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INTRODUCTION

INTRODUCTION

In 2006, the Commission de l’éthique
In concluding its 2006 Position Statement, the Commission
de la science et de la technologie
acknowledged that it was far from having exhaustively
(CEST) published a Position Statement
dealt with the subject of nanotechnology. In fact, many
entitled Ethics and Nanotechnology:
questions remained unanswered. This seemed to show that
A Basis for Action. This document
the issues dealt with would soon be multiplied by the eversketched out a picture of nanoscience
increasing number of discoveries and applications. In fact,
and nanotechnologies in order to
the Commission concluded its analysis, stating that :
identify the ethical issues stemming
Serious reflection on the
from their application. The rationale
ethical and social issues
underlying the Commission’s choice
raised by technology is only
to select this theme was presented as follow:
beginning and it is imporNanotechnology arises from the convergence of
tant to continue thinking,
basic research in physics, chemistry and biology
discussing, expressing views
and is often considered one of the most promion nanotechnology and
sing technologies for the future of humanity.
the best way to ensure its
Nanotechnology is innovative in character. It is
harmonious development.
currently moving from the laboratory to industrial
That is why the Commission
manufacturing and marketing. Significant public
sees the need to continue
and private investments are going into developaddressing more focussed
ment and promotion and the anticipated benequestions about the responfits are considerable. For all of these reasons, the
sible management of nanoCommission has decided to explore nanotechtechnology that the State
nology from an ethical perspective. (CEST, 2006,
could raise, as it will have
p. vii).
to make decisions regarding
this field in the future (CEST,
2006, p. xx).
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Preoccupied by the accountable management of nanotechnologies, in June 20092, the ministère de
l’Agriculture, des Pêcheries et de l’Alimentation (MAPAQ) forwarded the Commission a letter which
raised a certain number of issues regarding the use of nanotechnologies in the agri-food sector. This
letter especially dealt with ethical and social issues which resulted from such use. It was proposed that
the Commission draft a supplement to its 2006 Position Statement. This supplement would deal only
with the use of nanotechnologies in the agri-food sector. The Commission accepted this proposition.
A study of nanotechnology in the agri-food sector means dealing with applications which are just
beginning to be developed. The surge of nanotechnologies in the agri-food sector already holds out the
potential to revolutionize all aspects of the agri-food system. This includes food production, processing
and distribution. For the agri-food industry, the development of nanotechnologies means that it will be
possible to better meets market pressures and demands. This would include developing more efficient
and profitable production methods, offering more attractive products which comply with stricter “health”
criteria or ensuring more complete and swifter detection of sources of food contamination. Without being
exhaustive, the following diagram shows the various potential applications of nanotechnology in the agrifood sector.

2

11

Introduction

The MAPAQ’s letter is reproduced in
Appendix 1.

DIAGRAM 1

POTENTIAL APPLICATIONS OF NANOTECHNOLOGY
IN THE AGRI-FOOD SECTOR
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properties)
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An ethical evaluation of technological and scientific developments in the agri-food sector must absolutely
take into consideration the unique features of activities regarding food. In fact, all humans must satisfy
their basic need to be regularly nourished, as this first of all ensures their survival. However, even in
societies in which the easy availability of food simply eliminates the issue of “survival,” food choices are
often seen as issues regarding health and identity, environmental impacts and matters of governance.
We are witnesses in contemporary society of recurring “incidents” in which food becomes an actual
danger to health: contamination, food poisoning, intoxication. Just like the major food crises which
erupted over the last decades, these situations underscore the importance of the stakes involved in all
activities regarding food.
Consumers’ food choices are not strictly based on simple reasoning to the effect that if food is safe it is
acceptable. Even if their decisions are based on a biological necessity, they are also profoundly influenced
by social, cultural or religious factors. The logical reasoning at the heart of consumers’ food choices is
complex and accordingly difficult to foresee.
In making an ethical evaluation of the stakes involved in the development of nanotechnologies in the
agri-food sector, the Commission considers that it is essential to deal with the importance of food for all
humans as well as its features. Such an initiative raises fundamental issues. Accordingly, any development
which may impact the agri-food industry must meet basic food safety requirements. In its ethical reflection
about the development of nanotechnologies in the agri-food sector, the Commission will conduct its
analysis using the consumer’s perspective while paying special attention to issues of public health which
may be inherent in such technical and scientific developments. By using this perspective, the Commission
intends on attaining its objective of dealing with specific aspects of nanotech applications in the agri-food
sector while avoiding a repetition of the analysis that was already conducted and included in its 2006
Position Statement on nanotechnologies.
This supplement is divided into three chapters, in keeping with the main sections of the Position Statement
on nanotechnologies. To adequately inform the reader about the development of nanotechnologies in the
agri-food sector, the first chapter is a summary of the various applications most likely to be developed on
a short or medium-term basis. The second chapter deals with the legal framework which currently governs
products derived from nanotechnologies, as well as the issue of risk inherent in these developments. In
the third chapter, the Commission concludes its reflection by dealing with the main issues related to these
technical and scientific developments. It makes nine recommendations, which it considers to be minimum
measures to ensure a socially accountable management of these developments.
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Chapter

CURRENT SITUATION

1

The development of nanotechnologies in the agri-food sector is quite recent compared to developments
on nanotechnologies in other fields, such as materials, electronics or health sciences.

Some experts in the agri-food sector
through nanotechnology. For example, the inventory of
predict a considerable increase in
the Project on Emerging Nanotechnologies (PEN)3 listed
this market over the coming years
1,317 “nanotechnological” products marketed by 587
(FAO/WHO, 1995, p. 3). In fact, major
companies based in 30 countries. In comparison, a report
investments made in research in
published in 2009 by the Helmut Kaiser4 firm noted 2,580
several countries are a harbinger of
products (including 300 “nanofoods”) marketed by 1,200
a massive introduction of nanotechcompanies in 40 countries. It is accordingly possible to
based consumer products. Several
conclude that in the agri-food sector, nanotechnologies
difficulties are however barriers to
are actually quite present although not very visible.
knowing what nanotech products
This first chapter is a description
are available on the market. The lack of a consensus for
of the current state of nanotech
example as to what characterizes a nanotech product leads
research in the agri-food sector. It is
to the use of the word “nanotechnology,” which does not
divided into two sections. The first
necessarily refer to valid scientific criteria. It is accordingly
one gives a few definitions to rapivery difficult to identify, classify, evaluate and compare
dly situate nanotechnologies. The
various products.
second section describes existing
In addition, it is presently very difficult to obtain reliable
nanotech applications as well as
and current information about products which are markethose which have been announced5
ted and contain nanoparticles or which were developed
in the agri-food sector.
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1.1.

NANOMETRIC SCALE

By definition, “nanotechnology” refers to the world of the infinitely small, which is measured in
nanometres (nm). A nanometre is equivalent to one-billionth of a metre (1x10-9 m). This is a unit of
measurement which is difficult to imagine. For example, a human hair measures approximately 50,000
nanometres and a red blood cell has a diameter of approximately 5,000 nanometres. The following are
some points of reference to illustrate the relative size of objects at the nanometric scale:

FIGURE 1

NANOMETRIC SCALE

Farthest visible
galaxy

1026 m

Galaxy in the milky way

1020 m

Eagle Nebula

Solar system

		

1010 m

Planet Earth

Human being

10-2 m

Ant

10-3 m

Thickness of a coin

10-4 m

Resolution power
of the naked eye

10-5 m

100 m

Micro
World

10-6 m

Diameter of a human hair
follicle

10-7 m

Virus

3

At March 10, 2011, http://www.
nanotechproject.org/inventories/.
This inventory is not exhaustive or up
to date. On this issue, it is important
to note the serious warnings given
by Berubé et al. (2010) about the
validity and the reliability of the data
posted on this site.

4

The Commission did not have access
to the complete report published
by this consulting firm, but only to a
summary posted on-line, considering
that accessing the complete
document is prohibitively expensive.
See the following URL: [http://www.
hkc22.com/nanobasedproducts.
html].

5

Many restrictions prevent precisely
distinguishing applications which
are presently used from those which
are still being researched. We will
accordingly use the expression
“nanotech applications” to refer
to all applications, whether they
are currently existing or merely
announced.

10-8 m
Carbon atoms

Atomic nucleus

10-10 m

10-16 m

Nano
World
Atomic
world

10-9 m

DNA double helix

10-10 m

Space in graphite atoms

Illustration adapted from UNESCO, 2008, p. 5.
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A few examples from the agri-food industry may also be used:

FIGURE 2

Sugars,
oligonutrients

Atom

EXAMPLES FROM THE AGRI-FOOD SECTOR
Yogurt

Proteins,
aminoacids

Seeds, cereals, spices

Probiotics
Enteric bacteria

Prions
Nanoparticles
(micelles)

Hepatitis A
virus

Fungi
Brewer's yeasts

Source : published with the permission of the authors.
[http://ec.europa.eu/dgs/jrc/downloads/jrc_esof_2010_presentation_stamm.pdf] © European Union, 2011.

The production of structures on a nanoscale (nanotechnologies) was made possible by the
development of tools which allowed observing and manipulating materials of that size (nanoscience)6.
More formally, in its Position Statement of 2006, the Commission used the following definitions of
nanoscience and nanotechnology :
Nanoscience is the scientific study, on the atomic and molecular scale, of molecular structures,
one of whose dimensions measures between one and 100 nanometres, with a view to
understanding their particular physicochemical properties and to defining the means required
to manufacture, manipulate and control them. More generally, “nanoscience” can mean
research on any structure of matter that comprises at least one nanometric dimension without
necessarily being aimed at the manufacture of objects or materials for a specific purpose.
Nanotechnology flows from nanoscience and consists of the design and manufacture on the
atomic and molecular scale of structures, one of whose dimensions measures between one and
100 nanometers and which have particular physicochemical properties that can be exploited
and can also be subject to manipulation and control operations (CEST, 2006, p. vii).
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Hence, by definition, nanometric materials are distinguished from traditional materials by their extremely
small size. They are however even more basically distinguished by their considerably different physical
and chemical properties7 in comparison to their macroscopic equivalents. Without reviewing all of these
differences, suffice it to say that nanomaterials have much greater chemical reactivity. This is due to the
fact that the ratio between surface area and volume is much greater for nanometric materials. It is known
that in general, the increase in chemical reactivity is directly proportional to the increase in surface area
which allows these reactions. It is therefore not surprising to note that given equal volumes, nanometric
materials have a greater chemical reactivity than conventional materials do.

Changes in the Properties of Nanometric Materials
“With only a reduction in size (to under 100 nm) and no change in substance, a material’s properties
can change dramatically. Characteristics – such as electrical conductivity, reactivity, strength,
colour and especially importantly, toxicity - can all change in ways that are not easily predicted. For
example, a substance that is red when it is a meter wide may be green when its width is only a few
nanometers; carbon in the form of graphite is soft and malleable; at the nanometric scale, carbon
can be stronger than steel. A single gram of catalyst material that is made of 10-nanometer particles
is about 100 times more reactive than the same amount of one-micrometer sized particles (a micron
is 1,000 times bigger than a nanometer).”
Excerpted from Down on the Farm, ETC Group, 2004, p. 6.

1.2.

NANOTECH APPLICATIONS
IN THE AGRI-FOOD SECTOR

Technological developments have played a major role in the
transformation of the agri-food sector since several decades.
Some historians have underlined the fact that in the Western
world the agricultural model has evolved from a traditional to an
industrialized model. Technological developments are generally
perceived as being an important factor of the “Green Revolution”8
which has characterized the end of the 20th century and which has
resulted in a significant increase in world agricultural production.
On the other hand, several negative consequences linked to the
changes in the means of agricultural production are also associated
with this revolution, including certain environmental impacts which
are sometimes considered to be “devastating.” This does not take
into consideration the collateral effects on farmers. The history
of agriculture is therefore deeply influenced by a preoccupation
to improve agricultural yield through scientific research and
technological development.
From the point of view of social organization, this slow progression
has led to the development of the agri-food industry in the 19th
century. Defined as being “all economic activities related to the
production, processing, and packaging of agricultural products for
human and animal consumption,”9 this industry is now one of the
planet’s most important economic actors.
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6

For a more detailed presentation of
the world of nanotechnologies, see
CEST, 2006, p. 5-23, as well as the
references given.

7

For a more detailed presentation
of these properties, see the Expert
Panel on Nanotechnology of the
Counsel of Canadian Academies (EPCCA), 2008, p. 29-43.

8

According to the website of
the United Nations Food and
Agricultural Organization “...the
Green Revolution is a term used to
describe a period which stems more
or less from the 60’s to 1990, when
agricultural productivity skyrocketed
in the developing world,” on line at:
[http://www.fao.org/kids/fr/
revolution.html]. Our translation.

9

Our translation. See the expression
“agri-food industry” in Le grand
dictionnaire terminologique of
the Office québécois de la langue
française, on line at: [http://www.
granddictionnaire.com/BTML/FRA/r_
Motclef/index800_1.asp].
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Four sectors compose the agri-food sector, also called the
“food production chain”:
1.

Agricultural production;

2.

Food processing;

3.

Food distribution;

4.

Consumption.

These four links allow situating all activities concerning food production “from farm to table.” They
are therefore the backbone of the structure used by the Commission to explain the development of
nanotech applications10.

1.2.1.

Agricultural Production

The agricultural production sector includes all activities regarding crops and breeding. In general,
technological development in this sector has two objectives: increase in yield and reduction in costs. It
is possible to classify research and the development of nanotech applications into four groups, that is:
1.

Production of herbicides, pesticides and fertilizer;

2.

Development of precision farming;

3.

“Veterinary nanomedicine”;

4.

Remediation of contaminated groundwater and soil.
1.2.1.1.

Herbicides, Pesticides and Fertilizers

In the field of agriculture11, improvements in the efficiency of herbicides, pesticides, and fertilizers are
the subject of considerable research. Such research has many goals: improve the efficiency of products
while reducing their negative environmental impact; reduce their runoff rate, increase their solubility
or reduce contact by farm workers with the active ingredients of these products12.
There are currently three main categories of applications of nanotechnologies in this sector13:
1.

“Nanocomposite” type products: These are products whose size has been reduced to a
nanoscale.

2.

“Nanoadditives”: These are nanomaterials (fertilizers, oligo-elements or other materials) added to
an input which is on a macroscopic scale.

3.

“Coatings or host nanomaterials”: These are nanomaterials (for example, a coating) used to
control the release of a product (DeRosa, 2009, p. 13).
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1.2.1.2.

Precision Farming

Precision farming is used to improve yield while taking into consideration the features inherent in local
fields and crops14. For example, in precision farming, fields are not considered to be uniform units
which require uniform treatments. Instead, an attempt is made to respond to the needs of the various
“zones” which exist within those fields. Various sensors and diagnostic tools are used to facilitate field
management. Nanotechnology allows perfecting “nanosensors”15 to ensure the monitoring of the various
features of fields and crops. Installed in all areas of farmlands and agricultural operations, nanosensors
allow the detection of various parameters which impact productivity and also allow the capture of
information about those parameters. They could for example,
measure the level of humidity and temperature in fields, soil
condition and crop growth (Neethirajan, 2007). Data transmitted
by nanosensors could allow monitoring and correcting in real
10 See Appendix 4 of the FAO/WHO,
time certain localized problem situations, for example, the need
2011, p. 110-114 for a summary of
to irrigate only part of a sown field (ETC Group, 2004, pp. 15-21).
applications in this sector.
In addition, such nanosensors could detect certain contaminants
(insects, mushrooms or micro-organisms) and for example reduce
11 According to Le grand dictionnaire
terminologique of the Office
the losses which occur during the storage of cereals.
1.2.1.3.

québécois de la langue française,
agriculture is defined as “all
activities developed by man to
transform his natural environment
to produce the plants and
animals which are useful to him,
especially those required for
nourishment.” On line at: [http://
www.granddictionnaire.com/BTML/
FRA/r_Motclef/index800_1.asp]. Our
translation.

Veterinary Nanomedicine

Considerable research is also conducted in the field of veterinary
medicine, which aims at the development of numerous
nanotechnological applications. This may concern the manipulation
of biological samples (blood, tissues, sperm), early diagnosis
of sicknesses, predetermination of the gender of livestock or
improvements in livestock production. More specifically, efforts are
made to create pharmaceutical nanoparticles which can enable the
controlled release of medication (ETC Group, 2004, p. 29-32).
For example, researchers are trying to develop feed containing
nanoparticles of polystyrene which have antibiotic properties. This
type of feed for breeder chickens is a replacement for traditional
antibiotics (Neethirajan, 2007). Animal feed containing composite
nanoparticles is already available in some countries (Loulergue,
2008, p. 15). The development of vaccines for livestock, poultry
and fish (ETC Group, 2004, p. 35) as well as the preparation of
growth enhancers are all part of the applications for which research
is conducted in veterinary nanomedicine.

12

For an example, see DeRosa,
2009, p. 8-10; Neethirajan, 2007;
Robinson and Morrison, 2009, p. 12;
ETC Group, 2004, p. 12.

13

It must be noted that formulations
of fertilizer may belong to more
than one category.

14

According to Le grand dictionnaire
terminologique of the Office
québécois de la langue française
(OQLF), precision farming is “a type
of agriculture which takes into
consideration the heterogeneity
of land divisions and which uses
geomatics to increase yield.” Our
translation. The OQLF also specified
that the “GPS system is considerably
used for data capture in this type
of agriculture. Data interpretation
will allow for a better dosing of
fertilizers and will contribute to
improving yield.” On line at: [http://
www.granddictionnaire.com/BTML/
FRA/r_Motclef/index800_1.asp].

15

According to the Office québécois
de la langue française (2010, p. 38),
a nanosensor is “an apparatus which
uses a nano-object or a property of
matter on a nanoscale to detect the
presence of physical or biological
entities or to detect any changes or
movements regarding them.” Our
translation.

In addition, according to the logic of precision farming, veterinary
nanomedicine is also interested in using nanosensors to capture
a large quantity of information about herds of livestock, including
supervision of the animals’ state of health (ETC Group, 2004, p. 34).
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1.2.1.4.
		

Remediation of Contaminated
Groundwater and Soil

Issues regarding water and soil quality are constantly being raised in the agricultural sector. In fact,
some agricultural waste contributes to the contamination of the environment and considerably
hinders production. Some research accordingly aims to develop nanotech applications which would
allow remediating contaminated waste water and soils, or by the treatment of waste at its source (De
Paula Herrmann and Brum, 2009). For example, researchers intend to use the absorbent properties16
of nanostructured materials to transform some contaminating waste into products which are harmless
to the environment and humans.
Improvement in filtration techniques remains the main option for water remediation. In fact, nanotech
developments allow the manufacture of filters whose grid size would measure a few nanometers.
Such filters could eliminate bacteria, viruses and heavy metals and produce potable water without any
other type of treatment (chemical, thermal, etc.) being necessary (Grimshaw, 2009). This filtration
process could also be used for desalination of water for farm irrigation purposes17 in regions which
have little fresh water.
Several nanotech applications could be used for soil rehabilitation. Research is being conducted on
eliminating heavy metals or other contaminants. It has shown for example that spraying various types
of nanoparticles on contaminated sites has allowed rapidly and economically eliminating certain heavy
metals (ETC Group, 2004, p. 29; Zhang, 2003, p. 323-332). Some nanotechnologies could also allow
the recovery and recycling of contaminants which are spilled during farming activities.

1.2.2. Food Processing
The second sector of the food production system includes all food processing activities and once
again, the development of nanotech applications is an attempt to rise up to the main challenges in
this field. Stricter and more thorough quality control of processed products on one hand and the
availability of more attractive and economically profitable products on the other hand are the main
challenges. Three groups of applications may accordingly be distinguished:
•

Quality control;

•

Improvements in processing;

•

Development of nanostructured food ingredients.
1.2.2.1.

Quality Control

The food processing sector pays special attention to quality control to attain two main objectives:
detect contaminants which may be harmful to human health and ensure the best possible quality
of available products. Methods of control and analysis are currently too lengthy and expensive. They
require sampling and laboratory analyses. Nanotech developments and perfecting nanosensors could
allow detecting contaminants, whether chemical or biological, much more rapidly and with better
precision (Robinson and Morrison, 2009, p. 16-18). Because of the extreme sensitivity of nanosensors,
it would be possible to conduct a continuous and real time assessment of the quality of processed
foods.
Likewise, it could be possible to use various nanosensors described as “electronic tongues and noses”
to replace some types of evaluations of processed products (through colour, odour, taste and texture)
without having recourse to the judgment of experts. The evaluation of products would accordingly be
more uniform.
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1.2.2.2.

Improvements in Food Processing

The food processing industry must continuously rise to the challenge of ensuring hygiene in the facilities
where food is processed. Accordingly, the industry uses tools with coatings that facilitate regular
maintenance and work surfaces which are resistant to intensive use.
In such a context, nanotechnologies could allow improving the quality of coatings of tools and surfaces
used for food processing. Some nanometric compounds, such as silver-ion based compounds for example,
are known for their antimicrobial properties. When applied to work surfaces or to some tools, they could
prevent the development of some biological contaminants and ensure the cleanliness of this equipment.
Likewise, some nanostructured coatings may have the effect of considerably increasing the useful life of
equipment that is in contact with food during its processing.
On the other hand, nanotech developments in this field could also allow improving existing filtration
processes by using for example clay nanoparticle-based compounds. In addition to offering a better quality
product, these filters which are manufactured on a nanoscale could be used to directly collect certain
proteins through a mere filtering process (Robinson and Morrison, 2009, p. 20).
1.2.2.3.

Nanostructured Food Ingredients

The food processing industry is currently noting an increase in the demand for prepared health foods,
for example, foods with a reduced salt, sugar or fat content. Withdrawing salt, sugar or fat from a food
modifies its taste or texture to such an extent that it becomes less appetizing. The processing industry is
accordingly seeking other means of meeting the demand for “healthier” foods without changing their
taste or texture.
Nanotech could allow developing nanostructured ingredients to improve the colour, texture and
consistency of processed foods to make them more appetizing. Attempts are being made for example,
to develop nanostructured emulsions to reduce the quantity of fat in foods without changing their
consistency (Robinson and Morrison, 2010, p. 61-65)18.

1.2.3.

Food Distribution

There is no doubt that the largest number of nanotech applications is in the field of food distribution
(FAO/WHO, 2011, p. 10). These applications are essentially used to improve preservation processes. In
fact, since approximately ten years, research and innovation initiatives essentially dealt with perfecting
“barrier” materials (new polymers and composite materials, nanostructured materials) to improve their
properties, such as flexibility and durability. This also includes allowing better management of temperature
and humidity as well as improving the protection of packaged
products from ultraviolet radiation.
Nanotech applications in this field may be grouped into four
categories:
1.

Improvements in traditional packaging;

2.

Active packaging;

3.

“Smart” packaging;

4.

Biodegradable or edible packaging.
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According to Le grand dictionnaire
terminologique of the Office
québécois de la langue française,
an absorbent is “a substance
capable of attracting molecules
of gasses or liquids by surface
adherence.” On line at: [http://
www.granddictionnaire.com/BTML/
FRA/r_Motclef/index800_1.asp]. Our
translation.

17

Of course, these technologies could
be used to supply populations in
need of drinking water. (Zilliox,
2002, p. 219; Grimshaw, 2009).

18

A typical example is the preparation
of low-fat mayonnaise. On this point,
see also Morris, 2010, p. 61-65.
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1.2.3.1.

Improvements in traditional packaging

The main function of food packaging is to ensure a protective “barrier” to control the quality and
freshness of food. Nanotech developments in this field have created several possibilities for the
improvement of packaging (Smolander and Chaudhry, 2010, p. 87), whether it is a better resistance
to mechanical forces (tearing for example) (Arora and Padua, 2010, p. R43), better gas-proof
features, improvements in the quality of printing (which would facilitate labelling for example), or
improvements in heat resistance.
Research initiatives in this field aim to develop “nanocomposites,” that is, materials to which
nanoparticles are added to improve their “barrier” properties. The first nanocomposites available
on the market were based on clay nanoparticles (or “nanoclay”), containing metal or metal oxide
nanoparticles19.
1.2.3.2.

Active packaging

Active packaging is an improvement in traditional packaging to the extent that “it contains active
compounds which react with the environment to preserve the product. It allows for the exchange of
gases, vapours or solutes between the food product, the packaging and eventually the atmosphere
surrounding the product”20 (Conseil national de l’alimentation, 2009, p. 12). For example, packaging
could release some gas when food begins to deteriorate to counter the ripening process (Chaudhry
et al., 2008, p. 247). Packaging is said to be “active” when “it improves or maintains the quality of a
product” (Smolander and Chaudhry, 2010, p. 86). Several such systems developed from traditional
technologies are currently available on the market21. The use of nanotech could improve the efficiency
of these technologies.
1.2.3.3.

“Smart” packaging

The purpose of “smart” packaging is to capture and supply data about the condition and quality of
products (Smolander and Chaudhry, 2010, p. 94; Bras, 2008, p. 4). To do so, various nanosensors
are imbedded in the packaging. For instance, they can detect and measure temperature variations
or the extent of deterioration of food. Some nanotech-based inks may also be used to transmit such
information (Conseil national de l’alimentation, 2009, p. 12; ETC Group, 2004, p. 41). For example, ink
containing titanium oxide (TiO2) nanoparticles sensitive to light is used to detect excessive quantities
of oxygen in packaging (Robinson and Morrison, 2009, p. 33-34).
1.2.3.4.

Biodegradable or edible packaging

The production of biodegradable packaging has become an important objective in this sector to
meet the increasing preoccupations of consumers. The development of biologically based polymer
(or “biopolymer”) packaging seems to show considerable potential. For example, biopolymer
nanofibres (cellulose, collagen) were synthesized. They had “barrier” qualities which were
comparable to if not greater than those of traditional polymers (Robinson and Morrison, 2009,
p. 32). When combined with certain nanomaterials (nanoclay for example), these biopolymers had
properties which could improve the quality of packaging while remaining biodegradable and safe for
the environment. On the basis of these applications, initiatives are being undertaken to examine the
possibility of directly coating food products to prevent them for example from becoming sticky or
from ripening (ETC Group, 2004, p. 48).
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1.2.4. Consumption
The last sector of the food production system presented in this document includes “consumer” activities.
The Commission is aware of the fact that the inclusion of this category of activities as part of the agri-food
sector could be challenged. It did however consider it to be relevant to briefly describe two additional
nanotech applications in connection with food:
1.

Nanoceuticals;

2.

Improvements in kitchen equipment.
1.2.4.1.

Nanoceuticals

The expression “nanoceutical” is a neologism which derives its
meaning from the word “neutraceutical.” According to the Office
québécois de la langue française, a neutraceutical is “a product
manufactured from food substances but which is available as
a pill, powder, potion or as another form of medicine which
is not usually associated with food and which has a beneficial
physiological or preventive effect against chronic illnesses”22. For
example, allicin, a principle found in garlic and onions, is known to
counter arteriosclerosis and fat deposits in arteries. By extending
the definition, nanoceuticals are a type of neutraceutical which
uses the properties of nanometric particles for the purpose of
maximizing the beneficial effect sought.

Some nanotech applications are used for the production of
nanometric additives, which, once they are added to processed
foods, have the effect of increasing their nutritive value. Some of
these additives may also be used to improve the dissemination
and absorption of nutrients in humans23. A large variety of food
supplements is available on the world market. Nanocapsules are
used to improve the absorption of supplements (vitamin A, betacarotene, etc.)24. Inorganic synthesized nanoparticles (metallic
oxides for example), which are supposed to be beneficial, have a
better bioavailability and better absorption than their traditional
equivalents (Chaudhry and Groves, 2010, p. 74-75).
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Several compounds are being
studied, for example, silver (Ag), zinc
oxide (ZnO), silicon oxides (SiO2),
titanium dioxide (TiO2), aluminium
oxides (Al2O3), iron oxides (Fe3O4,
Fe2O3), etc. See also Smolander and
Chaudhry, 2010, p. 88-92 and FAO/
WHO, 2011, p. 16-17. Silver ions are
known for their biocide properties.
When blended with a polymer they
could ensure an “uncontaminated”
environment.

20

"…contient des composés actifs
qui réagissent avec l’environnement
pour conserver le produit. Il permet
des échanges de gaz, vapeurs ou
solutés entre l’aliment, l’emballage
et éventuellement l’atmosphère
entourant le produit." Our
translation.

21

Absorbents of water vapour, oxygen
or of ethylene, substances which
release ethanol or antimicrobial
compounds or materials containing
silver salts having antimicrobial
properties are the best examples
of “active packaging” which is
currently used in this sector since a
number of years. On this point, see
Robinson and Morrison, 2009, p. 33.
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See the term “nutraceutical” in Le
grand dictionnaire terminologique
of the Office québécois de la langue
française. On line at: [http://www.
granddictionnaire.com/BTML/FRA/r_
Motclef/index800_1.asp].
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The literature uses the
expressions “nanoemulsion”
and “nanoencapsulation.” See
for example, Neethirajan, 2007;
Chaudhry and Groves, 2010,
p. 74-75.
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In a report published in March 2008,
the non-government organization
Friends of the Earth counted 46
products in the food supplement
category, while the list of products
prepared by Project on Emerging
contained 51 in 2009.
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“Tailor-made” Foods
Some researchers consider that they will be able to develop “tailor-made” foods, that is, foods
containing nanoparticles which may detect vitamin or dietary deficiencies in humans (Chaudhry
et al., 2008, p. 255) and remedy the situation by releasing the missing elements. From this point
of view, the development of “tailor-made” food is part of the preoccupations at the heart of
personalized medicine25.
Likewise, the possibility for consumers to be able to personally modify food on the basis of their
nutritional needs or of their genetic profile or genome is being considered (Joseph and Morrison,
2006, p. 10). The fact must be underlined that no “tailor-made” food is being currently marketed.
1.2.4.2.

Improvements in Kitchen Equipment

Food preparation by consumers involves the use of work surfaces and utensils. This step of the
transformation process is a source of considerable contamination. Similar to what is being done in the
processing sector, the purpose of certain nanotech applications is to make kitchen utensils, domestic
appliances, containers, etc., more performing and safe for use. For example, attempts are made to
coat certain accessories and appliances (baby bottles, cutting boards, refrigerators) with materials
containing silver nanoparticles known for their antibacterial properties (Chaudhry et al., 2008, p. 246;
Bouwmeester et al., 2007, p. 78-89).
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1.3.

SUMMARY

This portrait of the situation shows that the use of nanotechnologies is being considered at all steps of the
agri-food chain. Each of the potential applications uses different technologies and may involve the addition
of nanoparticles. All of these applications are summarized in the following table.

TABLE 1

CONSUMPTION

FOOD
DISTRIBUTION

FOOD PROCESSING

AGRICULTURAL
PRODUCTION

Categories

NANOTECH APPLICATIONS IN THE AGRI-FOOD SECTOR
Applications

Technologies

Herbicides, pesticides and
fertilizers
Precision farming
Veterinary nanomedicine

Nanoemulsions,
nanocapsules
Nanosensors
Nanocapsules

Water and soil

Filters (nanoscales pores),
Synthesized nanoparticles

Quality control

Nanocaptors

Improvements in
processing techniques

Imbedded synthesized
nanoparticles, filters
(nanoscales pores)

Nanostructured food
ingredients

Nanostructured foods,
Nanocapsules, Organic and
inorganic nanoparticles

Improvements
in traditional packaging
Active packaging

Synthesized nanoparticles
imbedded in other
materials,
nanocomposites

“Smart” packaging

Nanosensors, Imbedded
synthesized nanoparticles

Biodegradable
or edible packaging

Nanoparticle sprayer

Nanoceuticals
and supplements

Synthesized nanoparticles

Improvements
in kitchen equipment

Nanometric nutrients

Sources: Chaudhry and Groves, 2010, p. 74-75; Robinson and Morrison, 2010;
FAO/WHO, 2009, p. 90-96; Bouwmeester et al., 2007, p. 36-37.
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Synthesis (examples)
Nanosilica, nanoclay

Imbedded nanometric
TiO2, Synthesized
nanoparticles (Iron, AlO)
Imbedded nano-silver,
Imbedded ZnO,
Nanoceramic-based
equipment

Nanoparticules de métaux
ou d’oxyde métallique (Ag,
Au, ZnO, SiO2, TiO2, Al2O3,
Fe3O4, Fe2O3), nanoargile

Colloidal metals
(nanometric),
Metal nanoparticles
(silver, ZnO), nanocapsules
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Personalized health care is based
on more complete information
and a better knowledge of
patients, their medical history,
their genetic profile, environment,
behaviour and of certain metabolic
features to determine treatment,
therapeutic and preventive solutions
which are best adapted to each
group of characterized persons
(Québec Network for Personalized
Healthcare, 2011, p. 2).

RISK CONSIDERATIONS
AND CURRENT LEGAL
FRAM EWORK

Chapter

2

RISK CONSIDERATIONS
AND CURRENT LEGAL FRAMEWORK

Like most scientific and technological developments, the various nanotech applications in the agrifood sector are promising but also inspire concern. If some nanotech applications are enthusiastically
welcomed, their inherent risks are most preoccupying (EP-CCA, 2008, p. 57). It is therefore not surprising
to note that the matter of risk is at the heart of discussions regarding these technical and scientific
applications26.

In its position statement, the
This chapter is divided into three sections. The first section
Commission used the definition of
describes the current situation regarding a scientific
risk given in Le grand dictionnaire
assessment of the risk in connection with nanotech
terminologique, that is, “a possible,
applications in the agri-food sector. It deals with various
uncertain event that can cause
problems and issues regarding these applications and cites
damage and is not solely dependent
approximately twenty recent national and international
on a person’s desires”27. The concept
reports regarding nanotech and
of “risk” accordingly involves
food safety29. The legal framework
notions of the “probability” of an event happening and of
which governs these technologies
its “importance.” From this perspective, the Commission
at the federal and provincial levels
underlines the fact that a consideration of “risk” leads
is explained in the second section.
one to “raise questions as to how to deal with scientific
This framework is essentially based
uncertainty tied to the state of knowledge in the field, as
on a risk assessment process and is
well as ignorance about what might happen after a new
in some ways a risk management
technology is implemented” (CEST, 2006, p. 25). This
framework. Finally, risk perception
perspective is relevant more than ever and is still food for
by consumers is dealt with in the
thought about the stakes and challenges which scientific
third section to establish a basis for
and technological developments in the agri-food sector
a strict ethical analysis, which is the
represent for our society. The matter of considering the risks
subject of chapter 3.
related to developments in this sector means dealing with
the issue of food safety28 because the ultimate purpose of
the agri-food sector and its main feature is the production
of food for human consumption.

30

Ethical Issues of Nanotechnologies in the Agri-Food Sector

2.1.

A SCIENTIFIC ANALYSIS OF RISK

In 1995, the Food and Agriculture Organization of the United
Nations (FAO) and the World Health Organization (WHO) suggested
a formal structure for the analysis of risk regarding food safety,
thereby orienting political decision-making on this matter. In their
1997 report, the FAO and the WHO described the fundamental
objective of such an initiative by underlining the fact that "[t]he
primary goal of the management of risks associated with food is
to protect public health by controlling such risks as effectively as
possible through the selection and implementation of appropriate
measures" (FAO/WHO, 1997, p. 3). Since then, various national and
international blue ribbon committees have extensively used this
frame of risk analysis proposed by both organizations for drafting
their reports. It has become an essential tool in the analysis of
practices which may have an impact on food safety. To the extent
that nanotech applications in the agri-food sector implicitly raise
the issue of food safety, it becomes important and even essential to
conduct an analysis of the inherent risks.
On this point, the Commission has noted that several blue ribbon
committees have dealt with the issue of risks inherent in nanotech,
whether in general or in connection with their applications specific
to the agri-food sector. The analysis of these reports is generally
oriented in two ways: 1) the consequences on humans and the
environment are (almost exclusively) considered and 2) the
importance of considering the complete “life cycle” of nanotech
products is insisted on (Tran and Chaudhry, 2010, p. 121). As
underlined in the report published by The Royal Society and The
Royal Academy of Engineering in 2004 (p. 35), the notion of “life
cycle” enables the persons who conduct scientific analyses of risk
to develop appropriate knowledge of processes and materials
used during manufacture, the possible interactions between the
product and individuals or the environment during its manufacture
and useful life, as well as methods used to dispose of the product.
This notion leads to a systematic consideration of the nature of
products as well as the effects inherent in the various steps of their
manufacture, use and their possible disposal.
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The concept of risk is highly
prevalent in any assessment of the
emergence of new technologies
when associated ethical issues are
in question,” CEST, 2006, p. 25.
These considerations are presented
in various reports which deal with
ethical, political, scientific and social
analyses of this sector. On this point,
see among others: EP-CCA, 2008.;
HOUSE OF LORDS, 2010; FAO,
2002; FAO/WHO (2009); AGENCE
FRANÇAISE DE SÉCURITÉ SANITAIRE
DES ALIMENTS, 2009.
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Our translation.

28

L’Office québécois de la langue
française (OQLF) defines the
expression “food safety” as follows
in the agri-food sector: “When
the consumption of water, other
drinks or food has no known risk
for humans or animals as a result
of appropriate measures taken.”
Our translation. The OQLF also
underlined the fact that the
French language uses several
expressions such as: “salubrité des
aliments, sécurité qualitative de
l’alimentation, sécurité sanitaire
des aliments,” which all refer to
the notion of “food safety.” [http://
www.granddictionnaire.com/BTML/
FRA/r_Motclef/index800_1.asp].
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Some of these reports specifically
deal with the issue of risk inherent
in nanotech development in the
agrifood sector. These reports
are the following: AGENCE
FRANÇAISE DE SÉCURITÉ SANITAIRE
DE L’ENVIRONNEMENT ET DU
TRAVAIL (AFSSET), 2009, 2010;
AGENCE FRANÇAISE DE SÉCURITÉ
SANITAIRE DES ALIMENTS (AFSSA),
2009; EUROPEAN FOOD SAFETY
AUTHORITY (EFSA), 2009; FAO/
WHO, 1995, 2009; Robinson and
Morrison, 2009, 2010; HOUSE OF
LORDS, 2010; Bouwmeester et al.,
2007. The other reports cited deal
more generally with the issue of risk
inherent in nanotechnologies.
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The framework of analysis proposed by the FAO and the WHO (1995; 1997) involves three phases:
1) a (scientific) evaluation of risks; 2) risk management and 3) communications regarding risk. Ideally,
these steps should be interactive, repeated and simultaneous.

FIGURE 3 – STRUCTURE OF RISK ANALYSIS

Risk assessment

Risk management

•

Hazard identification

•

Risk evaluation

•

Hazard characterization

•

Option assessment

•

Exposure assessment

•

Option implementation

•

Risk characterization

•

Monitoring and review

Risk communication

Source : FAO/WHO, 1997, p. 20. For the purposes of its ethical analysis the Commission only uses the step
of risk evaluation.

The first step - “risk assessment” - extensively relies on science in order to describe as objectively as
possible the current state of knowledge regarding known risks. The FAO and the WHO define the
evaluation of risks in connection with issues regarding food as follows: "The scientific evaluation of
known or potential adverse health effects resulting from human exposure to foodborne hazards. The
process consists of the following steps: (i) hazard identification, (ii) hazard characterization,
(iii) exposure assessment, and (iv) risk characterization." (FAO/WHO, 1995). According to the expert
panel of the Counsel of Canadian Academies (EP-CCA, 2008, p. 56-67), the assessment of risks as
proposed by the FAO/WHO involves “determining whether exposure to an agent can lead to adverse
health and environmental outcomes”30.
For the purposes of its ethical analysis, the Commission chose to concentrate on the risk assessment
phase.

2.1.1. Hazard Identification
From a scientific perspective, the purpose of this crucial step is to ensure good understanding of
the benefits and risks inherent in synthesized nanoparticles which are present in living organisms
(FAO/WHO, 2009, p. 36). The main objective of this first step of risk assessment is therefore to
examine synthesized nanoparticles to determine to what extent their own characteristics may have a
prejudicial effect on health. Hazard identification, that is, identification of the various agents which are
in food and which may have a harmful effect on health, specifically targets synthesized nanoparticles
themselves.
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Studies tend to show that several specific properties of synthesized nanoparticles create problems31.
Several reports of experts (EP-CCA, 2008, p. 62-66) underline the fact that special attention should be
paid to the following properties: the extremely small size of synthesized nanoparticles, the increase in the
surface area in comparison to the volume of the particles, their reactivity and mobility, the relative size
of their mass32, their chemical structure, their shape, morphology, crystallinity, surface charge, solubility,
biological degradation – specifically the enzymatic degradation of nanomaterials orally administered – and
their tendency to aggregate and agglomerate33.
The experts’ reports underline the numerous difficulties and the new challenges which are raised by the
assessment of synthesized nanoparticles34. For example, we usually note that the concentration of a
product is directly proportional to its toxic potential: as a product’s concentration in arsenic increases,
so does its toxic potential. Some studies tend to show that this
relationship is not quite so simple when synthesised nanoparticles
are involved. Research shows, for instance, that “[l]ow
concentrations of soluble zinc oxide nanoparticles were reported to
cause a sharp drop in cell metabolism and proliferation. However,
30 Within the context of the risk
at higher concentrations, toxicity was reduced” (EP-CCA, 2008,
analysis of the issue of food safety,
the FAO and WHO define hazard as
p. 65).
Scientific research therefore deals with the extremely large
number of factors which must be considered to properly
conduct risk assessment. In addition, experts’ reports note a
problem with the standardization of the tools used to measure
synthesized nanoparticles (methods of measurement, instruments,
nomenclature, standards and reference tools35). This makes a
comparison of the results of research regarding the identification of
potential harmful effects very difficult (FAO/WHO, 2009, p. 39).

follows: “A biological, chemical or
physical agent in or property of food
that may have an adverse health
effect.” They define risk as follows:
“A function of the probability of an
adverse effect and the magnitude
of that effect, consequential to a
hazard(s) in food.” See FAO/WHO,
2010, p. 6.
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This general characterization most
obviously applies to all synthesized
nanoparticles. For example, see
HOUSE OF LORDS, 2004, p. 25-28;
EFSA, 2009, p. 10-11; Bouwmeester
et al., 2007, p. 36 and 42. However,
the determination of the potential
harmful effects only represents the
first step in the characterization of
risk and must be considered as such.
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This property is usually very
significant in risk assessment but it
is just as important when studying
synthesized nanoparticles.
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This list is not exhaustive, but does
cover the items usually dealt with
in the literature. On this point, see
for example: FAO/WHO, 2009,
p. 36; EPA, 2007, p. 31; DEFRA,
2007, p. 26; EFSA, 2009, p. 10-11;
SCENIHR, 2009, p. 45; Bouwmeester
et al., 2007, p. 42; HOUSE OF
LORDS, 2004, p. 25-28; INSTITUT
DE RECHERCHE ROBERT-SAUVÉ EN
SANTÉ ET SÉCURITÉ AU TRAVAIL
(IRSST), 2008, p. 87.
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EPA (2007, p. 32) deals with
problems in the characterization of
synthesized nanoparticles. These
problems even involve the need to
establish a nomenclature for which
there is a consensus in this field.

35

On this point see EP-CCA, 2008,
p. 58.

2.1.2. Hazard Characterization
The purpose of the second step of risk assessment is to characterize
the various types of biological reactions to an exposure of
contaminants. The main difficulty in this step stems from the
very large variety of factors to be considered: various synthesized
nanoparticles, concentrations and biological reactions (FAO/WHO,
2009, p. 40). Whether the size, the surface area, the mass or
concentration, ideally everything should be individually assessed
because each property of every nanomaterial may cause a different
biological response.
In the context of scientific research, this difficulty is aggravated
by the requirement of conducting in vivo assessments to obtain
more significant results for humans. In fact, as the expert panel of
the Counsel of Canadian Academies explained: “Traditional doseresponse assessments often rely on extrapolating results obtained
from in vivo hazard identification studies in rodent models to the
human scenario” (EP-CCA, 2008, p. 67). As the preceding examples
show, scientists must reconsider several of their references to make
these extrapolations when dealing with synthesized nanoparticles.
It is obvious that it’s still not possible to make such extrapolations.
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2.1.3. Exposure assessment
The purpose of the third step of the risk assessment process is to measure the extent of exposure
to potentially harmful products. Regarding nanotech in general and its applications in the specific
agri-food sector, the reports of the expert panel underline the usefulness of an approach based
on product “life cycle” (EP-CCA, 2008, p. 76; FAO/WHO, 2009, p. 44). The guidebook drafted by
Environment Canada and entitled “Environmental Life Cycle Management: A Guide for Better Business
Decisions” describes this notion as follows: “A product's life cycle is made up of the activities that go
into making, using, transporting and disposing of that product”36. From a risk analysis perspective
and more specifically from the point of view of exposure assessment, the consideration of a life cycle
allows underlining the existence and importance of numerous means of human and environmental
exposure37 to synthesized nanoparticles. Various forms of exposure are more or less direct (FAO/WHO,
2009, p. 44).
For now, we know little about the means of dissemination of synthesized nanoparticles in the
atmosphere, soil, and water (EPA, 2007, p. 33). According to the Department for Environment, Food
and Rural Affairs (DEFRA, 2009, p. 46-47) , this synthetic representation should also convince us not to
underestimate the complexity of exchanges which constitute these means.
The various nanotech applications in the agri-food sector introduce a risk of exposure to synthesized
nanoparticles (FAO/WHO, 2009, p. 41). This exposure takes different forms, depending on the
applications. For example, in the farming sector, the risk of exposure to humans is mainly related
to the capacity nanoparticles have to migrate and disseminate into the environment. In the food
processing sector, it is mainly associated with the consumption of synthesized nanoparticles added
to food or supplements. As far as packaging applications are concerned (food distribution sector), the
risk of exposure stems from the potential dissemination of synthesized nanoparticles from packaging
to food (Chaudhry et al., 2008, p. 244-247). In the agri-food sector in general, the ingestion of
synthesized nanoparticles is the most probable means of exposure for humans38.
The numerous pathways of exposure for humans and the environment greatly complicate the scientific
steps in hazard analysis. This is especially true because we know little about the dissemination and
migration of synthesized nanoparticles in biological systems and the environment, without even
mentioning the involuntary or accidental introduction of synthesized nanoparticles in food production.
Exposure scenarios to synthesized nanoparticles in the agri-food sector are currently very hypothetical,
as “[i]nformation on the absolute and relative importance of different possible sources of exposure to
[engineered nanomaterials] in food and feed is extremely limited”39 (EFSA, 2009, p. 13).
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2.1.4. Risk characterization
The main purpose of the fourth and last step in the risk assessment process is to make a summary of the
various steps previously dealt with, that is, hazard identification, characterization and the assessment
of means of exposure. The various experts’ reports which the Commission consulted make a distinction
between the different toxic effects on humans and on the environment. Reports which specifically deal
with nanotech applications in the agri-food sector also mention hazards which apply especially to this
sector.
2.1.4.1.

Toxicity to humans

Scientific knowledge in general associates the risk of toxicity to the absorption of synthesized
nanoparticles. In fact, this is the most investigated and feared hazard40. As mentioned above, nanotech
applications in the agri-food sector are likely to expose humans to various synthesized nanoparticles,
especially applications in the fields of processing, distribution and consumption41.
Several research reports confirm the fact that synthesized nanoparticles have properties which allow them
to spread easily in the human body, into its various systems and to reach important organs such as the
liver, kidneys, bone marrow, lungs and even the brain (Bouwmeester et al., 2007, p. 48; DEFRA, 2007,
p. 28). They also underline the possibility that synthesized nanoparticles may penetrate human body cells.
Several “genotoxic” effects of synthesized nanoparticles (SCENIHR, 2009, p. 31) remain to be assessed.
Some studies have already shown that there is a possibility of contamination of mitochondria, of the cell
nucleus and more or less indirectly of an interaction with the genetic material of cells42.
Scientific data currently available are often very summary and sometimes even contradictory. The toxicity
of synthesized nanoparticles remains very difficult to characterize,
as there are numerous factors and determinants: (EPA, 2007,
p. 54; DEFRA, 2007, p. 28). For example, the European Food
Safety Authority (EFSA, 2009, p. 19-22), the Scientific Committee
36 [http://www.ec.gc.ca/p2/default.
on Emerging and Newly Identified Health Risks (SCENIHR, 2009,
asp?lang=En&n=BAEAB4C6-1]
p. 31-32) and the Institute of Food Safety and National Institute
for Public Health and the Environment (Bouwmeester et al., 2007,
37 In toxicology, the pathways of
exposure are “the ways in which a
p. 53) briefly present some studies which clearly show the difficulty
substance enters the organism.” The
in reaching a final conclusion on the relationship between dosage
usual pathways are the respiratory
and effect. Among the toxic effects underscored, very significant
tract, skin and the digestive tract.
local reactions are noted, as well as systemic toxic reactions (EPA,
38 FAO/WHO, 2009, p. 42. Other
2007, p. 55; AFSSA, 2009, p. 20-21).
In general, the, Environmental Protection Agency (EPA) underlined
the fact that: “Because nanomaterials are often engineered to have
very specific properties, it seems reasonable to presume that they
may end up having unusual toxicological effects” (EPA, 2007, p. 61)
and that this feature should be considered in toxicological studies.

35

means of exposure are to be
considered: inhalation, absorption
by skin and by the eyes. On this
point, see for example, EPA, 2007, p.
45-46; THE ROYAL SOCIETY, 2004,
p. 38.
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On this issue see also the similar
position of the FAO/WHO experts at
2009, p. 41.
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The FAO/WHO (2009, p. 28-29)
mention that considering the
current state of knowledge, it may
be affirmed that not all synthesized
nanoparticles are actually toxic for
humans.
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See also Chaudhry and Groves
(2010, p. 73-76), who mention
some synthesized nanoparticles
which may be found in food, for
example, nano-silver and nano-iron.

42

See also FAO/WHO, 2009, p. 37-38.
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2.1.4.2.

Ecotoxicity

The SCENIHR (2009, p. 56) underlines the fact that in spite of few available studies, it must be
acknowledged that ecotoxic effects are beginning to be documented, especially those on aquatic
species43. For example, according to the Royal Society (2004, p. 47), the environmental impact
of synthesized nanoparticles specifically used for the rehabilitation and depollution of soils could
constitute one of the most important sources of dissemination of synthesized nanoparticles in the
environment. From this point of view, the question arises as to what extent the very significant
surface reactivity of synthesized nanoparticles may be an important ecotoxic risk. However, as
the Department for Environment, Food and Rural Affairs has noted (DEFRA, 2009, p. 139), the
present state of knowledge does not allow reaching relevant conclusions on the ecotoxic effects of
synthesized nanoparticles. According to the SCENIHR (2009, p. 40), some studies suggest that the
contamination of some ecosystems remains very probable, although misunderstood.
The EPA (2007, p. 36-37) underlines the fact that among the hazards which synthesized nanoparticles
may represent for the environment, some may be borne by bacteria or by living cells, thereby creating
a risk of bioaccumulation in the food chain. According to the Agency, there is insufficient information
available to reach an opinion on this point, but the issue merits scientific study. The SCENIHR (2009,
p. 38) is of the same opinion and mentions that because of the tendency of synthesized nanoparticles
to aggregate, the possibility of bioaccumulation must be considered.
Some specialists (SCENIHR, 2009, p. 42) think that nanomaterials may interact with contaminants and
entail a toxic effect on living organisms. In fact, it could be theoretically possible that the interaction
between synthesized nanoparticles and certain organic contaminants already present in ecosystems
may amplify the toxic effect of these contaminants. According to the EPA (2007, p. 38), synthesized
nanoparticles used to rehabilitate contaminated soil for example may interact with and increase
the bioavailability of such pollutants and thereby increase their availability for biodegradation (The
Royal Society, 2004, p. 47). On the contrary, it may be potentially noted that the increase in the
bioavailability of these pollutants may have a toxic effect on fauna or flora. Experts refer to this as
the “Trojan Horse” effect (EFSA, 2009, p. 21; FAO/WHO, 2009, p. 39), that is, a situation in which
synthesized nanoparticles would carry toxic agents and would facilitate their spread within a system.

2.1.5. Limits to the Conclusions of Current Scientific Assessments44
In general, the scientific assessment of risk underscores above all the lack of data and the significant
needs in research on the issue of risks. There is a yawning gap in scientific knowledge in this field and
this prevents drawing significant conclusions (Maynard, 2006; Bouwmeester et al., 2007, p. 51).
According to the Agence française de sécurité sanitaire des aliments (2009, p. 6) :
the conclusions of all analyses underline the insufficiency of data available to evaluate the
risks inherent in nanoparticles in food regarding their specific properties and the necessity of
adapting the assessment methodologies which are presently used in connection with the risks
inherent in chemicals:
•

insufficiency of studies to analyze oral toxicity, as most available information is derived
from toxicity caused by inhalation;

•

methods are required to detect, quantify and follow up nanoparticles in the various
matrixes (for a more direct exposure) and in the organism (for toxicokinetics, among
others);

•

modification of the barrier effects of the penetration of particles in the body and their
circulation within organs.45
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From a scientific point of view, the work required to entirely deal with the matter of the analysis of risks
only in the field of nanotech applications regarding food is tremendous and is presently underdeveloped
(FAO/WHO, 2009, p. 41). According to the House of Lords (2010, p. 29), there are still areas for which
there is no knowledge in our understanding of nanomaterials and of their effects on living beings,
especially on human health.
Several reports46 also underline the importance of promoting a concerted and systematic research strategy
to study all issues raised in a risk analysis perspective. According to these experts, the difficulty in covering
the complete range of risks in connection with nanotechnologies requires a systematic organization of
research in this sector.
Finally, some reports underline the fact that a risk analysis of synthesized nanoparticles goes even
farther: this analysis challenges the traditional means of assessing risk. In fact, if the frameworks of risk
assessment we presently use are numerous and relatively robust (EP-CCA, 2008, p. 84), the characteristics
of nanomaterials and nanotechnologies nevertheless challenge these methods (SCENIHR, 2009, p. 23).
For the European Food Safety Authority (2009, p. 1-2), the difficulty in characterizing, detecting and
measuring synthesized nanoparticles for the purposes of toxicological analysis requires that such reflection
be undertaken. Accordingly, this agency (EFSA, 2009, p. 12) underlines the fact that even if methods exist
to analyze nanomaterials, it is nevertheless still difficult to detect and measure their presence in food.
The FAO/WHO (2009, p. 34) suggests that the special characteristics of synthesized nanoparticles and
their specific applications in the agri-food sector require additional caution in the analysis of risks. For the
expert panel of the CCA, it is essential to find “new ways of measuring dose, exposure and response” of
nanomaterials (EP-CCA, 2008, p. 84).

In summarizing risk analysis, it must be noted that there is a lack of
information about the potential harmful effects of nanotechnologies
applied to the agri-food sector. In addition, the multiplication
and the increased complexity of the exposure gateways to this
type of material reinforce the idea of a potential harmful effect. If
according to the current state of knowledge the characterization
of the potential harmful effects is not a harbinger of new types of
risk, several reports still underline the fact that there is a paucity of
information available about the assessment of risks and few research
efforts are made in this field in comparison to the efforts made in
research and development for marketing purposes.
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As far as the EPA is concerned,
(2007, p. 59-60), it must be
acknowledged that very few studies
deal with the ecotoxic effect of
synthesized nanoparticles, whether
in aquatic or land ecosystems.
This finding was also made by the
SCENIHR (2009, p. 40).

44

We underline the fact that the
various reports were published from
2004 to 2010 and were based on
hundreds of scientific publications.
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Our translation.
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See for example, Maynard, 2006;
EPA, 2007, p. 82; DEFRA, 2009, p.
150; HOUSE OF LORDS, 2010, p. 32;
SCENIHR, 2009, p. 48.
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2.2.

CURRENT LEGAL FRAMEWORK47

As mentioned in the Position Statement on nanotechnologies (CEST, 2006, p. 28), there is no
regulatory framework in Canada and in Québec for nanotechnologies or for products derived
from these technologies. Products developed from nanotechnologies (synthesized nanoparticles,
nanocomposites, etc.) are however regulated under existing legislation and regulations. In most cases,
products imported or manufactured in Canada are subject to rules on the basis of their “destination.”
Regulatory frameworks exist and apply to the importing or the manufacturing of fertilizers, medicines,
food, animal feed, pesticides, etc. In general, if a product is classified in one of these categories, it will
be subject to the corresponding regulatory framework.

2.2.1. Canadian Laws and Regulations
In the agricultural sector, several laws and regulations are likely to regulate nanotech applications,
especially:
•

The Fertilizers Act (RSC 1985, c F-10) and its Fertilizers Regulations, (CRC, c 666) for the
framework applicable to fertilizers;

•

The Health of Animals Act (SC 1990, c 21) and the Health of Animals Regulations (CRC, c. 296) for
the regulatory framework applicable to veterinary biological products – vaccinations, antibodies,
diagnostic kits, etc.;

•

The Food and Drug Regulations (CRC, c 870, Part C, Title 8);

•

The Feeds Act (RSC 1985, c F-9) and the Feeds Regulations (1983, SOR/83-593);

•

The Pest Control Products Act (SC 2002, c 28) and the Pest Control Products Regulations
(SOR/2006-124).

At least two acts govern the control and marketing of food:
•

The Consumer Packaging and Labelling Act (RSC 1985, c C-38);

•

The Meat Inspection Act (SC 1985, c. 25 (1st suppl.)) and the Fish Inspection Act (RSC (1985),
c F-12).

In addition,
•

The Canadian Environmental Protection Act (1999) (S.C., 1999, c. 33), the New Substances
Notification Regulations (chemicals and polymers), (2005, 139 Can. Gaz. II, 1864) and the New
Substances Notification Regulations (organisms) (2005, 139 Can. Gaz. II, 1929) establish the
regulatory framework applicable to new substances48.

2.2.2. Québec Laws and Regulations
The provincial regulatory framework adds to the federal framework and reinforces the regulatory
control of products brought within Québec’s jurisdiction. While several federal regulations control the
safety of products and substances, the provincial laws and regulations regulate the conditions in which
food is processed, distributed and used within the geographical area over which it has jurisdiction.
Québec regulations typically govern operators rather than products. For example, this type of
regulations will require that operators hold permits, submit to inspections and comply with minimum
standards regarding the manufacture and distribution of products.
Among the Québec laws and regulations which may be considered to regulate nanotech applications
in the agri-food sector and which may require some adaptation, we note the following:
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•

The Food Products Act (RSQ, c P-29) which requires among other things that the manufacture and
distribution of food products be done in hygienic conditions, using facilities and equipment which
ensure food safety;

•

The Pesticides Act (RSQ, c P-9.3) and the Pesticides Management Code (RRQ, c P-9.3, r 0.01) which
regulate the pesticide industry;

•

The Pharmacy Act (RSQ, c P-10), the Veterinary Surgeons Act (RSQ, c M-8) and the Regulation
respecting the terms and conditions for the sale of medications (RRQ, c P-10, r 12) which regulate
certain veterinary practices;

•

The Environment Quality Act (RSQ, c Q-2), the Regulation respecting the quality of the atmosphere
(RRQ, c Q-2, r 38) and the Regulation respecting the quality of drinking water (RRQ, c Q-2, r. 18.1.1).

2.2.3. International Instruments
Just like at the national and supranational levels, there is no international regulatory framework specific
to nanotech. Some international instruments are nevertheless likely to influence national regulatory
frameworks. These may include the WTO conventions, such as the WTO Agreement on Sanitary and
Phytosanitary Measures. According to this agreement, a sanitary and phytosanitary measure is 1) to
protect human or animal life from risks arising from “additives, contaminants, toxins or disease-causing
organisms in their food”; 2) to protect human life from plant- or animal-carried diseases and 3) to protect
animal or plant life from pests, diseases, or disease-causing organisms.
In addition, several international organizations are developing or have developed standards regarding
nanotechnologies. These standards could reinforce the legitimacy of regulatory frameworks which comply
with them. These organizations include the National Standards Organization (ISO) and the Organization
for Economic Co-operation and Development (OECD). In 2005, ISO formed a blue ribbon working
group to establish standards in the field of nanotechnology. This working group dealt with matters of
identification, characterization and testing nanomaterials, as well as the control of the hazards inherent in
nanomaterials.
Although mainly based on a scientific analysis of risk, the legal framework of nanotechnology has a
tendency in general to consider that the existing structures are sufficient to properly manage the inherent
risks.
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This section was drafted on the
basis of the research document
written by Francis Lord. To consult
the complete document, see the
section entitled “Publications” on
the website of the Commission at
[http://www.ethique.gouv.qc.ca/].
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We also underline Bill C-494
(1st reading, 3rd session, 40th
legislature) which lapsed, entitled
An Act to Amend the Canadian
Environmental Protection Act
(1999) (nanotechnology), the
purpose of which was to establish
a specific regulatory research
and supervision strategy specific
to nanotechnologies, within the
regulatory framework applicable to
new substances. This bill was not
tabled again following the Canadian
elections in May 2011.
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2.3.

NANOTECHNOLOGIES AND “PERCEIVED” RISK

The use of a scientific analytical grid of risk is inevitable because it features a reference to assess
risk and render accounts, for which there is broad agreement. However, even within the scientific
community, it is increasingly perceived as being important to consider other aspects which are
ignored by a scientific analysis of risk. A distinction is generally made between an “objective” risk
and a “perceived” risk. The latter is defined as being contrary to the scientific analysis of risk. If an
“objective” assessment of risk results from a scientifically logical approach, the public perception
of risk depends on various social and cultural factors. Although it was generally qualified as being
“irrational,” the perception of risk by “non-specialized” actors is increasingly “indispensible in the risk
assessment process because it helps to explain and challenge the knowledge and implied assumptions
of scientists, as well as the resulting reductionist framework”49 (Poulain, 2002, p. 83). Accordingly,
from the perspective of ethical analysis, a consideration of the perception of risk linked to the
development of nanotechnologies in the agri-food sector allows better focussing on the associated
democratic stakes.
Several studies50 have dealt with the perception of risk in connection with the development of
nanotechnologies. They document the perception of nanotechnologies in general, the risks and
benefits, as well as the framework of technical and scientific development.
Most of the studies underline the fact that if the general public has little knowledge about
nanotechnologies and their applications, it also perceives them as holding out considerable potential
and considers in general that the benefits will exceed the possible risks (Zimmer et al., 2008, p. 67).
The general public is however much more hesitant regarding applications in the agri-food sector.
In fact, studies tend to show that the general public is more suspicious and has a tendency to easily
reject applications in which food is directly manipulated (Grobe, Renn and Jaeger, 2008, p. 15-16;
Conseil national des arts et métiers, 2009, p. 37; Zimmer et al., 2008, p. 67). It seems that the
“closer” to food a nanotech application may be, the more hesitant the general public will be. The
results of research tend to show that the general public perceives applications to improve food
packaging as being an important benefit. On the other hand, there is considerable hesitation in
connection with applications in which synthesized nanoparticles are directly added to food (Grobe,
Renn and Jaeger, 2008, p. 19).
In addition, according to research, the social acceptance of nanotechnologies in the agri-food
sector also depends on a confidence factor. In fact, it seems that the wariness of the general public
with these nanotech applications is in part due to a lack of confidence in industry and government,
especially when public interest or risk management is at stake (Grobe, Renn and Jaeger, 2008, p. 19).
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Basically, public perception is characterized by very high expectations regarding benefits and by an
attitude of vigilance with more uncertain aspects. Accordingly, the studies underline the fact that the
public expects:
--

to be consulted on the development of these technologies;

--

to be informed (scientific aspects) about the risk to which it is exposed;

--

to participate in the management of these risks, in one way or another.

In concluding, if a scientific analysis of risk shows that in the current situation, any danger is still
hypothetical, although several indicators tend to show that it remains plausible, certain more subjective
factors obviously determine the social acceptability of nanotech. Essentially, for the consumer, “eating is
[…] an activity which requires making choices, deciding, but also taking objective and symbolic risks”51
(Poulain, 2002, p. 86).
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Our translation.
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Most of the studies which deal with
the perception of nanotechnologies
consider the applications in all sectors
without making any distinctions.
Few studies deal with the specific
perceptions of nanotechnologies
in the agri-food sector. There are
however, some exceptions: we
underline the reports of Grobe, Renn
and Jaeger, 2008; CONSEIL NATIONAL
DES ARTS ET MÉTIERS (CNAM), 2009;
Macoubrie, 2005; Zimmer, Herel and
Böl, 2008; FAO/WHO, 2009. We also
note the fact that in the studies, data
are generally grouped by country and
national situations are accordingly
presented. On this point, see for
example, FAO/WHO, 2009, p. 54.
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Our translation.
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3

The Commission’s reflection on ethics regarding the development of nanotechnologies in the agri-food
sector is a follow up to the Position Statement on nanotechnologies published in 2006. In examining
nanotechnologies, the Commission discovered “a scientific world that is fascinating, but also highly
complex and scattered” (CEST, 2006, p. 1). The ethical analysis conducted in the Position Statement
was based on several values: dignity, liberty, integrity, respect for individuals, quality of life, respect for
privacy, justice and equity, transparency and democracy. The Commission considers that this analysis
and the resulting recommendations are still just as valid and relevant as they were: an ethical assessment
shows that ethical issues regarding health, protection of the environment and safety stem from these
technological developments (CEST, 2006, p. xix).

Likewise, the Commission considers
On one hand, the state of scientific knowledge about
that the development of nanotechnothese applications shows that there would be substantial
logies in the agri-food sector raises
benefits from these potential applications. On the other
important ethical issues. Consistent
hand, the risks associated with these developments are,
with the Position Statement on nanofrom an ethical point of view, of the upmost importance:
technologies, the reflection made by
they directly address the crucial
the Commission is mainly based on
question of food; they are still barely
the identification of values which
documented; and although they are
are at stake in these developments52. The values used for
hypothetical, they remain plausible
an ethical analysis of the nanotechnological developments
and potentially serious. In addition,
in the agri-food sector are the following: government resstudies dealing with risk perception
ponsibility (for the protection of human health and the
tend to show that consumers are
environment), confidence, transparency, prudence, indeextremely preoccupied by any
pendence and the common good.
technological development which
directly impacts food products.
The Commission’s ethical analysis focuses on an important
issue of public health: the safety of food53 derived from
nanotechnologies54.
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However, the Commission does consider that this public health issue is subordinate to governance issues.
In fact, it considers that the present state of scientific knowledge puts the authorities in a “hypothetical
risk management” situation. According to the Commission, this situation requires the development of our
scientific knowledge on the issue of risks. At the same time, the regulation of these developments must
also take into account “democratic” considerations which are linked to the management of technical and
scientific risk.
The Commission will accordingly present its recommendations in three steps. First of all, considering the
values regarding health and environment and the State’s responsibility to protect them, the Commission
recommends to the government to be prudent by obtaining the means to have more knowledge about
inherent risks. Accordingly, the first recommendations specifically address the issue of the development
of knowledge and expertise. Secondly, considering more specifically the value of democracy, the
Commission recommends undertaking a more active dialogue with Québec’s population regarding
these societal stakes. Finally, the Commission recommends taking
measures to adapt the regulatory framework to the specifics of
nanotechnologies.

3.1.

52

We briefly underline the fact that
for the Commission,”value is the
purpose of any action. It gives
meaning to action. In doing so, it
reflects the motivation to act. It
allows justifying action. An objective
to be attained, the purpose of an
action, a value refers to what a
person or a given population seeks
to attain and promote or even
protect […] . The means chosen
and implemented seek to update
value in the world but this is always
limited in comparison to the ideal
which value represents,” CEST,
2003, p. 54.

53

In this document, the Commission
considers the French expressions
“sécurité sanitaire des aliments”
and “innocuité des aliments” (all
meaning “food safety”) as being
synonymous.

54

The expression “food derived from
nanotechnologies” includes all
potential nanotech developments
in the agri-food sector. In keeping
with the categories of potential
applications defined in specialized
literature, for now, nanostructured
foods, nutrient administration
systems and nanometric additives
(organic and inorganic) are
acknowledged. On this point, see
Chaudhry and Groves, 2010,
p. 74-75.

A PUBLIC HEALTH ISSUE

The Commission believes that human vulnerability and dependency
on food place food safety at the forefront of any deliberation on
the development of nanotech applications in the agri-food sector.
Because all of these applications may have a more or less direct
impact on food safety, the issue of management or the reduction
of this risk is a fundamental ethical issue.
In its Position Statement on nanotechnologies, the Commission
underlined the fact that “Governments are responsible for
protecting the environment, human health, and the wellbeing
of society as a whole” (CEST, 2006, p. 68). In fact, as a value,
the notion of responsibility refers to the duties and obligations
in connection with the status of an individual or group of
individuals (Neuberg, 1996, p. 1385). In the current context,
one must acknowledge that a consumer alone is unable to
shoulder the heavy burden of gathering all relevant and necessary
information (FAO, 2002, p. 9). For this reason, a significant share
of the responsibility of evaluating and managing food hazards is
delegated to competent government agencies.

45

Chapter 3 - Ethical Concerns and Recommendations

3.1.1. A Hypothetical Risk
As we have mentioned above, a scientific analysis of risk underlines the fact that certain synthesized
nanoparticles which could be used in the agri-food sector have physical and chemical characteristics
that could be potentially toxic for humans and the environment. This would be the case with some
inorganic nanoparticles added to food. Likewise, these same characteristics could contribute to
increasing the number of exposure gateways, thereby making the toxic and ecotoxic hazards all that
more significant.
The current limits to scientific knowledge
in this field do not however allow the
“A known risk is one whose existence has been
scientific community to acknowledge that
demonstrated;
and depending on the circumstances,
hypothetical risks are proven. In fact,
its
probability
of
occurrence can be calculated – from
scientific knowledge on this issue is still too
low
to
extremely
high, never zero – or not (in a context
partial, the results are barely convincing,
of scientific uncertainty ...” (CEST, 2006, p. 34)
and the methods of investigation are still
not sufficiently standardized. Accordingly,
it is difficult to reach conclusions and there
is no agreement about them in the
“Hypothetical (or potential risk) is not demonstrated
scientific community. If the initial studies
and may be impossible to demonstrate; its
tended to show that hypothetical risks
probability of occurrence cannot be calculated but it
remain plausible and potentially significant,
is still plausible based on common sense (it does not
it is generally acknowledged that research
arise from a foolish fear).” (CEST, 2006, p. 34)
on the development of nanotech
applications in the agri-food sector is still at
its beginning. The task is tremendous.
A large number of nanometric composites
must be considered, older properties must be evaluated as well as new ones, the means of
dissemination and spreading must be better understood and a whole series of tools has to be
developed to properly evaluate and follow up on these new composites.

3.1.2. Uncertainty Requires Precaution
In this context, it is obvious to the Commission that the regulation of these developments remains a
major issue. Consistent with the perspective adopted in its Position Statement entitled “Ethics and
Nanotechnology: A Basis for Action” (2006, p. 27), the Commission intends to examine the issue of risk
in a realistic and balanced manner and considers that
As regards ethics — and without adopting a catastrophist approach — the hypothesis that an
event with possibly harmful consequences might occur cannot be ruled out. It is in this spirit
that the Commission uses the expression “known or hypothetical risk” in this position statement.
It thus seeks to adopt an “all-encompassing” vision of risk that also considers the hypotheses and
fears expressed, knowing that it is giving broader meaning to the word “risk”.
From this perspective, the Commission considers that it is justified in having recourse to the
precautionary principle, which it interprets as a principle of action and not of abstention (CEST,
2009, p. 80). According to the Commission, it is relevant to use this principle as a guide for action
“when there are only hypotheses and no information on the existence of a risk or its probability of
occurrence, as with certain fears regarding an emerging technology like nanotechnology”(CEST, 2006,
p. 39).
This is why the Commission considers that the issue of public health, which is raised by the
development of nanotechnologies in the agri-food sector, is subordinated to issues of governance due
to the uncertainty which is typical of the risk inherent in these applications. It accordingly invites the
public decision-makers to manage this uncertainty according to their responsibility of protecting the
health of citizens and protecting the environment.
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3.2.

GOVERNANCE ISSUES

Because of the lack of knowledge of the risks inherent in the nanotech applications in the agri-food sector,
the issue of public health is subordinated to the issues of governance in connection with the management
of a hypothetical risk. In its analysis, the Commission considers that responsible management of this risk
must take into consideration the three following points:
1.

Development of scientific knowledge;

2.

A consideration of the societal stakes;

3.

Amendments to the regulatory framework which would allow the State to be able to assume its
responsibilities on this matter.

As far as the Commission is concerned, the development of scientific knowledge on risk assessment
becomes an essential condition for good governance.

3.2.1. Science and Governance: Development of Knowledge and Expertise
The development of science and technology makes nanotech applications possible in the agri-food sector.
However, it does not ensure the documentation of inherent risks. Currently, most experts’ reports note
that the scientific assessment of the harmful effects on the environment and on human health is only just
beginning and cannot accordingly be conclusive at this time. This lack of knowledge is a major challenge
when the development of these applications must be controlled. How may such developments be
promoted while protecting the environment or public health? The Commission thinks that the regulation
of nanotech developments calls for more research by the scientific community, especially on the issue of
risk, in order to fill the scientific knowledge gap and to propose a scientific basis for a “good” governance
of risk management.
As a follow up to its deliberations regarding continuing research and the results published in its Position
Statement on nanotechnologies (CEST, 2006, p. 43), the Commission considers that it is important to
support research initiatives to fill the gaps existing in current knowledge on sanitary and environmental
consequences in the agri-food sector.

47

Chapter 3 - Ethical Concerns and Recommendations

3.2.1.1.

Financing Research

The vast majority of experts’ reports on the development of nanotech applications in the agri-food
sector underline the fact that epidemiological and toxicological studies, as well as other studies of
risks, do not adequately cover this field of research. The Commission believes that the government
has the responsibility of ensuring that research is sustained to contribute to correct this shortcoming.
In its Position Statement on nanotechnologies, (CEST, 2006, p. 73), the Commission recommended
the implementation of “a program of multidisciplinary research on the impacts of new technology
and on managing the risks associated with nanotechnology that takes into account the ethical
and social aspects in play.” This recommendation led to the establishment of the Ne3LS network,
which specifically deals with “the advancement and sharing of knowledge regarding the ethical,
environmental, economic, legal and social aspects of the development of nanotechnologies”55.
Hence, considering our governments’ responsibility for protecting health and the environment;
considering the lack of knowledge about the harmful effects on health and environment; considering
the necessity of developing scientific knowledge even beyond risk to deal with the economic, cultural
and social impacts of the development of nanotechnologies in the agri-food sector:

Recommendation no 1
The Commission recommends that the Fonds de recherche du Québec – Nature et technologies
(FRQ – NT) and the Fonds de recherche du Québec – Santé (FRQS), develop a research financing
strategy so that issues regarding the risk inherent in nanotech applications in the agri-food sector
be properly studied.
The Commission recommends that the Fonds de recherche du Québec – Société et culture
(FRQ-SC) ensure that the NE3LS network promotes research on the cultural and social stakes
regarding the development of nanotechnologies in the agri-food sector.
The Commission recommends that these organizations conduct a continuous assessment of
financing to ensure that the objectives are properly attained.
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3.2.1.2.

Nanowatch network and the development of expertise

Several indicators show that the development of nanotech applications in the agri-food sector will
be growing exponentially on a short and medium-term basis. It may therefore be expected that the
preoccupations of consumers and of actors in the agri-food sector will also increase in the same way. The
current perception of the “rapid” development of these applications results mainly from the impression
given by media rather than from a systematic review of scientific literature. All this, together with the
government’s responsibility to protect the environment and public health, requires the development
and maintenance of expertise within the government structures regarding the risks inherent in these
applications. The Commission is of the opinion that by having the latest information on the most recent
scientific developments in this sector, the government actors in question may be able to act responsibly.

Recommendation no 2
The Commission recommends that the Minister of Agriculture, Fisheries and Food:
•

Implement a scientific and technological watch network for the development of nanotech
applications in the agri-food sector to ensure the development and maintenance of expertise
within the public service, especially of the professionals working for the MAPAQ;

•

Commit the funds required to ensure a scientific and technological watch and to ensure that this
expertise is available within the public service on one hand, and on the other hand, to ensure
participation in activities (conferences and seminars) to maintain and develop this expertise;

•

Create links for cooperation and work in relationship with the federal organizations concerned.

In addition, considering that the issues raised by these developments are likely to be of interest to other
government actors; considering that this scientific nanowatch and the expertise developed by the MAPAQ
will be a reliable and relevant reference in this field of endeavour for decision-makers:

Recommendation no 3
The Commission recommends that the government of Québec implement an interdepartmental
mechanism which includes the ministère de l’Agriculture, des Pêcheries et de l’Alimentation, the ministère
de la Santé et des Services sociaux and the ministère du Développement durable, de l’Environnement et
des Parcs, in order to facilitate the exchange of informations regarding the state of scientific knowledge
about the risks inherent in nanotech applications in the agri-food sector.
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Our translation. See the Ne3LS website
at: [http://www.ne3ls.ca/].
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3.2.2. Society and governance
Because of its mandate, the Commission’s deliberations and analyses are strongly influenced by a
democratic preoccupation which centers on human beings and the future of society (CEST, 2003,
p. 80). It is usually considered that a delegation to government organizations of the responsibility to
assess food safety is based on a relationship of confidence between the parties. From an ethical point
of view, confidence, as a value, expresses a very special type of relationship between the parties in
question, that is, consumers, producers and governments. It represents an ideal relationship in which
mutual respect and confidence are paramount. In other words, “to trust a person or an institution
means – essentially – to expect that they will handle problems in the same way one would have done
oneself” (FAO, 2002, p. 9).
Several observers note however that over the last few years consumers’ confidence in industry and
government institutions has been considerably undermined. This challenged the traditional means
of delegation of responsibilities (FAO, 2002, p. 9). As the Commission underlined in another Position
Statement, “transparency is a democratic value which is essential to public governance; it is a nonpaternalistic approach which calls on the accountability of various social actors” (CEST, 2003, p. 63).
In fact, transparency contributes to ensuring the legitimacy of decision-making processes within a
democratic framework. On the contrary, a lack of transparency results in a loss of public confidence in
surveillance organizations and in governments (CEST, 2003, p. 61).
From this point of view, the Commission considers that risk management regarding the safety of
food developed from nanotechnologies raises unavoidable democratic issues: citizen information
regarding the development of scientific knowledge and the implementation of a citizen consultation
mechanism.
3.2.2.1.

Stakeholders’ information

The Commission acknowledged in its Position Statement that the “right to information” is
fundamental and is at the foundation of our democracy. This right, which is entrenched in several
charters and conventions, determines government accountability (CEST, 2006, p. 60). In addition,
social discussions about the acceptability of risk cannot ignore an objective consideration of the
negative effects on the environment and health. In such a context, the Commission feels that it is
essential that the government makes quality scientific information available to citizens, which meets
specific standards of objectiveness and thoroughness. Accordingly, the fact of learning some “expert”
knowledge should help citizens to make enlightened and critical decisions about technical and
scientific developments, as well as about their inherent social issues.
In addition, the Commission considers it important to present this information while respecting the
interests and needs of consumers and actors in the agri-food sector. In its opinion, this initiative to
inform the population is a minimum condition to develop a relationship of confidence between the
various parties.
Accordingly, considering the citizens’ right to information, considering the government’s responsibility
in disseminating quality information about public issues such as food safety, considering the interests
and specific issues regarding various groups of actors concerned,
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Recommendation no 4
The Commission recommends that the Minister of Agriculture, Fisheries and Food of Québec develop
an Internet portal for nanotechnologies specifically concerning the agri-food sector using the GMO
portal as a model56. This portal could make available to Québec’s population a public forum featuring
information that is factual, independent and easily accessible to the various clienteles concerned.
It should have postings made by a watch network set up beforehand (recommendation 2) and be
connected to social networks to ensure that dissemination of information would be as extensive as
possible.

3.2.2.2.

Permanent consultation

The Commission considers that it is also necessary to pay special attention to the perception of risk by
citizens. There is a sharp distinction between the evaluation of food safety and the evaluation of the
social acceptability of food: it is not because a food is not harmful to health that it is acceptable to eat
it. Many considerations, other than scientific ones, come into play and bring a population to accept the
consumption of certain foods.
In an attempt to attain a democratic management of food risk, the cultural and social factors which
determine food acceptability must be considered. The Commission considers that it is essential for
government authorities to take into consideration the citizen’s competency to judge these factors. It is
therefore appropriate to establish mechanisms which elicit and sustain a dialog between government
organizations and citizens regarding the issue of risk and its perception.
In addition, promoting a dialog with citizens and creating room for public debate on the issues of risk
management and food safety may contribute to creating a climate of confidence which is required to
legitimize from an ethical point of view, the delegation of responsibility in risk management.
Considering the limits to a scientific and technological watch network as well as the importance of risk
perception by consumers regarding the social acceptability of food,

Recommendation no 5
The Commission recommends that the government of Québec use the procedure of the Bureau
d’audience publique sur l’environnement (BAPE) to establish a permanent consultation mechanism with
Québec’s population, which would allow considering the perceptions of risk regarding food safety and
the overall perception of risk, as much as specific projects which may challenge food safety.
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This is the following website: [http://
www.ogm.gouv.qc.ca/].
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3.2.3. Regulatory tools
Government authorities must also resort to regulatory tools in order to properly manage uncertainty.
The Commission advocates that these tools must be considered on the basis of scientific data and
the perception of risk. In fact, as we have mentioned above, the nanometric world challenges the
traditional means of assessing food safety. At the same time, the question arises as to whether the
various regulatory frameworks are sufficient. Without conducting an analysis and making a criticism
of applicable law, the Commission considers that to the extent it is the government’s responsibility
to protect the environment and the health of its citizens, the following two questions are raised:
what certification process should apply to foods developed from nanotechnology and how should the
transparency of the certification process be improved?
3.2.3.1.

“New foods”

As mentioned in the chapter dealing with a legal framework, there is no regulatory framework
in Canada or in Québec which is specific to nanotechnologies or to products derived from these
technologies. In general, products are subject to various regulations on the basis of their “final
destination”. There are accordingly regulations applicable to importing fertilizers, medicine, food,
animal feed, pesticides, etc.
The use of nanotechnologies is therefore not a factor to determine if a product must or must not
be subject to a certification process. A food product will accordingly be considered to be “new” if
it was made, prepared, preserved or packaged using a new process, but only if this process entails a
“major change” to the food57. More specifically, to determine if a product for human consumption
actually is “new food,” federal government organizations use what is commonly called a “substantial
equivalence” approach58. It is basically an approach which is used to determine if the safety of a
product which is modified by new technologies is similar to that of a certified product which was not
modified59. For example, a product modified using some technologies (such as biotechnologies), the
general aspect of which is similar to that of a certified product which is not modified, could not be
considered as a “new food” and accordingly not require a thorough scientific assessment of its safety
for certification and marketing purposes.
Any new food will therefore be subject to a scientific assessment to determine its safety. It will be
certified if it is safe. If a food is not considered to be new, it will not be subject to the regulations
which apply to this type of food, whether or not nanotechnologies are used in the makeup,
manufacture or processing of the food. The food must comply with the federal standards in force in all
cases60.
The Commission considers that the gaping lack of scientific knowledge about the safety of food
derived from nanotechnologies means that precaution must be at the heart of the certification
process of these foods. On this matter, the Commission considers that the federal regulations which
apply to new foods are best adapted to the assessment of foods derived from nanotechnologies
because these regulations require a systematic assessment of their safety.
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Accordingly, considering the current Canadian regulatory framework and considering the significant
knowledge gap regarding the safety of food derived from nanotechnologies,

Recommendation no 6
The Commission recommends that the government of Québec
encourage the competent Canadian regulatory authorities,
especially the Health Products and Food Branch at Health Canada,
to continue their work regarding the assessment of the safety
of products containing synthesized nanoparticles or which are
derived from nanotechnologies.
The Commission recommends that the government of Québec
require from the federal government that any food which is
manufactured or prepared using nanotechnologies or which
contains synthesized nanoparticles be automatically considered
as a “new food” and be systematically subject to the regulations
which apply to “new foods.”
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In general, the Food and Drug
Regulations, (CRC, c 870) define
a “major change” on the basis of
the changes in the content and
nutritional quality of food as well
as on the basis of the physiological
effects and general safety of food.
For more details, see section
B.28.001 of these regulations.
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According to the FAO and the
WHO, "This concept embodies
a science-based approach in
which a genetically modified
food is compared to its existing,
appropriate counterpart. The
approach is not intended to
establish absolute safety, which is
an unattainable goal for any food.
Rather, the goal of this approach
is to ensure that the food, and
any substances that have been
introduced into the food as a result
of genetic modification, is as safe
as its traditional counterpart." FAO/
WHO 2000, p. 1 in “Safety aspects
of genetically modified foods of
plant origin.”
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"Both in Canada and elsewhere,
therefore, “substantial equivalence”
is currently employed as an explicit
rule stating the conditions under
which it can be assumed that a
new crop poses no more risks
than a counterpart that is already
considered safe." An Expert Panel
Report on the Future of Food
Biotechnology, Royal Society of
Canada, 2001, p. 180. [http://www.
rsc.ca/documents/GMreportFR.pdf].
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At the federal level, the packaging,
labelling and publicity of and for
food are governed under several
laws and regulations. They include
the Food and Drugs Act (RSC (1985)
chapter F-27) and its Food and
Drugs Regulations (C.R.C., chapter
870), the Consumer Packaging and
Labelling Act, (RSC (1985), c C-38),
the Canada Agricultural Products
Act, (RSC (1985), c 20 (4th Supp)),
the Meat Inspection Act, (RSC
(1985), c. 25 (1st Supp)) and the Fish
Inspection Act, (RSC (1985), c F-12).
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Such a migration would
contaminate the food. See on this
point, Smolander and Chaudhry,
2010, p. 96.

Likewise, the issue of the potential migration of synthesized
nanoparticles from food packaging derived from nanotechnologies
to packaged food61 is very preoccupying for the Commission. On
this point, the Commission once again insists on the importance
of adopting the precautionary principle and accordingly of paying
special attention to the inspection of any product which was in
contact with food packaging derived from nanotechnologies.

Recommendation no 7
The Commission recommends that the Minister of Agriculture,
Fisheries and Food pay special attention to the inspection of any
food which was manipulated or came in contact with materials
derived from nanotechnologies or which contains synthesized
nanoparticles.
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3.2.3.2.

Dissemination of all results

Technological developments in the agri-food sector currently give rise to public mistrust towards
governments and industry. Certain specialists feel that this mistrust is partially caused by a “lack of
transparency” on behalf of industry. The rules in force do not however require that industry publish
the various results of research. In fact, the commercial advantage resulting from innovation often
brings industry to apply measures to protect its products and its market by not disclosing the details
of its innovations. From an ethical point of view this culture of “secrecy” greatly contributes to
maintaining a public mistrust of industry.
The Commission thinks that the regulatory framework may hold out some solutions to this situation.
In fact, this framework requires that the certification of products be based on the results of scientific
assessments. The Commission considers that the certification procedures of new products should be
transparent and allow access to all scientific data submitted during the certification process, whether
or not such data led to an authorization to market the product.
Accordingly, considering the significant gap in the knowledge of the safety of foods derived from
nanotechnologies; considering the necessity of compiling all information available regarding food
safety; considering the importance of maintaining the confidence of consumers in connection with
food products and technological developments,

Recommendation no 8
The Commission recommends that the Minister of Agriculture, Fisheries and Food of Québec take
the measures required to amend the regulations so that all test data required under regulations for
certification purposes, be rendered public on a compulsory basis, including the results of previous
tests submitted for certification purposes and which were insufficient to obtain this certification.

3.2.3.3.

Labelling: something to be considered

The issue of labelling is always at the crux of the debate regarding the development of these nanotech
applications. The Commission considers that this is a relevant subject for which special attention is
required.
From an ethical point of view, two arguments are at loggerheads on the issue of labelling. The
first argument, which is generally understood as being favourable to labelling, is based on a
consumer’s right to make free and enlightened choices regarding food products62. Labelling is
accordingly perceived as a means of meeting these requirements: a label on a product gives the
information required to satisfy this right. The second argument, which is generally understood
as being unfavourable to labelling, is based on the cost and feasibility of such a practice. The
difficulties regarding the implementation process for a labelling system are invoked, such as choice
of information to be given, the efficiency of this communication procedure, the cost entailed by the
application of this measure or the commercial disadvantages related to it63.
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According to the Commission, this discussion illustrates the tension which exists between an argument
centered on the independence and rights of individuals and an argument which is centered on an
optimization of the cost/benefit ratio. The Commission considers however that the argument regarding
cost is not in itself contrary to the implementation of a labelling system. This is rather an argument which
would contribute to determine the conditions of its implementation. On the other hand, the argument of
“the right to information to ensure the consumer’s free and enlightened choice” together with consumers’
preoccupations about the risks inherent in these technical and scientific developments, allow us to affirm
that there actually are cultural or social stakes in food derived from nanotechnologies, because of which
labelling is recommended.
The Commission is on the other hand aware of the fact that it is difficult and complex to identify the
“nanotech” feature of products. This difficulty is partly due to the lack of a global consensus about
applicable standards64. It is also due to the fact that the clear recognition that a particular product is
derived from nanotechnologies threatens its social acceptability and also its economic profitability.
Accordingly, without having any commercial interest or regulatory requirements, industry is not likely to
disseminate such information.
Considering the ethical importance of consumers’ right to be properly informed when the choice of food is
concerned:

Recommendation no 9
The Commission recommends that the government of Québec take the measures required to
ensure that the actors in the agri-food industry who knowingly use nanotechnologies properly inform
consumers. On this point, labelling is in the Commission’s opinion, still a choice option to properly
respect the right to information.
The Commission believes however on one hand that the extent to which cultural and social stakes may
or may not contribute to warrant the labelling of these products must be assessed and on the other
hand, it must give broader consideration to the ethical criteria which should apply to this practice.

3.3.

SEVERAL RECOMMENDATIONS,
A UNIFIED VISION

The Commission understands that the recommendations made
in this document are a whole and should be read as such. These
recommendations are minimum measures which the government
should implement to assume its responsibilities regarding the
protection of the environment and public health.
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We underline the fact that
according to the terms of the
scientific assessment of food safety,
the products mentioned here are
considered to be safe to human
health.
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In its report entitled Agriculture
and Agrifood: Securing and Building
the Future (2008), the Commission
sur l’avenir de l’agriculture et
de l’agroalimentaire québécois
discussed the limits and general
advantages of labelling in the agrifood sector. See for example, the
findings regarding the labelling of
GMO products, p. 181.
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See the discussion in CEST, 2006,
p. 41. It must be underlined that
since then several publications have
enabled significant progress in this
field. See for example IRSST, 2008.
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CONCLUSION

By agreeing to deal with ethical
On one hand, it is difficult to assess the risk inherent in these
issues inherent in the development
technologies because of a tremendous lack of knowledge.
of nanotechnologies in the agri-food
In fact, we know little about the risk inherent in products
sector, the Commission de l’éthique
derived from these technologies, for example, the toxicien science et en technologie decided
ty of synthesized nanoparticles used in various agri-food
to engage in even broader thinking
sectors. On the other hand, this same assessment must take
than that which it had undertaken in
into consideration the “vital” nature of activities regarding
2006. In fact, although the developfood. Basically, humans must eat
ment of these applications had been
to survive. This is a recurrent need,
announced several years ago, the
thereby revealing the significant
actual availability on the international market of products
vulnerability of humans. In addition,
derived from nanotechnologies confirms the importance
we note that consumers use several
of considering ethical issues to ensure the accountable
social and cultural factors to make
management of these technologies.
food choices. This consumer “logic”
is generally complex and difficult to
In the first part of this supplement, the Commission made a
understand.
brief description of the situation regarding various nanotech
applications in this sector. The Commission considers that
two factors greatly influence the development of nanotechnologies.
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Accordingly, considering that the risk inherent in nanotechnologies in the agri-food sector is not well
documented and that these applications directly concern food products for humans, the Commission
feels that the issue of the safety of food derived from nanotechnologies is the fundamental ethical issue
in these developments. Because of our lack of knowledge of the risks inherent in these applications,
the Commission considers that the issue of public health which is raised by the development of
nanotechnologies in the agri-food sector is subordinate to governance issues. The Commission accordingly
invites public decision-makers to manage this “uncertainty” according to their responsibility of protecting
the health of citizens and the environment. It is essential to remedy the lack of knowledge of the risks
inherent in nanotech applications in the agri-food sector. It is important to encourage and stimulate
scientific research about inherent risks and to promote the development and maintenance of expertise
within the public service. This lack of knowledge is presently a major problem which seriously hinders
decision-making in connection with the accountable management of risk.
In addition, according to the Commission, the issues regarding technical and scientific developments,
together with those regarding food, may greatly contribute to undermine the relationship of confidence
between the government, consumers and citizens. From a democratic point of view, the Commission
recommends that the government make a commitment to render accessible to the various actors all the
scientific information which is available and relevant and to implement a mechanism to ensure a dialog
with citizens regarding risk.
Finally, because we are dealing with the issue of the management of new technologies in the field of food,
the Commission questions whether the regulatory framework is sufficient. It considers that governments
must ensure the efficiency and transparency of the certification processes which apply to food products
derived from nanotechnologies. At the same time, it considers that the matter of labelling must not be
neglected. Because several issues remain, especially regarding the ethical criteria governing this practice,
it is accordingly necessary to continue deliberating.
If nanotech applications in the agri-food sector are still at their beginnings, developments in this field will
be surging ahead from now on. By conducting this ethical analysis, the Commission intends to follow up
on the progress of these technologies to better understand their scope and to prevent certain excesses.
Finally, the Commission hopes that the implementation of the recommendations made in this opinion
contributes to ensuring the ethically and socially acceptable development of nanotechnologies in the
agri-food sector.
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APPENDIX

LETTER OF REQUEST FROM THE
MINISTÈRE DE L'AGRICULTURE, DES PÊCHERIES
ET DE L'ALIMENTATION DU QUÉBEC

1

Voici donc quelques aspects de la question qui nous interpellent plus particulièrement :
1.

L'utilisation des nanotechnologies en agroalimentaire implique l'entrée de nouvelles substances de
très petite taille dans la chaîne alimentaire humaine et animale.

2.

La taille des particules nanométriques, les propriétés nouvelles qu'acquiert la matière à cette échelle
et leurs impacts potentiels.

3.

Le besoin de recherches pour bien circonscrire les paramètres entourant l'utilisation des nanoparticules.
Eu égard au taux de pénétration important des nanoparticules à travers les tissus humains et animaux,
des recherches additionnelles sont particulièrement nécessaires, sur les interactions, la toxicité et la
stabilité des nanomatériaux dans l'alimentation humaine et animale, dans le système digestif et dans
les tissus biologiques.

4.

L'éventail d'applications potentielles des nanotechnologies dans le domaine agroalimentaire (allant
des emballages alimentaires, des bio-pesticides à action contrôlée jusqu'à la modification des
composantes des aliments).

5.

Les consommateurs ne sont pas encore très au fait des nanotechnologies et de leurs applications.
Ils seront tout d'abord sensibilisés à cette technologie par l’arrivée de produits de consommation
qui ne sont pas liés au domaine alimentaire. Mais lorsque les nanotechnologies provoqueront des
changements au niveau alimentaire par l'ajout de nanoparticules, des questions sociales et éthiques se
poseront puisque le rapport que les gens ont avec la nourriture sera modifié.

6.

Les réglementations actuelles ne sont pas conçues nécessairement pour l’arrivée des nanotechnologies
en agroalimentaire.

7.

Les enjeux de l'utilisation de la nanobiotechnologie en agriculture (usage vétérinaire, diagnostics,
nanoencapsulation de pesticides, biopuces, etc.).
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2

THE FOLLOWING PERSONS AGREED TO MAKE A CRITICAL ANALYSIS OF THE FIRST
VERSION OF THE REPORT OF THE WORKING COMMITTEE:
•

Brice Laurent, Mining engineer, researcher at the Centre de sociologie de l'innovation de Mines
Paris Tech and Docent at Sciences Po Paris;

•

Muriel Subirade, Professor at the Faculté des sciences de l’agriculture et de l’alimentation of
Université Laval and holder of the Canada research chair in proteins, biosystems and functional
foods, INAF/Stela.
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TO THE FOLLOWING PERSON:
•

Francis Lord, Doctorate student, Faculty of Law, McGill University.
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of its supplement to its opinion on nanotechnologies in the agri-food sector.
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This issue is a supplement to the Position Statement
Ethics and Nanotechnology : A Basis for Action

2006
Preoccupied by the accountable management of nanotechnologies, in June 2009, the ministère de l’Agriculture, des
Pêcheries et de l’Alimentation forwarded a letter to the Commission, which raised a certain number of issues regarding the
use of nanotechnologies, especially issues concerning ethics and social matters which are inherent in this use. The letter
suggested that the Commission draft a supplement to its opinion of 2006, which would deal exclusively with the use of
nanotechnologies in the agri-food sector.

Examining nanotechnologies in the agri-food sector means dealing with the development of applications which are still
at their very beginning. The development of nanotechnologies in the agri-food sector is already showing its potential to
revolutionize the food chain at all levels, from food production to processing and distribution. For the industry, it traces
new paths for properly meeting market pressures and demands, whether this involves suggesting more profitable and
efficient methods of production, offering more attractive products which meet stricter “health” criteria or ensuring a more
complete and swifter detection of sources of food contamination.

Ethical Issues of Nanotechnology in the Agri-Food Sector is a supplement to the opinion published by the Commission de
l’éthique en science et en technologique in 2006 and entitled Ethics and Nanotechnology : A Basis for Action. Structured
along the same lines as this opinion, this supplement is divided into three chapters. To properly situate the reader
regarding the development of nanotechnologies in the agri-food sector, the first chapter briefly describes the various
applications which are most likely to be developed on a short and medium-term basis. The second chapter describes the
legal framework which currently governs the products derived from nanotechnologies and deals with the issue of risk
which is inherent in these developments. In the third chapter the Commission completes its thinking by dealing with the
main issues inherent in these technical and scientific developments. It makes nine recommendations, which in its opinion,
are a strict minimum which may ensure the socially acceptable management of these developments.
This supplement and other publications of the Commission are available at : www.ethique.gouv.qc.ca.
The mission of the Commission de l’éthique en science et en technologie consists, on one hand, of informing, raising
awareness, gathering opinions, fostering reflection, and organizing debates on ethical issues raised by developments
of science and technology and, on the other hand, of proposing general guidelines for stakeholders to refer to in their
decision-making.
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