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1. At its forth meeting, the Conference of the Pariesving as the meeting of the Parties to the
Protocol requested the Executive Secretary tocdfrdinate and facilitate, along with other reldvan
United Nations bodies and other international omions, the development of training on risk
assessment and risk management in relation taglimindified organisms; (ii) convene prior to theHif
meeting of the Parties, regional or subregiondhitng courses to enable countries to gain hands-on
experience in preparing and evaluating reportsssf assessments in accordance with the Protocdl; an
(i) convene a workshop on capacity-building anxdheange of experiences on risk assessment and risk
management of living modified organisms in the fi@subregion.

2. In response to that request, the Secretariat cuatetl a multi-stakeholder process for the
development of training in collaboration with Umit&ations organizations (Aarhus Convention of the
United Nations Economic Commission for Europe, Faod Agriculture Organization of the United
Nations, International Plant Protection Conventaod the United Nations Environment Programme),
other international organizations (Global IndusBgalition and Third World Network) and the academic
sector (University of Canterbury and UniversityMifinesota).

3. The result of the process described below is thé thaining manual as attached hereto (annex I)
and available online through the Biosafety Cleatttause (BCH) for consideration by the Parties atrth
fifth meeting*

OUNEP/CBD/BS/COP-MOP/5/1.

! The online version of the draft training manual dsk assessment of LMOs is available through theHBar:
http://bch.cbd.int/cpb_art15/training.shtml

/...
‘In order to minimize the environmental impactstioé Secretariat's processes, and to contributénéoSecretargseneral’

initiative for a C-Neutral UN, this document ismed in limited numbers Delegates are kindly requested to bring thei
to meetings and not to reest additional copie
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4, In the development of the training manual, the &aciat first prepared an outline and invited
collaborators to provide inputs and comments. Tdfege on the basis of the various feedbacks, the
Secretariat prepared a draft training manual awidec the collaborators for a peer-review proc@sse
draft manual was then revised by the Secretariathenbasis of the feedback and comments provided
during the peer-review process.

5. While using the provisions of the Cartagena Prdtoodiosafety, particularly its Annex Ill, as a
basis for drafting and reviewing the emerging tregnmanual, the Secretariat also attempted to
incorporate experience and current practice fronmber of national regulatory frameworks and
international organizations in a comprehensive raann

6. The draft training manual was subsequently useal tagching tool during two capacity-building
activities:

(a) The Pacific subregional workshop on capacity-baidand exchange of experiences on
risk assessment (Nadi, Fiji, 4—7 July 2010); and

(b) The Asian subregional training course on risk assest of living modified organisms
(Siam Reap, Cambodia, 12—-16 July 2(*10).

7. With a view to assessing the usefulness of thet ti@hing manual, participants in the Pacific
workshop and Asian training course were invited aftsswer a questionnaire. The results of this
guestionnaire are summarized in annex Il. Thesaltsesndicated thatinter alia, the majority of
participants agreed that this manual (i) is a Uskfol for training on risk assessment; (ii) is yde
understand and follow; (iii) comprises an adequaterview of the risk assessment process, andgiv) i
useful for a wide range of users.

8. In providing further feedback, participants considkethe draft training manual as a very good
teaching tool that provides a well-structured amdngrehensive introduction to the risk assessment
process and is considered useful to Parties asaseth other countries and relevant organizatidfith

the view to improving its usefulness, participaisommended that the training manual should be:

(@) Further improved bynter alia, adding a glossary of terms, list of acronymsyiéibarts,
diagrams, examples of other non-crop living modifeeganisms, etc;

(b) Linked to the elements of the “Guidance on Ris$sessment of Living Modified
Organisms” developed by the AHTEG;

(© Presented through a more user-friendly leartoog(e.g. as an interactive software); and
(d) Published in all United Nations languages.

9. On the basis of the feedback provided by the ppaits to the Pacific workshop and Asian
training course and within the limited time avaligbthe draft training manual was revised by the
Secretariat and subsequently reviewed by an extecrentific editor.

10. The outcome of this process is the draft trainirgnoal entitled “Risk Assessment of Living
Modified Organisms”, which comprises four modulég: Overview of biosafety and the Cartagena
Protocol on Biosafety; (ii) Preparatory work — Urstanding the context in which a risk assessment is
carried out; (iii) Conducting the risk assessmant] (iv) Preparing a risk assessment report.

2 The reports of these activities have been diseihuas information documents UNEP/CBD/BS/COP-MORB/13 and
UNEP/CBD/BS/COP-MOP/5/INF/15 and are availabléts://bch.cbd.int/protocol/meetings/documents.$héventid=3018
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Annex |
DRAFT TRAINING MANUAL ON RISK ASSESSMENT OF LIVING MODIFIED ORGANISMS

Risk Assessment of
Living Modified Organisms

Training manual
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Preamble

This training material was developed by the Sedadtaf the Convention on Biological Diversity (CBD

in cooperation with other United Nations bodies amdrnational organizations in response to a rsgue
by the Parties to the Cartagena Protocol on Bidgaife their decision BS-IV/11, paragraphs 13 add 1

to develop training on risk assessment of livingdified organisms (LMOs) and to convene training
courses to enable countries to gain hands-on epmriin preparing and evaluating risk assessment
reports in accordance with the Protocol.

The purpose of this material is to provide bas&ining for environmental risk assessment, takirtg in
account the provisions of the Cartagena Protocdiosafety and in particular Annex Ill of the Protd.
To this end, the training modules attempt to inocoage experience from a variety of national reguiat
frameworks and international organizations in a jgghensive manner.

The training material is divided into four modulé¢g:Overview of biosafety and the Cartagena Praitoc
on Biosafety; (ii) Preparatory work — Understandihg context in which a risk assessment is caoigd
(iif) Conducting the risk assessment; and (iv) Bram a risk assessment report.

Although this material applies to all types of LM@sd their intended uses within the scope and titgec
of the Protocol, it has been developed based hrgel LM crop plants because of the extensive
experience to date with environmental risk assestsrier these organisms.

This training material may be further developed,agpropriate, as new information and experience
become available.
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Module 1:

Overview of biosafety and the Cartagena
Protocol on Biosafety
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Using thismodule

This module contains introductory sections exptajrasic concepts in biosafety and an introdudtion
the Cartagena Protocol on Biosafety and othernaternal biosafety-related bodies and organizations
An overview of modern biotechnology and its teclueis| are included in the section on biosafety. The
section on the Cartagena Protocol on Biosafetyagmxplthe scope and objective of the Protocol, and
provides an overview of Article 15, Annex lll, tBéosafety Clearing-House (BCH) and the
precautionary approach.

This module also includes a section on other imtisonal bodies involved in risk assessment in the
context of biosafety, such as the Food and AgticelOrganization of the United Nations (FAO), the
Codex Alimentarius, the International Plant PratatConvention (IPPC), the World Organisation for
Animal Health (OIE), the World Trade Organizati®hTO), the Organisation for Economic Co-
operation and Development (OECD), as well as b#hind multilateral agreements.

1. Introduction to biosafety and the Cartagena Protocol on Biosafety

1.1 History of the Protocol

The United Nations Conference on Environment angeldpment (also known as the “Earth Summit”),
held in Rio de Janeiro in 1992, marks a significaftievement in the overall policy of the United
Nations on the environment. In particular, sevdouments resulting from that meeting today coutstit
the basis of international law on biosafety: AgeBdathe Rio Declaration on Environment and
Development, and the United Nations Convention mhdgical Diversity (CBD).

Agenda 21 is a comprehensive programme for acti@ocial and economic areas, and for conserving
and managing natural resources. Its chapter 1@aslels the “Environmentally sound management of
biotechnology” (see Example 2) and outlines thedrfeeinternational agreement on principles to be
applied to risk assessment and management, ared toitsthe implementation of safety mechanisms on
regional, national and international levels.

The Rio Declaration on Environment and Developnieatseries of principles defining the rights and
responsibilities of States. Principle 15 addrefisepossibility of harm from actions or decisionsen
extensive scientific knowledge on the matter ikilag.

Example 1 — Agenda 21, Chapter 16, Paragraph 29

“There is a need for further development of intéorally agreed principles on risk assessment and
management of all aspects of biotechnology, whitdukl build upon those developed at the national
level. Only when adequate and transparent safetyoarder-control procedures are in place will the
community at large be able to derive maximum beémefim, and be in a much better position to accept
the potential benefits and risks of, biotechnolbgy.

Source: UNCED (1992a).
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Example 2 — Principle 15 of the Rio Declaration dnvironment and Development

“In order to protect the environment, the precandiy approach shall be widely applied by States
according to their capabilities. Where there aredts of serious or irreversible damage, lack bf fu
scientific certainty shall not be used as a redsopostponing cost-effective measures to prevent
environmental degradation.”

Source: UNCED (1992b).

The CBD was inspired by the world community’s grnogvcommitment to sustainable development. It
represents a dramatic step forward in the conservaf biological diversity, the sustainable usétef
components, and the fair and equitable sharingenéfits arising from the use of genetic resourts.
issue of safety in biotechnology is addressed ticks 8(g) and 19(3) of the CBD.

More specifically, in Article 8(g), Parties to tdBD are called upon to establish or maintain meéans
regulate, manage or control the risks associatddthe use and release of LMOs resulting from
biotechnology which are likely to have adverse iotp@n the conservation and sustainable use of
biological diversity. In Article 19(3), the Partiase called upon to consider the need for and niteabf
a protocol for the safe transfer, handling andafideMOs resulting from biotechnology that may have
adverse effects on the conservation and sustainablef biological diversity.

Example 3 — CBD Article 8. In-situ Conservation
“Each Contracting Party shall, as far as possibteas appropriate:

Establish or maintain means to regulate, managertrol the risks associated with the use and sele&
living modified organisms resulting from biotechogy which are likely to have adverse environmenta
impacts that could affect the conservation andasuable use of biological diversity, taking alstin
account the risks to human health.”

Source: Convention on Biological Diversity (1992).

Example 4 — CBD Article 19. Handling of Biotechnayy and Distribution of its Benefits

“The Parties shall consider the need for and mtidslof a protocol setting out appropriate procedur
including, in particular, advance informed agreementhe field of the safe transfer, handling aise of
any living modified organism resulting from biotextiogy that may have adverse effect on the
conservation and sustainable use of biologicalrditye”

Source: Convention on Biological Diversity (1992).

Taking into account the provisions above, the Caanfee of the Parties to the CBD decided, at iterseé:c
meeting, to develop a protocol on biosafety, speadlfy focusing on transboundary movement of LMOs
that may have adverse effects on the conservatidisiastainable use of biological diversity, takimigp
account human health.

UNEP then drafted the International Technical Glings for Safety in Biotechnology to serve as imer

guidance for biosafety and these Guidelines weoptad by the Global Consultation of Government-
designated Experts in Cairo in December 1995.

6
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In 1996, the Conference of the Parties for the @fablished an Open-endéd Hoc Working Group on
Biosafety to develop a draft protocol. This Worki@Ggoup met six times between 1996 and 1999 and, as
the conclusion of its last meeting, a draft protacas submitted for consideration by the Conferesfce

the Parties at an extraordinary meeting in Febri88g, in Cartagena, Colombia. The Conferenceef th
Parties was not able to finalize its work in Cagtag. As a result, the Conference of the Partigzesuked

its first extraordinary meeting and agreed to reeoe as soon as possible.

The Conference of the Parties reconvened and atltipgeCartagena Protocol on Biosafety on 29 January
2000 in Montreal, Canada. The Protocol enteredforime on 11 September 2003 upon ratification gy th
fiftieth Party. As of June 2010, 159 Parties hackded/ratified the Protocol.

1.2 What is biosafety?

In its broad sense, the term biosafety referseqtotection of human health and the environmemhfr
potential harm due to biological agents.

Under the CBD, and more specifically under the &gaha Protocol on Biosafety (hereinafter “Protocol”
1/), the term biosafety essentially refers to safgtycedures aimed at regulating, managing or chinigo
the risks associated with the use and releasginglmodified organisms (LMOs) resulting from
biotechnology which are likely to have adverse mmnental impacts that could affect the consermatio
and sustainable use of biological diversity, aédadrtg into account the risks to human health. Bitya
comprises multidisciplinary scientific fields, imcling, but not limited to, biology, ecology,
microbiology, molecular biology, animal and plaatilogy, entomology, agriculture and medicine as
well as other considerations such as legal, samdox@mic and public awareness.

Figure 1 — Biosafety

v The text of the Cartagena Protocol on Biosafetvailable ahttp://bch.cbd.int/protocol/text/
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1.3 What are living modified organisms?
According to the Cartagena Protocol on Biosafgty:

(@) “Living modified organism” means any living orgamigshat possesses a novel combination
of genetic material obtained through the use ofenodiotechnology;

(b) “Modern biotechnology” means the application of:

i. invitro nucleic acid techniques, including recombinant@eibonucleic acid (DNA)
and direct injection of nucleic acid into cellsaganelles, or

ii.  fusion of cells beyond the taxonomic family,

that overcome natural physiological reproductivesmombination barriers and that are not techniques
used in traditional breeding and selection.

An LMO is, therefore, an organism that results friva use of modern biotechnology througtirfiyitro
modification of nucleic acid (DNA or RNA) molecutesr (i) cell fusion between organisms of diffeten
taxonomic families.

Modern biotechnology techniques include, but ardinoted to,in vitro DNA and RNA techniques for
the modification of genetic material (e.g. by in&®T, modification or deletion of genes or othecleic
acid sequences) in all types of organisms, sugitaas, animals, microbes and viruses.

1.3.1 Overview of the techniques used in moder n biotechnology

LMOs are most commonly developed through the use dfro nucleic acid techniques by inserting,
deleting or modifying a gene or DNA/RNA sequencae irecipient or parental organism.

The terms genetic modification, genetic enginegniagombinant DNA and DNA manipulation are terms
that apply to the direct modification of an orgamis genes. The terms genetically modified organism
(GMO) as well as genetically engineered or tranggerganism are often used interchangeably for
LMOs. The Cartagena Protocol emphasizes the “liviregure of the organism and products thereof,
namely processed materials that are of LMO origimtaining detectable novel combinations of
replicable genetic material obtained through treeafsmodern biotechnology.

2/ Article 3, Paragraphs (g) and (i).
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Figure 2 — In vitro nucleic acid techniques

Splicing Genes Together

Employing genetic engineering, researchers can take certain genes from a
source organism and put them into another plant or animal.

An Example of Genetic Engineering:
1 Scientists take Bacillus

thuringiensis, a commonly
occurring soil bacteria...

w
...and use enzymes to remove
from it the Bt gene, which pro-
duces a protein that turns toxic in
the digestive tract of caterpillars.
E™

into the chromosomes of cotton
and corn, killing caterpillars that
feed upon these plants.

3 The Bt gene is then incorporated

Source: North Carolina Stat&niversity (website).

LMOs can also be produced through cell fusion witetks from two different organisms that do not
belong to the same taxonomic family are fused,ltiegun an organism containing genetic information
from both parental cells. The resulting LMO may tedm the complete genomes of the parental organisms
or parts of their genomes. Cell fusion can be appib bacterial, fungal, plant or animal cellsngsa

variety of techniques to promote fusion.

1.3.2 Commonly used methodsfor genetic modification of plants

The production of LMOs through genetic modificatisra multi-stage process that can be achieved
through a variety of methodologies. Methods commarsied in the development of LM plants may be
summarized as follows/

Once a gene of interest has been identified anatébfrom a donor organism, it is manipulatechie t
laboratory so that it can be inserted effectivalp ithe intended recipient organism. The manipotati
may, for example, include changes to the nuclest@tpience so as to enhance or modulate the
expression of the gene once it is introduced inéointended recipient organism.

One or more genes of interest, as well as othdeatide sequences needed for the proper functiasiing
the gene(s) of interest, may then be built in aledy sequence into a “gene construct”. The gene
construct typically includes a “promoter sequermed a “termination sequence” which are necessary to
ensure that the gene is expressed correctly irettipient organism. Different promoter sequences
control gene expression in different ways — sonfmaatontinuous expression of the gene, while others
switch expression of the gene on or off at diffegages of the life cycle of the organisms or as a
reaction to other external influences, as well@grol the particular tissues or organs in whiah gene

will be expressed.

3/ Adapted from IUCN (2003).
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A “marker gene’s/ is often incorporated into the gene construdteip in identifying which individuals
of a recipient organism have been modified by tite@duction of the gene construct.

Gene constructs currently used may include mulefenents — for example, several promoter
sequences and desired genes. Finally, the gengwdmaay be incorporated into a larger DNA molecul
to be used as a vector (e.g. plasmid, virus, &ibg.purpose of the vector is to assist the tramgfthe
gene construct into the recipient organism.

Example 5 — Scheme of a gene construct and vector

Termination &
signalling
Desired gene(s) sequences

Promoter sequence (may be laboratory (various sources)
- Y Y ]

. = Selectable marker
(e.g from modifications of (e.g nos

Cauliflower Mosaic el s gene (C'g.'
Virus) gene(s)) termination Kanamycin
. sequence) resistance)

Vector (e.g. Agrobacterium T1 plasmid)

Note: Gene constructs currently used may includitiphelelements — for example, several promoter
sequences and desired genes.

Source: IUCN (2003).

The recipient organism is then transformed by déffié methods (e.g. via infection usiAgrobacterium,
particle bombardment, injection, etc.) for integmatof the gene construct into the genome of the
recipient organism.

Transformed cells need to be selected and regeddrdab complete LMOs. The following step is the
further selection of the LM event(s) that contdia tlesired transgene(s) and express the desired
characteristics. Through selection, many experialdritlOs are discarded and only a few events reach
the stage of commercialization.

In the case of LM plants, cross-breeding to intazdthe transgene(s) into other recipient variesiedso
common.

4/ During genetic transformation, gene constructsiaserted in only a fraction of the cells usedhie process. “Marker
genes” are typically used to identify or seleciscelr organisms in which the gene construct(s) suaessfully introduced.
Marker genes may, in some cases, be removed freioMIOs at a later stage.

1C
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Figure 3 — Genetic modification of plants

Agrobacterium method Particle gun method
Agrobacterium Ti plasmid carrying Particles coated
tumefaciens dasife\d genes ot .':—:,7 with DNA encoding

. 8@

‘) desired genes

Cocultivation of
Agrobacterium with

Particle gun

Bombardment of
_—Pplant pieces with
particles

plant pieces

DNA transferred
to plant cells

Chromosomes with
integrated DNA
encoding desired genes

Shoot regeneration
followed by root
Cell multiplication (callus) regeneration Plant with new trait

Source: Mirkov (2003).

1.3.3 Examples of commercialized LM Os

In 1978, the first LMO was produced at the comnareivel by the creation of dfscherichia coli strain
(i.e. a bacterium) producing the human proteinlinstn 1996, the first genetically modified seeusre
planted in the United States of America for comriznese 5/

To date, the most broadly commercialized LMOs ishticed into the environment are agricultural crops.
According to the International Service for the Aition of Agri-biotech Applications (ISAAA), the
worldwide area cultivated with LM crops has beeovgng steadily since 1996, and in 2009, the
cultivation of LM crops accounted for 134 millioedtares (James, 2009). Soy, maize, cotton and
rapeseed that are resistant to herbicides and@tde to produce pesticidal proteins accountifer t

5/ FLAVR SAVR™ Tomato by Calgene Inc.
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majority of LM crops currently being commercializesste LMO Registry in the BCH at
http://bch.cbd.int/database/Imo-reqistry

In 2009, a goat that produces an anticoagulant finugumans was the first LM animal to be approved
for commercial productiors/ Zebra fish containing fluorescent protein gemesaamother example of LM
animals on the market.

Moreover, a number of LM vaccines for humans arichals are being commercialized.

To date, there are no examples of commercializatidtMOs resulting from cell fusion.

1.4 Objective and scope of the Protocol

The objective of the Protocol is “to contributegtasuring an adequate level of protection in thiel faé
the safe transfer, handling and use of living medibrganisms resulting from modern biotechnoldgt t
may have adverse effects on the conservation asidisable use of biological diversity, taking ailstm
account risks to human health, and specificallyigireg on transboundary movements.”

The Protocol establishes rules and procedurefiéosafe handling, transfer and use of LMOs. The
Protocol focuses on the transboundary movemenMi4 to be introduced into the environment and
those to be used directly as food, feed or forgssing, andeeks to protect biological diversity, taking
into account human health, from the potential rissed by LMOs resulting from modern
biotechnology.

All LMOs that may have adverse effects on biodiitgrsr human health are within the scope of the
Protocol. Nevertheless, some types of LMOs mayxisuded from some provisions.

Example 6 — Scope of the Cartagena Protocol on Biesy
» LMOs subject to the provisions of the Protocol

All LMOs which may have adverse effects on thesssmation and sustainable use of biological
diversity, taking also into account risks to hunaalth (Article 4).

» LMOs excluded from the Protocol’s provisions on trsboundary movements

LMOs that are pharmaceuticals for humans thatddeessed by other international organizations|or
agreements (Article 5).

Source: IUCN (2003).

6/ http://www.gtc-bio.com/science.html
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1.5 Living modified organisms for intentional intr@duction into the environment
— Advanced Informed Agreement

The Advanced Informed Agreement (AlA) defines maodaprocedures to be applied to the first
transboundary movement of an LMO for introductiotoithe environment. LMOs intended for direct use
as food or feed, or for processing are subjectdifferent procedure (see below).

The AIA procedure begins with the Party of expartie exporter notifying the Party of import of the
proposed transboundary movement of an LMO for indeal introduction into the environment. The
notification must contain, at a minimum, the infatmn specified in Annex | of the Protocol inclugjn
among other things, the contact details of the ggpand importer, the name and identity of the LMO
and its intended use, as well as a risk assessegot consistent with Annex Il of the Protocol.

The Party of import has 90 days to acknowledgeédheipt of the natification, and 270 days to
communicate its decision to the notifier and theHB@ its decision, the Party of import may apprake
or prohibit the import of the LMO, request furthisformation or extend the decision period to a i
period of time. If a Party of import does not conmimate its decision within 270 days, it should bet
understood that consent was given.

Example 7 — Application of the Advanced Informed rsgment (AlA) procedure
» LMOs subject to AIA provisions
* LMOs intended for intentional introduction into teevironment (Article 7(1)).
» LMOs excluded from the Protocol's AIA provisions
e LMOs in transit (Article 6(1)).
» LMOs destined for contained use in the Party ofarhpArticle 6(2)).
* LMOs intended for direct use as food or feed, opimcessing (LMO-FFPs) (Article 7(2)).

» LMOs identified by the meeting of the Parties te Brotocol as being not likely to have adverse
impacts (Article 7(4)).

Source: IUCN (2003).

1.6 Living modified organisms for direct use as fbor feed, or for processing

According to Article 11 of the Protocol, a Partatliakes a decision regarding an LMO that may be
subject to transboundary movement for direct udeas or feed, or for processing (LMO-FFP) shall
submit within 15 days to the BCH information spestdfin Annex Il of the Protocol, including, among
other things, the name and identity of the LMO #sdpproved uses, as well as a risk assessmatt rep
consistent with Annex IIl of the Protocol (see Al 11.1).

7/ A decision that approves the use of an LMO maytaken with or without conditions. If there are ddions, the
decision must set out the reasons for the condition
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1.7 Competent national authorities

Each Party should designate one or more competg¢ional authorities (CNAs) who will perform the
administrative functions required by the Protoaud are authorized to take decisions on the LMOs for
which they are designated (see Module 2).

1.8 Risk assessment (Article 15 and Annex IlI)

Article 15of the Protocol sets out the provisions for Partibesonduct risk assessments of LMOs. It
requires that risk assessments be carried ousdieatifically sound manner in accordance with Anhe
and taking into account recognized risk assesstaehhiques.

While the Party considering permitting the impdran LMO is responsible for ensuring that a risk
assessment is carried out, it has the right toiredue exporter to do the work or to bear its cohis is
particularly important for many developing counsr{&8CBD, 2003).

The Protocol, therefore, empowers governments ¢adavhether or not to accept imports of LMOs on
the basis of risk assessments. These assessmartsidentify and evaluate the potential adver$ects
that an LMO may have on the conservation and swtée use of biodiversity in the receiving
environments.

Annex Il sets out the general principles and methodologth®risk assessment process.

The general principles for risk assessment undePtbtocol are that: (i) it must be carried outin
scientifically sound and transparent manner, and oase-by-case basis; (ii) lack of scientific kiexge
or scientific consensus should not necessarilntegpreted as indicating a particular level of rak
absence of risk or an acceptable risk; and (8Rgiof LMOs should be considered in the contexhef
risks posed by the non-modified recipients or palerrganisms in the likely potential receiving
environment.

Individual Parties use these general principleguide the development and implementation of thein o
national risk assessment process (see Module 2).

The following are considerations about some ofgveeral principles for risk assessment:

Scientific soundness Fhe Cartagena Protocol explicitly states that aiskessments should be carried
out in a scientifically sound manner. The principfescientific soundness entails that risk assestsare
to be undertaken in a systematic way on the bésisrdiability and reproducibility of informatioiby,

for example, reporting on methods and data in ceffit detail to enable others to repeat the stétiseo
risk assessment independently. Some countriesiheagrated this principle into their own procedures
with specific suggestions about what type of infation can be appropriately used in a risk assedsmen
In many cases, different sources and criteriad@mmdifically sound information have been set, iagg
from scientific literature, studies presented by tiotifier, expert opinions, etc. Consultations ago
scientific experts may also be considered to bepgmopriate means of gathering such information.

Transparency- Annex Il states that risk assessments shouldhducted in a transparent manner.

Most countries with national biosafety framewonkplace have procedures to ensure transparenbg in t
risk assessments. The CNAs often show what traespamechanism is in place to handle naotifications
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and how the mechanism is applied in each caseleVkeof transparency may, however, range from
public notification to broad public involvement.

Some countries, for instance, make the necessamyreenents for conducting risk assessments availabl
online and, if an approval is granted for reledsanoLMO into the environment, a public notificatis
usually made by posting the release online (seethésprovisions of Article 23 on “Public Particijman”
and Section 4.4 in Module 2 on stakeholder paitgm).

Example 8 — Transparency

“ERMA New Zealand strives to be transparent agasticable and appropriate in its processes.
In general, applications for substances or orgasidiat can significantly affect the environment
must be publicly notified, and anybody can then enakvritten submission - within 30 working
days of public notification - and a hearing will beld if any submitter requests to be heard, o
the Authority thinks it is necessary.”

if

Source: ERMA NZ (website).

Case-by-case Annex lll states that risk assessments should bveedabut on a case-by-case basis. The
required information may vary in nature and levialietail from case to case, depending on the LMO
concerned, its intended use and the likely potergeiving environment.

The legal frameworks of some countries may alsei§pether elements to be taken into consideraition
each “case”.

Example 9 — The case-by-case basis is fundamemtaisk assessment of LMOs

—

A case-by-case approach is one where each releasd. O is considered relative to the environmer
in which the release is to occur, and/or to therided use of the LMO in question. A risk assessment
performed for a particular LMO intended to be idmoed into one environment may not be sufficient
when assessing the possible adverse effects thyaanse if that LMO is to be released under differe
environmental conditions, or into different recaryienvironments. A risk assessment performed for &
particular use of a particular LMO may not be siéfint when assessing the possible adverse effeatts t
may arise if that LMO is to be used in differentywaBecause of this, it is important for each dadse
addressed separately, taking into account spegfficmation on the LMO concerned, its intended use
and its potential receiving environment.

Source: IUCN (2003).

Annex Il also states another two general pringpéebe taken into account when conducting a risk
assessment. These are:

» “Lack of scientific knowledge or scientific consessshould not necessarily be interpreted as
indicating a particular level of risk, an absentesk, or an acceptable risk”;

» “Risks associated with living modified organismspooducts thereof, namely, processed
materials that are of living modified organism @migcontaining detectable novel combinations of
replicable genetic material obtained through treeafanodern biotechnology, should be

15



UNEP/CBD/BS/COP-MOP/5/INF/22

considered in the context of the risks posed byntiremodified recipients or parental organisms
in the likely potential receiving environment.”

Considerations on how to apply these two genematiples when conducting a risk assessment are
included in Module 3.

Annex Ill also contains a number of steps for cantitig the risk assessment as well as points toidens
about technical and scientific details regardiing example, the characteristics of the genetic
modification, biological characteristics of the LMd@ifferences between the LMO and its recipient
organism, its intended use, the likely receivingiemment, etc.

Module 3 of this training manual explains eachhaf steps of the risk assessment process accoaling t
Annex Il of the Protocol.

1.9 Biosafety Clearing-House

The Biosafety Clearing-House (BCHittp://bch.cbd.intis a mechanism set up under the Cartagena
Protocol on Biosafety to facilitate the exchangéenédrmation on LMOs and assist countries that are
Parties to the Protocol to better comply with tldiligations.

The BCH provides open and easy access to a vafistientific, technical, environmental, legal and
capacity-building information provided in all sik the United Nations languages.

The BCH contains information that must be provitdgdParties to the Protocol, such as decisions on
release or import of LMOs, risk assessments, CNAsrational laws.

Governments that are not Parties to the Protoecalso encouraged to contribute information toBéd
and, in fact, a large number of the decisions iggrLMOs have been registered in the BCH by non-
Party governments.

The records of decisions, risk assessments, LM@mrdand recipient organisms, and DNA sequences
are cross-referenced in a way that facilitates dttéeval. For instance, while looking at an LMéxord,
all the records for the risk assessment that neferéhat specific LMO can be easily accessed and
retrieved.

The BCH also contains other relevant informatiod egsources, including information on national
contacts, capacity-building, a roster of governmreathinated biosafety experts, and links to other
websites, publications and databases through theaRity Information Resource Centre.
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1.10 Other provisions under the Protocol

In addition to the provisions above, the Protodsb @aequires the Parties to the Protocol to conbelt
public during the decision-making process regardikigs (Article 23), make the results of such
decisions available to the public (Article 23) aidw the decision-making process to take into aato
socio-economic considerations arising from the ichjpd the LMOs on the conservation and sustainable
use of biodiversity (Article 26).

2. Other international biosafety-related bodies

Several other international bodies and organizataamry out activities that are relevant to theérand
environmental aspects of LMOs. A brief overviewttodse bodies is provided below.

2.1 International Plant Protection Convention

The International Plant Protection Convention (IPR@w.ippc.inf) is a multilateral treaty for
international cooperation in plant protection.itha to protect plant health while facilitating
international trade. The IPPC applies to cultivgikhts, natural flora and plant products, andudes
both direct and indirect damage by pests (incluaiegds). The IPPC was adopted by the Conference
of the FAO in 1951. There are currently 173 coritr@gcParties to the IPPC.

The governing body of the IPPC is the CommissioRbytosanitary Measures (CPM). The CPM has
adopted a number of International Standards fotdayitary Measures (ISPMs) that provide guidance
to countries and assist contracting Parties in imgéhe aims of the convention. The IPPC is
recognized by the World Trade Organization as ¢fevant international standard-setting body for
plant health. Application of ISPMs is not mandatdrgwever, under the WTO-SPS Agreement (see
below), phytosanitary measures based on interratgiandards do not need additional scientific or
technical justification.

ISPM No. 11 (IPPC, 2004) describes the factorotsicer when conducting a pest risk analysis (PRA)
to determine whether a pest is a quarantine pastmiain text of the standard (indicated with “S2”
throughout the text) and particularly Annex 3 aéttsPM includes guidance on conducting a PRA on
LMOs.

In order to increase member countries’ capacigoteduct PRAs, the IPPC has developed a training
course and training materiag.

2.2 Codex Alimentarius Commission

The Codex Alimentarius Commission (CA@ww.codexalimentarius.nets a subsidiary body of the
FAO and the World Health Organization (WHO) eststintid in 1961-1963 to protect the health of
consumers and ensure fair practices in food tdadearrently has 166 members.

The Codex Alimentarius, which means “food code’a sompilation of standards, codes of practice,
guidelines and recommendations on food safety peeday the Commission. In the area of foods derived
from biotechnology, the Codex provides guidancéwman health risk analysis in its “Principles foe t

8/ The IPPC training materials are availablehtips://www.ippc.int/index.php?id=186208
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Risk Analysis of Foods Derived from Modern Bioteology” (CODEX, 2003) and in its “Working
Principles for Risk Analysis for Food Safety for gligation by Governments” (CODEX, 2007).

2.3 Food and Agriculture Organization

The Food and Agriculture Organization (FA@yw.fao.org of the United Nations also carries out
activities on biosafety and biosecurity. Among theéke FAO Working Group on Biosafety is
responsible for two of the FAQO’s Priority Areas faterdisciplinary Action (PAIAs), namely
“Biosecurity for Agriculture” and “Food Productiand Biotechnology Applications in Agriculture,
Fisheries and Forestry”.

2.4 World Organisation for Animal Health

The World Organisation for Animal Health (Ol&ww.oie.in is an international intergovernmental
organization founded in 1924 for improving animahhh worldwide. As of June 2010, the OIE had 176
member countries.

The objectives of the OIE are to: (i) guaranteettapsparency of animal disease status worldwige; (
collect, analyse and disseminate veterinary sdiemtformation; (iii) provide expertise and proneot
international solidarity for the control of anindikeases; and (iv) guarantee the sanitary safetypdé
trade by developing sanitary rules for internatidrade in animals and animal products.

Within the mandates of the OIE, the principal aiinmgport risk analysis is to provide importing
countries with an objective and defensible methioaissessing the disease risks associated with the
importation of animals, animal products, animalegenmaterial, feedstuffs, biological products and
pathological material.

2.5 World Trade Organization

The World Trade Organization (WT@ww.wto.org is an international organization responsible for
establishing the rules of trade between natiorigadta number of agreements that affect the tride o
LMOs. One such agreement is the internationalytretAgreement on the Application of Sanitary and
Phytosanitary Measures”, also known as the SPSehuyzat.

The SPS Agreement concerns the application ofagraind phytosanitary measures for food safety and
animal and plant health regulations, and may afiplyMOs. Article 5 of the SPS Agreement is of
interest in the context of this training materialce it addresses risk assessment and the detdioniod

the appropriate level of sanitary or phytosanifagtection.

Other WTO agreements, such as the Technical BatgeFrade (TBT) Agreement, Agreement on Trade-

Related Aspects of Intellectual Property RightsIf$}, and the General Agreement on Tariffs and&rad
(GATT) may also apply to LMOs.

2.6 Organisation for Economic Co-operation and Déapment

The Organisation for Economic Cooperation and Dewalent (OECDwww.oecd.ord provides a
setting where governments compare policy expergrsgek answers to common problems, identify good
practice, and coordinate domestic and internatipalities.
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With regard to risk assessment, the OECD has fhdaishe “Recombinant DNA Safety Considerations”
(OECD, 1986) and consensus documents, which factiseobiology of the recipient organisms or
introduced traits and are useful in background g&gon for an LMO risk assessmegit.

2.7 Bilateral, regional and multilateral agreements

In addition to international treaties and standacdsintries may engage in bilateral, regional and
multilateral agreements, such as free-trade agnesni€TAs), provided they are consistent with the
objective of the Protocol and do not result in\adolevel of protection than that provided for bg t
Protocol. Such agreements could also be used teriahe shared responsibilities in assessing resks t
facilitate decisions on LMOsg/
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Module 2:

Preparatory work — Understanding the context
In which a risk assessment is carried out
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Using thismodule

This module aims at assisting risk assessors iimgehe stage for a risk assessment to be caorieth
a scientifically sound and transparent manner,aand case-by-case basis.

It highlights the importance of understanding hational policies provide overarching guidance fa t
process. A risk assessor should be familiar witional regulatory and administrative frameworks,
including national risk assessment practices, gpeinciples and various obligations, since they
establish the legal context for any risk assessemmucted by a national authority.

This module describes the relationship betweemnatipolicies that establish protection goals,
regulatory requirements and risk assessment pregdisat would be compliant with the Cartagena
Protocol on Biosafety.

It also provides elements to facilitate the underding of the mandate of risk assessors and thié mul
disciplinary nature of the risk assessment process.

1. Introduction

Prior to receiving a living modified organism (LM@tification, risk assessotsmay need to be

familiar with issues such as environmental protecgjoals, regulatory requirements and complianae of
national framework with the Protocol, and have adasstanding of the general framework within which
the risk assessment must be carried out to comipfynational laws and administrative procedures.

The biosafety framework of each country may addaelssinistrative matters by establishing mechanisms
for, for example: (i) the selection of risk assessmd/or establishment of advisory bodies; (indiag
confidential information (Article 21); (iii) publiawareness and participation (Article 23); and (iv)
whether and how socio-economic considerationsheiltaken into account in the decision-making
process (Article 26). A risk assessor may also wadhe familiar with all these mechanisms before
undertaking a risk assessment.

The following sections of this module provide arenaiew of how some issues might be considered by
risk assessors prior to undertaking a risk assegsme

2. The broad national context

Most countries have overarching environmental artgip health strategies as well as national and
international obligations that provide the broadteat within which the risk assessment of LMOs is
carried out.

u For the purposes of this training material, thentéisk assessor” refers to an individual manddtg@ competent
national authority (CNA) to conduct and managerible assessment process.
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2.1 National protection goals and assessment end{soi

Countries are sovereign in setting their own geath as the protection of the environment, bioder
or the health of their citizens. In so doing, tloden adopt environmental and public health stiategs
part of their national policy and legislation. Taedrategies, in turn, are often derived from,@npliant
with, broader internationally agreed instruments.

Environmental and health policies and laws ofteimdesets of “protection goals” or values to be
protected. Some protection goals are defined bypad). conservation of biodiversity, while othars
more specific, e.g. protection of a threatenednholaagered species. Regardless of whether they@ad b
or specific, protection goals set the context fbemvironmental) risk assessments.

Example 1 — Biodiversity protection goal in the Eapean Union

“To halt the loss of biodiversity and the degragiatbf ecosystem services in the EU by 2020, restore
them in so far as feasible, while stepping up tblecBntribution to averting global biodiversity lo5s

Source: Council of the European Union (2010).

In addition to the protection goals, national l&gisns sometimes also define “assessment endpoints
Assessment endpoints are valued biological or gazabentities that need to be protected and hanees
attribute that is measurable.

Ecological assessment endpoints, for instanceanast easily expressed in terms of impacts on aedalu
species (e.g. survival and reproduction of yellawtd@ina). Any component from virtually any level of
biological organization or structural form thatézognized as an entity that needs to be protectede
considered as an assessment endpoint.

Example 2 — Assessment endpoints

“An assessment endpoint is an explicit expressidheenvironmental value to be protected,
operationally defined as an ecological entity d@adhitributes.”

Source: US Environmental Protection Agency (1998).

Once a risk assessment has been triggered, thasssissor(s) will need to identify the relevantgartion
goals and assessment endpoints if these are deaildie risk assessor(s) then determines which
assessment endpoints are meaningful to the speasi at hand to ensure that the protection gakls w
be adequately protected. For example, the regyltamework of a country may identify “agricultural
biodiversity” as one of its protection goals ane tisk assessor(s) may be asked to consider, as an
assessment endpoint, the abundance of a value@éspeg. an insect pollinator in the environment
where the LMO may be released.

Selecting endpoints is among the most critical etspghen preparing a conceptual model for the risk
assessment as it contributes to setting the staighd risk assessment and the remaining stepof t
process (see Module 3).
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In conclusion, before undertaking a risk assessfioer@n LMO, risk assessors and other biosafety
officers must understand national protection gaeals$ the importance of deciding upon relevant
assessment endpoints in order to plan a risk assess

2.2 Other national and international obligations

A country may have national laws and internatiamidigations, e.g. trade agreements that are nettir
related to biosafety or to the environment but mmélyence how the risk assessors will proceed @nce
risk assessment of an LMO is triggered. Some sbbbations may, for instance, affect the scopehef t
risk assessment (see Module 3).

For examples of relevant international treaties agreéements, see Module 1.
3. National biosafety context

3.1 National biosafety framework

Many countries address biosafety-related issuesigitr a large process that includes the development
and implementation of a national biosafety framdw@®BF). An NBF consists ai combination of
policy, legal, administrative and technical instents that are set in place to address safety éor th
environment and human health in relation to modestechnology.

In most cases, the administration of biosafetyoasibilities is either shared by several government
departments (e.g. environment, agriculture, heattignce) or centralized and managed by one office
which is responsible for the coordination of bietgfissues over a number of government departments.

The choice of framework most often reflects exigtiagulatory structures and the resources avaiktble
the national level for implementing biosafety regidns.

There has been a significant increase in the nuafasuntries that possess NBFs. A global initiativ
funded by the Global Environment Facility (GEF) arsdmplementing agencies helped this process by
providing administrative and technical assistamceduntries in developing and implementing theiri$B
in accordance with their obligations under the &gha Protocol

Individual country’s choices in developing natiob@safety policies resulted in a variety of forms,
depending on national priorities. Some chose teldgva standalone policy on biosafety, while others
formulated combined policies on biotechnology amd&fety. Some policies were part of wider policies
on biodiversity conservation and environmental getion, trade-related issues, biosecurity and
quarantine, or established within the overall crinté sustainable development or Agenda 21 (UNCED,
1992).

As of July 2009, through the GEF-funded initiativé$1 developing countries had completed the
development phase of their NBFs and made themadolaibnline 2/

2/ http://www.unep.org/biosafety/National%20Biosafe®@&ameworks.aspx
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3.2 Competent national authorities

While NBFs consist opolicy, legal, administrative and technical instents, he institutional
responsibility for decision-making and for risk essments of LMOs usually lies within competent
national authorities (CNAs). According to the Cgena Protocol, each Party is to designate one og mo
CNAs to perform the administrative functions regdiby the Protocol.

Furthermore, each Party is obliged to clearly iaticthrough the Biosafety Clearing-House (BCHY, an
existing laws, regulations or guidelines for impétation of the Protocol, as well as the names and
addresses of its CNA(sY.

The NBFs usually set out competencies and procedigeending on the LMO (eidpe type of LMO or
its intended use As such, risk assessments may be assignedi¢oetift CNAs within the same country.

Example 3 — Competent National Authorities in Mexic

In Mexico, for instance, depending on the LMO asdritended use, one or more of its CNAs (Ministr
of Health, Ministry of Agriculture, Livestock, RurBevelopment, Fisheries and Food, and Ministry of
Environment and Natural Resources) may be resplerfsibthe risk assessment.

<<

Source: Biosafety Clearing-House.

The options chosen by countries for the institudlaet-up of CNAs in the different NBFs includg:di
single CNA receiving and processing all requeganmding LMOs; or (ii) more than one CNA, each with
different responsibilities and with either a singtemultiple windows for the receipt of requestgarling
LMOs.

In cases when a Party designates more than one Gfdfnation on the respective responsibilities of
those authorities should be clearly stated and ragdiéable to the BCH. This information may include
for instance, which CNA is responsible for whicpéyof LMO.

In most of the draft NBFs developed by countriessted by the United Nations Environment
Programme (UNEP) as a GEF-implementing agency,ebgonsibility of risk assessment was assigned
to the CNA(s) or the overall biosafety body, wittmdthout advice from either aad hoc scientific
advisory body or an established advisory committee.

3/ Laws, regulations and guidelines, as well as CtAstact details and other national informatioguested by the
Cartagena Protocol can be accessed through the ‘i@enutry Profiles” available from the BCH dtttp://bch.cbd.int

28



UNEP/CBD/BS/COP-MOP/5/INF/22

Example 4 — Competent National Authorities and Natial Biosafety Frameworks

While the competent national authority (or authesi} is responsible for carrying out administrative
functions under the Protocol vis-a-vis other Partire decision-making process under a Party’smaiti
biosafety framework for reaching a decision ongtaposed import of an LMO is likely to involve a
wide range of national authorities. The nationakhiety framework should set out the domestic level
procedure, including any necessary consultationsytbch any decision on a proposed import will be
taken.

Source: IUCN (2003) An Explanatory Guide to the CartagBmatocol on Biosafety.

Upon receiving a request that triggers a risk assesnt, the CNA takes several actions as part of a
process to ensure that a scientifically soundagdessment is carried out by risk assessors. Tiegse
include the following:

(a) Reviewing the LMO notification for completeness iagaa pre-determined list of informatios;

(b) Specifying the terms of reference for the risk asgent and expected information to be included
in the final report;

(c) Identifying one or more risk assessors who willduet and manage the risk assessment.

Example 5 — Institutional responsibilities for riskssessment

Albania — the National Biosafety Committee makes decisibesig advised by the Scientific
Commission of the National Biosafety Committee. Shentific committee shall consist of seven
members. The members of the scientific committdiebeiexperts from the field of microbiology,
genetics, medicine, biochemistry and moleculardgip) pharmacy, agriculture, veterinary science,
biotechnology and safety at work.

Caribbean — The CNA is assisted in its work by a Scientfatvisory Committee, which is responsible
for conducting risk assessment. In Grenada anB#lhamas, risk assessment is done by the national
biosafety coordinating body. In addition to theedific Advisory Committee, St. Lucia’s CNA is
supported in its work by a legislated entity callled Biosafety Unit. Staffing of the unit is alsmally
constituted and is comprised of the following: lifety coordinator, information technology specitalis
biosafety appraisal officer, public education spkst, administrative secretary and inspectors.

Gambia — An inter-sectoral National Biosafety Technicabiking Group will be established with
primary responsibility for risk assessment; decisitaking will be through the National Biosafety
Technical Committee.

4/ In the case of a notification for transboundaigvement to countries that are Parties to the Camntagrotocol, this list
shall contain, at a minimum, the information specifin Annex | (in the case of an application fee {ntentional introduction
into the environment) or in Annex Il (in the casexalecision regarding LMOs intended for direct asdood or feed, or for
processing).
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Tajikistan — Risk assessment will be the responsibility oEapert Board under the National
Biodiversity and Biosafety Center (NBBC). It wilbosist of experts from research institutions of the
Academy of Science, Tajik Academy of Agriculturai&hce and Ministry for Healthcare. All these
subdivisions have the relevant capacity, techr@qaipment and work experience.

Tonga — The Director for Department of Environment (€A) can specify the means by which
scientifically-based risk assessments are to bréeedaout and appoint appropriate bodies to undertask
assessments.

Source: UNEP (2006).

3.3 Risk assessment practices and principles
The risk assessment process includes practicegranuiples that may differ between countries.

As seen in Module 1, Annex 1l of the Protocoldishe general principles for risk assessment. iddal
Parties use these general principles to guidegheldpment and implementation of their own national
risk assessment process. As such, the generalgeisdor risk assessment may be incorporatedtireo
country’s laws or be included in guidelines adogigdhe country.

Example 6 — Risk assessment practices in variousntoes

In Argentina, once an LM plant has been sufficiently field-eestthe applicant may request that the crop
be ‘flexibilized’ that is, be approved for uncordih (usually large-scale) planting for certain sfedi
uses. These are: (i) for regulatory purposes —dwige material for analytical, toxicological anther
required tests; (ii) for export; (iii) for off-seas seed increase — not to be sold in the countryfdr
tests to be later presented (after approval foreerialization is granted) in support of new variet
registration; or (v) for pre-commercial multiplieat pending variety registration.

In Canada, the risk assessment audits for plants with nowtist(PNTs, which includes LMOSs) are
undertaken in offices of the Plant Biosafety Offafehe Canadian Food Inspection Agency (CFIA;
http://www.inspection.gc.ca/english/plaveg/bio/pbed.shtm).

In Mexico, a group of scientists, together with authorifiesn the Ministry of Agriculture, analyse the
applicant’s risk assessment on the basis of ndtiegelation. This group may request help fromesth
experts to decide on an application. When the Ntinisf Agriculture has become familiar with an LM
crop, it may allow the applicant to increase treagslanted for the crop but the applicant will hewe
continue to present the risk assessment as wasfalotie first application. Any biosafety measuf@sa
semi-commercial release would also have to be @aied.

In New Zealand, responsibility for risk assessment lies with éipplicant based on the criteria in the
legislation. Forms and guides assist applicantergtand the intent of the legislative criteria. The
Environmental Risk Management Authority (ERMA) axaties the information provided and if require
can seek further expert information or reportsggw@priate. Low risk activities that conform to the
requirements of the regulatory regime are not plyphiotified. Some activities are discretionary for
public notification while there are others for whithere is a mandatory requirement for public
notification (see ERMA’s websitéttp://www.ermanz.govt.rz

jon
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In the Philippines, the National Committee on Biosafety for the Phiiifgs audits the risk assessment pn
LMO activities and calls on the expertise of théegtific and Technical Review Panel to provide an
independent safety audit and recommendations.

In South Africa, as a general guideline, if scientific reviewersgider a repeat activity of assessed rigk
to be one that does not differ from an earlier aped activity in terms of the nature of the LMO ¢ho
and modified DNA), the applicant, the release emvinent, the size of the release and the confinement
conditions, they will consider a fast track procedior approval.

In theUnited Kingdom, the United Kingdom Advisory Committee on Releasethe Environment
(ACRE) reviews the safety of LMO activities at tfeguest of Ministers and makes recommendations on
whether activities should proceed and what mininmiskamanagement conditions are needed to
minimize harm to the environment and human health
(http://www.defra.gov.uk/environment/acre/about/diém).

In theUnited States of America, the US Department of Agriculture’s (USDA) Aninsid Plant Health
Inspection Service (APHISittp://www.aphis.usda.gdvdentifies specific activities where notification
only is needed before an activity commences. Thelators review all of these natifications and can
request full risk assessment review if they beligheeactivity differs sufficiently from the familido
warrant this additional regulation. Risk assessmarg audited within APHIS, the Environmental
Protection Agency (EPAttp://www.epa.goyand the Food and Drug Administration (FDA;
http://www.fda.goy depending on the nature of the LMO and its use.

Source: UNEP-GEF (2005).

4. Expert advice and therole of therisk assessor ()

4.1 Scientific advisory body

In some countries, the necessary expertise to oatrgisk assessments of LMOSs resides in the régyla
agencies and the risk assessments are carriedteutdlly. In such cases, these agencies typibale
the option of requesting additional expert inpudeéemed necessary.

On the other hand, the regulatory frameworks ofyr@her countries call for the establishment of
scientific expert panels on ad hoc basis once a risk assessment has been triggereach cases, a
CNA assesses which expertise is needed for eaclfisgase and pools together an external teanskf r
assessors consisting of experts in the relevaansic fields.

Such an advisory body may contain a pool of exgartke national, regional or international levetap
can be called upon to assist the mandated risks®$s) when a need arises. A scientific advisodyb
allows the CNAs to quickly engage the approprixigeetise for a particular risk assessment.

In cases when a CNA establishes a team or pameskadissessors, it typically designates one ofithe
assessors to be in charge of the overview and atiah of the risk assessment process.
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Example 7 — How scientists are involved in the ris&ksessment process

National institutions responsible for a biosafegniework may include, for instance, a scientifigiadry
body that carries out or reviews a risk assessarhtecommends what, if any, risk management
measures may be needed to protect the environmdriitanan health.

In Belarus, experts who will conduct risk assessment wilthesen from a roster of experts that will b
adopted by Government. In every case, expertd@iielected separately.

D

In Mexico, the Ministry of Agriculture, one of the CNAs fBiosafety, consults a group of scientists for
advice on each request. The Inter-Secretarial Casiar on Biosafety of Genetically Modified
Organisms (CIBIOGEMhttp://www.cibiogem.gob.mxalso has a database of 350 experts in different
disciplines from whom they can seek advice.

In New Zealand, in addition to the in-house expertise of ERMA expert science panel of eminent
researchers has been established and a rostepart®including overseas experts is maintainedsand
used as appropriate.

In South Africa, the regulatory office has a database of overcéhtists and experts used in risk
assessment. However, not all of these expertsem@enl for every review. The reviewers all sign a
confidentiality agreement with the regulators.

Source: UNEP-GEF (2005).

4.2 Responsibilities of the risk assessor(s)

National frameworks establish different types ap@nsibilities for the risk assessors. These
responsibilities are usually specified in the teoheeference for the risk assessment and maydeclior
example:

Review of the information provided in the LMO dagsiand in particular the information in the
risk assessment provided by the applicant, if atéel

Identification of any other relevant scientificanfiation on the subject at hand, including
previous risk assessments or new information tastdome to light;

Consideration of information gaps and scientificentainties, and possible ways to address
them;

Conducting the risk assessment and preparing atrepo

YV V VY V

These actions are performed in a process thatederdative. For example, it is possible that witile
risk assessment is being conducted a new pieadenftiic information comes to light and revealsrso
information gaps that had not been identified prasiy. In such a case, it may be necessary toifgent
and engage additional sources of scientific exgettiat should be added to the initial risk assessm
panel or scientific advisory body.

In reviewing the LMO dossier or at any subsequtay sf the risk assessment, the CNA(S) or the risk
assessor(s) may decide that further documentaineeded and may choose to request it from the
applicant or to conduct or commission their owrtitegs
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The risk assessor(s) in charge of leading the proiseoften responsible for the coordination ofdkpert
panel or risk assessment team, as well as fortiegdhe findings and disseminating relevant docuisie
among other parties involved, including other sketders (see below), as appropriate, to ensure that
information is properly shared and in a timely mamn

Parties to the Protocol shall ensure that they paweedures to protect confidential informatiore(se
Article 21). As such, the risk assessor(s) is edgpiired to respect any confidential business médion
indicated by the CNA, taking into account that,ading to the Protocol, the following information
cannot be considered confidential: (i) the nameaaudiess of the notifier; (ii) a general descriptud the
LMO(s); (iii) a summary of the risk assessmenthef €ffects on the conservation and sustainablefuse
biological diversity, also taking into account ssio human health; and (iv) any methods and plans f
emergency response.

Once a scientific risk assessment is completediskessessor(s) prepares a risk assessment neport
accordance with the terms of reference establiblgatie CNA. The report should be sufficiently dietdi
to provide the necessary scientific informatiothe decision makers (see Module 4).

4.3 Roster of Experts on Biosafety

To facilitate countries’ access to relevant exgertivhen needed, the Parties to the Cartagena Brotoc
Biosafety established the “Roster of Experts orsBiety”. The aim of this Roster is to “provide awbvi
and other support, as appropriate and upon regoastyeloping country Parties and Parties with
economies in transition, to conduct risk assessmnegite informed decisions, develop national human
resources and promote institutional strengtheraegociated with the transboundary movements afgivi
modified organisms”.

Information on the experts of the Roster of Expert8iosafety is accessible through the BCH at:
http://bch.cbd.int/database/expers of June 2010, the Roster of Experts on Bidgdfad 77 experts
from 28 countries.

4.4 Stakeholder participation

In the context of risk assessments of LMOs, stakishe are those with an interest or stake in beigaf
i.e. in the safe transfer, handling and use of LNfOe country (UNEP-GEF, 2003).

While there is no direct mention of stakeholdetipgration in Article 15 on Risk Assessment of the
Protocol, Article 23 requires that Parties contht public in the decision-making process regardimg
LMO.

Determining the extent to which the public and ottakeholders may be involved in the decision-
making process is a prerogative of each reguldtaryework.

Some countries have a mechanism to enable pubticipation during the risk assessment and/or
decision-making process. For example, one of thA<iN New Zealand, ERMA
(http://www.ermanz.govt.nzopens LMO notifications for public consultation its website.
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Module 3:
Conducting the risk assessment
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Using this module

This module provides an overview of the risk assesd methodology. It is structured in four sections
The first section provides an overview of the gaherethodology for environmental risk assessmedt an
reviews some of the terms used. The second squttades elements that form the basis of a
scientifically sound risk assessment conducted casa-by-case basis. For each of these elemeists, th
section also includes the points to consider framex Ill of the Protocol, along with a short ratide as
to how this information may be useful. The thirdtg® explains some common actions that are
undertaken when setting the context and scopeeaisk assessment. The final section discusses the
process of conducting the risk assessmpense and follows the methodology and steps of Annérfill
the Protocol along with a short description on hisk assessors may proceed in each of these $iteps.
noted that this module does not replace Annexutirather aims at assisting risk assessors in the
practical use of the concepts contained therein.

Any methodology or terminology that is used in tmisdule but that is not included in Annex IlI ortire
Protocol does not reflect a particular regulatgrgraach to risk assessment of living modified orgjaus
(LMOs), but rather draws on a variety of academid Begulatory experiences. As in the other modules,
examples from various approaches to risk assesaneprovided.

Although many of the principles included in thisdnde are broadly applicable, taking into considerat
the experience available, this module focuses pifynan risk assessment of LM plants produced
through the application ah vitro nucleic acid techniques.

1. Introduction

Risk assessment is a process intended to calarlatimate the risk to a given target organisrstesy

or (sub)population, including the identificationwifcertainties, following exposure to a particuagent,
taking into account the inherent characteristichefagent of concern as well as the charactesisfithe
specific target system (WHO, 2004).

The risk assessment process involves a criticawewf available data for the purpose of identifysnd
possibly quantifying the risks resulting from, fatample, natural events (flooding, extreme weather
events, etc.), technology, practices, processedupts, agents (chemical, biological, radiologie#t,)
and any activity that may pose threats to ecosystamimals and/or people.

The objective of a risk assessment under the GartaBrotocol “is to identify and evaluate the ptédn
adverse effects of living modified organisms ond¢baservation and sustainable use of biological
diversity in the likely potential receiving envinment, taking also into account risks to human héalt
(Article 1).

The results of risk assessments of living modifieganism (LMOs) are typically used by decision
makers to make informed decisions regarding thecajah with or without conditions (e.g. requirement
for risk management and monitoring strategiesyhermprohibition of a certain use of the LMO.
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Figure 1 — Assessing risks

What's the
hazard? -~
—

Source:http://www.scienceinthebox.com/en_UK/safety/riskasssnent_en.html

This module provides an introduction to risk assesy and considerations that may assist risk a@sess
in conducting risk assessments of LMOs that arsistent with Article 15 and Annex Il of the Protic
i/

2. Overview of the risk assessment methodology

In order to understand what is meant by risk agsess it is important to be familiar with the copte of
risk andhazard and how these terms differ. The term “risk” does have a single unambiguous
definition but is often defined as “the probabilidfharm”. Risk is broadly understood as the liketid
that a harmful consequence will occur as the refwdh action or condition.

Risk is often described as the combined evaluatidrazard and exposure.

» “Hazard is defined as the potential of a stressor to edwesm to a biological system (e.g. a
species) (UNEP/IPCS, 1994).

+ “Exposure”’means the contact between an agent and a rec€ptaact takes place at an
exposure surface over an exposure period (WHO,)2004

The pathway leading to the exposure of the recepttite hazard forms the third element in risk.
Ascribing the probability of exposure to the hazlyda receptor characterizes the risk. All thresrents
must be evaluated to form an effective and usedlklassessment for specific scenarios (UNEP Dinisio
of Technology, Industry and Economics, website).

U Taking into consideration the experience avadaltthe focus of this training module will be LMOsguced through
the application oin vitro nucleic acid techniques (i.e. produced throughetieriransformation) and not on LMOs produced
through cell fusion beyond the taxonomic familyggeticle 3 of the Protocol).
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A simple example can be used to distinguish hafrand risk: acids may be corrosive or irritant tantan
beings (=hazard). The same acid is a risk to humeaith only if humans are exposed without protectio
to it. The degree of harm caused by the exposutel@pend on the specific exposure scenafitf.a
human only comes into contact with the acid attbas been heavily diluted, the risk of harm waél b
minimal but the hazardous property of the chemighiremain unchanged (EEA, 1998).

Example 1 — What is risk? What is risk assessment?

Risk = the combination of the magnitude of the eguences of a hazard, if it occurs, and the likelih
that the consequences will occur.

Risk assessment = the measures to estimate wimatrhig;ht be caused, how likely it would be to occuy
and the scale of the estimated damage.

Source:UNEP (1995).

According to WHO (2004), a risk assessment procasse divided into four main phases:

(a) Hazard identification- The identification of the type and nature of @de effects that an agent
has an inherent capacity to cause in an organigters or (sub)population;

(b) Hazard characterizatior The qualitative and, wherever possible, quantéadescription of
the inherent property of an agent or situation hgv¥he potential to cause adverse effects. This
should, where possible, include a dose-responsssasent and its attendant uncertainties;

(c) Exposure assessmenEvaluation of the exposure of an organism, sysie(sub)population to
an agent (and its derivatives);

(d) Risk characterizatior The qualitative and, wherever possible, quantéaletermination,
including attendant uncertainties, of the probapiif occurrence of known and potential
adverse effects of an agent in a given organisetesyor (sub)population, under defined
exposure conditions.

If risks are identified during the last step abav&k management strategies may be identified wirial
effectively prevent, control or mitigate the hamorh happening. As such, the risk assessment process
often includes an additional step on the identifaraof a range of possible risk management stiaseg
that could reduce the level of risk.

It is worth noting, however, that it is only duritige decision-making process that a choice is raade
whether or not risk management strategies shoulthpeemented (see more details on the identificatio
of risk management strategies in Module 4).

As a whole, the risk assessment process can bby fiigitative, in which one or several steps maydhiee
be re-evaluated when, for instance, new informatiecomes available in an attempt to increase tre le
of certainty.

2/ “Exposure scenario” is a set of conditions or assumptions about souregposure pathways, amounts or
concentrations of agent(s) involved, and exposgdrosm, system or (sub)population (i.e. numberaragtteristics, habits) used
to aid in the evaluation and quantification of esye(s) in a given situation.
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The methodologies for risk assessment of LMOs lewadved over the last several years. At a concéptua
level, the methodologies have been adapted frorexisting paradigms for environmental risk
assessment developed for chemicals and other ofmes/ironmental stressors (Hill, 2005). As a rgsul
the terminology used in the different methodologiesy vary.

Being familiar with the different terms used inkrisssessment enables a more direct comparisondretwe
the terminology used in Annex Il and differentkrsssessment frameworks, and facilitates the
interpretation of results from different risk assaents, for instance, for the same LMO.

Example 2 — Variation in terminology used to dedwei methodological components common
to many risk assessment frameworks

1. Hazard Identification
Also referred to as:
- identification of characteristics of a GMO that may have adverse effects on the
environment
- a part of a broader exercise called problem formulation
- the “what could go wrong” step

3. Consequences Assessment
Also referred to as:
- effects assessment
gp - assessment of severity of effects if they cccur
- hazard characterization
- stressor-response assessment
- dose-response assessment (human health only)
- the “would it [hc a problem” step

2. Exposure Assessment
Also referred to as:
- assessment of the likelihood of occurrence of
particular adverse outcomes
- chance or probability of a harm being realized
- the “how likely is it to happen” step

e -
'Y '

4. Risk Characterization
Also referred to as:
- risk estimation
- risk evaluation (this term is used in other ways also)
- characterization of risks based on the evaluation of the likelihood
and consequences of the identified adverse effects being realized
- the “what is the risk™ step

i Feedback to

previous steps

5. Mitigation Options =
Also referred to as:

- application of risk management strategies
- identification of strategies to manage risks

Source:Hill (2005).
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3. Context and scoping of the risk assessment

Protection goals for the conservation and susté&nade of biodiversity may be defined in national,
regional and international policies. In setting tloatext of a risk assessment, these goals magi&eant
for the identification and selection of appropriagsessment endpoints and for determining which
methodology will be used in the risk assessmentge® Understanding the contribution of national,
regional and regulatory policies in setting theteghof the risk assessment is part of the prepgrat
work for a risk assessment as seen in Module 2.

After consideration of the protection goals, tfek dssessment of a particular LMO proceeds to the
scoping phase in order to define the extent andirtties of the risk assessment process. This phase
usually consists of at least three main actionsdliecting relevant assessment endpoints or /e
species on which to assess potential adverse gffé@restablishing baseline information; and) (#ihen
possible, establishing the appropriate compargtor(s

Although these actions are described here as gepativities, in practical terms, the scoping ghigsan
iterative process where the risk assessors wikllysdraw on the results of each action to infohma t
subsequent actions until all their elements haes lwensidered sufficiently to enable the risk eavest
to proceed.

3.1 Selecting relevant assessment endpoints oresentative species

The purpose of an assessment endpoint or of rafiedse species is to provide a measure that will
indicate whether or not the LMO may cause an a@venpact on a protection goal. In order to be usefu
the selected assessment endpoints or charactenstice representative species should be speeitic
measureable.

Assessment endpoints or species representativepoiriant ecological functions or roles should be
selected on a case-by-case basis. The complexiheacosystems and the large number of potential
candidates add to the challenges in selectinggheogriate assessment endpoints in ecological mgste
Some important criteria for the selection of assesg endpoints to be used in the risk assessment of
LMOs may include, for example: (i) their relevanodhe protection goals; (ii) a well-defined ecatay
function; (iii) accessibility to measurement; ang (evel of potential exposure to the LMO.

Identifying assessment endpoints or representafpieeies that are relevant within the context of the
likely potential receiving environment allows thgkrassessor(s) to focus on interactions thatileedyIto
occur. However, if, for example, the preservatiba oertain species is a primary protection godl @n
risk scenario that the LMO could have a negativesgiot on that species can be formulated, risk asisess
may need to assess whether the LMO has the pdtentiause an adverse effect even if the habitttier
geographical distribution areas of the protecteztigs do not overlap with the likely potential rigteg
environment of the LMO. This could occur, for exdepjif a third species is sexually compatible wviltb
LMO and the protected species, and has a distoibatrea that overlaps with the distribution ardab®
LMO and the protected species, thereby providingeimect exposure pathway between them.
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Example 3 — Questions asked when selecting represere species for assessing effects of Bt
plants on non-target organisms

» Which variant of the Bt protein are we dealing With

Where is it expressed (in the leaves, pollen gy onthe roots)?

Is it produced in the plant throughout its lifeamly during particular growth phases?
Which insects come into contact with the Bt protein

Is this contact direct and long-term or only oconal?

Which insects ingest the Bt protein through theay®

YV V V V VYV

Source:GMO Safety (website).

Example 4 — Common problems in selecting assessreadpoints

» Endpoint is a goal (e.g. maintain and restore emtpopulations);

» Endpoint is vague (e.g. estuarine integrity instelaabundance and distribution of a species)
» Ecological entity may not be as sensitive to thessor;
>

Ecological entity is not exposed to the stressay. (@sing insectivorous birds for avian risk of
pesticide application to seeds);

v

Ecological entities are irrelevant to the assessifeeg. lake fish in salmon stream);

A\

Importance of a species or attributes of an ecesysitre not fully considered;
th

» Attribute is not sufficiently sensitive for detewgiimportant effects (e.g. survival compared w
recruitment for endangered species).

Source:US Environmental Protection Agency (1998).

3.2 Establishing the baseline

In simplified terms, the baseline for the risk asseent of an LMO is a snapshot of the environmeat p
to the introduction of an LMO. In risk assessmém, baseline information describes the conditions
existing prior to the introduction of the factor @ge potential adverse effect is being assessedliBas
can refer, for instance, to a particular environhwerhealth conditions of a population.

The baseline should be established with the ailraeing measurable information on any element of the
likely potential receiving environment that is calesed relevant in assessing the impacts from the
introduction of the LMO, including considerations possible impacts on human health.
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3.3 Establishing the appropriate comparator(s)

As seen above, comparative risk assessment isfahe general principles of risk assessment asget
in Annex Il to the Protocol, whereby risks asstaibwith the LMO “should be considered in the canhte
of the risks posed by the non-modified recipiemtparental organisms in the likely potential regsiv
environment”.

Using a comparator may help a risk assessor irtifgieng the novel characteristics of the LMO and
assessing whether the LMO presents greater, lesgguivalent risk than the non-modified organism
being used in a similar way and in the same enwient.

Depending on the context, a risk assessor maycalsose to consider similar or related non-modified
organisms as useful comparators, such as for icst@rear-)isogenic lines. Related management
practices and experience with similar non-modifieglanisms may also be helpful. For example, when
considering the risk assessment for an insecttagsiEM crop, a risk assessor may wish to consider,
among other things, the available experience wést pontrol practices applied to nhon-modified
organisms of the same species as the recipiergrenal organism(s) (e.g. use of spores fBauillus
thuringiensisas pesticides).

In some circumstances, choosing appropriate cortgréspcould be a challenge. This could happen, for
example, in the case of LM crops resistant to &baitesses if the non-modified recipient or paakent
organism(s) were not able to grow in the receiéngironment. Under extreme stress conditions, vehen
comparator may not be available to provide for amregful comparison, a characterization of the tbio
stress-tolerant LM crop as a novel genotype irrgleeiving environment may provide relevant
information to the risk assessment.

4. Elements of a case-by-case risk assessment of QM

The case-by-case approach in risk assessmentad baghe premise that risks that may arise fram th
release of an LMO depend on three main elemergd:MO itself, the likely potential receiving
environment and the intended use of the LMO in tjoiesin order to identify and assess risks, edch o
these elements needs to be characterized in artetieeanner and as appropriate for the specific ris
assessment. Moreover, it is noted that while tttese elements may be sufficient to establish the
boundaries of a risk assessment, potential adediesets may extend beyond these elements to, for
instance, unintended receiving environments ang.use

The information required for each of these elemantsrisk assessment may vary in nature and hdvel
detail from case to case. The following section$-4.3) provide examples of information that may be
relevant for the characterization of each elembova. These sections include several of the “pamts
consider” as indicated in paragraph 9 of Annextithe Protocol.

A large portion of the information listed here &ually included in the LMO request triggering thekr
assessment. The risk assessors may determine whetha the information provided is sufficient and
adequate for conducting a scientifically sound askessment and, if needed, obtain additional
information by, for instance, carrying out theirmimvestigation or requesting it from the applicant
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Example 5 — The case-by-case approach

“A risk assessment performed for a particular LM nded to be introduced to one environment may
not be sufficient when assessing the possible agwffects that may arise if that LMO is to be asta
under different environmental conditions, or intffedent receiving environments. A risk assessment
performed for a particular use of a particular LM@y not be sufficient when assessing the possible
adverse effects that may arise if that LMO is taibed in different ways. Because of this, it is dmiant
for each case to be addressed separately, takimgaenount specific information on the LMO concetne
its intended use, and its potential receiving eminent.”

Source:lUCN (2003).

4.1 Living modified organism
4.1.1 Characterization of the recipient organism oparental organisms

In order to identify whether there arharacteristics associated with an LMO that mageaotential
adverse effects (see Section 5.1), it is first agaey to have information about the recipient oepial
organism(s)3/ For many LMOs, the biology of the recipient or paet organism(s) will strongly
influence the potential interactions of the LMQtle receiving environment.

Information on the recipient or parental organigngstherefore, essential as it will help the réssessor
identify the exposure and its scenarios, and, aliy, whether a risk is posed by an LMO.

The information that is needed for the charactédneof the recipient or parental organisms wiltywa
depending on each case. It normally includes bicid@nd reproductive characteristics of the
recipient/parental organism(s) that could be imgatrfor determining potential exposures of other
organisms to the LMO in question in the likely pdtel receiving environment, such as possible
interactions with predators, prey, competitorshpgens, etc.

In many cases, information on the recipient or p@leorganism can be found in biology documentshsu
as those published by the Organisation for Econ@nioperation and Development (OECGDand
Canadian Food Inspection Agency (CFBAfor many species of LMOs currently under
commercialization.

The LMO will, in most cases, share more genetiafithe with the actual recipient or parental orgam(s)
than with other members of the parental speciess;Tihis also important to consider, whenever idss
comparative data from the actual non-modified riecipor parental organism(s).

Information about recipient or parental organisnigs)e considered may include:

Taxonomic status This information is useful for identifying the reant or parental organism(s) and
for ensuring that information provided and citedidg the assessment pertains to the organism farhwh

3/ For the purposes of this training material, “péent organism” will be considered to be the nansformed organism
that was subject to genetic modification throurghitro nucleic acid techniques. Similarly, “parental arigans” will refer to the
donor organisms of either cells, when used infasibn, or genetic material when used iforitro nucleic acid techniques.

4/ Seehttp://bch.cbd.int/database/record-v4.shtml?docuitieA8496

5/ Seehttp://www.inspection.gc.ca/english/plaveg/bio/iodoce.shtml
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the assessment is being carried out. Typicallytakenomic status includes the scientific name (i.e
genus and species, for exam@ea maypand information about the taxonomic family (d2gaceae).
This may also include other information used tatfer classify (e.g. sub-species, variety, strain) o
differentiate the recipient or parental organisniésy. ploidy level or chromosome number).

Common name-The familiar or colloquial names for the parentajamism that may be commonly used
in the country of introduction and in internatiotr@de may be useful for finding information relev&o

the biology of the organism. Caution is, howevecommended when using information about recipient
or parental organism(s) where only common namesifgghe scientific name) are used as the same
common name may be applied to more than one species

Biological characteristics 4nformation on the biological characteristics loé trecipient or parental
organism(s), such as the production of endogermaisst and allergens, its reproductive biology, seed
dispersal and growth habit, are also importanttsdior consideration.

Origin — The origin of the recipient or parental orgar(smefers to its place of collection and may be
important because populations within a species agety, strain, isoline, etc.) may have sigrifidy
different characteristics. For domesticated spetiés may be supplemented with a pedigree mapavher
available.

Centres of origin and centres of genetic diversityKnowing the centre(s) of origin and genetic dsvigr
can provide information on the presence of sexuatypatible species and the likelihood of ecoldgica
interactions in the receiving environment. In theence of more specific information, the centrerajin
can also offer insight into the biology of the spede.g. habitats to which the species is adapted)

Habitat where the recipient or parental organism(slay persist or proliferate- Information about the
ecosystems and habitats (e.g. temperature, humédiityide, etc.) where the recipient or parental
organism(s) is known to be native and where it hmaye been introduced and is now naturally
established provides baseline information for usiderding the range of habitats in which the species
exists, the range of behaviours exhibited in tHeggtats, and how characteristics of the species
determine the range of habitats where it occurss ififormation can provide the basis for estimating
other habitats, in which the species may persigptaliferate, and can be very valuable in deterngrihe
likely potential receiving environment and, consemly, the level of exposure to the LMO. For more
details on the type of information that may be ukefee Section 4.2 on the “Likely potential reasiv
environment(s)”.

The history of use can be very valuable as well.dxample, if an LMO persists in heavily managed
environments (e.g. agriculture, silviculture orreationally managed land), this will provide infation
about the conditions necessary for its survivahdly also provide direct indications of how the LMO
will behave in other managed environments.

4.1.2 Description of the genetic modification

Information on the genetic material that was intregtl or modified, as well as the method used ®r th
genetic transformation is useful in identifying mbproperties of the LMO, such as what new gene
products are expressed and which of the endogagenes of the recipient or parental organism(s) may
be affected by the genetic modification.

Typically, the description of the genetic modificatincludes information on: (i) the “donor orgamnis)”
or source from which the inserted genetic elemgotiginates; (ii) characteristics of each introddor
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modified genetic element, including their intended known biological function(s); (iii) the vectosed,
if applicable; and (iv) the transformation meth&dch of these points is explained briefly below:

Donor organism(s)- The relevant information about the donor organgrmcludes its taxonomic status,
common name, origin and relevant biological chanastics.

Modified genetic elements or insert(s)Fhe relevant information on the inserted or modifienetic
elements includes the name and characteristidseedhserted or modified nucleic acid sequence(s),
including the marker genes or non-coding DNA, arartfunction(s). If available, a history of useyna
be important with regards to potential toxicityadlergenicity of the gene products derived from the
donor organism. If the genetic elements originetenfa donor organism that is known to be a pest or
pathogen, it is also relevant to know whether amd these elements contribute to the pest or pattioge
characteristics.

Vector— In molecular biology, a vector is a nucleic acidlecule used as a vehicle to transfer foreign
genetic material into another cell. If a vector,dgample a plasmid, was used for the transformatio
relevant information includes its identity, soumeorigin, and its host range.

Transformation method- Specifying the method that was used in the transition (e.g.
Agrobacteriummediated, particle gun, etc.) is also relevantmthescribing the genetic modification.

Characteristics of the modification Fhis refers to information about the inserted adified genetic
elements and whether they are present and functjas expected in the LMO. Normally, this involves
confirming that the DNA insert or modified genetdiement is stable in the genome of the LMO.
Information such as the insertion site in the gemaifithe recipient or parental organism(s), cetlula
location of the insert (e.g. chromosomal, extraofosomal or chloroplast DNA), its mode of inheritanc
and copy number may also be relevant.

4.1.3 Ildentification of the LMO
With regard to the identification of the LMO, thallbwing are important points to consider:

Unique identifiers— A unique identifier is a code corresponding teaasformation event derived from
recombinant DNA techniques provided by the LMO deper to enable the unequivocal identification of
the LMO. Each unique identifier is made up of ausagre of 9 alphanumeric digits such as, for example
MON-89788-1 assigned according to the OECD guidalmoement (OECD, 2006y/

Detection and identification methods Fhe availability of methods for detection and itiécation of the
LMO may be considered as well as their specifiggnsitivity and reliability. This information mépe
relevant not only in assessing the risks but dtsogxample, in considering possible monitoring aisd
management strategies (see Module 4). Some regufaaoneworks require a description of such
methods as a condition for regulatory approvalrgteoto ensure that the tools for assisting with
monitoring and risk management are available.

6/ For more details, see OECD (2006).

48



UNEP/CBD/BS/COP-MOP/5/INF/22

Example 6 — CFIA detection and identification mettiariteria

According to the Canadian Food Inspection Agendyl(, acceptable methods for detection and
identification of LMOs must address the following:

Test type— Methods must be suitable and may be protein, RMANA-based. Phenotypic-based
methods will not generally be considered suitable.

Limit of detection — Methods must meet the following sensitivity andwaacy requirement:

For those methods that are grain-based, the metiigtibe able to detect 0.2% modified grain
grains in 1000) with a 95% confidence interval.

For those methods that are not grain-based (eglesingredient feed), the method must be ahle

to detect 0.2% modified material in a sample wiBb&6 confidence interval.

Procedural clarity — The method must be complete and laid out in a ssepiashion that may be easily
followed by a person unfamiliar with the methodt@ed descriptions of sample size, replicates,
extraction procedure, expected results (figuresiseces), interpretation and acceptance criterid bais
included.

Cross-reactivity — The method must be shown to be specific to the BiNiiterest. Any potential for
cross-reactivity must be clearly stated. Crosstrgicdata must be provided demonstrating that the
method does not cross-react with other commercéaiilable PNTs of the same species with similar
traits/modifications that are currently availabtetbe Canadian market.

Reference material- The company must provide appropriate referenceniadd to the CFIA upon

request. Appropriate reference material will beed®ined by the CFIA based on the method provided.

Contact information — The company must provide contact information fee@hnical support person.

Source:CFIA (website).

4.2 Likely potential receiving environment(s)

The receiving environment of an LMO encompassel tha area where the LMO will be intentionally
introduced into the environment as well as any micgereceiving environment(s) which will likely be
exposed to the LMO.

As such, when characterizing the receiving enviremtnin addition to the area where the LMO will be
intentionally introduced, the likely potential régag environment of an LMO should also be thordygh
examined during a risk assessment, with partiattantion given to areas where exposure levelsdo t
LMO will be highest.

The characterization of the likely potential re@egvenvironment takes into account its ecological
characteristics, including physical location/ge@ima climate, and its biological entities and their
interactions. The characterization of the likelygraial receiving environment will help in selegfin
appropriate assessment endpoints for the risk sreses (see Module 2, Section 2.1) and will alseciff
the assessment of the potential interactions of @ with other organisms.
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To determine the likely potential receiving envinmnts, risk assessors may consider potential pgthwa
for dispersal of the LMO as well as the habitaterefthe recipient/parent organism(s) may persist or
proliferate.

An analysis of possible dispersal routes and masimanis also important in establishing the likely
potential receiving environments. Different disgkrsechanisms may exist and could be inherentreithe
to the LMO (e.g. altered seed characteristicsjntended use (e.g. shipment practices) or theviege
environment (e.g. proximity to a river). The riskssassment should take into consideration all plessib
dispersal mechanisms, keeping in mind the bioldgh®LMO and non-modified recipient or parental
organism(s), in a concerted manner for each case.

Information about the likely potential receivingv@nment can include considerations of both large-
scale (e.g. climate) and small-scale charactesigti@. microclimate) depending on the complexitthe
environment. The type of information about the ljiggotential receiving environment and the level of
detail depend on, in accordance with the prinaifflease-by-case, the nature of the LMO and itsinheel
use (see Section 4.3).

It may not be possible or practical to considemrgy®ssible interaction between the LMO and the
receiving environment. Such challenges and linatetishould be acknowledged during the risk
assessment process.

Some physical and biological characteristics oflitedy potential receiving environment(s) that mzey
considered in the risk assessment of LMOs are itbestbelow. This is an indicative list and the
information required to satisfy the needs of theeasment will vary depending on the nature of tH&L
and its intended use.

4.2.1 Physical characteristics

The physical or “abiotic” characteristics of thielly potential receiving environment may have agre
impact on the ability of an LMO to survive and psts

Geography and climate- Geography encompasses characteristics suchtasiéativhich will influence
day length and altitude. Climate encompasses teatyer precipitation, humidity, wind and other
meteorological measures over long periods of tioe.the purposes of environmental risk assessment,
geography and climate are among the most impoidattrs that impact on the ability of an LMO to
survive and persist. For LM plants, temperature @redipitation are likely to be key determinants.
Seasonality (variations in climate with an annyal€) can also be an important consideration in the
potential survival and persistence of an LMO.

Soil — The type and quality of soil can greatly influetice ability of an LM plant to survive or persist
without land management. The type and quality dfase heavily influenced by the organisms livimg i
its proximity, but abiotic factors such as climagepgraphy and its topology will also play a rale i
determining its characteristics (e.g. mineral coptmoisture level, texture, etc.).

Management status- The management status of an environment is a meashow much human
intervention takes place in order to maintain dipalar condition. A separate but related concept i
“disturbance” which can be considered as the amolintiman activity that affects the environment but
without the intention of maintaining a particulandition. Management and disturbance may greatly
influence the ability of an LMO to survive and pets$n the environment. Receiving environments lsan
highly managed or unmanaged, and highly disturlvachdisturbed.
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4.2.2 Biological characteristics

The biological characteristics of the likely poiahteceiving environment consist of all the living
organisms present in the environment, its bioldgioaamunities and the interactions among them.

Both managed and unmanaged environments contaipleriiological characteristics that pose
challenges for environmental risk assessments.

As any other organism, an LMO released into therenment is expected to have many interactions with
other organisms. For the purposes of environmeistahssessment, it is critical to develop verifgatisk
scenarios and identify the appropriate speciestiagtbe impacted by the presence of the LMO in the
environment. For example, gene flow and, possibtypgression are more likely to occur when sexuall
compatible species are present in the likely p@krdceiving environment.

Risk assessors should strive to identify critesiahiaracterize representative species in the likely
receiving environment since their interactions wvtftb LMO are informative for the assessment
endpoints.

4.3 Intended use

The intended use of an LMO can provide valuablermftion and context for the risk assessment
process. Understanding the intended use also alavek assessor to structure the exposure assaissme
by starting with the environment where the LMO Wil deliberately introduced, and then considering
whether or not the LMO is likely to disseminatepersist outside of this environment.

To illustrate how the intended use can affect itkedihood of a risk posed by an LMO, a hypothetical
case of an LM tree being used for wood productimunidbe considered, in which the first flowering
would occur after 15 years of planting, but loggimould takes place after only 10 years. As sudh, th
intended use would result in the LM tree being Edjgefore its first flowering. Consequently, insthi
hypothetical case, the intended use would influghedikelihood of potential outcrossing of this LM
tree.

Information regarding the intended use of the LM@yralso take into account any new or changed use in
comparison to the recipient or parental organisnfigs)example, in cases where the recipient orrgate
organism(s) is a crop for human consumption buirttended use of the LMO is the production of a
compound for pharmaceutical or industrial use.

The scale and type of the introduction into theiremment, for example, field trials or commercial
releases, and whether a risk management strat@ggpssed, may also be relevant when considering th
intended use. Many regulatory frameworks, for inséa require that submissions for field trials be
accompanied by information on risk managementegias to reduce exposure to the LMO.

Considerations on the intended use may also takieagtount national and regional experiences with
similar organisms, their management and exposuittgetenvironment.

5. Conducting the risk assessment

Conducting the risk assessment involves synthagizhmt is known about the LMO, its intended use and
the likely potential receiving environment to editbthe likelihood and consequences of potential
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adverse effects to biodiversity and human heakhltiag from the introduction of the LMO. Risk
assessors need to identify the information needddiaderstand how it will be used. Using and
interpreting existing information, as well as id&ibhg information gaps and understanding how talde
with scientific uncertainty are crucial during thigk assessment.

Some risks can be assessed based on existingfacigetature and available information alone héts
may require laboratory experiments (e.g. earlytbgicology testing), confined field experimentsabher
scientific observations. Scientifically sound metblmgies should be determined and documented for
testing any identified risk scenario. When asseassmethods are well described, risk assessors and
subsequent reviewers are better equipped to detemntiether the information used was adequate and
sufficient for characterizing the risk.

Example 7 — Data acquisition, verification and mdaring

“The importance of the data acquisition, verifioatiand monitoring process in the development of
accurate risk assessments has been emphasizedsMumimatter how sophisticated, are simply attsmpt
to understand processes and codify relationshiply. tDe reiteration of the predictive (risk assessth
and experimental (data acquisition, verificatiamg anonitoring) process can bring models close togoe
a true picture of reality.”

Source:UNEP/IPCS (1994).

Considerations of uncertainty are undertaken througthe whole risk assessment process. The risk
assessment methodology as set out by the Cart&yetarol states that “where there is uncertainty
regarding the level of risk, it may be addresseddoyesting further information on the specifiaiess of
concern or by implementing appropriate risk manag@rstrategies and/or monitoring the living
modified organism in the receiving environmert”.

Although uncertainty can be often addressed byasting additional information, the necessary
information may not always be available or new utateties may arise as a result of the provision of
additional experimental data. As uncertainty iseir@mt in the concept of risk, it is important toxswler
and analyse, in a systematic manner, the variaussfof uncertainty (e.g. types and sources) that ca
arise at each step of the risk assessment prodessource(s) of uncertainty may originate fromlgwk
of data/information and/or the choice of experinagédesign. The nature of uncertainty may be deedrib
for each identified source of uncertainty arisingnf: (i) lack of information, which may be reduoeiih
more research/testing; (ii) limitations of the @t state of knowledge; and (iii) inherent varigypil
among, for example, different populations in theereéing environment.

If the level of uncertainty changes during the askessment process (e.g. by provision of new
information), an iteration of parts or the entiigkrassessment process may be needed.

It is important to note that while scientific untznty is taken into consideration during the vasigteps
of the risk assessment process and the resultsceftainty considerations may be included in thk ri
assessment report, ultimately, it is the respolitsilof the decision-makers to decide how to taki®e i
account the precautionary approach when makingiaida on an LMO.

7/ Paragraph 7(f) of Annex Ill.
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Example 8 — Scientific uncertainty

“There is no internationally agreed definition e€ientific uncertainty’, nor are there internatitya
agreed general rules or guidelines to determinecitsirrence. Those matters are thus dealt with —
sometimes differently — in each international iastent incorporating precautionary measures.”

Source:lUCN (2003).

The following sections address the steps of theatsessment methodology described in paragraph 8 o
Annex Il to the Protocol.

These steps describe a structured and integrabedss, whereby the results of one step are relévant
subsequent steps. The risk assessment procesdsoayead to be conducted in an iterative manner,
where certain steps may be repeated or re-exartoriadrease or re-evaluate the reliability of trs r
assessment. If, during the process, new informatises that could change the outcome of a step, th
risk assessment may need to be re-examined acghydin

5.1 Identification of any novel genotypic and phemypic characteristics
associated with the LMO that may have adverse affec

The first formal step of the risk assessment isid@mtification of any novel genotypic and phenatyp
characteristics associated with the LMO that maxyetedverse effects on biological diversity in tikelly
potential receiving environment, taking into acdotsks to human healthg/

What constitutes an “adverse effect” will dependimscontext and scope of the risk assessmentgaki
into account, as appropriate, the specific prod@cgioals as seen above.

Example 9 — Potential adverse effects
“With every new emerging technology, there are ptérisks. For LMOSs, the potential risks include:

The danger of unintentionally introducing allergams! other anti-nutrition factors in foods;
The likelihood of transgenes escaping from culédaBM crops into wild relatives;

The potential for pests to evolve resistance tddkims produced by GM crops;

The risk of these toxins affecting non-target oigans.”

Y VVY

Source:GMAC Singapore (website).

The molecular and phenotypic characterization df/i® provides the basis for identifying differences
both intended and unintended, between the LMO @@ cipient or parental organism(s). Molecular
analyses may be performed to characterize the ptodfithe modified genetic elements, as well as of
other genes that may have been affected by theficatthn. Data on specific expression patterns may
relevant for risk assessment in order to determkp®sure, and may also include data confirming the
absence of unintended products (e.g. in the cas@dtance, where the gene product is intended to
function only in a specific tissue, data may beduseconfirm its specificity in that tissue and
demonstrate its absence in other tissues).

8/ Paragraph 8(a) of Annex Ill.
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Other phenotypic data are often presented to itelitat the LMO is behaving as anticipated. Thisido
include data on reproductive characteristics, afitens in susceptibility to pests and diseasesrdate to
abiotic stressors, etc.

Once the potential adverse effects have been fahtihe risk assessment proceeds to estimatiang th
likelihood and consequences of these effects. iBaetid, developing risk scenarios may, in somes;ase
provide a useful tool.

A risk scenario may be defined as “a sequence @rfitswvith an associated consequence” (Transport
Canada, 2004). In the context of risk assessmdniti@is, a risk scenario may be explained as a
scientifically supportable chain of causal evehtsiugh which the LMO might have an adverse effect o
an assessment endpoint.

Example 10 — A risk scenario

“The possibility that growing Bt corn may kill ladird beetles due to ingestion of the Bt protein whe
preying on insects feeding on the GM corn, themellycing the abundance of coccinellids in the
agroecosystem and increasing the incidence of.pests

Source:Hokanson and Quemada (2009).

A well defined risk scenario should be scientifigglausible and allow the assessor to identify
information that is necessary for assessment ks.ris

Although some risk scenarios may appear to be ol\e.g. potential for insect-resistant plantsfteca
insect herbivore populations), it is always usédubentify the risk scenarios fully.

Clear and well-defined risk scenarios can alsordaute to the transparency of risk assessment lsecau
this allows others to consider whether or not thtessequent steps of the risk assessment have been
adequately performed, and also facilitates theideration of possible strategies to manage thetiitksh
risks.

A common challenge in generating a well-defineld sisenario is to choose representative species that
would be exposed to the LMO. This is why an expesigsessment should be considered when selecting
assessment endpoints.

When establishing risk scenarios, several condidesamay be taken into account. These include, for
example: (i) gene flow followed by undesired intregsion of the transgene into species of inte(@st;
toxicity to non-target organisms; (iii) allergerici(iv) tri-trophic interactions and indirect effis; and

(v) resistance development. The following paragsagtplain some of these considerations in more
detail:

Gene flow followed by undesired introgression o&tltransgene in species of interestene flow is a
term used to indicate the transfer of genetic matéom one population or species to another. Glave
may be horizontal (i.e. without involvement of sakarossing) or vertical (e.g. via pollen).

In the case of plants, vertical gene flow may o@uen between organisms that are located fairly far
away from each other since pollen can be carriggkldistances by the wind or insects, for instance.
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The potential for gene flow from an LMO to non-migetil organisms is first evaluated by investigating
whether sexually compatible species are presdheineceiving environment.

If sexually compatible species are present in ¢éoeiving environment, there is a potential for ghow
from the LMO to these species. Whether or notithiesgene can potentially introgress into the
population of the sexually compatible species halllargely determined by the biology of the reaipier
parental organism(s) and of the LMO itself (seestaerations regarding the likelihood and consegegnc
of gene flow and introgression in Sections 5.2 &u3).

Figure 2 — Gene flow to conventional crops and @ist relatives through
“genetic bridges”

Wild Relative

Gene Flow

N~

Gene
Flow

*
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Source:Heinemann (2007).

Toxicity to non-target organisms The potential for an introduced gene product tédsé to organisms
in the environment is typically addressed by cdlgdoexposure in the environment or by direct tayic
testing, or by a combination of the two. Non-targefanisms may include, for instance, herbivores,
natural enemies (e.g. parasitoids and predatasingtors and pollen feeders, soil ecosystems and
weeds.

If toxicity testing is needed, it typically follons sequential series of tiered tests. Early tialiet

involve highly controlled laboratory environmenthave representative or surrogate test species are
exposed to high concentrations of the gene prdukiog studied (i.e. worst case exposures) to daterm
whether there are any toxic effects. If toxic effe@re observed in early tier tests or if unacdspta
uncertainty exists, more realistic conditions repreative of field-level exposures can be tested to
determine the extent of the risk.

The gene products of transgenes in LMOs may beugeatiin very small quantities and may be difficult
to isolate in the amounts required for toxicitytiteg. If this is the case, and it is determined tbaicity
tests are required, the risk assessor may congsleits from tests using gene products obtained fro
alternate sources (e.g. bacterial expression sgsbeiine organism from which the transgene was
derived), provided that these gene products ammiciadly and functionally equivalent.
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Figure 3 — Exposure to non-target organisms

©2008\VF www.Vadlo.com

Source:VADLO (website).

Allergenicity — Allergies are a type of adverse immunological resgahat affects individuals who are
predisposed to certain types of substances (lezgahs). Allergens are often proteins or peptides.

In considering allergenicity caused by LMOs, ilngortant to take into account the exposure toginst
newly expressed in the LMO and novel forms of thasgeins that are unique to the LMO. This may, in
some cases, only be possible using techniquesstiiate all variants of the protein from the LM@gda
not obtained from alternate (surrogate) sources bacterial expression systems). In addition, the
possibility that allergens known to exist in theipgent/parental organism may be produced in greate
amounts, for example by over-expression of a geaeencodes for a protein that is known to be a
common allergen, may also be taken into account.
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Example 11 — Assessment of the allergenic potentigioods derived from modern
biotechnolonv

Source of gene

allergenic
Y}s %o
Sequence Sequence
Homology Hnmn[ngy
Y Ls No
¥
Specific Targeted
Serum Serum
Screen Screen

Yps Yes P{o

Pepsin Resistance
&
Animal Models

vl /\
/ +/+  +
Likel High l-ﬂw

Allergenic Probability of
/ Allergenicity

® Any positive results obtained from sequence hogywkomparisons to the sequences of known allergens
in existing allergen databases or from serum sangerotocols, both conducted in accordance withghidelines
established in Sections 6.1, 6.2 and 6.3 of FAO/WBRI1) indicate that the expressed protein idylikélergenic.

Footnotes:

® The degree of confidence in negative results nbthin the specific serum screen is enhanced by the
examination of larger numbers of individual seragslained in Section 5.3 of FAO/WHO (2001). Cortihg the
specific serum screen with small numbers of indimicsera when larger numbers of such sera ardyeadiilable
should be discouraged.

@ When positive results are obtained in both thespegesistance and animal model protocols, the
expressed protein has a high probability to becamallergen. When negative results are obtain&adtin
protocols, the expressed protein is unlikely todmee an allergen. When different results are obtainghe
pepsin resistance and animal model protocols, itbiegbility of allergenicity is intermediate, althgiurational
explanations may be possible in some situations.

Source:FAO/WHO (2001).
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Tri-trophic interactions and indirect effects “Tri-trophic interaction” is an important concdpt
ecology and occurs when a change at one trophaét iledirectly affects trophic levels which are more
than one step away. Consideration of tri-trophienactions and indirect effects may be relevant to
biodiversity protection goals.

Observations and experimentation to identify sufdces are challenging because of the complexity of
ecological interactions, the difficulty of establisg causality between observed variation andrireat
effects (e.g. the presence of the transgene or gedeict), and natural variability in populationgeo
time. Moreover, in a food chain (or food web), etéeat the trophic levels may become observablg onl
at a later stage.

Example 12 — A tri-trophic interaction

“Suppose that there were a grassland where the imajbivore was a species of vole (n.b. a small
rodent) which eats grass seeds and that this vadealvle to reach population levels which allowed th
vole to eat nearly all of the seeds. Further supploat the main predator of this vole was a spetfies
hawk and that this hawk was capable [of] eatingughovoles to reduce the voles population to nearly
zero (at least to the point that voles could n@&reat very many of the seeds). So, if the pojoulatf
hawks is high, the population of voles is low ane grass produces lots of seeds. However, if the
population of hawks is low, the vole populationlsié high, and the grass will disperse few seeds.”

Source:Abrahamson (website).

Resistance developmentThe extensive use of herbicides and insect-resistd crops has the potential
to result in the emergence of resistant weedsresetts. Similar breakdowns have routinely occurred
with conventional crops and pesticides. Severalvepecies have developed resistance to specific
herbicides which are extensively used in combimatitth herbicide-resistant LM crops. Insect-resista
Bt-crops similarly could lead to the emergence bfdistant insects (FAO, 2004).

The extent of the adverse effect and possible cpresees of the insurgence of resistant weeds and

insects should be thoroughly considered in a iislessment. Some regulatory frameworks require that

risk management strategies be identified in ordéower the risk of resistance development.

Example 13 — Topics of concern

According to the International Centre for GenetieglBeering and Biotechnology (ICGEB), the mal
issues of concern derived from the deliberate dhuction of LM crops (and their derived productgpi
the environment or onto the market have been Gledss:

—

Risks to animal and human health Toxicity and food/feed quality/safety; allergiesitipogen drug
resistance (antibiotic resistance); impact of salde marker;

Risks to the environment —Persistence of gene or transgene (volunteers asedfitness of LM crop,
invasiveness) or of transgene products (cumulatifexts); susceptibility of non-target organisms;
change in use of chemicals in agriculture; unptatie gene expression or transgene instabilityggen
silencing); environmentally-induced (abiotic) chaagn transgene expression; ecological fithess)gd
to biodiversity (interference of tri-trophic intetéons); impact on soil fertility/soil degradatiof organic
material;
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Gene transfer— Genetic pollution through pollen or seed dispeasal horizontal gene transfer
(transgene or promoter dispersion); transfer aifpr gene to microorganisms (DNA uptake); or
generation of new live viruses by recombinatioar{§capsidation, complementation, etc.);

Risks for agriculture — Resistance/tolerance of target organisms; weesdsp®rweeds; alteration of
nutritional value (attractiveness of the organismpésts); change in cost of agriculture; pest/weed
management; unpredictable variation in active pcbduailability; loss of familiarity/changes in
agricultural practice.

Source:ICGEB (website).

5.2 Evaluation of the likelihood

This step entails an evaluation of the likelihod@dverse effects being realized, taking into aottioe
level and kind of exposure of the likely potenteteiving environment to the LMO.

After the potential adverse effects of the LMO haeen identified, the risk assessment proceeds to a
formal analysis of the likelihood and consequerfabese effects with respect to the identified
assessment endpoints.

Although the steps of evaluating likelihood andsmmuences are dealt with separately in Annex lihef
Protocol, some risk assessment approaches cotiseder steps simultaneously or in reverse order.

The likelihood of an adverse effect is dependeoinupe probability of one or a series of circumetan
actually occurring.

It is difficult to describe in detail an evaluatiohlikelihood or consequence without using an eplem
because the evaluation is dependent on the ndttine MO, the receiving environment and, if
appropriate, on the risk scenario used. Some exanape given below.

For instance, if it is determined that undesirettimssing of the transgene with a non-modified oiga
is possible (i.e. the two species are sexually aiibie), in the evaluation of likelihood, the risk
assessment may consider both the likelihood obtherossing and, if relevant, the likelihood of the
establishment of the LMO progeny. Considerationtheflatter may be based, for example, on assessing
whether or not the transgene would affect the $rievel of the progeny (i.e. the capability ofiuduals
to compete and reproduce in a given environmeitpr example, the transgene may induce a positive
fitness effect, the likelihood that the populatiesulting from the outcrossing would increase ghhOn
the other hand, transgenes that have a negatassiteffect would result in a low likelihood thae t
population resulting from the outcrossing wouldréase. Transgenes that have a neutral impact on
fithess may persist in populations at low levelpataling on the rate of outcrossing or introgresa®mn
well as on the overall population dynamics of thecies.
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Example 14 — Likelihood of introgression

“To evaluate a possible ecological effect of arited gene being introgressed into a natural ptipalé
is important to estimate the probability of intregsion. Such a probability estimate can be obtdiosa
measurements of hybridisation rates, assumed s&lextvantage of inserted gene, and fithess
measurements of parent plants, hybrid plants, &amtgpfrom the first and second back-cross germstti

If hybrids are formed and it is likely that thesgbthids are able to survive the consequences shomuld
discussed.”

Source:Ministry of Environment and Energy Denmark (1999).

In another example, in a case where the risk steimwolves the toxicity of an LMO plant (or a
substance produced by an LMO plant) to an inseatiivere, the analysis of likelihood may consides th
probability that the insect will be present, the thsect will feed on the LMO and that the inseitit
ingest a sufficient quantity of the LMO to suffer adverse effect. Likelihood may consider probtbsi
on an individual level (e.g. what the chances laat &n individual herbivore might consume the LM
plant) or on a population level (e.g. what percgetaf the population of herbivores will come into
contact with the LMO) or both.

5.3 Evaluation of the consequences

The consequences of the adverse effects, showdd tueur, may be severe, minimal or anywhere in
between. The evaluation of the consequences maydwmrthe effects on individuals (e.g. mortality,
reduced or enhanced fitness, etc.) or on popuk{ewy. increase or decrease in number, change in
demographics, etc.) depending on the adverse dfééng evaluated.

The risk assessment should consider the conseqieheach adverse effect based on a concerted
analysis of what is known about the LMO, the likpbitential receiving environment and the assessment
endpoints, as well as the likelihood assessment.

Example 15 — Consequences of effects to non-taayganisms

When the inserted trait causes the plant to progatentially toxic compounds, or if flower
characteristics are changed, i.e. colour, flowepegod, pollen production, etc., then effects on
pollinators have to be measured. A test of effentBoneybeesApis melliferg is obligatory because of
the importance of honeybees as pollinators of ladlithand crop species and because standardized test
protocols testing for effects of conventional padis exist for this pollinator. These tests inelud
exposure through nectar and pollen.

Source:Ministry of Environment and Energy Denmark (1999).

Furthermore, using an example where gene flow mindgression could lead to a potential adversecgffe
what impact the presence of a transgene will havieiadiversity will depend on its effect on indivial
fitness as well as on the importance of that sga@htive to the protection goals. For instantca, i
sexually compatible species, present in the remgignvironment, is directly relevant to a biodivgrs
protection goal (e.qg. it is a protected specié®ntthe impact on biodiversity can be assesseddiyrig
directly at the impact of the transgene on the faijmn. If the sexually compatible species is niotatly
related to a biodiversity management goal, thenrttpact of the expression of the transgene will be
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dependent on indirect interactions. Indirect efaofy be challenging to assess (see Section K1gran
dependent on the ecological importance of the speci

5.4 Estimation of the overall risk

This step consists of the integration of likeliha@t consequence of each of the individual risks
identified through the preceding steps, and taktesdccount any relevant uncertainty that emerters,
far, during the process. In some risk assessmgmobagphes, this step is referred to as “risk
characterization”.

To date, there is no universally accepted methastionate the overall risk but a variety of guidanc
materials are available that address this topie {@einstance, documents under “Scientific antinézal
issues/risk assessment” in the Biosafety InfornmalResource Centre (BIRG).

In rare instances, the risk characterization resnla quantitative value (e.g. 6% of a populatighbe
exposed to a stressor, and of that percentagevilbdixperience mortality). More frequently, theki
characterization for an LMO will be qualitative.dnch cases, a description of the risk charactaiza
may be expressed as, for instance, ‘high’, ‘medjdiow’, ‘negligible’ or ‘indeterminate due to
uncertainty or lack of knowledge’.

The outcome of this step is the assessment ofi@lbrisk of the LMO. Once this is achievedsit i
helpful to determine, as an internal quality cohtndether the risk assessment has met the criteria
established at the beginning of the process, aléng into account those criteria established @ th
relevant policies in practice with regard to thetpction goals, assessment endpoints and thresholds

Figure 4 — Estimation of overall risk
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LIKELIHOOD Zone of
risk which
may or may
not be tolerable
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part defined
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negligible
risk

Roundary / SEVERITY OF CONSEQUENCES
oundary in
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Source:ERMA NZ (1998).

9/ http://bch.cbd.int/database/resoutces
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5.5 Identification of risk management and monitornstrategies

Annex Ill of the Protocol states that the risk asseent methodology may entail “a recommendatido as
whether or not the risks are acceptable or manégeabluding, where necessary, identification of
strategies to manage these risks” and “where thamecertainty regarding the level of risk, it nizgy
addressed by requesting further information orsprexific issues of concern or by implementing
appropriate risk management strategies and/or ovamjt the living modified organism in the receiving
environment” 10/

5.5.1 Risk management

Risk management strategies refer to measures tabsmimplemented after the LMO is introduced into
the environment (or placed on the market, if apghlie) and aim at reducing the risks identified wgithe
assessment to a level that are considered to eptatde. Risk management strategies can be useful t
increase confidence when dealing with uncertaintynothe case where risks have been identified, to
reduce the likelihood or impact of the potentiaterde effect.

Example 16 — Application of management strategies fisks from the deliberate release or
marketing of LMO(s)

“The risk assessment may identify risks that rezjoianagement and how best to manage them, and|a
risk management strategy should be defined.”

Source:The European Parliament and the Council of th@jiean Union (2001).

Risk management strategies may aim at reducintikéléhood or consequences of potential adverse
effects. These types of risk management strategggsbe referred to apfeventive measuréand
“mitigation measurésrespectively. Some approaches to risk assessmayglso include the
identification of measures to control an adver$ecttshould it occur.

For LMOs, common risk management strategies hapieally been designed to reduce the likelihood of
exposure, but depending on the specific case, neamegt options might include a variety of measures
that are directly or indirectly related to the LM8ome examples of risk management strategies for
LMOs include: minimum distances from sexually cofifia species if there is evidence that gene flow
could cause adverse effects, destruction of sesdaining in the field or of volunteer plants aftarvest,
restrictions from introduction into specified regag environments, etc.

Certain risk assessment steps, particularly thiuatian of likelihood and consequences may nedzkto
re-evaluated to take into account each of the ifietirisk management strategies, since these ifiagta
the estimation of the overall risks.

10 Paragraphs 8(e) and (f) of Annex IIl.
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5.5.2 Monitoring

Some biosafety frameworks may request a plan foiitmidng the receiving environment for adverse
effects that may arise after the introduction &f tiMO.

Monitoring after the release of the LMO aims atedéhg changes (e.g. in the receiving environmégnt(s
or in the LMO) that could affect the likelihood consequences of one or more potential adversa®ffec

Example 17 — Post-market monitoring

“Post-market monitoring may be an appropriate niglnagement measure in specific

circumstances. Following the safety assessmenhdééd and utility for post-market monitoring
should be considered, on a case-by-case basiagdisk assessment and its practicability shquld
be considered during risk management.”

Source:Health Canada (2006).

Monitoring strategies may be designed on the lzdgise protection goals identified by national
legislation and regulation, if available, and thpaeameters relevant to the indication of any iasigg
risk to the assessment endpoints. The strategigsntiade “general surveillance”, designed to idfgnt
unexpected long-term effects of the LMOs or tratshe “case-specific”, where potential adversec
identified during the risk assessment are invetgiyaMonitoring for the development of resistante i
insect pests following introduction of pesticidegucing LM crops would be an example of a “case-
specific” scenario. Monitoring for the abundancepécies in an environment would be an example of
“general surveillance”.

Example 18 — Case-specific monitorira;d general surveillance of LM plants

“The environmental monitoring of the GM plant whihve two focuses: (1) the possible effects of the G
plant, identified in the formal risk assessmentprure, and (2) to identify the occurrence of aslwer
unanticipated effects of the GM plant or its useclvlwere not anticipated in the environmental risk
assessment. [...] Appropriate case-specific monitonreasures should be developed on a case-by-case
approach depending upon the outcomes of the rigsament. Possible risks identified in the
environmental risk assessment should be studibglgothesis-driven experiments and tests.

The objective of general surveillance is to idgntife occurrence of unanticipated adverse effdo&M
plants or their use on human health or the envierirthat were not anticipated in the environmernsl
assessment. Since no specific risk is identifiedhypothesis of risk can be tested, so it is diffito
propose specific methods to carry out general dlamee.”

Source: EFSA (2006).

Where it is appropriate, other potential adver$ects such as delayed, cumulative, synergistiadiréct
effects resulting from the LMO, the trait or theénted or modified genes may be considered indke p
release monitoring strategies.

Since risk management and monitoring strategidseihighly specific for the LMO and its intendesku
in the likely potential receiving environment,stéssential that a detailed methodology for eaehtified
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strategy also be identified. The methodology majuitke, for example, the frequency, locations and
methods of sampling, as well as methods of anafggis laboratory testing).

Example 19 — Various types of monitoring accordit@the Australian Government

Routine monitoring inspections— these are based on risk profiling and samplfrgrange of dealings,
locations where dealings are undertaken, and aggaons who are conducting dealings;

Follow-up visits — these are undertaken to follow-up on issues ohéck the implementation of
remedial action;

Review visits— monitoring of premises may be focused on a fipeéssue that is being reviewed by the
Monitoring and Compliance Sections and visits @&leced on that basis;

Audit visits — a comprehensive examination of an organisatiactivities that includes specific visits 1o
inform the audit process;

Investigation visits— these visits are based on inquiries into allegatof a breach of the Gene
Technology Act 2000; and

Unannounced ‘spot checks- these are undertaken as a subset of the rountnéoring activities or as
part of follow-up checks, incident reviews, or istigations.

Source:OGTR (2007).
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Module 4:
Preparing a risk assessment report
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Using thismodule

This module explains how risk assessors may contatsihe outcomes of a risk assessment in a report,
structured so as to provide information on: (i)kzaound, context and scoping of the risk assessrignt
characterization and estimation of risks; (iii) cgstion of risk management and monitoring stragspi

(iv) consideration of remaining uncertainty; anjifgcommendations as to whether or not the risks ar
acceptable or manageable.

An overview of what type of information could becinded under each of these topics is also pattisf t
module.

1. Introduction

The outcomes of a risk assessment are often pessenthe form of a written report prepared byrisk
assessor(s).

The report is primarily intended to assist the sieci makers in making informed decisions regar ey
safe use of a living modified organism (LMO).

Presenting the results of a risk assessment ceutdiiegorized as a form of risk communication.rAs i
any form of communication, risk assessors shoulchipelful of the intended recipients, which in adutit
to decision-makers may also include regulatorg,managers, other risk assessors, the generatpubli
etc.

Example 1 — Risk communication

Risk communication is the interactive exchangenfdrimation and opinions among assessors, risk
managers, consumers, industry, the academic conyramd other interested parties throughout the fisk
analysis process. The information exchange conceskiselated factors and risk perceptions, inahgdi
the explanation of risk assessment findings andb#isés of risk management decisions. It is vitally
important that risk communication with the publanees from credible and trusted sources.

Source: FAO (2001).

It is important that the report is presented inedl\structured form, which not only facilitates the
deliberations of decision-makers, but also allowrsaih easier exchange of information and experience
The context and scope of the risk assessment sheuttearly explained as other institutions (enghie
same or in different countries) may have an intéresnderstanding how the risk of a particular LMO
was assessed.

With regard to sharing of information, a Partyhie Protocol is required to submit to the Biosafety-
Clearing House (BCH) all “summaries of its riskes@mnents or environmental reviews of living
modified organisms generated by its regulatory @secand carried out in accordance with Article 15,
including, where appropriate, relevant informatiegarding products thereof, namely, processed
materials that are of living modified organism amigcontaining detectable novel combinations of
replicable genetic material obtained through treeafanodern biotechnology” (Article 20). This will
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include all risk assessments generated to suppoisidns regarding LMOs for intentional introductio
into the environment (Articles 8, 10 and 13) ordiaect use as food or feed, or for processingi¢hert
11) whether they are triggered by a transboundaryement or by an internal request.

The required contents and format of a risk assassraport are generally defined by the competent
national authority/authorities (CNA/s) that have thsponsibility to make decisions on the LMO(sthia
context of the national biosafety framework.

A risk assessment report typically comprises amytinal synthesis of all the relevant steps andiltesof
the risk assessment process, including an overvfahe context and scope of the risk assessment,
methodology used and a detailed summary of thdtsesiuthe overall risk estimation, including the
identification of individual risks, as well as thieelihood and consequences of the potential advers
effects.

The report may also contain an evaluation of thelalility and quality of the scientific and techbal
information that were deemed necessary to perfoemassessment and characterize the risks, and
whether there were gaps in the information.

An analysis of all identifiable uncertainties, inding those identified at each step of the rislessment
process as well as the remaining uncertaintidsea¢nd of the risk assessment, and how they magdimp
the overall conclusions of the assessment is atsitieal element in the report.

Finally, the risk assessment report also oftenainata set of recommendations regarding the
acceptability and manageability of the risks pdsgthe LMO, and the identification of appropriaitkr
management and monitoring strategies.

The information above may be organized under frea topics depending on the requirements of the
national authority that is responsible for the @sisessment:

(a) Background, context and scoping of the risk assesgm

(b) Characterization and estimation of risks;

(c) Description of risk management and monitoring etyis identified during the risk assessment;
(d) Consideration of remaining uncertainty; and

(e) Recommendations as to whether or not the riska@reptable or manageable.

An overview of the information which may be includender each of these topics may be found in the
following sections of this module.

2. Background, context and scoping of the risk assessment

This part of the report focuses on describing isshat were considered while setting the contedt an
scope of the risk assessment. Basically, this@edi the report sets the scene for the readexiitonf a
clear progression through the subsequent sectidhe oeport.

A risk assessment report usually specifies the ai@ntthat was given to the risk assessor(s) anddasl
a description of the procedure that was followedanducting the risk assessment, an indicationtothv
institution carried out the risk assessment, anidhylif any, other institutions were consulted @res
part of the process. Any other information thapkeh understanding the context in which the risk
assessment was carried out is also typically iredud this part of the report.
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Previous approvals or prohibitions of the same LM@ny, including the regulatory status of the LMO
in the country of export or import as well as iryather country may also be included in this sextib
appropriate.

The report should describe how the requirementseohational regulatory framework were taken into
account, including which protection goals were tifiatl as relevant in the context of the risk asggnt
and how assessment endpoints were selected.

In summary, the following information may be inchetin this section of the report:

(a)
(b)
(c)
(d)
(e)
()
()
(h)

Contact details of the LMO developer;

Type of approval sought (e.g. introduction into ém¥ironment);

Contact details of the institution responsibletfor risk assessment;

Relevant regulation;

Relevant protection goals and assessment endpoints;

Previous approvals or prohibitions of the same LMO;

Overview of the terms of reference for the riskeassnent; and

Consulted experts or panel of experts, if applieabhd how the involved experts were chosen
and how any conflict of interests was managed.

In some cases, the bulk of information presentatigsection of the report may be extracted frben t
request triggering the risk assessment, the natiegalatory framework, including environmental and
biosafety policies or guidelines, and national bfesy-related databases.

3. Characterization and estimation of risks

This section of the report focuses on the outcomfi¢ise risk assessment steps in accordance witkeXAnn
[l of the Protocol and as described in Module 3.

Depending on the specific mandate and scope afsk@ssessment, the following information may be
included in this section of the report:

(@)

(b)
(c)
(d)

(e)
(f)

Description of the LMO (e.g. recipient or parergedanism(s), transformation method, inserted
or modified sequences, novel traits, purpose ofjfretic modification), its intended use and
the likely potential receiving environment(s), imding considerations on how the baselines
were established and appropriate comparator(sechos

Considerations of the availability and quality ofdrmation used during the risk assessment;
Methodology used in the risk assessment, explajifimgcessary, the use of terms;
Description of the potential adverse effects asll scenarios arising from the novel
characteristics of the LMO;

Analyses of the likelihood and consequences of asattified potential adverse effect; and
Estimation of the overall risk posed by the LMO.

The information relevant to each of the items albbmey vary in nature and level of detail on a cage-b
case basis, depending on the LMO concerned, #éaded use and the likely potential receiving
environment.
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While information related to the description of O and its intended use may be obtained in part
from the LMO application, the bulk of informatioo be presented in this section of the report iqiobd
through the risk assessment process for the speeisie at hand.

4. Description of risk management and monitoring strategies

If risk management and monitoring strategies weeatified during the risk assessment process (see
Module 3), the risk assessment report should aomtaiection detailing any strategies to minimize th
risks identified.

The risk assessment report may include, for ingtanc

(@) How each identified strategy is expected to contalio minimizing the likelihood or
consequence of potential adverse effects (e.gedhyaing the exposure to the LMO or the
consequences of the potential harm);

(b) Details about the methodology for each identifisd management or monitoring strategy,
including, for instance, the frequency, locationd anethods of sampling, as well as methods
of analysis, including laboratory testing when ayppiate;

(c) Any uncertainty regarding the effectiveness of amgh management or monitoring strategy;

(d) Anindication as to whether and how different maragnt strategies can be combined to
further minimize uncertainty or identified risks)ca

(e) Considerations on unintentional introduction irtte eEnvironment and emergency measures as
appropriate (see Article 17).

5. Consideration of remaining uncertainty

As seen in the previous module (Module 3, Sectjpmiacertainty is an inherent component of any risk
assessment, and should be considered in a systanm@iner at each step of the risk assessment proces
Nevertheless, at the end of the risk assessmergrtainties may still remain with regard to onemare
specific steps in the process or about the likelihor consequences of the potential adverse effects

Annex Il of the Protocol addresses this matterdmyuiring that “Where there is uncertainty regagdime
level of risk, it may be addressed by requestimthér information on the specific issues of conaarby
implementing appropriate risk management strateggiegor monitoring the living modified organism in
the receiving environmenti/

Considerations of remaining uncertainties shouléhbleided in the risk assessment report. These
considerations may include:

(a) Identification of major information gaps and, whaggropriate, indication of whether gathering
additional data (either before the release or &@ftey monitoring) would significantly increase
the overall confidence in the results of the riskessment;

(b) An analysis of uncertainty, including its typegy(egaps in the available information, limitations
of the assessment methodology);

i) Paragraph 8(f) of Annex Ill.
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(c) Discussion of the level of scientific support teuiss where there is uncertainty, including an
analysis of different scientific views;

(d) Discussion of any assumptions used in assessingsit®e including their strengths and
weaknesses;

(e) Discussion of the potential for uncertainties t@#ot on the overall conclusions of the risk
assessment; and

() Identification of any threats of serious or irresible damage to the environment (basis for the
adoption of the precautionary approach).

Example 2 — Uncertainty and a precautionary appréeac

“The implementation of an approach based on thegutéonary principle should start with a scientifig
evaluation, as complete as possible, and wherég®sislentifying at each stage the degree of sifien
uncertainty Decision-makers need to be aware of the degreaa#frtainty attached to the results of the
evaluation of the available scientific informatididging what is an “acceptable” level of risk for
society is an eminentigolitical responsibility. [...] Where possible, a report shooédmade which
indicates the assessment of the existing knowladdehe available information, providing the vievis
the scientists on the reliability of the assessrmasniell as on the remaining uncertainties. If ssagy,
it should also contain the identification of topfos further scientific research.”

Source: Commission for the European Communities (2000).

6. Recommendations asto whether or not therisks are acceptable or
manageable

Recommendations are one of the most importantosectf a risk assessment report as they take into
account the outcomes of the risk assessment taderoirect science-based advice to the intended
recipients of the report. A recommendation as tetiMbr or not the risks are acceptable or manageable
should be kept within the scope of the risk assessind should be based on its findings.

It is important to note that risk assessor(s) aguested to recommend whether the risks are “zagleft
or not. However, the definition of “acceptabilitygiay not be part of a risk assessment but couldde p
established, for example, in thresholds includegavernment policies or in the mandate given tarittle
assessor. Likewise, the final decision on whetteeapprove (with or without conditions) or prohitie
specific use of the LMO is taken during the decisiosaking process, which may take into account,
depending on the national regulatory framework amadng other things, government policies, public
opinion, costs of the risk management measuresacid-economic considerations.

In addition to the issues mentioned above, themaeendations section of the report may also include
any relevant information to be considered by thagien-makers prior to making a decision. Somedssu
that may be relevant include:

(a) A recommendation as to whether or not one or mskemmanagement or monitoring strategies
should be implemented and, if so, the specific ¢@ms for each such strategy (see Section 4
above);

(b) Considerations of remaining uncertainties (seei@eétabove); and

(c) A recommendation as to whether and when the risgsssnent should be re-visited.
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Annex |1

SUMMARY OF THE RESULTS OF THE ASSESSMENT QUESTIONNAIRE

Participants to the Pacific subregional workshopcapacity-building and exchange of experiences on
risk assessment (Nadi, Fiji, 4—7 July 2010) andAkn subregional training course on risk assessme

of living modified organisms (Siam Reap, Cambodia;-16 July 2010) were invited to complete a

guestionnaire to evaluate the workshop/trainings®and the quality of a draft training manual usea

teaching tool.

Thirty three participants answered the questioenalihe numbers below indicate the percentage of

respondents and their level of agreement to eatteaftatements on the left column.

A. Obijectives of the workshop/training course
Strongly Slightly Neutral / Slightly  Strongly
Level of agreement disagree  disagree Indifferent agree agree
(%0) (%0) (%0) (%) (%0)
The workshop/training course:
Provided hands-on training in preparing and
evaluating risk assessment reports in
accordance to the articles and Annex Il of 0 0 0 45 55
the Protocol.
Provided tools for understanding how an
interdisciplinary team can be established in 0 3 9 425 45.5
the context of risk assessment
Helped develop skills on how to use and
interpret existing information, as well as 0 0 0 42 58
identifying and addressing information gaps
Helped understand how to establish
baseline information relevant for the risk 0 0 0 52 48
assessment
B. Quality of the training material
Strongly Slightly Neutral / Slightly  Strongly
Level of agreement disagree  disagree Indifferent agree agree
(%) (%) (%) (%) (%0)
The training material distributed at the beginning of the training course:
Is a useful tool for training on risk 0 0 3 30 67
assessment
Is easy to understand and follow 0 0 15 33 52
Comprises an adequate overview of the risk 0 0 3 485 485
assessment process
Is useful for a wide range of users 0 3 12 455 539
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C. Quality of the training modules

Strongly Slightly Neutral / Slightly  Strongly

Level of agreement disagree  disagree Indifferent agree agree
(%0) (%0) (%0) (%) (%0)
The subjects of the modules listed below were covered adequately:
Module 1 — Overview of Biosafety and the CartagenBrotocol on Biosafety

What is biosafety? 0 0 3 18 79
What are living modified organisms? 0 0 0 18 82
H_|st0ry of the Cartagena Protocol on 0 3 3 15 79
Biosafety
Objective an_d scope of the Cartagena 0 0 0 15 85
Protocol on Biosafety
LMOs for intentional introduction into the
environment - Advanced Informed O 0 9 15 76
Agreement (AlIA)
LMOs for direct use as food, feed, or for
processing (LMOs-FFP) 3 0 9.5 28 59.5
Competent national authorities 0 0 0 30 70
Risk assessment (Article 15 and Annex III) 0 0 0 27 73
Biosafety Clearing-House 0 0 3 30 67
Other international biosafety-related bodies 0 0 9 33 58
Module 1 (as a whole) 0 0 0 30 70

Module 2 — Preparatory Work: Understanding the conext in which a risk assessment is carried out

National protection goals and assessment

endpoints 0 0 12 21 67
National biosafety framework 0 0 0 33 67
Competent national authorities 0 0 0 30 70
Scientific advisory body 0 0 3 30 67
Responsibilities of the risk assessor(s) 0 0 3 33 4 6
Roster of experts on biosafety 0 0 6 39 55
Stakeholder participation 0 3 9 30 58
Module 2 (as a whole) 0 0 0 33 67
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Strongly Neutral / Slightly  Strongly
Level of agreement disagree Indifferent agree agree
(%) (%) (%)
The subjects of the modules listed below were covered adequately:
Module 3 — Conducting the risk assessment
Selecting relevant assessment endpoints or
; . 6 33 61
representative species
Establishing the baseline 3 33 64
Establishing the appropriate comparator(s) 6 39 52
Living modified organism 0 27 73
Likely potential receiving environment(s) 6 36 58
Intended use 9 24 67
Step 1 - Identification of any novel
genotypic and phenotypic characteristics 9 52 39
associated with the LMO that may have
adverse effects
Step 2 — Evaluation of the likelihood 3 39 58
Step 3 — Evaluation of the consequences 3 42 55
Step 4 — Estimation of the overall risk 3 45 52
Step 5 — Identification of risk management
o . 3 47 50
and monitoring strategies
Module 3 (as a whole) 3 41 56
Module 4 — Preparing a risk assessment report
Background, context and scoping of the risk 0 27 73
assessment
Characterization and estimation of risks 0 30 0 7
Desgnp_uon of _rlsk management and 0 36 64
monitoring strategies
Consideration of remaining uncertainty 3 36 61
Recommendations as to whether or not the
. 3 36 61
risks are acceptable or manageable
Module 4 (as a whole) 0 30 70




