for
monitoring, see Figure 2). In many instances, it may also be important to separate
monitoring for inspection by the competent authorities in connection to approval for use
as food, feed or processing, (or contained use), from the monitoring for direct
environmental releases. Such monitoring follows on provisions for detection and
identification for legal compliance, where parameters and objectives to monitor for
inspections in relation to these types of consents may in many respects be different. This
activity is expected to be followed up closely by the competent authorities.
The decision for approval should also contain an approval of, or modifications to, the
monitoring plan proposed by the applicant. This requires that the competent authority
has reviewed the applicants proposed plan and suggested necessary changes. Given the
very general nature of Appendix 3 of the NGTA impact regulations (see Appendix 2 of this
report), many of the critical details are lacking that can ensure a description of the
monitoring plan provided for by the Applicant in order to meet its intended objective. The
Applicant, as well as the competent authorities would therefore benefit from more explicit
and detailed guidance that clarify expectations.
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Here we suggest a practical framework for the description of monitoring activities that the
Applicant should take into consideration. The framework builds on existing guidance for
monitoring developed under the Cartagena Protocol on Biosafety38 and makes specific,
comprehensive recommendation for both the implementation and reporting of
monitoring, in line with the provisions for monitoring outlined in the NGTA for the
safeguarding of important protection goals. Harmonization with applicable regulations in
accordance with relevant EU/EEA regulations should therefore be further clarified.

Figure 2. Purpose, types and regulatory pathways for monitoring GMOs released into the
environment. Pathway assumes a decision of approval will take place, yet subject to revision with
new information. One or more monitoring pathways may be enacted simultaneously, as appropriate
on a case-by-case basis.

38 See “Guidance for Risk Assessment, Part III: Monitoring LMOs released into the environment”, In: CBD,
2012.
Guidance
for
Risk
Assessment
of
Living
Modified
Organisms”.
http://www.cbd.int/doc/meetings/bs/mop-06/official/mop-06-13-add1-en.pdf
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The Description of the monitoring plan
In accordance with the NGTA, a complete description of the monitoring activities is to be
submitted by the Applicant along with the impact assessment, following the guidelines
established in Appendix 3 of the impact regulation 39 . Additionally, the use of existing
monitoring networks, where appropriate, a description of the reporting and review, and
use of monitoring results should be included. The “parties” that are to be responsible for
implementing the described monitoring activities are to be identified in the plan. The
entire monitoring plan is subject to review and, if necessary, modification, by the
competent authority as a condition of the approval.
The description should address monitoring needs that are specific to the GMO under
consideration, including Case-specific Monitoring (CSM), as well as general observations
through General Surveillance (GS). The description of each activity type should answer key
questions in relation to the monitoring activity to clearly demonstrate how the monitoring
will be carried out in practice, to ensure that the activity will achieve a scientifically robust,
efficient, effective and useful outcome. Hence, the description of the monitoring activities
comprise five sections corresponding the five key questions in Appendix 3 of the impact
assessment regulation, followed by a sixth section included to identify, where appropriate,
existing monitoring network for which monitoring may be carried out, and how this
information is to be adapted to be relevant to the monitoring need at hand.
In the proposed framework here40, the Applicant should identify and detail the monitoring
activities through three steps, including the criteria and rationale leading to selected
aspects. For each step, the points listed below should be considered in the description,
and applied as appropriate. In addition these points can further serve as a reference to
evaluate the sufficiency of the proposed monitoring activities.

Step 1. Identification and prioritization of potential adverse effects and
scenarios for monitoring
For CSM: Possible adverse effects arising from the use of the GMO to be monitored should
be principally derived from the hazard identification steps of the impact assessment,
outlined in Appendix 2 of the NGTA impact regulation.
For GS: GS may cover monitoring of particular indicators or parameters that reflect
important protection goals, where a specific hypothesis for an adverse effect may not have
been established. Further, a number of effects may be considered, including those effects
identified in the risk assessment, but not covered under the description of CSM. GS may
also identify adverse effects which are not covered in the CSM plan where hypotheses for
testing under GS may be derived from further modelling, geo-spatial analysis, cause-effect

39 http://www.regjeringen.no/en/dep/kld/documents-and-publications/acts-andregulations/regulations/2005/regulations-relating-to-impact-assessmen.html?id=440455
40 Portions of this framework were adapted from the “Guidance for Risk Assessment, Part III: Monitoring
LMOs released into the environment”, In: CBD, 2012. Guidance for Risk Assessment of Living Modified
Organisms”. http://www.cbd.int/doc/meetings/bs/mop-06/official/mop-06-13-add1-en.pdf
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scenario analysis, hazard investigations, or information on specific and general ecological
knowledge.
A GS plan cannot be expected to evaluate effects arising in each sphere of the ecosystem
(i.e. water, soil and air) and at every scale of interactions within them (i.e.
species/populations, communities, habitats, ecosystems, etc.). Nevertheless, the
selection and prioritization of indicators in order to monitor possible adverse effects under
GS, as in CSM, should be based on their potential to signal GMO-related changes and
unwanted effects, using robust methodologies and data sets. The protection goals and
assessment endpoints determined, or agreed upon by the competent authority, may serve
as the basis to inform which indicators may be of priority.
For CSM and GS: There may be additional relevant adverse effects that are identified on
the basis of hazard identification research, but not evaluated in the risk assessment (e.g.
long-term impacts on non-target species, food-web interactions, etc). These types of
effects may be addressed in either CSM or GS, depending on the indicators or parameters
selected.
Lastly, the processes to identify and prioritize protection goals and assessment endpoints
under this step may be further enhanced by scenario-building activities such as a problem
formulation and options assessment (PFOA).

Step 2. Description of monitoring activities to be implemented
The overall description, focusing on addressing the fundamental descriptive questions
(what, how, how long, where, and what to compare to), along with detailed specifications
on use of existing monitoring networks comprise the implementation and conduct of the
proposed monitoring activities, as described below.

Step 2.1: The choice of indicators and parameters for monitoring (What
to monitor?)
For CSM: Identifying the relevant indicators (e.g. species, groups of species, environmental
processes, etc.) and parameters (i.e. component to be measured in the observation of an
indicator) that may lead to a potential adverse effect identified in Step 1, is dependent on
a number of specific features of the GMO in question, its biology, use and the receiving
environment, and should be verified by Competent Authority on a case by case basis41 42.
The selection of indicators and parameters should be based on their potential to signal
GMO-related changes, or reveal particular protection concerns using robust scientific
approaches, methodologies and data sets.

For GS: As with CSM, the identification relevant indicators (e.g. species, groups of species,
habitats, environmental processes, etc.) and parameters (i.e. component to be measured
41 See Züghart, W., Benzler, A., Berhorn, F., Sukopp, U., Graef, F., 2008, 'Determining indicators, methods
and sites for monitoring potential adverse effects of genetically modified plants to the environment: the
legal and conceptual framework for implementation', Euphytica, 164:845–852.
42 Hilbeck, A., Meier, M., Benzler, A. (2008) Identifying indicator species for post-release monitoring of
genetically modified, herbicide resistant crops. Euphytica 164:903-912.
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in the observation of an indicator) are derived from outcomes of step 1. The selection of
indicators and parameters should be based on their potential to signal GMO-related
changes, or reveal particular protection concerns using robust and relevant scientific
approaches, methodologies and data sets.
Criteria that may be used to decide which indicators and parameters that may be suitable
to address the protection goals for either CSM or GS, as appropriate, inter alia:
2.1.1

The potential for the indicator or parameter to signal possible GMO-induced
changes;

2.1.2

The breadth of distribution and abundance of an indicator;

2.1.3

The importance of the indicator or parameter to key ecological processes and
functions;

2.1.4

The potential of the indicator or parameter to reveal protection concerns;

2.1.5

The level of difficulty involved in the sampling, observation or identification of the
indicator;

2.1.6

The ability to establish relevant baseline data with the indicator

2.1.7

The relation of the indicator or parameter to identified protection goals

In addition, other criteria for deciding which of the potential adverse effects, or hazards)
should be monitored in the GS plan, and which indicators and parameter that may be
suitable to address the protection goals:
2.1.8

Possible adverse effects identified in the RA but not included in the CSM plan;

2.1.9

An appraisal of pathways and scenarios by which a GMO may have an impact
within or beyond the receiving environment (may interface with similarities in the
CSM plan);

2.1.10 Possible adverse effects identified via modeling possible effects from analytical
approaches such as modeling or geo-spatial extrapolation analyses, cause-effect
scenario analysis, or information from ecological data;
2.1.11 An evaluation of protection goals (e.g. protection of species, habitats biodiversity,
ecological function and ecosystem services) within a selection of indicators within
the appropriate ecosystem spheres (land/soil, water) in relevant environments.
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Step 2.2: The identification and selection of monitoring methods for
potential adverse effects, their indicators and relevant parameters
(How to monitor?)
The choice of monitoring methods is largely dependent on the identification of effects,
indicators and parameters decided upon in the preceding section. It may also be
influenced by they required duration (Step 2.3) and adaptability of methods used in other
monitoring networks (Step 2.6).
An important feature of the proposed methodology is the degree to which the
methodological approach can be comparable of data across regions. For this reason, the
use of standardized detection and analytical methods is highly preferable and should be
implemented where appropriate. The use of standardized methods, such as those
developed by the Germany VDI43, further ensures the use of scientifically defined criteria
for data quality, including transparency, reproducibility, and verifiability of monitoring
results.
It should be considered that those most closely associated with the actual use of the GMO
(e.g. farmer, land manager) might be the first to observe relevant changes. Therefore, the
use of observations, descriptive studies, or questionnaires from those in the user-chain
should be included where relevant in the collection of data for unanticipated effects as
supplementary information.
The identification and selection of appropriate methods should take into account inter
alia, the following considerations:
For CSM and GS:
2.2.1

The nature of the possible adverse effect to be monitored, whether short or long
term, delayed or indirect;

2.2.2

The proposed methods for establishing relevant baselines, including their scientifc
quality;

2.2.3

The scientific robustness of the analytical method/sampling plan;

2.2.4

The degree to which the method will meet the stated objectives;

2.2.5

The availability of standardized detection and relevant analytical methods;

2.2.6

The effect size or analytical measures required for possible detection of changes
in indicators and parameters;

As GS may utilize already established methods in existing monitoring networks for the
surveillance of broader protection goals (see also Section 7), additional points to consider
may be taken into account, inter alia:
2.2.7

The degree to which the use of methods for generating monitoring data within
existing programs are suitable for the specified GS parameters;

43 VDI (2006) VDI Guidelines: monitoring the ecological effects of genetically modified organisms.
Genetically modified plants. Basic principles and strategies. VDI 4330 (Part 1):1–16. For an overview see
http://www.vdi.de/fileadmin/vdi_de/redakteur_dateien/kfbt_dateien/Flyer_english_Internet.pdf

19

GenØk Biosafety Report 2013/02 | GM rapeseed

2.2.8

The adaptability of any existing methods within the monitoring program to make
the observation relevant to the goals of the GS plan;

2.2.9

Where relevant data or analytical means or programs are not available, the
development of further surveillance tools and methods to fulfill the goals of the
GS plan;

2.2.10 The appropriatness of any descriptive studies or questionnaires as supplementary
information to the proposed scientific monitoring plan.

Step 2.3: Monitoring duration (How long to monitor?)
The monitoring period necessary for each proposed parameter and methodology required
in order to achieve relevant scientific information may vary, taking into consideration,
inter alia:
For both CSM and GS:
2.3.1

That “adverse effects may be direct or indirect, immediate or delayed.”44;

2.3.2

The variability of the monitored indicators or parameters through time;

2.3.3

The appropriateness of the proposed duration and scales of monitoring, taking
into account spatial heterogenity between sites, for achieving relevant protection
goals;

2.3.4

Unanticipated effects may be difficult to predict and timeframes can therefore be
uncertain;

2.3.5

Effects may become detectible only after a longer period of observation.

Step 2.4: The selection of monitoring sites and regions (Where to
monitor?)
The selection of monitoring sites and regions should be representative of the proposed
receiving environments where the GMO is intended for release. Further, GS may consider
monitoring for unintended release along possible exposure routes. Information on the
specific locations of GMOs release is critical for the selection of possible receiving
environments for monitoring. Such information may be placed in a public GMO register
provided for by the Competent Authority, and include at a minimum the relevant
information for carrying out monitoring activities (specific location, GMO type(s) released,
release dates, management practices, etc.) See also Step 3 on reporting, review and use
of monitoring information.

44 See Part I: Roadmap for Risk Assessment, ”Conducting the Risk Assessment”, Step 1. In: CBD, 2012.
Guidance for Risk Assessment of Living Modified Organisms”. http://www.cbd.int/doc/meetings/bs/mop06/official/mop-06-13-add1-en.pdf
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The selection should consider:
2.4.1

Anticipated exposure route of the GMO to the environment (e.g. in the case of
transboundary movement as import, transport, storage, processing);

2.4.2

The biological and ecological behavior of the monitored parameter in the
receiving environment for consistent detection and observation;

2.4.3

The introduced trait(s) which may effect impact fitness or dissemination of a
GMO;

2.4.4

Monitoring in protected areas and centres of crop origin and genetic diversity or
agronomically and ecologically sensistive regions with specific protection goals,
including the use of buffer areas in order to detect unintended presence or
unexpected effects;

2.4.5

The availability of existing monitoring networks or ongoing relevant activities
operating within representative regions / availability of sites already monitored
within cultivated agronomic or environmental programs;

2.4.6

Number of monitoring plots, sites and regions sufficient to support robust
statisitcal analysis;

2.4.7

Monitorng should take place in both the receiving environment and areas where
GMO spread or exposure is likely;

2.4.8

The selection of monitorng sites / and design should be flexible, and adapted to
the specific GMOs, the environment and annual changes within and between the
cultivated fields;

2.4.9

For long term effects and cumulative effects, sites are needed which is available
over years;

2.4.10 Reference areas without GMOs have to be made available (for baseline
information or effects comparison);
2.4.11 Areas where favourable environmental conditions may facilitate the spread or
survival of the GMO.

Step 2.5: The identification and establishment of relevant baselines
(What to compare monitoring results to?)
For both CSM and GS, determining a causal link between an adverse effect and one or
more GMOs, requires the relevant baseline data to be established in order to compare the
occurrence of changes in indicators or parameters in receiving environments with those
that have not been previously exposed to the GMO. While such baseline data may be
readily available, it may also need to be generated before the introduction of the GMO, or
in parallel with similar receiving environments that does not contain the GMO. For some
classes of GMOs (e.g. GMOs intended for release into unmanaged or semi- managed
ecosystems) parallel comparisons may be infeasible.
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Points of consideration for the identification and establishment of baselines include, inter
alia:
2.5.1

The use of scientifically robust methods in constructing the baseline (See Section
2.1);

2.5.2

The spatial scale over which to establish the baseline;

2.5.3

Effects of spatial heterogeneity on the representativeness of the baseline in each
of the compared scenarios (GMO vs. Non-GMO);

2.5.4

The potential dimension and character of spread related to the type of GMO.

Step 2.6: The use of existing monitoring networks
The use of existing monitoring networks or programs may be most suitable to conducting
GS. The monitoring plan should specify the criteria for selecting existing monitoring
programs and their adaptability for collecting and analysing the required data.
Harmonization of methods, data formats, and analytical approaches will facilitate the
adaptability of monitoring methods performed by these programs towards the needed
approaches within the GMO monitoring plan45. The suitability of such existing networks
and on-going programs e.g. conservation, agricultural and environmental monitoring
schemes should be evaluated beforehand with respect to their potential to achieve the
goals of the monitoring plans, taking into account, inter alia:
2.6.1

Adapability of existing monitoring to GMO monitoring indicators or parameters;

2.6.2

The robustness of data generated for the monitoring objectives;

2.6.3

The number and relevance of monitored indicators and parameters for GMO
monitoring;

2.6.4

Representativeness of plots and sites in number or distribution in relation to the
intended receiving environment of the GMO release;

2.6.5

The frequency of observation and methods employed;

2.6.6

The long-term continuity of the monitoring sites;

2.6.7

Further access to data before or beyond the timeframe of observation;

2.6.8

Expertise and resources (capacity) available to carry out the monitoring activity.

45 See EC Council decision 2002/811/EC
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Step 3. Reporting, review and use of monitoring results
A clear plan for reporting, review and use of monitoring results is essential for two main
reasons. First, report of the monitoring outcomes may provide critical feedback regarding
its efficiency and efficacy towards meeting the stated objectives in the monitoring plan.
Second, it can help make sure that results will support further assessment, changes to risk
management or decision-making.
In line with the agreed basis for any approval, the consent holder should submit regular
monitoring reports to the Competent Authority for review and evaluation regarding the
relevance, effectiveness, efficiency, and scientific quality of data derived from monitoring.
Any unusual observation or identified adverse effects uncovered should be reported in a
clear and transparent manner so that the appropriate response may be undertaken. These
reports should include a scientifically rigorous analysis of the results and conclusions to be
drawn, taking into account site-specific conditions. The report should further highlight
results that indicate adaptation of the monitoring plan, with suggestions for further
research or review of risk management options or decisions. If cumulative effects are
observed, this may involve the reassessment of one or more GMOs.
Based on the practical experience detailed in the monitoring reports, the monitoring plan
should be revised as needed, and as specified by the agreement between the Competent
Authority and the consent holder. This may include adaptation of the monitoring plan to
new conditions, involving e.g. establishment and/or adaptation of risk management
measures, or the initiation of new investigations or more in depth studies. In cases where
follow-up studies are needed, the design and responsibilities for the implementation
should be agreed upon by the Competent Authority and the consent holder.
The plan for reporting should make clear suggestions on how montoring information can
be used to support further assessment and decisionmaking, including if relevant, how
biosafety databases and repositiories can be utilized through dissemination or publication
of the monitoring results.
Storage of monitoring reports on a central, openly accessible online server (e.g. a
publically available website, housed by the Competent Authority) is important for broader
use. Raw data should be stored by the consent holder and made available for independent
review of the data, including the interpretation and conclusions drawn from the
monitoring activities. Reporting could also be disseminated, via GMO registers established
by the Competent Authority and other public databases (e.g. the Biosafety Clearing House
(BCH) under the Cartagena Protocol).
Points to consider in the reporting, review and use of GMO monitoring results include,
inter alia:
3.1 The need to adapt the monitoring plan, for example, when:
3.1.1

Practicial problems are encountered during the implementation of the
monitoring plan (e.g. inaccessability of monitoring plots or sites);

3.1.2

Actual experience demonstrates infeasibility of utilizing exisiting monitoring
programs, or methodologies as expected in the monitoring plan, after the
GMO has been released;
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3.1.3

Unanticipated affects are encountered in the existing GMO monitoring, that
may require adaptation of the monitoring activities (e.g. changes in, or
inclusion of, new parameters or indicators);

3.1.4

Results from monitoring indicate needed changes in the specific hypotheses
to be tested within the monitoring plan;

3.1.5

Identification of means where more suitable results can be achieved in
relation to the monitoring objectives;

3.2 Plans for reporting, review and analysis to assure that the monitoring results are of
sufficient quality, that it is accessibile in content, and that the interpretation of results
are supported by the data and results;
3.3 Consent for the use of monitoring observations and analysis should be obtained from
all involved actors in order to ensure that the outcomes from monitoring activities can
be publically available;
3.4 In the event that any adverse effects related to the use of the GMOs are identified,
the consent holder should notify to the competent authorities as soon as adverse
effects is suspected, and at latest when adverse effects become evident;
3.5 Adequately describe in the monitoring report any plans for further research and/or
assessment to determine the extent of the identified new risks posed by the GMO.
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PART II: Monitoring GMOs in the Norwegian context: A case
study with GM oilseed rape, Brassica napus
Introduction
In order to illustrate the operationalization of the proposed monitoring plan in Norway,
GM OSR will be utilized as a case study. GM OSR is particularly relevant for Norway given
its existing use as an agricultural crop, its ability to spread and persistence in natural and
disturbed environments, and its potential outcrossing with naturally occurring and
cultivated relatives in Norway.
A number of important gaps in knowledge, discussed below, preclude a detailed treatment.
Hence the analysis is based on extant knowledge in the scientific literature for this analysis.
Expert meetings, including a multi-stakeholder exercise, such as a problem formulation
and options assessment (PFOA) workshops, bringing together agronomists, conservation
botanists, environmental monitoring specialists, biosafety personnel, regulators,
industrial partners along the OSR value chain, and the general public would be invaluable
for the purposes of formulating a comprehensive and balanced impact assessment, yet is
outside the scope of the current report. Here we discuss background information and
identify gaps of knowledge necessary for a more holistic exposure assessment.

General description of Brassica napus and its economic use
Brassica napus L. is a flowering plant dicotyledenous plant of the Cruciferous
(Brassicaceae) family, commonly referred to as the mustard family. B. napus is widely
cultivated for its value as food, feed, and oil. It has in recent years also been cultivated as
a biofuel source.
Two types of B. napus exist: 1) oil-yielding oleiferous rape, commonly referred to as
"canola" or “oil seed rape” (OSR) and 2) the tuber-bearing form known as swede or
rutabaga. Swede has traditionally a long history of cultivation in Norway, both as food and
feed, but in this report we focus on the OSR type. This oleiferous type can also be
subdivided into spring and winter forms with differing abiotic tolerances46.
As a crop, global production in 2012 was approximately 34.3 million hectares 47 , with
Canada, China, Europe and India the leading producers by volume. In the EU - France,
Germany UK and Poland is among the largest producers of OSR. As domestic production
in the EU falls short of demand, an estimated 3.4 million tonnes of OSR were imported
into Norway during 2012 – 2013, primarily from Canada, Australia, and the Ukraine48,49.
Canada and Australia are leading producers of genetically modified (GM) oilseed rape.

46 For a general description of B napus, see OECD (2006), "Section 4 - Oilseed Rape (BRASSICA NAPUS
L.)", in OECD, Safety Assessment of Transgenic Organisms, Volume 1: OECD Consensus Documents, OECD
Publishing. doi: 10.1787/9789264095380-7-en
47 FAOSTAT, 2013. http://faostat3.fao.org/
48 SLF (2013) Råvareforbruk av kraftfôr til husdyr I Norge 2013. Statens landbruksforvalting.
https://www.slf.dep.no/no/produksjon-og-marked/korn-og-kraftfor/marked-ogpris/statistikk/r%C3%A5vareforbruk-til-kraftf%C3%B4r-til-husdyr-i-norge-2012
49 Gain Report (2011) EU 27 Rapeseed production somewhat better than expected. GAIN Report Global
Agricultural Information Network. USDA Foreign Agricultural Service.
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The Norwegian context
Cultivation of rapeseed since it was introduced in Norway in 1958 has historically been a
relatively small portion of Norwegian agriculture. The most common forms cultivated are
spring B. napus and turnip rape B. rapa with the winter form sparsely produced due to
unstable fall weather leading to higher risk of poor yields. Acreage dedicated to all
rapeseed has varies considerably from year to year, with between 45 000 and 110 000
dekar cultivated per year over the last few decades. Most recently has shown an increasing
trend, with 52 000 dekar cultivated in the latest year data is available, 2011, representing
just 0.6% of total land area under cultivation in Norway.
Production extent is limited particularly by climactic conditions. The municipalities of
Østfold and Akershus, in the south of Norway, comprise approximately 60% of total
Norwegian production. While yields are often impacted by weed problems in primary OSR
growing regions, the soil pathogen, Sclerotina sclerotiorum, is a major problem for OSR
cultivation in Norway, but also Plasmodiophora brassicae can be a problem, in which both
liming and longtime crop rotation has been historically used to combat the disease.
OSR is an increasing important source of raw materials in Norway as plant oils for use in
fish feed, meal cakes used as animal feed, cooking oil and more recently, biofuels. As a
feed source, demand has been rising sharply in Norway. As a result, and even more
dramatically than rest of Europe, Norway imports the vast majority of its OSR demand
from abroad. In 2007, imports totaled 54 400 tonnes of OSR, in 2011 nearly double to 100
100 tonnes50. Total national production in 2012 was approximately 8 000 tonnes—less
than 10% of the demand51.
There is also much interest to expand the cultivation of OSR for bioethanol fuel production
in Norway. This is in order to keep up with increasing government demands for CO2
reductions in the transportation sector52. Recent research suggest a realistic expansion of
production of OSR, or its related species, to approximately 260 000 tonnes, particularly
around the area of Oslo fjord and the region surrounding Mjøsa53. However, management
techniques for avoiding disease issues under these scenarios still would require the use of
long rotation times (6 years) and a mix of OSR varieties and relatives in cultivation. The
development of OSR varieties resistant to abiotic stress, including resistance against pest
pressures from fungal pathogens, is also a possibility.
The expansion in use of genetically modified OSR varieties globally and the ongoing
approval process for their use in European food and feed but not cultivation54 gives
plausible scenarios for introduction of GM OSR into Norway. This may occur either
through unintended seed mixing from imports, despite existing regulations and control
procedures on their import and use in Norway, or through formalized approvals for use
50 SLF (2013) Råvareforbruk av kraftfôr til husdyr I Norge 2013. Statens landbruksforvalting.
https://www.slf.dep.no/no/produksjon-og-marked/korn-og-kraftfor/marked-ogpris/statistikk/r%C3%A5vareforbruk-til-kraftf%C3%B4r-til-husdyr-i-norge-2012
51 Hoel B, Abrahamsen U, Strand E, Åssveen M, Stabbetorp H (2013) Tiltak for å forbedre
avlingsutviklingen i norsk kornproduksjon. Bioforsk Rapport 8(14). 95 pp.
52 Lars Løken Granlund, Ragnar Eltun, Erik Eid Hohle, Lars Nesheim, Wendy Waalen & Mauritz Åssveen (2010).
“Biodiesel fra norske jordbruksvekster” Bioforsk report Vol. 5 Nr. 17
53 Abrahamsen, U., Åssveen, M., Uhlen, A. K. & Olberg, E. 2005. I Kaurstad, E. K. (ed.). Husdyrforsøksmøtet
2005: 367-370. ISBN: 82-7479-018-9.
54 Applications for cultivation in the EU were withdrawn in early 2013, yet may be re-introduced at any time.
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in food, feed and cultivation. At present GM OSR is not approved for import, but
approval may not be excluded as a political reality in the future. Under these scenarios, it
is useful to chart potential exposure pathways of GM OSR in Norway in order to better
understand level of risk posed for human and animal health and the environment,
including any uncertainties and knowledge gaps.

Charting potential exposure pathways in Norway
Considering scenarios for the import, use and cultivation of GM OSR, and building on the
existing knowledge from other countries involved in cultivation of OSR (including GM OSR),
a number of exposure routes for Norway are envisaged55. These relate primarily to:
1) Unintended spillage of GM OSR seeds into the environment along lines of import,
transport, processing, storage and use;
2) Disposal, spillage and spread from intended use under cultivation;
3) Exposure and spread from direct feeding/consumption of GM OSR as food or feed;
4) Exposure and spread from organic GM OSR waste, matter or “products” either imported,
rafter cultivation and use.
1. Unintended spillage of OSR seed into the environment along lines of import, transport,
processing, storage, use, or disposal
In OSR, seeds are a major source of exposure, particularly through spread of seeds and
outcrossing to other domestic or wild relatives in the environment. B. napus seed are quite
small and light (common weight is 2.5 – 5.5 g / 1000 seeds), round, and hence are easily
lost and spread during import, transport, storage, processing, use, or disposal.
Furthermore OSR seeds may be consumed and further distributed and spread by
mammals, birds and insects.
OSR has many of the same properties as ruderal species, and has been shown to be
opportunistic and can establish quickly in disturbed sites, such as field margins under
agricultural production, roadsides, railway lines, shipping dock margins, and marginal
industrial lands. Reports from Canada56, Japan 57, USA58, Switzerland59, Denmark60, and
elsewhere in the EU 61 , report that OSR can further establish and persist as feral
55 See also discussion in VKM (2013) Preliminary environmental risk assessment of genetically
modified oilseed rape MON 88302 for food and feed uses, importand processing under Regulation (EC) No
1829/2003, (Application EFSA/GMO/BE/2011/101). Doc. no.: 12/309- ERA – final.
http://vkm.no/dav/3296410e28.pdf
56 Yoshimura Y, Beckie HJ and K Matsuo (2006) Transgenic oilseed rape along transportation routes and port
of Vancouver in western Canada. Environmental Biosafety Res 5: 67-75.
57 Nishizawa T, Nakajima N, Aono M, Tamaoki M, Kubo A, Saji H (2009) Monitoring the occurrence of
genetically modified oilseed rape growing along a Japanese roadside: 3-year observations. Environmental
Biosafety Research 8: 33-44
58 Schafer MG, Ross AA, Londo JP, Burdick CA, Lee EH, et al. (2011): The Establishment of Genetically
Engineered Canola Populations in the U.S. PLoS ONE 6(10): e25736. doi:10.1371/journal.pone.0025736
59 Hecht, M., Oehen, B., Schulze, J., Brodmann, P., & Bagutti, C. (2013) Detection of feral GT73 transgenic
oilseed rape (Brassica napus) along railway lines on entry routes to oilseed factories in Switzerland.
Environmental Science and Pollution Research: 1-11.
60 Jørgensen R.B., Andersen B., Hauser T.P., Landbo L., Mikkelsen T.R. and Østergård H. 1998. Introgression
of crop genes from oilseed rape (Brassica napus) to related wild species-an avenue for the escape of
engineered genes. Acta Hort. 459: 211–217.
61 For a review see Devos Y, Hails RS, Messéan A, Perry JN, Squire GR (2012) Feral genetically modified
herbicide tolerant oilseed rape from seed import spills: are concerns scientifically justified?
Transgenic Res 21:1-21
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populations outside agricultural areas, particularly in semi-natural, semi-disturbed, and
ruderal habitats.
Seed dormancy and the seed bank in the soil may also influence the extent of abundance,
re-growth, flowering and spread over time. While primary dormancy periods for OSR are
quite low, with much of the seed germinating after one year, Secondary dormancy times
can be quite long, and may persist for many years in the soil seed bank and germinate in
succeeding years, as little as 5 and possibly up to 10 years62. Investigations with glyphosate
(herbicide) tolerant GM OSR and non-GM OSR suggest there are no fitness advantages in
feral populations in the absence of herbicide application63, yet this trait would pose an
advantage in regions managed by herbicide
application.
In
Norway,
glyphosate-based
herbicides are used as a pre-emergence herbicide to
control weeds in agriculture, horticulture and
“Under a worst-case
gardening, along with the use to control vegetation
scenario of three percent
along railway lines, roads and in industrial areas64.
seed loss, 315 tonnes –
Its extensive use may lead to a selective advantage
for glyphosate-tolerant OSR that may be present in
somewhere between fiftythese habitats.
two and one hundred and

five billion viable OSR seeds
– may end up in the
Norwegian environment
every year.”

The evidence to date suggests that seed spillage at
points of import, transport, storage and disposal to
be major sources of exposure of OSR to the
environment. A study of exposure routes in the
Netherlands 65 suggests that seed losses may be
largest from the greatest bulk transfer points,
including transfer after import, transfer to storage
facilities and transfer to processing facilities. Disposal of seed cleaning waste during these
processes are also a significant source of unintended introduction into the environment.
Processing of rapeseed for feed concentrate involves a further probability of unintended
seed escape, from seed-cleaning residues, waste disposal or the OSR meal production
where viable seeds may be present. The study concludes that estimated losses of OSR seed
throughout the value and transport chain may be in the range from 0.1-0.3 percent, to as
high as 2-3 percent of total seed.
The amount of actual seed volumes that may flow into the environment can be significant.
Using the import volume data from the last three years (2010 – 2012), an average of 94770
tonnes of whole rapeseed was imported into Norway per year during that period66. Under
a worst-case scenario of three percent seed loss, 315 tonnes – somewhere between fiftytwo and one hundred and five billion viable OSR seeds – may end up in the Norwegian
environment every year67.
62 See Beckie HJ, Warwick SI (2010) Persistence of an oilseed rape transgene in the environment. Crop
Protection 29: 509-512, and references therin.
63 Devos Y, Hails RS, Messéan A, Perry JN, Squire GR (2012) Feral genetically modified herbicide tolerant
oilseed rape from seed import spills: are concerns scientifically justified? Transgenic Res 21:1-21
64 Samferdsel og miljø (2011) Utvalgte indikatorer for samferdselssektoren. Rapporter 27/2011.
Statistisk sentralbyrå. Oslo-Kongsvinger.
65 Tamis WLM, de Jong TJ (2009) Transport chains and seed spillage of potential GM crops with wild
relatives in the Netherlands. GOGEM report: CGM 2009
66 Annual statistics for “Råvareforbruk i norsk produksjon av kraftfôr til husdyr” available at
www.slf.dep.no/no/
67 OSR seed weight can vary considerably, here a estimation of 3 to 6 grams per thousand seed was used in
this estimation.
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Outcrossing to sexually compatible species and relatives
One of the main environmental concerns that may result from OSR seed spillage or
cultivation is the potential transfer of GM traits to sexually compatible wild and weedy
relatives, and the potential evolutionary implications. While fitness effects have not been
reported for GM OSR feral populations themselves, introgression of GM genes to wild
relatives have resulted in positive fitness effects in a study of GM herbicide tolerant rice68,
even in absence of application of the herbicide.
Many factors of dispersal of both seeds and pollen make reliable projections to the extent
of gene flow difficult. Several studies have documented long-distance gene flow from
pollen by wind or pollinators69,70. Common pollinators in Scandinavia include honeybees
(Apis melifera), bumblebees (Bombus spp.) and members of Brachycera71 (a type of fly).
Seeds may be distributed from agricultural fields by birds, mammals, and/ or insects.
A number of reports have investigated the potential outcrossing between GM OSR and
wild and weedy relatives 72 . Studies on outcrossing potential indicate considerable
variation in dispersal frequency of out-crossing due to a range of characteristics. These
include their spatial arrangements, flowering synchronicity, zygosity, size of pollen load,
field and landscape features, density of available pollinators, and environmental
conditions (wind, temperature, humidity, etc.) 73,74 . Hence, reliable information on the
hybridization frequencies under different ecological conditions (i.e. Norwegian
environments) remains a considerable gap of knowledge75.
In Norway, there are a number of related species where gene flow may be of concern.
Along with the cultivated B. rapa forms, wild turnip (B. napus v Campestris), black mustard
(B. nigra), mustard greens (B. juncea), hoary mustard (B. adpressa), wild radish (Rahanus
raphanisturm spp. raphanistrum), annual wall rocket (Diplotaxis muralis) perennial wall
rocket (D. tenuifolia) field mustard (Sinapsis arvensis) white mustard (Sinapsis alba) and
common dog mustard (Eruscastrum gallicum) and Hirschfeldia incana are regarded as
possible outcrossing partners found in Norway.

68 Wei Wang, Hui Xia, Xiao Yang, Ting Xu, Hong Jiang Si, Xing Xing Cai, Feng Wang, Jun Su, Allison A.
Snow, Bao-Rong Lu, 'A novel 5-enolpyruvoylshikimate-3-phosphate (EPSP) synthase transgene for glyphosate
resistance stimulates growth and fecundity in weedy rice (Oryza sativa) without herbicide', New
Phytologist 1 AUG 2013 DOI: 10.1111/nph.12428s
69 Beckie HJ, Warwick SI, Nair H, Séguin-Swartz G (2003) Gene flow in commercial fields of herbicideresistant canola. Ecological Applications 13: 1276-1294.
70 See Rieger M, Lamond M, Preston C, Powles S, Roush R (2002) Pollen-mediated movement of herbicide
resistance between commercial canola fields. Science 296: 86-88 and references therin.
71 Tolstrup K, Andersen SB, Boelt B, Gylling M, Bach Holm P, Kjellson G, Pedersen S, Østergård H,
Mikkelsen SA (2007) Supplementary Report from the Danish Working Group on the Coexistence
of genetically Modified Crops with Conventional and Organic Crops. DJF Plant science N.13. 107 p.
72 See OECD (2012) Consensus Document on the Biology of Brassica crops (Brassica spp.).
http://search.oecd.org/officialdocuments/displaydocumentpdf/?cote=env/jm/mono
%282012%2941&doclanguage=en
73 Warwick SI, Simard MJ, Legere A, Beckie HJ, Braun L, Zhu B, Mason P, Seguin-Swartz G, Stewart CN (2003)
Hybridization between transgenic Brassica napus L. and its wild relatives: Brassica rapa L., Raphanus
raphanistrum L., Sinapis arvensis L., and Erucastrum gallicum (Willd.) O.E. Schulz. Theoretical and Applied
Genetics 107:528-539
74 Messéan A, Angevin F, Gomez-Barbero M, Menrad K, Rodriguez-Cerezo E (2006) New case studies
on the coexistence of GM and non-GM crops in European agriculture. ISBN: 92-79-01231-2. Technical Report
EUR 22102 EN. European Communities 2006
75 Kvaløy, K. 2001. Environmental risks related to the release of genetically modified plants with the focus
on oilseed rape (Brassica napus). – NINA•NIKU Project Report 15: 1-28.
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For a number of these relatives, genetic and ecological barriers to hybridization exist that
would limit outcrossing between GM OSR and wild relatives. Nevertheless, hybridization
and transgene introgression between OSR and both wild turnip, B. rapa ssp. Campestris,
and mustard greens, B. juncea has been reported from field studies76,77.
Along with open-field cultivation (discussed below), these present the most likely route of
vertical gene flow to sexually compatible varieties and species (see below). In Norway,
feral populations have been reported near processing facilities and disposal grounds as far
north as Finnmark78. Feral populations seem to vary in extent in successive years, and
hence the extent of persistence and invasive potential from unintended OSR spillage into
the Norwegian environments has received little attention and thus is not well documented.
Existing gaps of knowledge over the underlying ecological processes that affect
establishment and persistence potential in the Norwegian environment remain.

Exposure from intended use under cultivation
The availability of OSR to spread to the surrounding environment is unsurprisingly most
probable under situations of large-scale, open field cultivation. Cultivation can be
expected as the single largest potential source of feral populations from seed spillage
resulting from agricultural activity or transport in nearby fields79. Additionally, cultivated
fields present a source of gene flow through cross-pollination to nearby non-GM OSR
populations, or to sexually compatible wild and weedy relatives by pollination (see
discussion under gene flow to wild and weed relatives below). Cross-pollination could
therefore also be seen in light of the ongoing international debate on co-existence of GM
and non-GM agricultural production, where gene flow to organic or conventional OSR
production may be a part of a monitoring plan.
Exposures of GM OSR to (non-target) biodiversity in general from either GM OSR
cultivation or feral populations of GM OSR from it can also be expected, particularly to
microbes, mammals, insects, and soil microfauna. Particularly, animals and pathogens
feeding on decaying material, or would also be exposed to transgenic DNA or transgenic
protein products from the decomposition of plant material before, during or after harvest,
including pollen in nearby field margins. The extent of exposure and frequency of
horizontal gene transfer of GM DNA into microorganisms remains difficult to extrapolate
from laboratory investigations. A potential change in bio-geochemical processes is
another area of where there is scant knowledge.

76 Mikkelsen TR, Jørgensen RB (1997) Kulturafgrøders mulige krydsningspartnere i Danmark. Danske
dyrkede planters hybridisering med den vilde danske flora. Skov- og Naturstyrelsen og Forskingscenter Risø.
København. 84 s.
77 Xiao L, Lu C et al. (2009) Gene transferability from transgenic Brassica napus L. to various subspecies and
varieties of Brassica rapa. Transgenic Research 18: 733-746
78 Lid, J. & Lid, D.T. (2005). Norsk flora. Det Norske Samlaget, Oslo. 7. utgave. ISBN: 82-521-6029-8.
1230s.
79 See Schafer MG, Ross AA, Londo JP, Burdick CA, Lee EH, et al. (2011) The Establishment of Genetically
Engineered Canola Populations in the U.S. PLoS ONE 6(10): e25736. doi:10.1371/journal.pone.0025736
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Changes to agricultural management practices resulting from GM OSR cultivation (e.g.
glyphosate tolerant OSR)
The use of GM OSR constitutes a change in agricultural management practices, including
the use of its co-product, the herbicide. The use of herbicide tolerant GM crops has been
associated with a vast increase in the use of the complimentary herbicide80, where the
development of resistance of weed species often follows81. The extent of changes to the
agroecosystem influenced by GM OSR cultivation, including non-target organisms as
described above, is an area of investigation that would require further research and
experimental field-testing in order to produce the relevant biosafety data that is lacking
today.
Exposure from direct feeding/consumption of GM OSR as food or feed
Animals that are fed on diet containing GM OSR oil, or meal sources from such plants,
would be exposed to recombinant DNA, including the microorganisms in their digestive
tracts. Decay of feces from direct consumption by animals is another potential route of
exposure to microorganisms where possible effects are little investigated.
Exposure from organic GM OSR matter either imported or cultivated into to the
environment, including from waste products after use
Waste products from OSR processing, including leftover biomass from field cultivation, is
a further source of exogenous DNA into the environment, and hence a route of exposure
particularly for microorganisms.

Knowledge gaps
A number of reports 82 , 83 , 84 , 85 have discussed knowledge gaps 86 concerning potential
environmental, human and animal health impacts arising from GM oilseed rape both
internationally and in Norway.
From these exposure routes, knowledge gaps that are considered to be important for
determining adverse effects primarily relate to exposures from seed spillage under
situations of import and use, and seed spillage and pollen flow from cultivated fields.
80 Duke, S.O. and Powles, S.B., 2008, 'Glyphosate: a once-in-a-century herbicide', Pest management science,
(64/4) 319–325.
81 Mortensen, D. A. E., J. Franklin; Maxwell, Bruce D.; Ryan, Matthew R.; Smith, Richard G. 2012. “Navigating
a Critical Juncture for Sustainable Weed Management.” BioScience 62(1): 75-84 and references therein.
82 Bioteknologinemda, 2013. ”Sluttbehandling av søknader om godkjenning av sprøytemiddelresistent,
genmodifisert raps til import, prosessering, mat og fôr”. http://www.bion.no/2013/07/vil-forbygenmodifisert-raps/
83 VKM, 2013. “Forskningsbehov og kunnskapshull påpekt av VKM 2013”, Doc no. 13-004-1-endelig, pp 21.
http://www.vkm.no/dav/885bf8aaf2.pdf
84 VKM, 2013. “Preliminary environmental risk assessment of genetically modified oilseed rape MON 88302
for food and feed uses, import and processing under Regulation (EC) No 1829/2003”. Doc. no.: 12/309- ERA –
final. http://vkm.no/dav/3296410e28.pdf
85 Kvaløy, K. 2001. Environmental risks related to the release of genetically modified plants with the focus
on oilseed rape (Brassica napus). – NINA/NIKU Project Report 15: 1-28.
http://www.nina.no/archive/nina/PppBasePdf/nnprojectReport/015.pdf
86 These apply to both anticipated adverse effects where there is uncertainty about its occurance, and
unanticipated impacts.
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Further research and analysis is necessary in order to understand seed persistence,
distribution and establishment of feral populations, including outcrossing frequencies, at
the field level. For example, data on the impact of dispersal by machinery, particularly at
field margins, is largely lacking. Data on seed persistence and dispersal at the field level,
pollen flows, and significance of pollinators is critically lacking. The extent of GM OSR
establishment, outcrossing potential to conventional OSR and related wild species in the
Norwegian flora, raises a number of concerns for biodiversity and environmental
conservation, along with health issues and sustainability.
Critically, detailed knowledge on the two primary cultivated species of Brassica in Norway,
B. rapus and B. napa and their ecology in the Norwegian
context is still lacking. Specifications on biogeographic
distributions of conventional Brassica cultivation in
“Given the sheer bulk of
Norway, and those of sexually compatible wild relatives,
potential seed loss under
including their population dynamics and spatial patterns87
current OSR seed import
are needed to help elucidate the probabilities of specific
volumes and transport
exposure or distribution pathways for GM OSR.

strategies, even low
frequencies of
establishment and
outcrossing from GM OSR
into wild and cultivated
relatives could lead to
considerable evolutionary
consequences.”

In relation to seed spillage, which may be significant, a lack
of general knowledge about specific geographical
exposure routes, including import, transport, storage,
handling, processing and use, is scant in the Norwegian
context. In many instances this is precursor knowledge to
address other knowledge gaps regarding environmental
exposure. Until these data gaps are resolved, inferring
meaningful estimations of risks will remain a challenge,
including defining any appropriate risk management or
monitoring activities. Lastly, whether any establishment
of feral herbicide tolerant (HT) OSR varieties, or hybrids,
would change weed management options, and increase herbicide usage is an issue that
should be investigated. Such changes may impact non-target biodiversity and ecosystem
processes, including the possible indirect or long-term impacts of such changes.

Options and recommendations
Reports from the scientific literature clearly indicate the potential for the establishment
and spread of GM OSR, including feral populations and hybridization with wild relatives, is
not only possible, but probable.
Given the sheer bulk of potential seed loss under current OSR seed import volumes and
transport strategies, even low frequencies of establishment and outcrossing from GM OSR
into wild and cultivated relatives could lead to considerable evolutionary consequences88.
In regard to the potential interactions with non-target biodiversity, including
microorganisms, more research is needed. Some of these challenges may be addressed
87 Breckling, B. & G. Menzel (2004). Self-organised pattern in oilseed rape distribution – an issue to be
considered in risk analysis. In: Breckling, B. & R. Verhoeven (eds) Risk Hazard Damage: Specification of
Criteria to Assess Environmental Impact of Genetically Modified Organisms. Bonn (Bundesamt für
Naturschutz) – Naturschutz und Biologische Vielfalt 1, 73-88.
88 For a discussion on this issue, see Breckling, B. (2013) Transgenic evolution and ecology are proceeding.
In: Breckling, B. & Verhoeven, R. (2013) GM-Crop Cultivation – Ecological Effects on a Landscape Scale.
Theorie in der OÅNkologie, 17:130-135. Frankfurt, Peter Lang.
http://www.gmls.eu/beitraege/130_Breckling.pdf
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through a more detailed exposure analysis, where specific problems, options and
scenarios, that should be appraised in an environmental risk assessment.
A problem formulation and options assessment (PFOA) could be useful. This is in line with
more contemporary framings of risk assessment processes, such as the Cartagena
Protocol’s “Roadmap” for Risk Assessment. The Roadmap contains provisions for an
upfront process such as an informational and consultative process with risk assessors,
decision-makers and various stakeholders prior to conducting the actual risk assessment.
This is done in order to identify which protection goals, assessment endpoints and risk
thresholds may be relevant. The process will also involve identifying questions to be asked
that are relevant to the case being considered.”89
It should be clearly stated that we do not consider monitoring to be a risk management
tool, but an informational tool. First, monitoring under experimental releases is a way for
obtaining more information as part of a step-wise incremental approval process under
successive stages of release. Second, monitoring is an essential component to verify the
risk assessment was correct and observe the release for unexpected and undesirable
consequences. Given that potential adverse effects may be long-term, irreversible and
harm important protection goals, a precautionary approach is highly recommended as the
first-order strategy in decision-making. Monitoring GMOs released into the environment
may be one course of action among the consideration of alternative options, including
rejecting application for use of the GMO, where appropriate.
In Annex I below we present a specific case of a herbicide tolerant GM OSR to illustrate
the practical needs for monitoring in the event of an approved use in food, feed, and
cultivation.

89 See Part I: Roadmap for Risk Assessment, ”Setting the Context and Scope”. In: CBD, 2012. Guidance for Risk
Assessment of Living Modified Organisms”. http://www.cbd.int/doc/meetings/bs/mop-06/official/mop-0613-add1-en.pdf
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APPENDIX I: Applying the monitoring framework: A case
study with herbicide-tolerant oil seed rape (OSR)
The case: MON88302 glyphosate tolerant OSR
MON88302 is the event name given to a cultivar of genetically modified Brassica napus ss.
Oleifera produced by Monsanto Company. This event was genetically modified via
Agrobacterium tumefaciens mediated transformation to produce the 5enolpyruvylshikimate-3-phosate synthase (CP4 EPSPS) protein, which confers resistance
to the herbicide glyphosate, the active ingredient in the family agricultural herbicides
commonly sold under the trade name “Roundup”.
We use this case to illustrate the practical application of the proposed monitoring
framework detailed in the preceding section, under the hypothetical scenario of an
approval for use as food, feed and processing (FFPs), and for cultivation in Norway.
Of interest, we note that an earlier report from the Directorate for Nature Management90
raised many similar technical and scientific issues discussed here, that was the basis for a
ban of glufosinate ammonium resistant OSR in Norway. Information from this report may
also prove further useful for other herbicide tolerant cases, such as this one here.
MON88302 is under assessment (as of December 2013) for approval in the EU/EEA area
as FFP (excluding cultivation), undertaken by the European Food Safety Agency (EFSA) as
application EFSA/GMO/BE/2011/10191 the developer, Monsanto Company.
Assessments by competent authorities from EU members states evaluating this
application, along with the preliminary assessment from Norway’s competent authority92
on MON88302, provides a useful basis for identifying potential adverse effects and
knowledge gaps for identification of relevant case-specific and general surveillance
monitoring that may be included in the monitoring plan outlined below.
We will use the framework for a monitoring plan described in Part I, in order to illustrate
the type of information that we believe should be included by the Applicant in the
application. Note that specific information is provided where possible and appropriate,
yet the completeness of this assessment is limited given the lack of critical information
related to the receiving environment that would have been required in compliance with
the provisions under the NGTA. Nevertheless, this exercise may provide useful information
for the formulation of future needs, requirements or regulations for monitoring using the
proposed framework in this report.

90 Cover note C110, Notification C/UK/94/M1/1,
http://www.regjeringen.no/nb/dep/kld/tema/naturmangfold/genteknologi-/begrunnelse-for-de-norskeforbudene-mot-.html?id=411955
91 A public summary of the dossier submitted by the applicant is available at:
http://www.transgen.de/pdf/zulassung/Raps/MON88302_summary-application_food-feed.pdf Note that
the actual dossier reviewed by the competent authorities is kept as confidential business information and
hence not publically accessible.
92 VKM, 2013. “Preliminary environmental risk assessment of genetically modified oilseed rape MON 88302
for food and feed uses, import and processing under Regulation (EC) No 1829/2003”. Doc. no.: 12/309- ERA –
final. http://vkm.no/dav/3296410e28.pdf
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Step 1. Identification of potential adverse effects and scenarios for monitoring
Typically, the identification of potential adverse effects is based on protection goals of
importance under governing legislation, or through multi-stakeholder processes, such as
a PFOA. The prioritization is largely dependent on the case at hand, and often linked to
intended use, taking into account unintended exposures. In the present case, we will
perform our own identification and prioritization on the basis of hazard identification
information both from existing risk assessments, critical reviews of those assessments,
and the scientific literature, taking into account the knowledge gaps that have been
identified in this report.
Monitoring should be related to relevant protection goals. In this case we have prioritized
the protection goals of biodiversity (including agrobiodiversity), soils and habitat
preservation, animal / human health, and resistance management to be relevant
protection goals for which monitoring activities could be undertaken for environmental
release of MON88302 for use as FFP and cultivation. Additionally, monitoring to verify the
efficacy of risk management plans to avoid spillage or loss of seeds during import,
transport, storage, packaging, processing and use, is proposed.
On this basis, we have identified and prioritized CSM and GS activities centered around
general protection goals. Please refer to Table 1 of this appendix for a more detailed
overview.
Risk management efficacy monitoring, compliance


Detection of MON88302 spillage or loss during import, transport, storage,
packaging, processing, use, and disposal

Persistence and invasiveness


Spread and persistence of cultivated MON88302 in agroecosystems and to natural
ecosystems, including potential fitness advantages/disadvantages

Interactions with non-target organisms and environments


Outcrossing of MON88302 to conventional B. napus and related species, including
their evolutionary implications (fitness effects or population dynamics), in
managed (agricultural) and non-managed (natural) habitats.



Changes in bio-geochemical processes in soils



Unanticipated impacts on Biodiversity and habitats

Unanticipated adverse effects on animal and human health


Direct feeding studies with MON88302



General epistemological surveys
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Changes to agricultural management practices


Changes in agricultural management practices resulting for resistance
management



Changes in agricultural management practices



Changes in agricultural practices regarding herbicide usage

Step 2. Description of monitoring activities to be implemented
Please refer to Table 1 of this appendix for an overview of the suggested monitoring plan
for MON88302.

Step 3: Reporting, review, and use of monitoring results
A report should be submitted at the outset of the monitoring activity that details the
practical specifics of implementation, including contingency plans for changes that may
arise to the proposed plan. The report on results from the different monitoring activities
should be submitted at least annually, or at any time point when observations indicated
relevant changes or effects. Reports should be made publicly available on the Cartagena
Protocol’s Biosafety Clearinghouse (BCH), for transparency and subject to critical review.
That is, all aspects of the monitoring activity, including methods, results, samples sizes,
statistical methods, analysis and conclusions should be sufficiently detailed for scientific
examination and verification.
Reports regarding the proposed monitoring activities, should provide detailed information
regarding: a) the actual amounts of MON88302 imported into Norway, b) places of import;
c) geographic information on distribution and exposure routes (including transport,
storage, processing, use and disposal); d) localities and extent of cultivated areas, e)
amounts used in feed and food; f) known food ingredients containing MON88302.
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Appendix I, Table I. Schemata for the development of a monitoring plan, Steps 1 & 2
Case study with MON88302 oil seed rape
Step 1
Step 2
Potential
adverse 2.1 What to Monitor?
effect or scenario?
Detection of
MON88302 spillage
or loss during
import, transport,
storage, packaging,
processing and use,
and disposal

2.2 How?
CSM

B. napus plants and seeds
from soils and habitats found
along potential exposure
pathways

Transgene detection
methodologies, e.g. PCR,
array chips, hybridization
analysis, etc.

(Locality mapping requires a
detailed exposure pathways
assessment of import,
transport, storage, pack again
processing and use localities
and lines.)

- VDI 4330 Part 5
Sampling of plant
material for the detection
of genetically modified
nucleic acids
- VDI 4330 Part 7 PCRmethods for the
detection of genetically
modified nucleic acids in
the environment
- ELISA (protein detection
depending on GMP
product)
-Spot-tests using
herbicides
-Herbicide sprayings of
whole plants
-Strip tests

2.3 Where?

2.4 How long?

2.5 Baselines

2.6
Existing
networks

Plausible exposure
routes resulting an
assessment of
geographic regions
along import,
transport, storage,
packaging,
processing and use,
and disposal
localities and lines

3 years prior to
first release
(baseline),
observations at
least duration of
approval,
sampling
frequency may be
increased during
growing seasons
if relevant.

Baseline data in
representative
regions where
frequent sampling
permitted, 3
seasons of
historical data or
newly acquired
data with relevant
parameters

Biodiversity
monitoring
networks

GS

I.e. in fields and
field margins,
disturbed areas
(e.g. roadsides,
railroad tracks,
loading and storage
areas, areas of
processing facilities)
and natural habitats
in representative
potential receiving
environment.
In representative
environments
where oilseed rape
may exist as

Long term followup monitoring
activities (e.g. 10
years)

Soil
monitoring for
seeds
Agricultural
monitoring
networks
Routine plant
surveillance
programmes
suitable for
combination
of oilseed
rape
surveillance,
e.g.
appropriate
indicators &
parameters
like:
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Step 1
Step 2
Potential
adverse 2.1 What to Monitor?
effect or scenario?

2.2 How?
CSM
Habitat monitoring for
potential recipient
organisms e.g. feral
plants and volunteers

2.3 Where?

2.4 How long?

2.5 Baselines

GS
volunteer or as feral
plants.

-Number of
feral GM
plants
volunteer GM
plants

Representative biogeographical
regions.

- VDI Part 9 (Assessment
of the diversity of ferns
and flowering plants –
Vegetation surveys)

GMO testing
networks
monitoring for
regulatory
compliance

VDI Part 10 Floristic
mapping for clearly
detectable
(morphological) hybrids
or modification of
distribution in of
volunteers and feral
plants

Spread and
persistence of
cultivated
MON88302 from
agroecosystems to
natural ecosystems
and fitness
advantages/
disadvantages

B. napus plants and seeds
from soils and habitats found
along potential exposure
pathways, particularly
habitats adjacent to
cultivation areas (intended
receiving environment).

Transgene detection
methodologies, e.g. PCR,
array chips, hybridization
analysis, etc.

2.6
Existing
networks

- VDI 4330 Part 5
Sampling of plant
material for the detection
of genetically modified
nucleic acids

Plausible exposure
routes resulting an
assessment of
geographic regions
along import,
transport, storage,
packaging,
processing and use,
and disposal
localities and lines

- VDI 4330 Part 7 PCRmethods for the

I.e. in field margins,
disturbed areas

3 years prior to
first release
(baseline),
observations at
least duration of
approval,
sampling
frequency may be
increased during
growing seasons
if relevant.

Baseline data in
representative
regions where
frequent sampling
permitted, 3
seasons of
historical data or
newly acquired
data with relevant
parameters

Biodiversity
monitoring
networks
Soil
monitoring for
seeds
Agricultural
monitoring
(Plant health,
pest and
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Step 1
Step 2
Potential
adverse 2.1 What to Monitor?
effect or scenario?

2.2 How?
CSM
detection of genetically
modified nucleic acids in
the environment
- ELISA (protein detection
depending on GMP
product)
-Spot-tests using
herbicides
-Herbicide sprayings of
whole plants
-Strip tests
Habitat monitoring for
potential recipient
organisms e.g. feral
plants and volunteers
- VDI Part 9 (Assessment
of the diversity of ferns
and flowering plants –
Vegetation surveys)
VDI Part 10 Floristic
mapping for clearly
detectable
(morphological) hybrids
or modification of
distribution in of

2.3 Where?

2.4 How long?

(e.g. roadsides,
railroad tracks,
loading and storage
areas, areas of
processing facilities)
and natural habitats
in representative
potential receiving
environment.

Long term followup monitoring
activities (e.g. 10
years)

GS

In representative
environments
where oilseed rape
may exist as
volunteer or as feral
plants.
Representative biogeographical
regions of wild
relatives
Agricultural
knowledge and
habitat mapping
needed to infer
likely zones of
possible spread and
persistence

2.5 Baselines

2.6
Existing
networks
pathogen
monitoring)
Routine plant
surveillance
programmes
suitable for
combination
of oilseed
rape
surveillance,
e.g.
appropriate
indicators &
parameters
like:
-Number of
feral GM
plants
volunteer GM
plants
GMO testing
networks
monitoring for
regulatory
compliance
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Step 1
Step 2
Potential
adverse 2.1 What to Monitor?
effect or scenario?

2.2 How?
CSM

2.3 Where?

2.4 How long?

2.5 Baselines

2.6
Existing
networks

Representative biogeographical
regions from
Detailed knowledge
required on related
species
distributions in
Norway for the
selection of
appropriate areas
and scales of
monitoring

3 years prior to
first release
(baseline),
observations at
least duration of
approval,
sampling
frequency may be
increased during
growing seasons
if relevant.

Baseline data in
representative
regions where
frequent sampling
permitted, 3
seasons of
historical data or
newly acquired
data with relevant
parameters

Biodiversity
monitoring
networks

GS

volunteers and feral
plants
Pollen flow analysis
- VDI 4334 Part 3
Technical pollen sampler
- VDI 4334 Part 4
Biological pollen sampler

Outcrossing of
MON88302 to
conventional B.
napus and related
species, and their
evolutionary
implications (fitness
effects), in managed
(agricultural) and
non-managed
(natural) habitats

Agricultural populations and
feral populations from seed
spillage or loss from the
GMO. B. napus and their
sexually compatible relatives
including their hybridization
rates, and representative
fitness parameters.
Indicators in Norway that
may be included: Confirmed
outcrossing partners B. rapa
ssp. Campestris, and mustard
greens, B. juncea are of
particular interest, black
mustard (B. nigra), hoary
mustard (B. adpressa), wild
radish (Rahanus,
raphanisturm spp.
Raphanistrum), annual wall
rocket (Diplotaxis muralis)
perennial wall rocket (D.

Transgene detection
methodologies, e.g. PCR,
array chips, hybridization
analysis, etc.
- VDI 4330 Part 5
Sampling of plant
material for the detection
of genetically modified
nucleic acids
- VDI 4330 Part 7 PCRmethods for the
detection of genetically
modified nucleic acids in
the environment
- ELISA (protein detection
depending on GMP
product)

Plausible exposure
routes resulting an
assessment of
geographic regions
along import,
transport, storage,
packaging,
processing and use,

Long term followup monitoring
activities (e.g. 10
years)

Soil
monitoring for
seeds
Agricultural
monitoring
networks
Routine plant
surveillance
programmes
GMO testing
networks
monitoring for
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Step 1
Step 2
Potential
adverse 2.1 What to Monitor?
effect or scenario?
tenuifolia) field mustard
(Sinapsis arvensis) white
mustard (Sinapsis alba) and
common dog mustard
(Eruscastrum gallicum) and
Hirschfeldia incana may also
be regarded as potential
outcrossing partners in
Norway.

2.2 How?
CSM

2.3 Where?
GS

-Spot-tests using
herbicides

and disposal
localities and lines

-Herbicide sprayings of
whole plants

I.e. in field margins,
disturbed areas
(e.g. roadsides,
railroad tracks,
loading and storage
areas, areas of
processing facilities)
and natural habitats
in representative
potential receiving
environment.

-Strip tests
Habitat monitoring for
potential recipient
organisms e.g. feral
plants and volunteers
- VDI Part 9 (Assessment
of the diversity of ferns
and flowering plants –
Vegetation surveys)

2.4 How long?

2.5 Baselines

2.6
Existing
networks
regulatory
compliance

VDI Part 10 Floristic
mapping for clearly
detectable
(morphological) hybrids
or modification of
distribution in of
volunteers and feral
plants
Pollen flow analysis
- VDI 4334 Part 3
Technical pollen sampler
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Step 1
Step 2
Potential
adverse 2.1 What to Monitor?
effect or scenario?

2.2 How?
CSM

2.3 Where?

2.4 How long?

2.5 Baselines

2.6
Existing
networks

In representative
fields and field
margins, disturbed
areas (e.g.
roadsides, railroad
tracks, loading and
storage areas, areas
of processing
facilities) and
natural habitats in
representative
potential receiving
environment.

3 years prior to
first release
(baseline),
observations at
least duration of
approval,
sampling
frequency may be
increased during
growing seasons
if relevant.

Baseline data in
representative
regions where
frequent sampling
permitted, 3
seasons of
historical data or
newly acquired
data with relevant
parameters

Biodiversity
monitoring
networks

GS

- VDI 4334 Part 4
Biological pollen sampler

Unanticipated
impacts on
biodiversity and
habitats

General surveillance of
representative and prioritized
indicators93
- Representative examples of
hypogaeic phytophages
- Representative examples of
hypogaeic predators
- Representative examples of
epigaeic predators
- Representative examples of
parasitoids
- Frequencies and
reproduction rates of small
birds
- Frequencies of small
mammals
- Diversity, abundance and
dominance structure of earth
worms (Lumbricidae)

Robust methods
appropriate for
observing indicator
organisms, prioritized
and representative of
wider biodiversity,
insect pollinators,
mammal foragers and
birds

E.g. VDI 4330 Part 13:
Method standards for
butterflies

Representative
areas along
potential exposure
routes.

Agricultural
monitoring
(Plant health,
pest and
pathogen
monitoring)

Long term followup monitoring
activities (e.g. 10
years)

If studies above
show unexpected
distribution of feral
OSR or hybrids
monitor also
natural habitats

93 Adapted from Scholte and Dicke (2005). Effects of insect resistant transgenic crops on non-target arthropods: first step in pre-market risk assessment studies
(www.cogem.net/showdownload.cfm?objectId=FFFC42E0-1517-64D9-CCA8DFA86AFD4064&objectType=mark.apps.cogem.contentobjects.publication.download.pdf)
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Step 1
Step 2
Potential
adverse 2.1 What to Monitor?
effect or scenario?

2.2 How?
CSM

2.3 Where?

2.4 How long?

2.5 Baselines

2.6
Existing
networks

3 years prior to
first release
(baseline),
observations at
least duration of
approval,
sampling
frequency may be
increased during
growing seasons
if relevant.

Baseline data in
representative
regions where
frequent sampling
permitted, 3
seasons of
historical data or
newly acquired
data with relevant
parameters

Soil monitoring
programs

GS

- Family spectrum,
abundance and dominance
structure of nematodes

Representative
geographical areas
for indicators.

- Spectrum of species,
abundance and dominance
structure of springtails
(Collembola)

Changes in biogeochemical
processes in soils

Relevant soil
functions/parameters to
detect changes in the soil,
particularly in areas of
cultivation or widespread
GMO establishment
Organic matter
turnover/decomposition.
Soil community composition,
from representative
functional groups
Soil parameters as pH,
nutrient content, consistency
etc.

Substrate-induced
respiration
Fumigation-extraction
method
Infrared carbon dioxide
analyser with flow rate
indication/determination
of oxygen absorption
Total DNA extraction
(DGGE)
Germination and growth
tests, soil parameter as
pH, nutrient content,
consistency etc.

Farmer
Questionnaires, and
other survey methods

In representative
fields where the
GMO is cultivated,
and identified areas
where significant
volunteer or feral
populations exist.

Agricultural
monitoring
(Plant health,
pest and
pathogen
monitoring)

Long term followup monitoring
activities (e.g. 10
years)

Micro-arrays
VDI 4330 Part 11
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Step 1
Step 2
Potential
adverse 2.1 What to Monitor?
effect or scenario?

2.2 How?
CSM

2.3 Where?

2.4 How long?

2.5 Baselines

2.6
Existing
networks

Fish farms utilizing
the GMO, consumer
groups likely
exposed to GMO
products identified
through an
exposure analysis

3 years prior to
first release
(baseline),
observations at
least for the
duration of
approval,

Baselines at least
1 year prior to use
as food or feed
where specific
parameters are
required, data
from baselines
may be available
from health
monitoring data
from existing
networks

Medical and
veterinary
networks,
health
monitoring
programs at
fish farms.

Baseline data in
representative
regions where
frequent sampling
permitted, 3
seasons of
historical data or
newly acquired
data with relevant
parameters
in established
agricultural areas
under B. napus
cultivation

Agricultural
monitoring
networks,
herbicide
usage data,
herbicide
sales data

GS

Germination and growth
tests, soil parameter as
pH, nutrient content,
consistency etc.

Unanticipated
adverse effects on
animal and human
health

Changes in
agricultural
management
practices resulting
for resistance
management

Assessment of highest
exposure groups required for
prioritization, however likely
these are salmon in fish farms
under use in feed, possibly
humans through processed
product consumption
through use in food and/or
cultivation

Monitoring development of
herbicide tolerance in weed
species from the use of the
GMO under cultivation

Direct feeding studies for
a range of health
parameters

Epistemological
investigations for
allergies and
immunogenic effects,
veterinary
observation science
on representative fish
health parameters

Long term followup monitoring
activities (e.g. 10
years)
Herbicide usage data,
field data on rates,
frequency of
herbicide application
Farmer
Questionnaires Practices inquiries
VDI Part 10 Floristic
mapping for clearly
detectable
(morphological)
hybrids or

Agricultural areas
cultivating the GMO
where herbicide coproduct is applied
and adjacent lands

3 years prior to
first release
(baseline),
observations at
least for the
duration of
approval,
Long term followup monitoring
activities (e.g. 10
years)
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Step 1
Step 2
Potential
adverse 2.1 What to Monitor?
effect or scenario?

2.2 How?
CSM

2.3 Where?

2.4 How long?

2.5 Baselines

2.6
Existing
networks

Agricultural areas
cultivating the GMO

3 years prior to
first release
(baseline),
observations at
least for the
duration of
approval,

Baseline data in
representative
regions where
frequent sampling
permitted, 3
seasons of
historical data or
newly acquired
data with relevant
parameters
in established
agricultural areas
under B. napus
cultivation

Agricultural
monitoring
networks for
herbicide use
statistics

GS
modification of
distribution in of
volunteers and feral
plants, particularly
after herbicide
applications in fields
and adjacent areas

Changes in
agricultural
management
practices for
herbicide usage

Changes in farm
management or production
practices (e.g.
herbicide/pesticide
applications, including their
amount, frequency and type,
tillage, crop rotation, use of
energy and inputs

Herbicide usage data,
field data on rates,
frequency of
herbicide application
Farming input
indicators
Farmer
Questionnaires
Practices inquiries

Long term followup monitoring
activities (e.g. 10
years)

Sales statistics
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Appendix 2. The Monitoring plan outlined in Appendix 3 of the Impact regulation
under the Norwegian Gene Technology Act (NGTA)94
I. Objective
The objective of a monitoring plan is to:




Confirm that any assumption regarding the occurrence and impact of potential
adverse effects of the genetically modified organism or its use made in the
environmental risk assessment are correct, and
Identify the occurrence of adverse effects of the genetically modified organism or its
use on human health or the environment which were not anticipated in the
environmental risk assessment

II. General principles
Monitoring takes place after approval has been given for the placing of a genetically
modified organism on the market.
The interpretation of the data collected by monitoring should be considered in the light of
other existing environmental conditions and activities. Where changes in the environment
are observed, further assessment should be considered to establish whether they are a
consequence of the genetically modified organism or its use, as such changes may be the
result of environmental factors other than the placing of the genetically modified organism
on the market.
Experience and data gained through the monitoring of experimental releases of genetically
modified organisms may assist in designing the post-marketing monitoring regime required
for the placing on the market of genetically modified organisms as or in products.
III. Design of the monitoring plan
The design of the monitoring plan should:
1. Be detailed on a case-by-case basis taking into account the environmental risk
assessment;
2. Take into account the characteristics of the genetically modified organism, the
characteristics and scale of its intended use and the range of relevant environmental
conditions where the genetically modified organism is expected to be released;
3. Incorporate general surveillance for unanticipated adverse effects and, if necessary,
(case-) specific monitoring focusing on adverse effects identified in the environmental
risk assessment:

94See ”Appendix 3: Monitoring plan” at http://www.regjeringen.no/en/dep/kld/documents-and-publications/actsand-regulations/regulations/2005/regulations-relating-to-impact-assessmen.html?id=440455
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a) Case-specific monitoring shall be carried out for a sufficient time period to detect
immediate and direct as well as, where appropriate, delayed or indirect effects
which have been identified in the environmental risk assessment;
b) Surveillance may, if appropriate, make use of already established routine
surveillance practices such as the monitoring of agricultural cultivars, plant
protection, or veterinary and medical products. An explanation as to how relevant
information collected through established routine surveillance practices will be
made available to the approval-holder should be provided;
4. Facilitate the observation, in a systematic manner, of the release of a genetically
modified organism in the receiving environment and the interpretation of these
observations with respect to safety to human health or the environment;
5. Identify who (applicant, users) will carry out the various tasks the monitoring plan
requires and who is responsible for ensuring that the monitoring plan is set into place
and carried out appropriately, and ensure that there is a route by which the approvalholder and the competent authority will be informed of any observed adverse effects on
human health and the environment. (Time points and intervals for reports on the results
of the monitoring shall be indicated);
6. Give consideration to the mechanisms for identifying and confirming any observed
adverse effects on human health and environment and enable the approval-holder or
the competent authority, where appropriate, to take the measures necessary to protect
human health and the environment.
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