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1. Foreword

On 16 April 2019, the Norwegian Environment Agency (Miljedirektoratet) announced a
mission to implement the ethics criterion in the Norwegian Gene Technology Act. The aim of
this mission was to create ethics guidelines based on scientific ethical knowledge which will
make public administration better equipped to undertake informed, holistic and verifiable
assessments of ethical soundness in applications to produce and release genetically modified
organisms (GMO) under the Gene Technology Act in accordance with international
agreements and regulations which Norway is bound by. The mission did not include an
ethical assessment of GMO medications.

The mission was assigned to a working group consisting of Ellen-Marie Forsberg, Bjorn
Hofmann, Matthias Kaiser, Bjorn Myskja, Roger Strand and Lars Ursin. The working group
began work on 1 July and submitted these guidelines on 15 December 2019.

2. Introduction

2.1 Background

Art. 1 of the Gene Technology Act, the purpose section, reads as follows:

The aim of this Act is to ensure that the production and use of genetically modified
organisms, and the production of cloned animals is performed in an ethical and socially
responsible manner, in accordance with the principle of sustainable development and with no
adverse health or environmental effects.

All applications to produce and release living genetically modified organisms (GMO) are
assessed according to the criteria of the Gene Technology Act; health and environmental
risks, social benefit criteria, sustainability, and ethics which are unique to Norwegian
legislation, even if some other countries also refer to similar considerations.’ The Norwegian
Environment Agency and Norwegian Food Safety Authority (Mattilsynet) have assigned the
task of assessing the health and environmental risks of GMOs to the Norwegian Scientific
Committee for Food and Environment (Vitenskapskomitéen for mat og miljo; VKM).
According to the established procedures, the Norwegian Biotechnology Advisory Board is
responsible for assessing the effect of each individual GMO on sustainable development, and
its social and ethical soundness. These assessments form the basis of the general assessment
and recommendation made by the Norwegian Environment Agency to the Norwegian
Ministry of Climate and Environment (Klima- og miljedepartementet; KLD).

A GMO application that is approved under the EU Directive on the deliberate release into the
environment of genetically modified organisms will also be valid in Norway unless
Norwegian authorities impose a prohibition or choose to limit imports. This may be the case
if the release of organisms could pose a risk to the environment or health, or if such is
otherwise considered to be in violation the Gene Technology Act. Any prohibition must be
defensible with respect to the international agreements which Norway is bound by. Any
prohibition on EU-approved GMOs will be resolved by the Norwegian Government and an
accompanying amending regulation described in a Royal Decree, prepared by the Norwegian
Ministry of Climate and Environment, and adopted by the King in the Council of State.

In the Royal Decree of 2 June 2017 (hereinafter referred to as Royal Decree), the government
imposed a prohibition on two EU-approved applications, wherein the prohibition on maize
1507 was predominantly based on an ethical argument. The descriptions of the ethical

4



assessment in the Royal Decree are used as a basis for further assessments of GMO
applications according to the Gene Technology Act, as is required in the mandate for
preparation of the guidelines.

In Norway, there are currently no GMOs approved for cultivation, food or animal feed, and
surveys show that the uncertainty surrounding potential adverse effects which GMOs might
have on health and the environment is worrying consumers. However, several such studies
have been undertaken, many of which indicate that acceptance by the general public mostly
depends on the product’s properties and, partially, the level of interference. The traditional
GMO varieties that are typically resistant to pesticides and/or insects, the aforementioned
maize 1507 being a good example of such, have not been deemed socially beneficial in
Norway either, including because there is no demand for these products on the market.

The development of plants and animals with new properties that might be relevant for the
Norwegian market, such as potatoes that are resistant to dry rot and sterile salmon developed
using “new mutagenesis techniques”, may be crucial for the general public’s view of
organisms whose DNA has been modified in different ways. An assessment of the
sustainability, social benefit and ethical soundness of these organisms might potentially take
different approaches than for traditional, transgenic GMOs.

The Norwegian Ministry of Climate and Environment has clarified that sustainable
development and social benefit must be inscribed in the assessment of ethical soundness in
order to give these weight in a recommendation. Long-term consequences for the
environment and social conditions are also factors to consider in the public’s moral
perception of gene technology, as shown below, which means that social benefit and
sustainable development are not solely independent assessment criteria, but rather are
fundamental elements of the ethical assessment.

In light of this, we offer in these guidelines an application of the assessment criterion of
ethics in the Gene Technology Act. These guidelines are intended to form the basis of
transparent, consistent and well-founded assessments of different applications which take into
account the criterion of ethics.

2.2 How should these guidelines be read?

An ethics criterion can be found in both the Gene Technology Act and international trade
agreements. With respect to protecting the “core values of its population”, Norway may
impose prohibitions on the import and use of certain products based on an ethics criterion.

In Section 3 of these guidelines, we give a more detailed account of the sources available for
describing the core values of the population of Norway. This account begins in Section 3.1
where we establish these core values as “public morality” and show what types of access we
have to such. Particularly important sources of public morality can be found in the applicable
legislation, and in Section 3.2 we offer an overview of those parts of the legislation that are
most relevant with regards to describing public morality based on the criterion of ethics. In
Section 3.3, we review the Royal Decree and show how public morality is described here in
practice as a basis for assessing a product in light of the criterion of ethics.

In Section 4 we continue and show step by step how to conduct an assessment for a given
product based on the criterion of ethics. In Section 4.1, we offer an overview of the general
procedure for an assessment according to the Gene Technology Act, and situate the ethical
assessment in this context. We clarify the relationship between the criterion of ethics and the
other criteria in the Gene Technology Act, in particular the criteria of social benefit and



sustainability. In Section 4.2, we describe a step-by-step approach to an ethical assessment.
We show how to map ethically relevant aspects using example questions and a matrix
approach, and establish a structure for the argumentative text that should form the basis of an
ethical assessment.

In Section 5, we offer examples of how an ethical assessment can be conducted using
hypothetical cases. Here, you can see the basis from Section 3 and Section 4 applied in
practice. We also draw possible conclusions from these examples to show how you can
weigh up the different arguments. These cases are hypothetical and incomplete and as such
these conclusions are illustrations only. In Section 6, we sum up and compare and contrast,
highlighting a few key points from the discussion in Section 5.



3. Umbrella guides, norms, values and principles

3.1 Elements and sources of public morality

A basic requirement for making decisions based on criteria that are not applied
internationally is that such do not violate our international obligations. Particularly important
in this respect are the EEA Agreement and the so-called GATT Agreement with the World
Trade Organization (WTO). The latest version of this Agreement states as follows:

Subject to the requirement that such measures are not applied in a manner
which would constitute a means of arbitrary or unjustifiable discrimination
between countries where the same conditions prevail, or a disguised
restriction on international trade, nothing in this Agreement shall be
construed to prevent the adoption or enforcement by any contracting party
of measures (a) necessary to protect public morals. |

This article’s reference to public morals was, for example, the basis, on which the WTO
agreed with the EU that they could prohibit Norwegian and Canadian seal products. The
basic wording of the purpose clause of the Gene Technology Act, that “the production and
use of genetically modified organisms, and the production of cloned animals is performed in
an ethical and socially responsible manner, in accordance with the principle of sustainable
development” can be interpreted as making concrete the reference to public morals inscribed
in this international agreement.! In this regard, it is reasonable to interpret public morals as a
variant of what Knut Erik Traney' calls public morality (allmennmoral), and what is
described in international literature as common-morality ethics."

Trangy defines public morality as “the set of moral values, norms and virtues — and
accompanying practices — for which there is an open consensus within a certain culture at a
certain point in time”."! The nature of public morality must be documented in a scientific
manner. Laws, statements from consultations, opinion polls and position papers produced by
influential organisations in society are important sources of knowledge on the nature of
public morality. In most cases, there will not be just one perception of morality that is held by
all, and many values change over time. One must therefore start from a robust understanding
of public morality which can then be implemented with respect to different issues. One must
also be prepared that research-based competence (e.g. in social sciences, law and ethics) is
often required for formulating such a robust understanding by interpreting the different
sources of knowledge. The following interpretation should therefore be understood as a rough
guide to what one might take as a basis for clarifying public morality in individual, concrete
cases.

One element of Norwegian public morality that has come to the fore in recent decades is a
general, value-based scepticism of GM products. This in itself is not a basis for rejecting
GMOs. All prohibitions must be founded on the properties of a specific product, however this
public scepticism forms the basis for stronger requirements regarding such products: they
must be useful for society in addition to the benefit they provide to producers and primary
users, and they must satisfy the requirements for supporting sustainable development beyond
a shadow of a doubt.

Generally speaking, however, Norwegians have a positive attitude towards new technology
and are quick to accept and begin using such if it has clear benefits for the consumer. It is
therefore crucial that one is responsive to future changes in public morality associated with
changes in technology and products. This technology and product-based condition for
accepting gene technology can be inferred from several Norwegian and European studies."



The current scepticism surrounding gene technology may change if the technology changes,
for example by using gene editing without adding foreign genetic material or if the
technology is used to develop products with clear environmental and social gains. As
mentioned in the Introduction, there is reason to believe that this scepticism is not just about
the technology in general, but is also connected to the products that have been put into

commercial production thus far.

In order that this document can offer guidance on and assessments of GMO applications, we
must identify and clarify more specifically what value-based principles can be derived from
Norwegian public morality, and what sources we have for these principles. Below, the
working group has selected and developed the relevant principles. We also refer you to the
central information sources that can be used, starting from the current technological and
political situation. We recommend that this basis of assessments be updated at regular

intervals, e.g. every five years.

Utilitarianism

Consequentialism is a class of ethical approaches which state
that the consequences of an action are what determine whether
the action was right or wrong, good or bad. The dominant form
is utilitarianism which states that a good action is one that
promotes happiness or well-being for as many as possible and
which includes everyone equally. We can differentiate between
hedonistic utilitarianism, which states that what matters is the
sum of the happiness experienced, and preference
utilitarianism (preferentialism) which states that what matters
is the fulfilment of preferences for the affected parties.

Virtue ethics

Virtue ethics is a class of ethical
approaches which takes as its jumping-off
point that good actions are those which
express certain virtues, which in turn arise
from a good character. The dominant form
is Aristotelian virtue ethics in which
determining what is the right thing to do in
a certain context requires practical reason.
A virtue is thus always a character trait that
is recognised as good, and typical virtues
are courage, temperance, justice,
friendliness and truthfulness. Virtue ethics
likes to talk of exemplary people and
actions as examples of guidance in
concrete moral choice situations.

Deontological ethics

Deontological ethics is a class of ethical approaches which
takes as its jumping-off point whether an action is the right
thing to do in itself, based on a set of fundamental rules or
imperatives. The dominant form is Kantian ethics which state
that we can deduce an unconditional requirement, a categorical
imperative, from reason. This states that an action is morally
right if it can be willed as a universal law, meaning that it does
not permit exceptions for oneself or others. An alternative
phrasing states that one should always act in such a way that
one treats humanity, whether in one’s own person or in the
person of any other, never simply as a means, but always at the
same time as an end. Another example of deontological ethics
is John Rawls’ theory of justice as fairness which seeks to
bring together liberal ideals of freedom with social equality and
justice.

Ethics of care

Ethics of care can be understood as a
variant of virtue ethics based on care as the
central virtue in morally binding
relationships between people or in
relationships between people and nature.
Care means to safeguard the needs that we
ourselves and others have for maintaining
and developing a good life, with particular
consideration for those who are vulnerable
and dependent. In ethics of care, particular
situations and relationships, motivations,
feelings and physical needs act as a
counterweight to traditional principle and
reason-based theories of morality and are
often associated with feminist criticisms of
justice-focused ethics.

Box 1. Basic ethical theories




Most moral analyses take as their jumping-off point basic ethical theories or general
principles. See Box I for an overview of basic ethical theories, and Box 2 for an overview of
relevant general principles. For some, public morality might seem a vague and overly
flexible jumping-off point, from which one can largely argue until one reaches the
conclusions one desires and which skews towards a conservative point of view. These
guidelines take a different approach, namely that all moral reflection takes as its jumping-off
point common practices and associated perceptions, and the dominant moral theories can be
seen as being derived from public morality and as an emphasising of certain aspects of such.
Such theoretical considerations and specifications of basic moral ideas have provided the
foundations for reflecting on established practices and ways of thinking, and have been
important tools for change and new thought. Typical examples are the importance of moral
theory for the abolition of slavery, women’s suffrage, animal welfare and environmental
conservation. Public morality thus holds the potential to criticise tradition.

The precautionary principle is inscribed in the legislation and holds that the absence of knowledge
concerning the consequences of genetic modification does not constitute knowledge of the absence of such
consequences, and that the burden of proof lies with the party which wishes to introduce a change.

The principle of sustainable development can be founded on a number of perspectives (basic needs, just
distribution, environmental reciprocity) and aims to maintain and develop life. This applies globally and over
a long period of time (generations).

The principle of responsibility dictates that the party undertaking genetic modification is responsible for the
action itself and is responsible for the consequences of such together with the party taking charge of such
modification.

Box 2: Three crucially important principles for implementation of the criterion of ethics

The principle in utilitarianism of choosing the action which has the greatest social benefit,
and the principle in Kantian deontological ethics that the correct action is characterised by the
fact that it can be willed as a universal law and does not treat any people purely as means are
both ultimately derived from public morality. The same can be said of the principle in virtue
ethics that the correct action is that which arises from a good character. In an analysis of
concrete values and principles derived from public morality in Norway, reference to these
theoretical approaches will contribute to clarifying structures and justifications.

Over recent decades, so-called principles of ethics have been central to medical ethics.
Beauchamp and Childress,"!! who established the field, took public morality as their jumping-
off point and derived four principles with a particularly central position in the history of
medical ethics. These principles are ‘non-maleficence’, beneficence, autonomy, and justice.
These principles must be balanced among themselves and none has priority. Subsequently,
Mepham and others applied this approach within environmental, agricultural and maricultural
ethics in an ethical matrix,* These principles form the backbone of these ethical guidelines
since they capture central aspects of public morality, both internationally and in Norway.

Several important aspects of public morality can be expressed in the principles of ‘non-
maleficence’, beneficence, justice, and autonomy. See Box 3 for more details on these four
principles. Other core values are not expressed as well within this framework. For example,
the principles of ethics have been criticised for failing to include solidarity.* While there may
be grounds to claim that this is first and foremost a question of what is expressed explicitly in
the analysis, it is useful to supplement these four principles with other relevant values and
principles to ensure a holistic ethical assessment.

In recent years, ‘sustainability’ has become a general term for a number of different
considerations in public morality that are significant for ethical assessments. Sustainability
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refers to the environment, to working conditions and to social conditions and implies that one
can incorporate relevant social issues in the country of production when it comes to issues of
approving imports. A basic value principle in such expanded assessments of GMOs is the
principle of equality which provides a basis for assessing how the cultivation of a product
affects producers and the environment in other countries. This means that people in other
countries shall have the same right to protection against health risks as we give our own

citizens.

The principle of ‘non-maleficence’
dictates that one shall not act in such a way
that can cause harm. In the context of GMO,
this means that one shall not harm people,
animals, plants or ecosystems in the
producer’s, seller’s or consumer’s country.
The principle of ‘non-maleficence’ is thus
linked to the concept of naturalness. (See
discussion below in the main text).

The principle of beneficence dictates that
the measure shall create good and do good
(positive beneficence). This means that it
shall be beneficial to individuals and society
as a whole over time. In purely practical
terms, under the principle of beneficence
one must balance good against bad (benefit
vs detriment). In practice, therefore, this is a
utilitarian principle. This is closely linked to
the assessment of social benefit, but goes
beyond simply weighing up the benefit and
detriment for society.

The principle of autonomy shall ensure
individuals’ and groups’ right to self-
determination. Products or measures may
increase consumers’ freedom of choice and
self-determination but may also reduce this
freedom (e.g. through monopoly effects).
The principle of autonomy is particularly
significant when labelling GM products and
for the issue of the independence of small
farmers. For example, current Norwegian
regulations require all GM products to be
labelled.

According to the principle of justice,
benefits and detriments must be shared
equally. That is to say, everyone must have
equal access to the benefits of GMOs and
that accordingly the detriments of GMOs
must be shared equally. The principle of
justice applies to the producer, the
manufacturer, the supplier, consumers and
society at a local, national and global level.
(See guiding questions in the table below in
the main text).

Box 3: The four principles of non-maleficence, beneficence, autonomy, and justice

A related value principle is solidarity with people in other parts of the world, which is an
acknowledgement that we have a moral responsibility for how our actions affect their living
conditions. One example of solidarity is that a GM plant is banned because it has been
modified to tolerate a herbicide that has been banned in Norway on the grounds of health

risks.

Another way of expressing solidarity is for us to approve a GM plant which is essentially not
relevant for the Norwegian market but which may help to solve a problem in another country.
Some would argue that Golden Rice*! is just such an example. It is also worth noting that this
value-based interpretation of the principle of sustainability can apply to production systems in
other countries, as is well established in the interpretation of the Gene Technology Act, but it
may also be understood to include the protection of biodiversity in Norway.
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However, these principles do not offer a complete picture of the values at play in GMO
issues. The idea contained in religious ethics of a duty of care towards nature, and the
equivalent concept of ethics of care from feminist ethics also play central roles. Together
with solidarity, both can be considered principles of virtue ethics with strong roots in
Norwegian culture.

The concept of naturalness also plays an important role in the GMO discussion, both in
Norway and internationally. It is important that we are clear about the nuances here as this
naturalness must not be perceived as an absolute value, but rather as a value that exists on a
sliding scale and which can be assessed with respect to other values,*! such as benefit and
sustainable development. The logical approach seems to be that the more unnatural one
perceives a product or process to be, the greater the demands placed on the positive properties
of the product. This is fairly consistent with the fact that people are largely sceptical of GM
products but are willing to accept them if the social or environmental benefit is great.

Discussions on the intrinsic value of nature have been central to international environmental
ethics, and perceptions such as this have also resonated with the Norwegian public, not least
of all within the environmental movement. Concepts such as the integrity or dignity of
individuals, species or ecosystems are important in this context, and will also play a role in an
analysis of the criterion of ethics in the Gene Technology Act. Below, these aspects are
categorised as “respect for dignity”.

It is also of relevance that Norwegian society is characterised by a high degree of trust in
public authorities and in a Norwegian food production system that is characterised by
collaboration between various sectors and stakeholders.*l The scepticism surrounding GMO
can be linked back to a mistrust of large-scale, hi-tech industrial agriculture and multinational
corporations which are often presented as an opponent to Norwegian agriculture comprising
small holdings, farmer-owned breeding operations and production companies which
collaborate closely with the authorities on distribution of food and quality assurance.

It is important to clarify which expressions of public morality are relevant in this context.
Public morality within society is in flux, meaning that these values can change over time and
be differently important in different specific contexts. While we cannot provide a
comprehensive review of sources of public morality here, we will offer guidance on how one
might identify these common values in Norwegian society.

One important source is political party manifestos and voting trends, especially those with
greater support and points of view that have proven to be robust over time. Other sources are
statements made by stakeholders in relevant fields, such as Norwegian agricultural
organisations, fisheries, breeding companies, research institutions and relevant interest groups
and religious institutions. This can be interpreted as an expression of public morality in
particular in situations where a broad consensus has been formed between these organisations
over time.

There are also studies of people’s perceptions as expressed in qualitative and quantitative
surveys, and in different forms of involvement of stakeholders and people, mostly described
as public engagement.

A key way in which we can observe public morality is through the relevant laws and their
preparations, as well as decisions that are made on the basis of these laws. We will briefly
review these below.
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3.2 Applicable legislation

The legislation builds on and expresses norms, values and principles which provide guidance
on how the requirement of ethics shall be understood and applied. The following is a brief
OVerview.

The Norwegian Animal Welfare Act expresses the intrinsic value of animals, and
requirements for respect and welfare. This is expressed in:

Art. 1 The aim of this Act is to promote good welfare and respect for animals.

Art. 3 Animals have their own intrinsic value regardless of the benefit they may have
for people. Animals must be treated well and protected against unnecessary stresses
and strains.

Art. 14 It is prohibited to:

a) commit violence against animals;

b) render animals helpless.

Art. 25 Breeding

Breeding shall promote traits which produce robust animals with good physical
function and health.

Breeding, including breeding using gene technology methods, shall not be performed
ifit:

a) changes genes such that this negatively affects animals’ physical or mental
functions, or proliferates such genes;

b) reduces animals’ ability to express their natural behaviours; or

¢) prompts ethical reactions from the public.

Animals with genes named under clause 2 shall not be used for further breeding.

The Norwegian Biodiversity Act shall ensure that consideration is taken for diversity and
the sustainability of the natural world, in accordance with the precautionary principle:

Art. 1 The aim of this Act is that nature and its landscape, biological and geological
diversity and ecological processes be taken into account in sustainable consumption
and conservation, including such that it provides a foundation for human endeavour,
culture, health and well-being, now and in the future, including as a foundation for
Sami culture.

Art. 9 (Precautionary principle) Whenever a decision is made in the absence of
sufficient knowledge concerning what effects such a decision might have on the
natural environment, efforts shall be made to avoid any potentially significant harm to
biodiversity. If there is a risk of serious or irreversible harm to biodiversity, the
absence of knowledge shall not be claimed as justification for postponing or failing to
take administrative measures.

The Norwegian Constitution expresses the right to an environment that is sustainable,
promotes health and deserves protection, and in its conclusion states fundamental human

rights:

Art. 112 Everyone has the right to an environment that assures their health, and to a
natural world where productivity and diversity are preserved. Natural resources must
be exploited from a long-term and comprehensive perspective which takes account of
this right for future generations as well.
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Citizens have the right to knowledge concerning the state of the natural environment
and the effects of planned and implemented interventions in nature, such that they can
exercise the right they have according to the preceding clause.

Art. 92 The state authorities shall respect and ensure human rights such as they are
laid down in this Constitution and in human rights treaties that are binding for
Norway.

The Gene Technology Act expresses the principle of ethical soundness, the principle of
sustainable development, and the ethical principle of social benefit and avoiding adverse
effects to health and the environment:

Art. 1 The aim of this Act is to ensure that the production and use of genetically
modified organisms, and the production of cloned animals is performed in an ethical
and socially responsible manner, in accordance with the principle of sustainable
development and with no adverse health or environmental effects.

Art. 10 The release of genetically modified organisms may only be approved if there is
no risk of adverse effects to health and the environment. Decisions shall also take
significant account of whether the release has any social benefit and whether it is
suitable for promoting sustainable development.

3.3 Analysis of the ethical arguments in the Royal Decree

The resolution in the Royal Decree of 2 June 2017 offers guidance on how to go about
assessing the criterion of ethics for applications to approve genetically modified organisms.
The resolution is based on two acts: the Gene Technology Act and the Biodiversity Act. In
the former, it is the criteria of sustainability, social benefit and ethics that are at play. In the
latter, it is the precautionary principle that is relevant for the implementation of the criterion
of ethics. The Decree mentions relevant agreements such as the EEA Agreement and WTO’s
GATT, both of which provide room for measures which can restrict trade if such is
implemented with respect to public morals. Such respect “will also be dependent on national
considerations — and thus may vary from country to country”. Reference is furthermore made
to the preparations to the Act (Ot. prp. no. 8 1992-93) and its emphasis on the basic values of
the population: “in order to create trust and security among the population, [it] will be
important to give sufficient weight to the basic values of the population” (p. 46).

So what are the sources for identifying these basic values? The Decree highlights “statements
from consultations, studies and other investigations” and emphasises the significant
opposition to GM products generally voiced by consumer organisations, the agricultural
industry and large grocery chains. The Decree argues that this opposition is based on ethical
values which have significant support among the Norwegian population, and that a labelling
regulation would not take account of these values. This provides a basis for a restrictive line
of reasoning, but there seems to be an implicit premise that this general value-perception does
not provide any basis for a total prohibition on all GM products. With product-based ethical
objections, any prohibition must be defended.

The next stage in the Decree is just such a product-based assessment of the maize variety
1507, produced by the agrochemical companies DuPont and Dow. It establishes that the
variety has not been documented as increasing the risk to health or the environment but that
there are nevertheless ethical grounds for banning it. This is linked to the fact that this maize
tolerates glufosinate ammonium, a pesticide that is banned in Norway because it is classified
as posing a health risk to mammals, including humans. The justification is that the basic
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values of the Norwegian population emphasise “solidarity with farmers in developing
countries and the establishment of sustainable production systems in agriculture” with
regards to GMO issues, while at the same time this maize is neither in demand nor of benefit
to Norwegian consumers.

One may therefore ask why importing this maize shows a lack of solidarity with farmers in
developing countries and goes against sustainable agriculture in these countries. The reason is
that these farmers are exposed to a pesticide that is considered so hazardous to health that we
cannot permit Norwegian farmers to be exposed to it. It furthermore also has the potential to
cause detrimental effects for animals that are in the area that is sprayed with the pesticide,
which also goes against the principle of sustainability. It can therefore be said that importing
products which expose others to health and environmental risks which we cannot accept for
ourselves is an expression of a “double ethical standard”, to use the wording of the majority
in a statement from the Norwegian Biotechnology Advisory Committee (now the Norwegian
Biotechnology Advisory Board) from 2013 %V

A counter-argument is that it is highly likely that we are importing non-GM maize and other
species that have been treated with glufosinate ammonium without banning these. This seems
inconsistent. A response to this is that it is probable that there is a morally relevant difference
between (1) importing products that are designed for this pesticide, inferring that one knows
that production has required the use of this chemical, and (2) importing products which may
have been exposed to a pesticide that is hazardous to health and not sustainable. It is
furthermore the case that the population has a negative attitude towards GMO in general,
hence there are grounds for imposing stricter requirements on such products, as is reflected in
the fact that the Norwegian Gene Technology Act, which in fact imposes significantly stricter
requirements on these products than on non-modified products, enjoys great support among
the population. The basic values of the population thus dictate that we demand a clear,
positive beneficial effect, such as a reduction in the use of pesticides that are harmful to
health and the environment, in order for a GMO to be approved.

The final clause of the Decree is an assessment of three varieties of rapeseed, Ms8, Rf3 and
Ms8xR 13, produced by Bayer. These also tolerate glufosinate ammonium but are rejected on
the grounds of the risk of proliferation in the form of seed spillage during transport. There is a
risk that transgenes will be spread to rapeseed that is cultivated in Norway and to related wild
species. The Department thus does not refer to ethical arguments here, despite the fact that
this would be just as relevant as for maize 1507.

It is reasonable to note here that the argument of proliferation is, strictly speaking, not solely
a risk-based argument. The EFSA and the Norwegian Scientific Committee for Food and
Environment have both stated that the likelihood of proliferation with negative environmental
consequences is small. The risk is therefore minimal. What the Department emphasises is the
occupational and economic impact on those who cultivate non-modified species, especially
within organic farming, and the significance for biodiversity if such spread to wild species. It
can therefore be claimed that this justification is as much based on sustainability and the
precautionary principle, which is central in the Biodiversity Act and referred to in the
preparations for the Gene Technology Act.

The argument that transgenes without any competitive advantages for the organism represent
a reduction in biodiversity can be considered a value-based point of view which enjoys great
support among the Norwegian population. Thus, even if the Norwegian Environment Agency
recommends such and the Department resolves to reject these rapeseed varieties under
reference to the environmental risk, one can say that this decision, too, is defended from the
perspective of the public’s moral perception of the impact on sustainability of the
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proliferation of transgenes to non-modified and wild species. Consequently, this decision
could also be interpreted as being based on the criterion of ethics in the Gene Technology
Act, even if the Department’s formal reasoning is the environmental risk.
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4. Approach to ethical assessment

4.1 Umbrella procedure for impact assessment

Annex 4 to the applicable regulation on impact assessments according to the Gene
Technology Act offers the following structure for this assessment:

Firstly, one assesses the risk of potential detrimental effects for public and animal
health and the environment, and the likelihood that such effects will arise.

Then, one looks at this risk assessment from the perspective of the precautionary
principle.
Finally, one assesses the social benefit, sustainability and ethics.
It is stated in the regulation that the assessment of social benefit, sustainability and ethics “are
all independent criteria for assessing applications according to the law, and are criteria which

can contribute to a relaxing of the requirement that genetically modified organisms which
will cause adverse effects to health or the environment shall not be released”.

Fig. I illustrates the connection between the different elements in this umbrella procedure
within the impact assessment.

Risk assessment for possible adverse effects, and likelihood thereof,
for public health, animal health and the environment

Assessment of potential for irreversible damage, and uncertainty of the risk assessment,
for public health, animal health and the environment

Assessment of positive and negative effects on sustainability

Assessment of positive and negative social benefits

Assessment based on basic ethical principles and public morality

Fig. 1: Umbrella procedure for impact assessment

As can be seen from Fig. 1, an application is first subjected to a risk assessment and then
assessed according to the precautionary principle. This risk assessment is undertaken by the
Norwegian Scientific Committee for Food and Environment and its assessment forms the
basis of the rest of the impact assessment.

If the Scientific Committee for Food and Environment also concludes that the risk is low and
does not go against the precautionary principle, further impacts on sustainability, social
benefit and ethics are assessed. This subsequent assessment, based on the criterion of ethics,
includes relevant aspects from previous assessments conducted during the process. The
criterion of ethics can thus contextualise earlier assessments such that, for example, one type
of risk is acceptable in one context but not in another on the grounds that there is no
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counterweight of beneficence. The assessments are thus hierarchical, but not independent of
one another.

Annex 4 to the regulation uses control questions for the risk assessment and application of the
precautionary principle. These control questions are also useful for the holistic ethical
assessment. In addition, we have designed an approach in these guidelines which provides for
a broad and comprehensive assessment of ethical aspects. Taken together, these sets of
questions can be considered comprehensive. However, it is important to note that not all
considerations will be relevant in all assessments.

The intention with a question-based assessment of GMOs is to use concrete questions to
identify important normative aspects of the relevant GMO, and not to undertake lengthy
investigations of what may be, in individual cases, irrelevant aspects. For the ethical
assessment, it is reasonable to regard these lists of questions as a menu or “buffet bar: select
the questions that seem relevant and beneficial in order to initiate a discussion over what is at
stake for different stakeholders and from different perspectives.

Once we have included the lists of control questions for use in the risk assessment and
assessment of sustainability, and additionally supplemented these with ethical sample
questions, answering these can seem like a daunting task. But this is not the task at hand. The
task here is to discuss the applicable, ethically relevant and important aspects of the
individual case, and these lists of questions are meant to offer guidance and inspiration for
this task.

In purely practical terms, one can answer or sign off all questions briefly in an annex and
discuss the relevant questions in the text (in table form or not). The primary goal is for the
reasoning and justification to be open and transparent. If a GMO is to be approved for the
first time, this will require a more thorough review than if it has been dealt with previously.

1. Is biodiversity affected globally?

2. Is the functioning and stability of ecosystems affected?

3. Are there different effects in this respect when it comes to production and use?

Environmental thresholds

4. Is energy efficiency affected?

5. Is the efficiency of the use of other natural resources affected?

6. Is the proportion of renewable vs non-renewable natural resources affected?

7. Are emissions affected on a global/supra-national scale?

8. Are emissions of greenhouse gases particularly affected?

9. Are there different effects in this respect when it comes to production and use?

Basic human needs

10. Is fulfilment of basic human needs affected?

11. Are there different effects in this respect when it comes to production and use?

Inter-generational spread

12. Is the spread between generations affected when it comes to good effects?

13. Is the spread between generations affected when it comes to burdens?
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14. Are there different effects in this respect when it comes to production and use?

Spread between rich and poor

15. Is the spread between rich and poor countries affected when it comes to good effects?

16. Is the spread between rich and poor countries affected when it comes to burdens?

17. Are there different effects in this respect when it comes to production and use?

Economic growth

18. Is the use of energy and other natural resources affected in terms of economic growth?

19. Are global/supra-national environmental strains affected in terms of economic growth?

20. Is the spread between rich and poor countries affected in terms of economic growth?

21. Are there different effects in this respect when it comes to production and use?

Fig. 2: Sustainability control questions

Ethical aspects of sustainability and social benefit will be of relevance for an ethical
assessment. In Fig. 2 and Fig. 3, we offer an overview of the control questions that have been
developed for sustainability and social benefit.

Product properties

1. Can it be said, reasonably speaking, that there is a need for the product in the form of demand or
something else?

2. Can the product, reasonably speaking, be said to solve or potentially help to solve a social issue?

3. Can the product, reasonably speaking, be said to be significantly better than equivalent products that are
already on the market?

4. Can it be said, reasonably speaking, that there are other alternatives that are better than the product with
respect to solving or potentially helping to solve the respective social issue?

5. Does it contribute to the growth of commerce and value creation, including creating new job
opportunities?

6. Does it contribute to the growth of commerce and value creation, including creating new job
opportunities, particularly in local areas?

7. Does it contribute to the growth of commerce and value creation, including creating new job
opportunities in other countries?

8. Will it create problems in existing production that should otherwise be maintained?

9. Will it create problems in existing production in other countries?

Fig. 3: Social benefit control questions

An ethical assessment thus involves answering the question: What is the overall assessment
of the sustainability and social benefit that are relevant for the ethical assessment?

4.2 Ethical assessment step by step

Applications for approval under the criterion of ethics as contained in the Gene Technology
Act must be assessed in an open, transparent and predictable manner. Furthermore, the
process must not require unreasonable time and cost expenditure for applicants as this would
constitute an unacceptable obstacle to competition. Moreover, this could mean that useful
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genetically modified products will not be imported and that products specially adapted to
conditions in Norway will not be developed.

The first step in an ethical assessment is to provide an account of the relevant information
that forms the background of the assessment. This involves giving a brief description of the
product that will be assessed, a situational analysis which provides an account of any existing
products or methods and potential alternatives, and who and what can be considered affected
parties in the matter. The ethical assessment furthermore includes a summary of the
sustainability and social benefit assessments, as well as assessments of the risk assessment in
light of the precautionary principle. This introductory section should also include relevant
information on sources of knowledge concerning the Norwegian public’s moral values.

The next step in an ethical assessment is to review all key aspects that have come to light in
the assessment so far in an argumentative text. We recommend that the text review the
various relevant values from Norwegian public morality that are of interest for the different
affected parties. See the examples in Section 5 for illustrations of what values may come into
consideration.

The strength of the arguments put forward in the text will vary (different durability and
relevance). By explicitly assessing and indicating the strength of the arguments, we can arrive
at a well-founded conclusion. This will thus make the argumentation and conclusion
transparent and verifiable.

We have summarised the stages of an ethical assessment in Fig. 4.

Ethical assessment, step by step

1. Description of product and situation with alternative products/methods
a.  What are the interests of the different parties in the product or process? (including
hierarchies of power)
b. What problem is the product or process supposed to solve?
c. How is the product or process supposed to be implemented in practice?
d. What alternatives are there?
2. Ethical aspects from risk assessment, and social benefit and sustainability assessment, including in
the light of the alternatives that exist (point 1d.)
3. Affected parties and their interests
4. Relevant information from various sources on the public’s moral values
a. Laws with preparations and application etc.
b. Political party manifestos etc.
c. Organisations and NGOs
d. Opinion research etc.
5. Ethical assessment based on relevant information from various sources on the public’s moral values
Review the following basic values:
a. The four principles (autonomy, non-maleficence, beneficence, and justice);
b. Trust, duty of care, care, solidarity;
c. Respect for dignity/integrity, and naturalness.

Here, the help questions in the ethical matrix can be used as support for the argumentative text.

6. Summarising conclusion and recommendation based on the ethical assessment.

Fig. 4: The stages of an ethical assessment
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Exactly which of the Norwegian public’s moral values are affected, and which parties are
affected, will vary from case to case. Below, in Fig. 5, we have prepared a list of such values
and parties in table form — as a variant of the ethical matrix method. We have listed examples
of relevant questions in the different fields of the matrix. We have chosen to call these
“example questions”, rather than “control questions”, as they can offer guidance to
individuals who will be personally undertaking an ethical assessment of GMOs. Not all of
these values and questions will be relevant for each application. It is equally not the case that
each specific question has just one “correct” position in the matrix. Many questions highlight
multiple values.

As stated above, these example questions are intended to offer guidance and inspiration in
your work. They are not intended to act as a list which should be worked through
methodically. The task here is to provide an ethical assessment of important issues. What
these important issues are will depend on the individual case and is specifically what this
ethical assessment must take a stance on. The example questions should as far as possible
indicate which aspects might be important, and should help to open our eyes to aspects that
we might not have considered. Therefore, you should pick and choose questions and aspects
for each assessment individually.

Does the product or
process pose a health risk
or increased concern
about such a risk in the
country of production?

Does the product protect
against harm that may be
caused by using
alternative methods?

Do people in poor
countries enjoy the same
benefits or protection
against health risks as we
give our own citizens?

Might this lead to other
harm or detriments in the
country of production?

Are there harm or risk
aspects that are relevant
but which have not been
documented by the
standard impact
assessment (e.g.
because this assessment
is based on information
from stakeholders)?

Sustainability
questions 6, 7, 8,
9, 13, 14

Does the process or
product cause
unnecessary suffering to
or retard development
in animals?

Does the process or
product prevent
suffering that is caused
by the relevant
alternatives?

Sustainability questions
2,3,45789

Does the product or
process involve a secure
and profitable use of
resources?

Can it provide economic
growth?

Does it contribute to
agriculture that is kinder
to the environment
(reduced use of pesticides,
reduced ploughing etc.)?

Social benefit questions 5,
6,7 8and 9

Sustainability questions
10 and 11

Does it contribute to an
increase in access to
sufficient and nutritious
food compared to the
alternatives?

Are there harm or risk
aspects that are relevant
but which have not been
documented by the
general approach (e.g.
because this assessment
is based on information
from stakeholders)?

Social benefit questions
1,234 5 6and 8

Sustainability
questions 1, 7, 8,
9 12, 14

Sustainability questions
2,3,457,8 9
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Does the product or
process contribute to
reducing or increasing the
gap (in the long or short
term) in living conditions
between rich and poor
people in the country of
production? Between
urban and rural
communities?

Does the product or
process contribute to
reducing or increasing
the gap (in the long or
short term) in living
conditions between rich
and poor people in
Norway? Between
urban and rural
communities?

Sustainability
questions 1, 8, 9

Sustainability questions
1,23

Does the product or
measure affect the right of

Does the product or
measure aftect the right

Does the product
or

Does the product or
process affect animals’

persons or groups to self- | of persons or groups to | process/measure ability to express
determination? self-determination? affect future behaviours typical of
generations’ their species?
ability to make
independent
choices?
Might the product or Might the introduction

measure change people's
trust in the producer or
country of production?
For example, Norwegian
whaling has affected
perceptions of and trust in
Norway and Norwegians.

of the product or
measure cause a change
in people’s trust in
Norwegian food
producers, their
products or the public
authorities? In what
way?

Is the product or process
compatible with the ideal
of good management of
local natural resources
compared to the relevant
alternatives?

Is the product or
process compatible with
the ideal of good
management of
society’s resources
compared to the
relevant alternatives?

Is the product or
process
compatible with
the ideal of good
management of
resources with
respect to the
needs of future

Is the product or
process compatible with
the ideal of good
management of the
natural world and good
conditions for animals
compared to the
relevant alternatives?

generations?
How is the welfare of How is the welfare of How is How is consideration
producers and other individuals and consideration given to the
affected parties in the consumers in Norway given to future environment and the
country of production taken into account generations natural world regarding
taken into account? regarding the regarding the introduction of the
introduction of the production, product or measure?

product or process?

introduction and
use of the product
or process?

See sustainability
control questions

How will people in other
countries benefit from or
be exposed to health risks
and risks to their well-
being due to production of
the product?

Does the product, process
or marketing take account
of indigenous peoples,
people in heavily
traditional cultures, and
disadvantaged groups?

Will products (animal
feed or food) to be used or
consumed in Norway be
based on GMOs that have

Will the product or
measure reduce or
increase the gap
between individuals or
groups in Norway?

Will the product
or measure reduce
or increase the
gap between
individuals or
groups in the
future?

How will animals and
the environment in
other countries benefit
from or be exposed to
health risks and risks to
their well-being due to
production of the
product?
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been specially designed to
tolerate hazardous
substances that are not
permitted in Norway?

Does the product or
measure contradict the
general perception in the
country of production of
what is natural compared
to the alternatives?

Does the product or
measure contradict the
general perception in
Norway of what is
natural compared to the
alternatives?

Will the product
or measure impact
future
generations’
ability to
experience nature,

Does the production of
the product involve
barriers between species
being crossed in ways
that are essentially
different from what

otherwise occurs in
cultivation or in the

and what positive

How and to what extent and negative

will approval of the

consequences wild and that are
DI Orprocess might one incompatible with the
gilsoibasielepmmon imagine will importance ascribed to
JAINES GEnOTSE arise? the separation of the

species?

Does the product or
measure represent a
reduction or enrichment
of biodiversity?

Will the product or
process limit
individuals’ or species’
integrity or dignity?

Fig. 5. Ethical matrix of affected parties and values, with help questions

The matrix is a practical tool for getting a broad overview of relevant issues before
subsequently focusing on those questions which seem most relevant. Going through the
example questions and giving a brief answer for each in a matrix like this can be a useful
jumping-off point for writing the argumentative text which will form the basis for your
conclusion. It will also help with openness and transparency.

When filling in the ethical matrix from the perspective of a specific product you are
evaluating, you can note down the ethically relevant consequences in the relevant boxes. If
the product has an ethically negative effect, add a minus sign at the end ( - ). If the product
has an ethically positive effect, add a plus sign at the end ( + ). If the product has no effect at
all, the cell can be left blank or a 0 can be written in.

If you are unsure about what consequences the product might have for the value, or if there is
no documentation on such consequences, make a note of this with a question mark. In the
holistic assessment, you can use the overview of pluses, minuses, zeros and question marks to
get an impression of where the benefit of the product lies, where the adverse effects lie and
how much uncertainty there is regarding the consequences of the product.
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S. Examples of ethical assessments

In the following, we wish to discuss a few select examples in light of the approach proposed.
These examples have been selected in consultation with the project sponsor and primarily
shed light on GM products that may gain relevance in the relatively near future. As is stated
in the discussion above, the dynamic of public morality and the ethical assessment will
depend on both the technology that is used and what properties the relevant products have. It
is likely that there will be a great deal of activity in the field of gene technology in the
coming years.

These examples illustrate different ways of applying the proposed approach in practice. In
most cases, the final conclusion will depend on facts that are not available, hence we sketch
out various possible conclusions in a general fashion.

5.1 Genetically modified dry-rot-resistant potato

The potato is cultivated across Norway and is one of the most important crops in Norwegian
agriculture. Dry rot causes huge financial losses every year (losses in 2006 were estimated at
over NOK 55 million) and the problem is only increasing due to new variants and climate
change.*" The use of pesticides is thus very high. Cross-breeding resistant genes is difficult
and enormously time-consuming and only somewhat effective as the dry rot fungus is highly
adaptable. A biotechnological solution to the problem of infection which significantly
reduces the use of pesticides would be of huge social benefit. If it had a lasting effect, it
would also contribute to sustainability.

A great deal of international research activity is currently being conducted into the insertion
of resistant genes from wild potato varieties into commercial varieties using standard genetic
modification and varieties approved for cultivation in the USA and Canada.*"' Gene editing
can also be used to streamline the insertion of these resistant genes which would then be
classified as cisgenes since the genes are obtained from potato varieties. However, it is also
conceivable that gene editing could be used to increase resistance without the insertion of
genes, for example by deactivating genes which make the potato susceptible to infection.
This type of deactivation is performed on potatoes during traditional genetic modification,*"
and so it is logical that this can be performed more effectively using gene editing. Such a
potato hardly has full resistance and other measures might be adopted too, including the
continued use of pesticides. It must also be considered that new varieties would have to be
developed to counteract the fungus adapting to this variety.

1. Situational analysis

What alternatives are there to this gene-edited potato? Organic farming using alternative
inputs that might lead to an increase in wastage due to infection, much lower production
levels, more expensive potatoes and increased imports. Current conventional system with
extensive use of pesticides, likely to increase in future. Transgenic or cisgenic potatoes with
more resistant genes inserted into them. Neither of these alternatives offer perfect solutions.

The parties in this case are the producers of the potato variety, conventional potato growers,
organic potato growers, agricultural organisations, breeding companies, grocery chains and
consumers. In this context, we assume that this relates to cultivation in Norway, hence the
country of production column has been removed. Most Norwegian potato imports do not
come from countries like these. X
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2. Ethical argumentation

Non-maleficence. The issue of ‘non-maleficence’ will be crucial in this case, as in several
others. It is expressed in the precautionary principle, wherein uncertainty surrounding the
sustainability of the variety must be cleared up. Particularly applicable here is the question of
how long the effect will last with a reduction in the use of pesticides. There is furthermore a
question of whether this could threaten the co-existence with those who choose conventional
varieties and organic farmers, which is somewhat likely. These questions will be highlighted
in the sustainability and social benefit assessments that are used as a basis for the ethical
assessment.

Beneficence. Beneficence indicates the extent to which the variety leads to a reduction in the
use of pesticides that are harmful to health and the environment, and who this will benefit.
Non-target organisms in the environment, potato growers and consumers will benefit from
such a reduction in use even if only a minority of the chemicals being used are known to be
harmful to health and the environment. A reduced need for pesticides and other protective
actions will also provide a clear benefit to farmers in the form of more predictable farming
processes which require less equipment and at the same time have fewer losses. This benefit
is not guaranteed if the variety does not have complete protection against fungal attack,
which is unlikely.

The basis for this assessment is statements made at consultations on the Norwegian
Biotechnology Advisory Board’s proposal for relaxing the legislation, as well as surveys
carried out in Norway and overseas.** These show that there is considerably more acceptance
of cisgenic products than transgenic ones, including because the former is perceived as “more
natural” because genes from other species are not introduced. One might assume that precise
point mutations will be perceived as equally or more natural and acceptable than cisgenic
modification. In any case, this means that acceptance is more likely if there are clear
advantages to the variety.

Justice. Justice is an essential value in this context and refers first and foremost to who stands
to benefit from the variety being approved for potato cultivation in Norway. It ought to be
that most of the major interest groups and society as a whole stand to benefit from the variety
if it is to have any legitimacy in a society where opposition to GMO is great. The significance
of such a variety for farmers who do not choose it will also be great, cf. co-existence
question. They cannot be permitted to find themselves in a worse position than they were
before the variety was approved.

Autonomy. Autonomy comes into play first and foremost when it comes to labelling (if the
variety is to go on sale). As mentioned in Section 3.1, current Norwegian regulations require
that all GM products be labelled. One can equally argue that gene-edited products should not
be labelled as GM products because these products could just as easily have been produced
using other methods of cultivation that are not subject to labelling requirements. There are
equally grounds to maintain that consumers ought to retain the option of not selecting
products they do not want, see point below on trust.

Trust and ownership relationships. Another relevant aspect is the extent to which this gene-
edited potato becomes part of Norway’s breeding strategy and is governed by the Norwegian
public authorities and agricultural industry, and the fact that the variety is adapted more to
industrial production than small-scale agriculture. As mentioned in the theoretical discussion
of morals at the outset, this is significant for people’s trust in the products. It will be more
morally acceptable for the gene-edited potato to be an integral part of Norway’s breeding
strategy than for a patented variety to be developed by a multinational corporation. This will
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be significant for how great the variety’s contributions to social benefit and sustainability
must be in order for it to be accepted.

Duty of care, care, solidarity. The product does not go against the ideal of good management

of society’s resources compared to the relevant alternatives, it is assumed that it will be rolled
out through the existing Norwegian agricultural system and that there will be an option not to
select this product.

Naturalness. There is reason to believe that gene editing without insertion of genes will be
more acceptable than traditional genetic modification. This assessment is based on statements
made at consultations on the Norwegian Biotechnology Advisory Board’s proposal for
relaxing the legislation, as well as surveys carried out in Norway and overseas** which show
that there is considerably more acceptance of cisgenic products than transgenic ones,
including because the former is perceived as “more natural” because genes from other species
are not introduced. One might assume that precise point mutations will be perceived as
equally or more natural and acceptable than cisgenic modification.

Respect for dignity. Gene-edited products, including ones where no genetic material is
introduced, are regulated as GMOs in Norway. There is reason to believe that the Norwegian
population’s fundamental scepticism regarding GMOs will also come to bear in this case too.
That is to say that an application for approval of gene-edited potatoes for cultivation requires
stronger justification in the form of a benefit for consumers and for the environment.
However, there is also reason to believe that gene editing without inserting genes will be
more acceptable than traditional genetic modification.

We can position these assessments in the following matrix:

If the product comes onto the market, it is
assumed that it has been assessed to be safe
0

It is assumed that gene transfer, for example
to organically grown potatoes, it not very
likely O

The product
prevents the use of
pesticides, which
can contribute to a
better environment
on the ground over
time. +
Modification may
lead to unintended
effects on the
ecosystem -?

The product prevents
the use of pesticides. +

A biotechnological solution to the problem
of infection which significantly reduces the
use of pesticides would be of huge social
benefit. +

This solution can also lead to more efficient
potato cultivation, more income for growers
or potentially lower prices for consumers. +

Biotechnological
solution to the
problem of infection
which significantly
reduces the use of
pesticides will
contribute to
sustainability. +

Biotechnological
solution to the problem
of infection which
significantly reduces
the use of pesticides
will contribute to
sustainability. +

As long as it is possible for organic farmers
not to choose the cisgenic potato, this is not
unjust 0

May provide better opportunities for small-
scale farmers and larger enterprises +

Can contribute to
improving the health
of the ecosystem
due to reduced use
of pesticides +?

Meant to have a
positive effect on
biodiversity but this is
uncertain?

As long as the potatoes are labelled, this 0 0
does not affect autonomy 0
It will be more morally acceptable for the 0 The potato will have

gene-edited potato to be an integral part of
Norway’s breeding strategy than for a

fewer modifications
than other GMOs, and
one can thus assume
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patented variety to be developed by a
multinational corporation. 0/-

that it will cause less
concern among the
population. 0/-

The product is compatible with the ideal of
good management of society’s resources
compared to the relevant alternatives +

+

We have no knowledge of this but if
ordinary agricultural equipment is used,
there is no particular cause for concern. 0/?

The measure is a
desirable alternative to
the use of pesticides +

As long as it is possible for organic farmers
and consumers not to choose the cisgenic
potato, this is not unjust and solidarity is not
relevant 0

Can potentially be
exported and be a good
solution in other
countries as well 0/?7/+

Statements made at consultations on the
Norwegian Biotechnology Advisory Board’s
proposal for relaxing the legislation, as well
as surveys carried out in Norway and
overseas which show that there is
considerably more acceptance of cisgenic

Modification does not
involve crossing
species barriers. 0
The potato can lead to
an enrichment of
biodiversity due to a

products than transgenic ones, including reduction in the use of
because the former is perceived as “more pesticides +?

natural” because genes from other species
are not introduced

-/0

It is unclear whether the product will be
labelled and whether it will thus be easier
for consumers to make informed choices.

Fig. 6: Ethical matrix for a gene-edited dry-rot-resistant potato
3. Conclusion

There is reason to believe that this is a product that can be approved for cultivation and sale
in Norway if the potato does in fact provide good resistance and protection against dry rot
that is effective over time. It is only somewhat likely that the product will cause irreversible
adverse effects for future generations. It is furthermore intended to have positive ecological
consequences. It has been documented that consumers are positive about GM varieties which
facilitate agriculture without the use of poisonous pesticides. It is also positive that this
editing does not involve the insertion of any genes, which is perceived as less natural and
more risky. Patents and ownership relationships will also play a role in the assessment. If the
protection is only partial and decreases over time, then the question is whether this positive
effect is sufficiently good. This can only be answered through a well-documented empirical
analysis of the product.

5.2 Cultivation and sale of transgenic strain of maize

Maize is one of the most important types of corn in the world, and is used for food, animal
feed and the production of biodiesel. It is a plant which requires relatively high temperatures
and in Norway is cultivated primarily south of Mjesa, although there is production as far
north as Trendelag. Climate change and new varieties may increase consumption, and it has
been highlighted that Norwegian-grown maize is well-suited as feed for cattle, among other
species. ™! There is therefore reason to believe that Norwegian production can increase
significantly in the years to come.
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1. Product and situational analysis

Glyphosate-tolerant maize has been on the market since 1998 and comprises an ever-
increasing share of maize production, including GM varieties that combine several properties.
It can tolerate glyphosate, one of the most commonly used herbicides on the market. It is
heavily used in Norwegian agriculture and, despite a contested report on its potential to be
carcinogenic, continues to considered safer than comparable products when it comes to both
health and the environment.**ii

The most important benefit of glyphosate-tolerant plants is that they reduce the need for
ploughing which has a negative impact on the environment, making it possible to use less
pesticide during growing season and making pesticide spraying easier. It is disputable to what
extent these products reduce pesticide use or increase crop yields. The most important
negative factor is the risk that glyphosate-resistant weeds will develop if only this herbicide is
used, a possibility which glyphosate-tolerant plants invite. Targeted measures can counteract
this. ™

Stakeholders are the producer of the maize variety, conventional maize growers, organic
maize growers, farmers who use maize as feed, agricultural organisations, Norwegian
breeding companies, grocery chains and consumers.

The alternatives are developing the existing maize varieties combined with using a spectrum
of anti-weed measures, including covering the ground or using greenhouses, plus other new
biotechnological methods such as gene editing in order to produce a broader spectrum of
methods for combating weeds.

2. Ethical aspects from risk assessment, and social benefit and sustainability assessment

According to the Norwegian Scientific Committee for Food and Environment, modification
does not pose any risks to health or the environment.* Even if we take a precautionary
principle approach with regards to the disputed carcinogenic effect of glyphosate, there is no
reason to prohibit this variety so long as glyphosate is permitted in Norway. It is reasonable
to assume that farmers will be less exposed to herbicides if a tolerant variety is used since one
of the benefits of this variety is that it provides for a spraying regime that is more predictable
and easier to handle.

Opposition to the current GM varieties, including glyphosate-tolerant maize, is widely
documented in Norway if one looks at the attitudes of agricultural organisations and the
dominant food chains, and is also known from surveys. There is thus a need for clear
demand, significant value creation or a contribution to solving an important social issue in
order for this product to be said to contribute to social benefit.

Even if there is a positive social benefit in simplifying the handling of pesticides, this will
only affect a very small group of stakeholders. Given the opposition among the key
stakeholder groups (see below), it is more likely that approval will create conflicts that will
lead to negative social benefits.

It is possible that the variety will make a positive contribution to sustainability, since it will
reduce the need for ploughing. However, since it is a marginal product it will hardly have the
weight it receives in the large-scale industrial cultivation of maize in countries like the USA
and Canada where soil erosion caused by ploughing is an enormous problem.
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3. Affected parties and their interests

It is only mildly likely that those who have developed this variety will consider it important
that they get approval for cultivation of such a marginal product on such a marginal market as
Norway. Even though the cultivation of maize will likely increase in Norway, as previously
mentioned, it will never be large-scale in a global context. Other stakeholders might be maize
growers but there are only a few such growers who are expressing a desire to use such a
variety in Norway as long as the Norwegian market is characterised by a scepticism towards
GM products. It is equally unlikely that many maize growers will be in favour of a
prohibition for market reasons.

Even though there are nuances in the Norwegian opinion when it comes to future use of
GMOs, there have been slightly positive assessments of the existing varieties, such as
glyphosate-tolerant maize. The agricultural organisations are members of the Norwegian
Network for GM-free Food (Nettverk for GMO-fri mat), and two of the largest food chains
are observers. This organisation has an explicitly negative attitude towards the type of variety
discussed in this example. There are consequently no significant stakeholders who would
advocate this variety.

4. Ethical assessment

Non-maleficence. As we have seen, the question of ‘non-maleficence’ is first and foremost
connected to the precautionary principle and sustainability where there is little reason to fear
harm. There are bigger questions associated with co-existence with those who choose
conventional varieties, be it using a standard approach or organic farming. Will there be costs
to ensure that seed is not spread to those running GM-free operations, and who will bear the
costs for ensuring this. Given the extent of maize cultivation in Norway, this is a problem that
is manageable in the foreseeable future but one that must be taken into account in the
assessment.

Beneficence. Beneficence indicates the extent to which the variety leads to a reduction in the
use of pesticides that are harmful to health and the environment, and who this will benefit.
Non-target organisms in the environment, potato growers and consumers will benefit from
such a reduction in use even if only a minority of the chemicals being used are known to be
harmful to health and the environment. A reduced need for pesticides and other protective
actions will also provide a clear benefit to farmers in the form of more predictable farming
processes which require less equipment and at the same time have fewer losses.

This benefit is uncertain since it is unclear to what extent this variety actually leads to a
reduction in the use of such herbicides over time. These questions will be highlighted in the
sustainability and social benefit assessments that are used as a basis for the ethical
assessment.

Respect for dignity. This value is connected to both farmers’ and consumers’ ability to make
informed choices, and to respect for the inherent value of nature. GMOs have traditionally
been viewed with scepticism in Norway, so this value will cause a leaning towards not
approving the variety.

Justice is first and foremost about who stands to benefit from this variety being approved for
maize cultivation. It ought to be that most of the major interest groups and society as a whole
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stand to benefit from the variety if it is to have any legitimacy in a society where opposition
to GMO is great. The significance of such a variety for farmers who do not choose it will also
be great, cf. co-existence question. They cannot be permitted to find themselves in a worse
position than they were before the variety was approved.

Autonomy comes into play first and foremost when it comes to labelling (if the variety is to
go on sale).

As mentioned in the theoretical discussion of morals at the outset, trust in Norway’s
agricultural products is great and this is connected to the fact that the products are part of a
Norwegian agricultural cooperation between public authorities and the agricultural industry.
It is also important here that the variety is better suited to industrial production than small-
scale agriculture. A glyphosate-tolerant maize will likely be a patented variety developed by a
multinational corporation. There is reason to believe that the introduction of such a variety
without there being any clear benefits to such for the environment or for consumers will
contribute to a weakening of this trust. This is a factor that will count negatively towards the
assessment.

Considerations such as duty of care, care, solidarity, and naturalness will likely not cover
other concerns or possible benefits besides those mentioned above, and will thus not play any
independent roles in an ethical assessment of this product.

Since the population’s scepticism is greater when it comes to transgenic modification than
other breeding methods, this will contribute to highlighting the demand for positive
contributions in the balancing of interests. In the example, we see that the benefits of the
technology are considered small for cultivation in Norway.

5. Conclusion

The most important aspects of an ethical analysis of a transgenic glyphosate-tolerant maize
for cultivation in Norway will be the widespread scepticism towards this type of GM product
on the Norwegian market and the relatively small sustainability benefits, plus the fact that the
social effect seems relatively low. Given that this is a correct image, there is good reason to
reject this variety for cultivation. However, there may be greater benefits in these areas than
what has been laid out in this analysis, and this can only lead to a more positive conclusion. It
is, however, reasonable to assume that these would have to be significant in order to
overcome the fundamental value-based scepticism among the population with regards to this
type of genetically modified product.

5.3 Genetically modified castrated pigs

In order to avoid boar taint in pork, it is common in Norway and internationally to surgically
castrate young male pigs.**" Uncastrated boars have higher levels of the hormones skatole
and androstenone which in a significant proportion of animals produces an undesired odour
of urine and sweat from pork during heat treatment.**"!

Surgical castration of male pigs under 4 weeks of age is permitted in Norway according to
Art. 10c Norwegian Regulation on the Keeping of Swine (Forskrift om hold av svin) which
specifies that:
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The procedure must be carried out by a veterinarian using anaesthesia. In addition to
anaesthesia, long-lasting pain relief must be administered by injection during the
procedure.

The Regulation on the Keeping of Swine (Forskriften om hold av svin) was issued under the
Norwegian Animal Welfare Act (Lov om dyrevelferd) which states the following principles
for the surgical treatment of animals under Art. 9:

Medical and surgical treatment must be performed in a manner that respects animal
welfare and takes the functioning and quality of life of the animal into consideration.
Operations shall not be performed on nor body parts removed from animals unless
there are reasonable grounds to do so with respect to the health of the animal. (...)
castration is permitted when necessary with respect to animal welfare or other special
reasons.

As early as 2002, however, the Norwegian Parliament introduced a prohibition on surgical
castration of pigs, supposed to come into effect before 1 January 2009, on the grounds of
animal welfare. This prohibition was nevertheless postponed indefinitely due to a lack of
sufficiently good alternatives. Surgical castration is still very much widespread in Norway,
despite the authorities’ desire for a prohibition. The EU also introduced a prohibition on
surgical castration of pigs in 2010 which was due to come into force in 2018 but has also
been postponed. Vi

1. Product description

The production of gene-edited male pigs involves removing the gene which releases the
undesired hormones. Technological solutions for this are currently being developed and the
first gene-edited “castration-free” pigs were born in the USA earlier this year.**Viil Research
into a gene editing of pigs that eliminates the need for castration is also underway in Norway.
Below is an assessment of a hypothetical production of gene-edited castration-free male pigs
in Norway.

Stakeholders are suppliers of the relevant technology, breeding companies, farmers involved
in swine production, agricultural organisations, grocery chains and consumers.

2. Adverse effects, sustainability and social benefit

The gene editing of pigs must be assessed in light of the principle of sustainable development
and the precautionary principle. As established in the example of dry rot-resistant potatoes
given in these guidelines, the use of gene editing must be justified with respect to a
fundamental scepticism towards GMO in Norway, even if scepticism towards (and possibly
future regulatory requirements for)** gene editing will likely be lower than for transgenic
changes to animals. The benefit of using gene editing should therefore be significant, and the
uncertainty regarding animal welfare risks and risks of weakened food security should be
low. The benefit in the form of an improvement in animal welfare if gene editing is used will
significantly outweigh any form of increased efficiency and earnings in production.®**

With respect to risks of low sustainability and adverse effects if gene editing is used, such as
negative animal welfare, weakened food security and a negative impact on the external
environment, these are assumed to be low. With respect to the social benefit, good-quality
meat and the possibility of avoiding undesired procedures on domesticated animals will count
as positives. Opposition to both genetic modification and dependence on multinational
corporations if using this technology will have a negative impact on the social benefit of gene
editing. This can be countered to an extent by adopting two measures to substantiate the
justice aspect and the autonomy of farmers and consumers, namely making the keeping of
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non-gene-edited swine financially viable, and introducing a labelling regulation for the sale
of these products.

3. Assessment based on the criterion of ethics

The most important ethical considerations in this case are linked to the pig as an affected
party (stakeholder). It is therefore not as beneficial in this case to use an ethical matrix as is
possible in examples involving multiple affected parties or stakeholders.

The consequences of permitting a GMO should be compared to reference alternatives,
meaning the current situation and expected developments, in light of political aims to move
in a certain direction. In this case, a clear aim is to change the conditions of pork production
such that a prohibition on surgical castration can be introduced.

Two current alternatives to surgical castration are producing male pigs for slaughter without
castration, and immunological castration of male pigs. The keeping of swine without
castration is currently practised in several European countries, including the UK and
Spain.** Measures to reduce the proportion of animals with boar taint include targeted
breeding, and better hygiene and living conditions. Animals with boar taint can be sorted out
before slaughter by testing their fat and quickly measuring levels of skatole and
androstenone. ! Since boar taint, as mentioned, cannot be detected without the meat being
heat treated, the meat from these animals can be used for sausages and cured meats. Boar
taint can also be camouflaged to a certain degree during the processing of meat products.

Immunological castration of male pigs involves inhibiting production of the pig’s sex
hormones using the Improvac vaccine. The pig receives two injections, one roughly 8 weeks
after birth and another 4-6 weeks before slaughter. Immunological castration involves similar
stresses to surgical castration as the animal must be restrained, but does avoid pain and sores
for the pig. The pig enjoys natural sexual maturation and behaviour until the second vaccine.
Little is known about the significance of the hormonal fluctuations this causes in the pig. The
use of immunological castration is on the way out in Norway due to the significant
undesirable variation in the effect of the vaccine. Another aspect is that the production of the
Improvac vaccine (Pfizer) is currently a monopoly because of patent rights.

Two future possibilities for avoiding boar taint are using sex sorted semen and — as in this
case — gene editing of male pigs. Using sex sorted semen leads to significantly fewer or no
male pigs being bred for slaughter. However, a feasible technological implementation of this
possibility has not yet been realised.**iii

Animal welfare, and thus also principles of welfare and not inflicting harm, is central to an
ethical assessment of the use of gene editing for avoiding boar taint. The practice of gene
editing cannot be said to increase animal welfare, rather it is about avoiding undesired
negative impacts on the pig’s welfare. With the former, the aim is to avoid the pain and
illness caused by surgical castration, while with the latter the aim is to avoid aggressive
behaviour in male pigs which are negative for animal welfare given current requirements for
housing pigs in sties.

The Animal Welfare Act states that animals shall be treated with respect for their intrinsic
value regardless of the utility value they may have for people, while Art. 7 Regulation on the
Keeping of Swine states that:

Operating procedures shall be established such that they give swine good
opportunities for exercise, movement and normal behaviour.
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These requirements are a concrete expression of the principle of dignity/integrity for animals
such as pigs, and at the same time offer a value-ethics approach to good pig-keeping where
the animals’ intrinsic value is respected and reification from a purely utilitarian perspective is
avoided. This is important for assessing gene editing compared to alternatives courses of
action.

The Animal Welfare Act states that castration must be motivated by animal welfare, and not
other considerations such as consumers’ taste preferences. Castration has a negative impact
on the welfare of the pig due to the stress associated with the procedure, and the pain and
risks of infection and disease. On the other hand, castration leads to an improvement in
animal welfare within the context of current living conditions for pigs being kept in Norway
since castrated pigs are calmer than sexually mature pigs who wish to mate and fight.

We can again claim here that improved living conditions for pigs, in the form of requiring
more space and richer environments indoors, plus access to outdoor areas, could make it
possible for uncastrated pigs to act according to their species without any increase in
problems. In this case, there would no longer be any reasonable grounds for castrating pigs
based on the Animal Welfare Act since it cannot be justified with respect to animal welfare.

An alternative to genetic or other castration is, as mentioned, to allow male pigs to develop
normally and express natural behaviours. This would shift the focus from eliminating the
issue of boar taint and natural behaviours by gene editing pigs, to focusing on how we can
optimise pigs’ living conditions, improve breeding, sort out animals for slaughter, and
develop new meat products.

4. Conclusion

In summary, the use of gene editing to avoid castrating pigs based on ethics can be
considered a good response to a narrow question, namely how can we avoid the politically
undesirable practice of surgical castration. However, gene editing does not answer the
broader question of how we can fulfil the requirements in the Animal Welfare Act that
animals must be able to express natural behaviours, and that castration shall only be
performed in order to improve animal welfare.

5.4 Genetically modified micro-organisms which eat plastic

1. Description of product and situation with alternative products/methods

Oil and plastic are potential sources of serious pollution for oceans and marine ecosystems,
among others.**" There is a growing body of academic literature investigating the
possibilities of using micro-organisms (especially bacteria and fungi) as a technology for
breaking down oil and plastic. For example, it is conceivable that such organisms could be
used for urgent clean-up work after an oil spill or accidents on off-shore oil rigs. Another
example is releasing bacteria into the oceans in order for them to become a permanent part of
the ecosystem and break down plastic pollution, including PET, which is otherwise nearly
permanent. More and more species of bacteria which have a natural ability to break down and
feed on plastic are being reported all the time, but their efficiency when it comes to acting as
organic problem-solvers (or bioremediation) in the oceans is low. The next-best alternative,
therefore, is to construct genetically modified bacteria with a greater ability to break down
plastic and the ability to survive in ocean waters.***" In these guidelines, we have assessed the
following hypothetical example: Application for release into the Norwegian Sea of transgenic
or gene-edited variant of a naturally occurring bacterium with a high capacity for breaking

32



down and metabolising PET in microplastics and other plastic pollution into harmless and
naturally occurring end products.

Alternative products and methods here might be the discovery of natural organisms which
can effectively break down and metabolise PET. Mechanical methods for collecting up
plastic in the ocean are also being trialled but it is inherently difficult to imagine these being
effective against microplastics. The situation here is primarily that the alternatives are also
hypothetical and of the sort “Perhaps we can innovate and create something else”.

Many people will be interested in a product such as this. Producers will have a financial
interest, while the general public and public authorities will be interested in mitigating a
potentially major environmental issue. Polluters might be particularly interested if products
like these allow for less stringent environmental measures or restrictions on their business.

In terms of the public’s moral values, it is well-known that the restrictive legislation on and
administration of GMOs in Norway is anchored in public opinion. At the same time, there
has been an increased focus in recent years in both politics and public opinion on the adverse
effects of plastic. Among other things, there has been an increase in volunteers helping to
pick up plastic,**" and we feel it is reasonable to claim that the bioremediation of plastic
could be an application of GMOs that will encounter less opposition among the general
population, cf. also the ethical assessment below.

2. Ethical assessment, including aspects from risk assessment, and social benefit and
sustainability assessment

This example can serve to demonstrate that in practice the various stages in the method
description in these guidelines might be combined in individual cases. In this case
specifically, the ethical assessment is to a great extent centred on issues of social benefit and
sustainability.

The ethical assessment is presented here in an ethical matrix. Since the ethically relevant
aspects are relatively few, we have also written these out as plain text.

The ethically relevant parties here are people currently living, future generations, and the
current marine ecosystem and its organisms. There are no particular grounds for believing
that the production itself of these strains of bacteria will contain any ethically relevant aspects
in the country of production. Furthermore, the literature gives good reason to believe that
bacteria such as this do not pose a direct threat to humans or animals who come into contact
with them. The key issue in an ethical assessment is what consequences might the release of
these organisms have for the marine ecosystem, and in turn what implications might these
consequences have for current and future generations. There might also be aspects of virtue
ethics and deontological ethics associated with the choice of bioremediation as a strategy for
handling pollution issues.

The intention with releasing organisms like this is to reduce or eliminate plastic pollution and
thus to exercise our duty of care in a sound manner. If this can be achieved, it will be of huge
benefit since it is believed that microplastics in the oceans will cause significant long-term
damage to the ecosystem. This assumption regarding benefit must be balanced against (1)
counter-arguments against it, and (2) arguments regarding potential harm. Counter-arguments
can be justified, among others, by the lack of documentation showing that the technology will
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actually work. Another type of counter-argument is that implementing technologies that
increase efficiency (in this case, the efficiency of breaking down plastic) might lead to
paradoxical effects (so-called rebound effects), for example it could lead to even more
pollution because over time producers, consumers or public authorities will become
accustomed to the remediation technology and rely on it too heavily.

Arguments over potential harm might be based on direct toxicity etc. however this can be
overlooked here since it is relatively easy to investigate as a problem. A more serious
counter-argument, which is also easier to assess, is that the release of new strains of bacteria
might threaten or change the stability of the ecosystem. This might be the result of them
changing the fitness of other strains and species and other ecological niches, thereby
impacting both biodiversity and the resilience of the ecosystem (its ability to withstand other
stresses). Since bacteria can evolve quickly, there is no reason to believe that we can obtain
perfect knowledge of the long-term consequences of this type of harm. This type of potential
harm might justify restrictive practices with respect to the precautionary principle.

Virtue-ethics and deontological-ethics arguments might be related to the rebound argument
above by linking to the fact that the technology might change behaviour and attitudes towards
plastic pollution which, beyond the negative environmental consequences, might also go
against or undermine public morals in this area. We assume that arguments such as this
would have been given significant weight in an assessment, while at the same time it is hard
to claim that Norwegian public morals are especially high with respect to plastic pollution.

3. Conclusion

Overall, we conclude that a concrete ethical assessment in such a case would primarily focus
on the stability and biodiversity of the marine ecosystem. The possibility of achieving
significant benefit would have to be balanced against an unknown and in any case only
theoretical possibility of harm, and against counter-arguments regarding short-term benefit
(since we cannot be convinced that the technology works) and long-term benefit (because of
the possibility of rebound effects). The concrete assessment will therefore have to find
support in research-based documentation regarding the details of the strain of bacteria and its
technical, biological and ecological properties, and in a concrete assessment of how pressing
the issue of pollution is.

If this documentation were perceived as lacking certainty, and if it were considered that the
issue of pollution could be solved by other means, an ethical assessment would be able to
conclude that a prohibition should be introduced. If the documentation appeared to be
thorough and solid, and there were still no realistic alternatives and the issue of pollution
were growing in extent and severity, an ethical assessment could conclude that GMOs such
as this can be approved.

5.5 Sale of transgenic soy

This example relates to the sale of transgenic soy with resistance to glyphosate pesticides and
insects. Large quantities of soy are used in Norwegian compound feed production. These soy
products are and have been GMO-free and since 1996 compound feed producers in Norway
have had full traceability and a completely GMO-free supply of soy imported from abroad,
predominantly Brazil **Vii This makes soy products more expensive but the willingness to
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accept these costs enjoys great support in Norway. Norwegian chicken and swine production
is currently dependent on the import of soy, and soy is also used in other meat production and
fish farming. It is estimated that 80-90 % of available soy is genetically modified. There is
therefore a certain vulnerability associated with getting access to sufficient GMO-free soy for
Norwegian meat production. However, one way of helping to solving this problem is to
increase the cultivation of alternative sources of protein for feed in Norway (e.g. corn,
rapeseed and peas).

1. Product and situational analysis

In previous assessments of genetically modified soy products, the Norwegian Scientific
Committee for Food and Environment concluded that they do not constitute a risk to health or
the environment.**Viil The sale of transgenic soy hardly threatens species boundaries or
species diversity in Norway, and therefore does not pose any serious direct risk. Certain risk
aspects potentially lack a sufficient basis of evidence (precautionary principle) but even if we
take a precautionary approach with regards to the disputed carcinogenic effect of glyphosate,
this would not be a reason to prohibit this variety so long as glyphosate is permitted in
Norway. The product does not contribute significantly to sustainability (from a global
perspective) even if one of the benefits of this variety is that it provides for a spraying regime
that is more predictable and easier to handle. Soy farmers are thus less exposed to glyphosate
products and insecticides, while at the same time they reduce their need for ploughing.

With respect to the social benefit, the import of transgenic soy with resistance to glyphosate
pesticides and insects could produce lower prices on products in Norway. Give the long-term
and current support for bearing the costs of avoiding GM soy, the social benefit is equally
low currently. However, this may change if non-modified soy becomes more accessible than
it currently is, and the difference in price becomes significantly higher. This applies in
particular to access to feed for the fish farming industry which was previously exempt from
the Gene Technology Act for just this reason. It is hard to say how much of a difference in
price there would have to be before one can call it a real social benefit that outweighs the
public’s scepticism towards this kind of GM product.

A related issue is the contamination of soy deliveries if a prohibition remains in force. Since
an ever increasing proportion of soy is genetically modified, there is an increasing risk that
deliveries of GM-free soy to Norway will contain illegal amounts of GM soy and will have to
be returned, with dramatic consequences for chicken and swine production,**ix

2. Affected parties and their interests

Stakeholders are the producer of the soy variety, farmers who use soy as feed, salmon
farmers and their organisations, agricultural organisations, Norwegian breeding companies,
grocery chains, consumers, future generations and the environment. As long as the
Norwegian market remains largely characterised by a great scepticism towards GM products,
there is no real driving force among Norwegian stakeholders for the sale of transgenic soy.

3. Ethical assessment

It may be useful to arrange the consequences in a matrix:

The genetically Access to sufficient This can be seen as The genetically
modified product feed for salmon, part of an industrial modified product
does not pose any chicken and swine monoculture with does not pose any
documented health production + high use of pesticides | documented

risk however there
are documented

which might limit

environmental risk
however there are
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concerns in
individual countries.
Lack of
documentation. 0/?

It is not expected that
this soy will have
health effects for
animals/consumers
who eat it in Norway.
0

their possible choices
-/?

documented concerns
in individual
countries. Lack of
documentation.

Unclear whether it
creates good for
societies in the
countries of
production compared

Cheaper and less
vulnerable production
of food in Norway,
especially if non-GM
soy becomes less

Unclear whether it
creates good for
future generations 0/?

May contribute to
more effective pest
management. +/?

to non-GM available +?

production ?

May be part of Cheaper products 0 0
further concentration | may be a positive for

of production chain low-income groups

in the countries of among Norwegian

production - consumers +/?

It is not known to In such a case, this Monoculture will 0

what extent farmers will be labelled so affect future

in the countries of that the autonomy of | generations’ freedom

production have any Norwegian of choice but this also

influence over consumers is applies to non-GM

whether they grow observed. + soy. 0

GM or non-GM soy.

Unknown. 0 There is reason to 0 Monoculture may

believe that the
introduction of such a
variety without there
being any clear
benefits to such for
the environment or
for consumers will
contribute to a
weakening of this
trust. -

make nature less
resilient but this also
applies to non-GM
soy. 0

This is not clear. 0

This is not clear. 0

The consequences for
future generations are

There are certain
benefits in the

unknown. 0/? production process,
e.g. less ploughing
etc. +
Unknown. 0 Care is observed in Unknown. 0/? This has been taken
that it will be into account in the
labelled. + risk assessment. +
Will lead to increase
in security of supply
for farmers and the
fisheries industry +
This may have a Will not affect the Unknown distributive | Potential positive

positive effect on
farmers in the
countries of
production due to a
reduction in exposure

gap between groups
in Norway, except
that it will lead to a
decrease in price
growth for animals

effect in future. 0

effect. +

to pesticides. + fed on soy. 0

We are not aware of Traditionally, It is unknown This is a typical
how the countries of | Norway has been whether future example of a GMO
production perceive negative towards GM | generations will have | that has been met
the naturalness of food production. This | the same perception with widespread

GM soy.

is a classic example. -

of naturalness. 0/?

opposition in Norway
for a long time and
one which many
believe harms the
inherent value of the
natural world. -
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Fig. 7: Ethical matrix for transgenic soy

Non-maleficence. Based on the assessments undertaken by the Norwegian Scientific
Committee for Food and Environment, it does not seem as if the risk of damages to health
and the environment posed by the sale of transgenic soy are great. However, there is a risk
posed to Norwegian salmon, chicken and swine production if a prohibition remains in place,
which may be of significance for the ethical assessment of cost vs benefit.

Beneficence. There may be a benefit to the product in that the use of pesticides will be more
effective and the ploughing will be reduced. There is also the possibility of inhibiting price
growth in Norway and making the financial situation harder for the fisheries industry, plus
making access to soy for feed less vulnerable.

Justice. The purchase of GM products may contribute to a further concentration of economic
power in the countries of production, to the detriment of individual agricultural workers.
However, this may allow prices for farmed salmon, for example, to be kept low in Norway,
which may be beneficial to consumers with fewer means.

Autonomy comes into play first and foremost when it comes to labelling (if the variety is to
go on sale). The autonomy of agricultural workers and farmers in the countries of production
is unknown.

Glyphosate-tolerant soy will likely be a patented variety developed by a multinational
corporation. There is reason to believe that the introduction of such a variety without there
being any clear benefits to such for the environment or for consumers will contribute to a
weakening of this trust. This is a factor that will count negatively towards the assessment.

Duty of care. How the duty of care is observed depends on where and how the soy is
produced and it is hard to offer a general assessment here.

Care. By performing a risk assessment and assessing ethics therein, one has demonstrated
care at a system level. Care for Norwegian meat and fish producers may be an argument in
favour of approving this soy, but alternative solutions are also available.

Solidarity. Glyphosate is legal in Norway. As a jumping-off point, the efficiency effect of
modification for agricultural workers is positive and the purchase of this soy is an expression
of solidarity.

Naturalness and respect for dignity. As stated above, this is a classic example of a GMO
which the Norwegian population has shown resistance to. We know little about the views on
this among populations in the countries of production. However, since the Norwegian
population’s scepticism is greater when it comes to transgenic modification than other
breeding methods, this will contribute to highlighting the demand for positive contributions
in the balancing of interests.

4. Conclusion

The most important aspects of an ethical analysis of transgenic glyphosate-tolerant and
insect-resistant soy for sale in Norway will, as in Example 5.1 (transgenic maize), be the
widespread scepticism towards this type of GM product on the Norwegian market, the
relatively small sustainability benefits, and the fact that the social effect seems relatively low.
Given that this is a correct image, there is good reason to reject this variety for sale. If one
can point to significant benefits in this area, however, then these may outweigh long-term
value-based scepticism among the population with respect to this type of genetically modified
product.
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5.6 Genetically modified sterile salmon

The fisheries industry is hugely important for Norway’s economy. Norway’s export revenues
from the seafood industry are close to NOK 70 bn per year,*! which is equivalent to a full 1/6
of the revenue achieved from the export of 0il.X! Aquaculture is the fastest-growing seafood
production sector and this trend is expected to continue. Norwegian authorities wish to grow
the seafood industry in Norway five times over by 2050, as long as this growth is sustainable.

Nearly all fish farming today (99.8%) consists of Atlantic salmon, Rainbow trout, Arctic char
and cleaner fish.*! Growth in the seafood industry can be achieved by varying what species
are farmed, what type of technical facilities are used for farming, what biotechnological and
biochemical agents are used (from genetically modified organisms to vaccines, medication,
cleaning and protection of facilities etc.), what regulations are adopted, what procedures are
used, what welfare measures are implemented etc.

Future growth in the fisheries industry is depending on environmental and fish health
challenges in the industry being overcome, in particular reducing levels of lice and escaped
fish, and improving the survival of salmon and cleaner fish. Farmers are therefore investing
in new technology to reduce their environmental footprint and in order to be able to use new
geographical areas for farming. Examples are off-shore facilities, semi-closed facilities,
closed facilities in the open ocean, and land-based fish farms.

The fisheries industry is controversial in terms of the environment and a central criticism is
the threat it poses of genetically contaminating wild species of salmon. Sterilising farmed
salmon using gene editing is an attractive way for the salmon industry to solve this
problem il Researchers at the Norwegian Institute of Marine Research
(Havforskningsinstituttet) have already managed to deactivate a gene so that farmed salmon
no longer produce sex cells, meaning that they will not be able to mate with wild salmon if
they should escape XV*V*Vi Other possibilities with gene editing including making the salmon
more resistant to viral diseases and salmon lice, something which leads to an increase in
animal welfare, lower environmental risk, financial savings, and improved reputation for the
industry.

1. Situational analysis

Alternatives. There are other methods besides gene editing which produce sterile farmed fish.
One established method for sterility, which is used among other things for the only
commercially available GM salmon,*"! is triploidisation. With triploidisation, a fertilised fish
egg is exposed to high pressure, which makes it possible to create fish with three sets of
chromosomes, so-called triploid fish. Triploidisation is used in, among others, bananas and
seed-free watermelons, as well as in the farming of Rainbow trout and oysters. Female
salmon who have undergone triploidisation do not produce eggs. The males produce sperm
but only 1% of eggs fertilised by triploid males reach late development stages.*Viii

Triploid salmon enjoy good growth and do well in farms. X In some cases, triploid fish have
an increased probability of developing skeletal malformations. Male triploid fish may also
become sexually mature,! which can cause welfare issues in farming since the fish live so
close to one another. With respect to health effects for humans, triploid salmon is preferable
since it has a lower fatty acid content than current farmed salmon, while also containing a
higher proportion of omega 3 fatty acids."
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There are many alternatives to sterile salmon, including land-based facilities or more escape-
proof, ocean-based facilities.

Parties in the case. The parties involved in this case are the producer of the sterile salmon, the
fisheries industry, other seafood industry, the wild salmon industry, grocery chains and
consumers.

2. Ethical assessment

Non-maleficence and beneficence. What are the expected positive and negative consequences
of this sort of gene editing? Sterility will constitute an effective barrier to escaped farmed
salmon being able to propagate in the wild, either with other farmed salmon or with wild
salmon. However, it is a complex process and the literature differentiates between different
traits which determine the so-called net fitness of all fish, including fish that have been
modified using gene technology. These are traits which are associated with survival and
reproductive success.

The net fitness of a species is therefore included in model calculations of the effect on the
wild species. This fitness in a genetically modified fish might be below the fitness of its wild
relatives (“purge scenario”) with zero impact expected for the wild variety. It may also be as
great or greater for the genetically modified fish compared to the wild variety with an
expectation that the genetic material will spread among wild populations (“spread scenario™).
Even if this fish is sterile, meaning that a spread of this gene is excluded, it might still escape
and compete with wild salmon in their habitat.

What is important for an ethical assessment of the expected positive effect is to include the
differently important sources of academic uncertainty for models such as this. It is also
important to note that certain risks could also arise from fish from traditional farms.

With respect to the aspect of fish welfare, it is hugely important to map out potential
unintended phenotypic disadvantages, such as undesirable behavioural changes and adverse
health effects for the salmon given their living conditions. For this, we require a greater basis
of knowledge than we currently possess.

Naturalness and respect for dignity/integrity. The fundamental scepticism towards GMO
among the Norwegian population is also critical when it comes to ethical assessments of GM
salmon. This scepticism contains several different elements, including the fact that one must
be careful when modifying an animal’s traits solely for human benefit and that one must not
“reify” various forms of life.

With respect to modifying an animal’s traits, there is reason to believe that gene editing will
be more acceptable than traditional genetic modification.! With respect to reification, we
might claim that the fisheries industry is already doing this to salmon. One question, then, is
whether gene editing represents a radically greater degree of this sort of treatment. Given that
the answer to this question is no, and that current farming practice is accepted, one cannot
reject sterilisation of salmon using gene editing based on the argument of reification.

However, if we answer yes to this question or if one is sceptical of current farming practice
(as a great many Norwegian consumers are)," then the argument of reification is hugely
significant. Gene editing can thus be seen as further worsening the illegitimate treatment of
salmon as a “thing” robbed of its inherent value and treated only as an organic mass for
human gain. This applies even if the salmon enjoy an increase in welfare due to not becoming
sexually mature, for example, since the primary motivation here is the benefit for humans,
not the animal. This kind of motivation finds low acceptance among consumers."
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Implementation of GM salmon could therefore lead to a reduction in reputation, and to
consumers shying away from products based on farmed salmon to a significantly greater
degree. This has the potential for hugely negative public health consequences since an
increase in the consumption of fish is recommended by public health authorities.

Duty of care: If sterile salmon leads to better welfare and living conditions for the salmon, as
well as better conditions for wild salmon and other sea life, this will be a positive. If these
conditions are not met, this will count as a negative.

Trust and autonomy. If the gene-edited salmon is clearly labelled at point of sale, in line with
current regulations for GM products, people will have the ability to choose individually
whether or not to buy such a product if they believe it to be problematic out of principle.

At the same time, such a practice places a responsibility on consumers, a responsibility that
consumers neither want to nor are able to take on. This may undermine security since
controversial goods are not permitted for sale in Norway by the responsible authorities,
meaning that trust in these will be eroded and it is left up to the consumer to be alert.

Justice, solidarity, and ownership. One can argue that all contributions to reducing the effects
of escaped fish express solidarity with those whose professional livelihood depends on wild
salmon. If the gene-edited product led to a more significant skew of power away from smaller
and towards larger stakeholders, this would be a negative in terms of trust in the products, as
mentioned in Section 3 of these guidelines. If it had the opposite effect, this would count as a
positive. However, both are fairly unlikely.

3. Conclusion

There is good reason to approve the manufacture and sale of GM-sterilised salmon in
Norway, especially with respect to wild salmon and to a certain extent — and depending on
one’s point of view — with respect to animal welfare. However, respect for dignity and
widespread scepticism concerning this salmon may produce significant negative
consequences for trust in the fisheries industry, and thus for public health. It is therefore
important to view sterilisation using gene editing in light of other alternatives that are
available with respect to increase the welfare of farmed fish, and reducing environmental
problems associated with the fisheries industry.
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6. Conclusion

6.1 Main points from example assessments

As demonstrated in Section 5, different cases will draw on the values and principles reviewed
in Section 3 in different ways. The basic structure of an assessment based on the criterion of
ethics, however, does follow the approach given in Section 4 and summarised in Fig. 4:

First give a description of the product and the situation, plus alternative products and
methods that can be used. Ethical aspects from the risk assessment, and social benefit
and sustainability assessment, including in light of the alternatives that exist are also
included. Also, list the stakeholders/affected parties and their perspectives or interests.
In any case, go back to the stakeholders and their interests in the ethical assessment.

Then offer an ethical assessment based on relevant information from various sources
on the public’s moral values. In order to ensure completeness and verifiability, take
the following basic values as a jumping-off point here: The four principles (autonomy,
non-maleficence, beneficence, and justice), trust, duty of care, care, solidarity, respect
for dignity/integrity, and naturalness. Here, the help questions in the ethical matrix
can be used as support for the argumentative text.!

Finally provide a summarising conclusion and recommendation based on the ethical
assessment above.

As demonstrated in Section 5, the key aspects in the ethical assessment will be connected to
different principles in different cases. For example, if you consider that, while the naturalness
principle is key in the assessment of 5.1 potato, 5.2 maize, and 5.5 soy, respect for
dignity/integrity is key when it comes to 5.3 pigs and 5.6 salmon, while duty of care is key to
the assessment of 5.4 micro-organisms.

6.2 How to conclude an ethical assessment

In order to decide whether an application should be approved or a prohibition introduced, the
jumping-off point is consideration of “public morals”/the population’s core values, as
reported in Section 3. The core of an assessment according to the criterion of ethics is
whether the application violates these core values or not. In order to lay bare these core
values, you can rely on the interpretation of “public morals™ as the set of public moral values,
norms and virtues, with their corresponding practices, for which there is an open and long-
standing consensus in Norway (see 3.1).

The most important sources for this set of public moral values etc. are the legislation (see 3.2)
and the sources listed in Fig. 4, point 4. As demonstrated in Section 5, a structured
presentation of which values are at play can be produced using the basic principles of
autonomy, non-maleficence, beneficence, and justice, trust, duty of care, care, solidarity,
respect for dignity/integrity, and naturalness.

1 Tt must be highlighted here, as in Section 4, that similarly to the questions regarding sustainability and social
benefit, it is not always necessary to answer these questions and that this is rarely sufficient for a corresponding
ethical assessment. Any good ethical assessment must take as its jumping-off point the concrete case at hand
and analyse what is at play in this case. Therefore, obtaining information from applicants or from other relevant
sources will not be suitable as a basis for answering the example questions alone however you can take the
situation description as your jumping-off point and develop relevant questions from this.
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If the application does not violate the values you find expressed in these sources, then it
should be approved according to the criterion of ethics, illustrated in Example 5.1. If, on the
other hand, after fully evaluating the values expressed you find that the application does
violate these, then you will conclude that Norway should introduce a prohibition with respect
to the criterion of ethics, cf. Example 5.2.

If you determine that the application challenges the population’s core values but you have
reason to believe that different parts of the population will assess the permissibility of the
product differently, and it is possible to give Norwegian citizens a real opportunity to decide
for themselves whether they wish to interact with the product (which requires that there are
good and accessible alternatives in both the long and short term, for example), then there may
be grounds to approve the application subject to the condition that the product be labelled or
similar, cf. Example 5.3.
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