ETAG European Technology Assessment Group

ITAS - DBT * FCRI - ISI+ IST *ITA -TC - Rathenau

B NanoSafety -
Risk Governance of
Manufactured Nanoparticles

Interim Report — Phase |1

Deliverable No.2 of the
STOA Project “NanoSafety”

Commissioned by STOA and carried out by ETAG
Contract No. IP/A/STOA/FWC/2008-096/LOT5/C1/SC2
Ref.: Framework Contract No. IP/A/STOA/FWC/2008-096/LOT5/C1

Karlsruhe and Vienna, October 2010

European Technology Assessment Group

Institute for Technology Assessment and Systems Analysis (ITAS), Karlsruhe
Danish Board of Technology (DBT), Copenhagen

Catalan Foundation for Research and Innovation (FCRI), Barcelona
Fraunhofer Institute for Systems and Innovation Research (IS1), Karlsruhe
Institute Society Technology (IST), Brussels

Institute of Technology Assessment (ITA), Vienna

Rathenau Institute, The Hague

Technology Centre AS CR, Prague

Contact:

Dr Leonhard Hennen (Co-ordinator)

Institute for Technology Assessment and Systems Analysis; Karlsruhe Institute of Technology
¢/o0 Helmholtz-Gemeinschaft

Ahrstr. 45, D-53175 Bonn

Leonhard.Hennen@kit.edu




European Technology Assessment Group (ETAG)

Project Description

Contract number IP/A/STOA/FWC/2008-096/LOT5/C1/SC2

The project is being carried out by
the Institute for Technology Assessment and Systems Analysis (ITAS), Karlsruhe Institute
of Technology (KIT) (Project Co-ordinator); together with

the Institute of Technology Assessment (ITA), Austrian Academy of Sciences, Vienna;
as members of ETAG.

Project Leader: Torsten Fleischer, Institute for Technology Assessment and Systems Analysis
(ITAS)

Authors:

Torsten Fleischer, Jutta Jahnel, Stefanie Seitz (ITAS-KIT), Ulrich Fiedeler, Myrtill Simko (ITA)

Project Duration: January 2010 — October 2011

Members of the European Parliament in charge:

Mr. Vittorio Prodi, MEP

STOA staff in charge:

Mr. Theo Karapiperis



NanoSafety

Contents
General Information 5
Acknowledgements 5
Executive Summary 6
1. Manufactured Particulate Nanomaterials (MPN) — a wealth of materialS
for various applications 12
1.1. On nanotechnology and nanomaterials 12
1.2. Nanoparticles and its applications — advantages and challenges 12
1.2.1. Properties and applications of nanoparticles 13
1.2.2. Sources of nanoparticles 14
1.2.3. Markets for nanoparticles 17
1.3. On definitions 20
1.3.1. Excursus: Overview of the most important currently available
definitions 22
1.3.2. Elements of definitions of nanomaterials 26
1.3.3. The need for a harmonised legal definition 28
1.3.4. Definition for regulatory purposes 29
1.3.5. Working definition for the purpose of this report 30
2. Problems of Risk Assessment of Environmental and Health Risks of
MPn under Uncertainty 32
2.1. Introduction 32
2.2. Principles of nanotoxicology 34
2.2.1. Techniques of characterization and detection of MPNs 34
2.2.2. Exposure 35
2.2.3. Methods for toxicity testing 36
2.2.4. Dosimetry 38
2.2.5. Portals of entry and biokinetics 38
2.3. Health and environmental risks of MPNs 39
2.3.1. State of the art in risks to human by MPNs 39
2.3.2. State of the art in environmental risks of MPNs 43
2.3.3. Limitations and difficulties of risk assessment 44
2.4. Conclusions 45
3. Measures for nanomaterials risk management in the EU 48

3.1. Current parliamentary regulation practices and parliamentary activities48

3.1.1. General (pre)-regulatory activities of European institutions 48
3.1.2. Chemicals regulation 50
3.1.3. Products regulations 55
3.1.4. Worker protection and environmental protection regulation 60

3.2. Further possible regulatory measures 62



European Technology Assessment Group (ETAG)

3.2.1. Register
3.2.2. Codes of Conduct
3.2.3. Labelling and certifications

4. Options for Action
References
Glossary and Abbreviations

Annex l: Most important European and global definitions, intentions,
advantages, disadvantages

Definitions by 1SO/TC 229 (2008) and CEN

Definitions by SCENIHR

Definitions by OECD

Definition by Cosmetic Products Regulation

Definition by the Recast of the Novel Foods Regulation

Definition by the Recast of the Biocidal Product Directive

62
67
69

73
78
88

91
91
92
93
94
95
96



NanoSafety

GENERAL INFORMATION

The NanoSafety project deals with the governance of the potential environmental, health
and safety (EHS) risks of manufactured nanoparticles. Because of the great uncertainties
regarding their actual health and environmental effects and numerous methodological
challenges to established risk assessment procedures (definitions, toxicology, exposure and
hazard assessments, life cycle assessment, analytics, and others), risk appraisal and risk
management of manufactured particulate nanomaterials (MPN) are confronted with serious
challenges. At the same time, precautionary regulatory action with regard to MPN is
demanded by a number of stakeholders and parts of the general public.

Regulation under uncertainty raises fundamental political questions of how lawmakers
should regulate risk in the face of such uncertainty. To explore this issue in greater detail,
the project focuses on two important perspectives of regulation: Risk management
strategies for MPN as discussed or proposed for the EU or its member states, and risk
communication problems and needs for EHS risks of MPN.

This interim report concludes phase two of the project.

It is intended to provide an executive overview of the state of research on potential EHS
risks of manufactured particulate nanomaterials, including risk assessment for MPN and the
limitations it is currently facing. It also discusses the role of definitions in regulatory
debates and delivers a cursory synopsis of the relevant definition proposals in policy papers
and pieces of legislation in the EU context. Furthermore, a suggestion for a legal definition
has been developed. The report gives a brief review of regulatory activities regarding MPN
at the European level, discusses advantages and limitation of selected regulatory
instruments and presents first ideas for options for parliamentary action.
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EXECUTIVE SUMMARY

The NanoSafety project deals with the state of research of the potential environmental,
health and safety (EHS) risks of manufactured particulate nanomaterials (MPN). In
addition, it provides an overview of the current regulatory debate and discusses options for
an appropriate risk governance framework. In the present Phase II of the project, various
issues of risk management of MPNs are explored concerning definitions for the term
“nanomaterial”, hazard identification, hazard characterization, exposure assessment and
existing regulatory measures.

To develop new regulatory approaches for intentionally produced nanomaterials is a
demanding task. A number of fundamental questions have accompanied this process, and
many of them appear to be still unanswered. On the one hand this is due to a humber of
still unsolved scientific problems and uncertainties as well as technical challenges. On the
other hand this is due to different normative perspectives that the plurality of decision
makers and stakeholders involved in the process have (i) on regulation of chemicals and
technologies, and (ii) the “right” balance between a responsible development and safe use
of nanomaterials. The latter includes the protection of humans and the environment on the
one hand and the ability to innovate and socioeconomic interests on the other.

To specify these challenges more precisely, a number of key questions in the regulatory
discourse have been identified which will be addressed in the present report.

Characterizing and defining manufactured particulate nanomaterials (MPN)

The first question is whether there is sufficient evidence to consider nanomaterials as being
different from bulk, especially in regulatory contexts. It is widely agreed that more
knowledge is needed about physical and chemical properties of MPNs to assess potential
risks. Nevertheless, there is an ongoing debate which particular parameter(s) are most
relevant for this task — in contrast to bulk material where only mass and concentration are
considered for hazard and risk assessment. The following characteristics are considered to
characterize nanomaterials (in alphabetical order): agglomeration and/or aggregation,
chemical composition, crystal structure/ crystallinity, particle size/size distribution, purity,
shape, solubility, stability/bio-persistence as well as surface properties, such as
area/porosity, charge, chemistry including composition/coatings, defects and reactivity.
However, mostly the size, shape and the surface properties of the particles are
characterized whereby latter can influence the reactivity of the MPN.

The problem of the scientific characterization of a potential noxa is closely linked to the
problem of finding an adequate legal definition for nanomaterials in EU legislatory
documents. A number of definitions have been proposed by regulators, scientific
committees and standardisation organisations over the last few years. These numerous and
sometimes conflicting definitions, generally written from a scientific and not from a
legal/regulatory perspective, have led to competing framings and considerable confusion in
regulatory debates. One could argue that uncertainties about a sensible definition of
nanomaterials — or the lack thereof — might have further complicated the efforts to develop
an effective regulatory policy for nanomaterials.

The absence of a commonly adopted definition of nanomaterials gave rise to develop a
working definition to be use within the NanoSafety project. Considering that insoluble
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nanoparticles and nanoscale carbon allotropes (buckyballs and carbon nanotubes), which
are mobile in their immediate environments, are of concerns due to significant EHS
implications, one might argue that these two subgroups should be covered by any definition
used for regulation that is motivated by the precautionary principle. Thus, we propose -
following JRC - to use “particulate nanomaterials” as an umbrella term. Particulate
nanomaterials are understood as a single or closely bound ensemble of substances
(consisting of atoms and molecules), at least one of which is in the condensed phase and
having external dimensions in the nanoscale in at least two dimensions. Nanoscale means
the size range between 1 and 100 nm. In addition, we will focus only on “manufactured”
(“intentionally produced” or “engineered” could be used synonymously) particulate
nanomaterials (MPN) because incidental products of human activities (like industrial,
combustion, welding, automobile or diesel) or naturally occurring nanomaterials lie beyond
the scope of this report.

Criteria for a legal definition

In the light of the above-mentioned debate, the process towards the development of a
harmonised legal/regulatory definition of nanomaterials should be intensified. Four
arguments might be helpful to assist this process:

e Legal definitions of nanomaterials have to describe the object of regulation sufficiently
precise to be clear to all parties affected by it. They have to consider practices of
production and application of nanomaterials as well as to be enforceable by the
responsible authorities.

e A legal definition of nanomaterials incorporates not only scientific and technological
knowledge (and its respective uncertainties), but also includes the results of policy
choices and political decisions. It therefore should be science-based but does not
necessarily have to be identical to scientific definition(s) of the same term.

e The breath of the legal definition has to be matched with both the regulated artefact
and the regulatory goals. A legal definition of nanomaterials has to take into account
that these may occur in nature including in a number of natural products that are
consumed by humans, could be incidentally produced as results of various human
activities, or can be intentionally manufactured. This situation results in different
hazard assessments, diverse exposure scenarios and various starting points for
regulatory intervention, depending on the aims of the regulation. Meaningful
regulation is limited to human activities; therefore a legal definition of nhanomaterials
should focus on manufactured nanomaterials.

e A legal definition of nanomaterials based on “new” properties occurring at the
nanoscale might be difficult to achieve. Therefore, a size range in which the most
size-dependent properties appear could serve as an appropriate, albeit imperfect,
heuristic. Although any choice of a size range would be imperfect with respect to
certain regulatory goals, since there are no direct, material-independent relations
between size and “nanoscale properties”, a size range from 1 nm to a value not above
100 nm might cover many configurations of materials that give reasons for regulatory
concern. For various reasons, an upper size limit cannot directly be derived from
scientific results but would be the result of a balancing of goals and interests and
therefore should be subject to political decisions.
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Basic regulatory approaches

The second key challenge in the current debates on regulation of nanomaterials originates
from a conflict of two different regulatory approaches. One position can be - in a way
stylized - summarised as strongly precautionary-oriented, putting nanomaterials under
general suspicion because of their new properties and the limited knowledge about their
(potential) environmental, health and safety implications. In this approach, nanomaterials
are usually defined rather broad and a number of strong measures are proposed to
supervise and control the entire life cycle of nanomaterials or products containing
nanomaterials or being manufactured using nanotechnologies. Given the considerable
broadness of the definitions of nanomaterials and nanotechnologies, a large number of both
natural and artificial materials and products as well as various technological processes will
be affected by this regulation. Important questions to be discussed in connection with this
approach are: Do the regulatory agencies and other affected parties have sufficient
resources to implement and enforce this regulation? What are the implications of this
approach on existing and future social practices, technological innovation and economic
development? Are there mechanisms to “release” nanomaterials from that regulatory
regime, assumed they were proven to be “safe”? And how "“safe” is safe enough to justify
this decision?

Another regulatory approach is closely linked to evidence from toxicological,
ecotoxicological and biological research. Its proponents argue that particularly (or solely)
those nanomaterials should be regulated that give rise to concerns regarding their EHS
implications, either because toxicological research has shown that a hazard exists or
because the physico-chemical properties of the nanomaterial allow to predict a certain
hazard potential (e.g. when the nanomaterials exist in free form, are known to be insoluble,
biopersistent, etc.).

Limitations of the risk assessment of nanomaterials

Both positions - in different ways - have to deal with profound limitations of the risk
assessment of nanomaterials. The methodology for the assessment of chemicals risks -
including, but not limited to nanomaterials — applied in most countries consists of four
parts: hazard identification, hazard assessment (including dose-response relationships),
exposure assessment, and risk characterization. Each of these four elements holds a
number of limitations that are not easy to overcome.

The majority of nanotoxicological work done contributed to the field of hazard identification,
attempting to reveal the toxicity of MPNs in respect its type and characteristics. The current
knowledge suggests that inhalation is the main portal of entry of MPNs into the body.
Epidemiological studies about MPNs are not available therefore studies of ambient ultrafine
particle (< 100 nm) toxicology are taken into consideration to study human adverse health
effects by nanoparticles. Various studies showed that inhaled MPN size-dependently deposit
in different regions of the lungs. It was demonstrated that to a certain amount MPNs can be
removed by clearance mechanisms (especially in bronchia) and/or immune system
(especially in alveoli) of the lungs. Thereby, it seems that these mechanisms are less
effective by a decreasing particle size. If insoluble particles are deposited in a certain area
of the lung they will undergo clearance mechanisms or will be accumulated in particular
areas where they even may pass membrane barriers and enter individual cells causing
biological or toxicological effects. At high doses, certain MPNs (e.g. fibre like carbon
nanotubes or nanosilver particles) led to pathologic conditions and can cause toxic effects.
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In general, the assumption that the move to the nanoscale implicates not only novel
material properties but also entails novel environmental and health risks was confirmed on
a scientific basis. However, the relevance of the data from the various in vivo and in vitro
studies is still unclear. Thus, the available data provide a basis for further investigations by
providing knowledge about fate and behaviour (ADME-profiles) as well as the toxicity
including underlying mechanism - however only for certain MPNs. It was shown that the
shape of certain MPNs as well as their purity is important for toxicity, e.g. carbon
nanotubes, seem to be more toxic if trace impurities of iron or solvents were present.

Beside, toxicity testing faces some intrinsic limitations; some of them can be overcome in
future, others won’t. As mentioned above, there is evidence that some manufactured
particulate nanomaterials may be hazardous to human health, depending on their
characteristics. But it is currently impossible to systematically link reported properties of
MPN to the observed effects for effective hazard identification. In addition, it is still under
debate what the most relevant endpoints are and how they are linked to systemic effects.
Aside from this, one has to keep in mind that for many nanomaterials, no toxicological
studies have been performed so far.

So far, only few studies claim to have observed a dose-response relationship for MPN, and
even in these cases it is still unclear whether a no-effect threshold can be established. To
establish causality between physico-chemical properties of MPN (which are potential access
points for measurement, regulation and enforcement) and an observed hazard for hazard
characterisation remains a challenging task. This is not at least because of the lack of
reliable characterisation of the MPN used in earlier toxicological studies and the fact that
related measurement technologies partly still need to be developed.

A problem repeatedly discussed in this context is that so-called “no-effect studies”, i.e.
nanotoxicological studies that have “failed” to show effects of MPN on various endpoints, to
a large extent remain unpublished. The reasons for that are manifold and span from
methodological challenges to limited opportunities and incentives for publication due to the
scientific system. Then again, no-effects studies are a valuable repository for hazard
characterization and its limited accessibility could be seen as a waste of scientific resources.
The scientific community as well as funding organisations and regulatory authorities should
raise awareness for this problem and develop mechanisms to overcome the mentioned
potential shortcomings of the current situation.

Exposure assessment of MPN faces similar problems of data availability. Some ‘proof of
principle’-studies have tried to assess consumer and environmental exposure to
nanomaterials, but assessments considering realistic exposure conditions are still missing.
Some institutions have begun to collect exposure data under realistic circumstances,
especially at the workplace. But the knowledge necessary for reliable exposure
assessments is bounded by technical difficulties in monitoring exposure to MPN in the
workplace and other environments, ignorance about the biological and environmental
pathways of MPN, missing knowledge about the release of MPN from products over their life
cycle, and other factors.

Hence, risk characterization that builds on hazard and exposure assessment is at this time
(and most probably in short- and medium-term) not feasible or certainly not scientifically
reasonable and only preliminary.
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Challenges for risk assessment and risk governance

The situation described above might suggest that the risk assessment methodology as a
whole is inadequate to timely inform political decisions regarding the regulation of
nanomaterials, at least in the short- to medium-term. In the light of the various knowledge
gaps, it would need enormous efforts to perform valid and broadly accepted risk
assessments for specified nanomaterials. Whether these materials are considered
“reasonably safe” or “of high concern”, both claims will remain unproven for many years.
Moreover, its role and validity as justifications for regulatory strategies of these claims will
be contested. One might even argue that risk assessment methodology in general is not
appropriate for complex subjects like nanomaterials.

In the light of the missing scientific evidence regarding EHS risks of MPN, or the absence
thereof, the development of a suitable risk characterisation heuristic (mainly based on
physico-chemical properties of nanomaterials and plausible exposure scenarios) and its
implementation, at least for a transition period, could be supported. First concepts for such
heuristics have been proposed, e.g. in Germany and Switzerland, but their usability for
regulatory purposes and possible needs for further refinements still need to be discussed.

Regulation under uncertainty raises the fundamental political question of how policy makers
should regulate risk in the face of limited scientific evidence. In this context, it is of
particular importance that regulations represent not only a restriction for companies, but
can also serve as a guideline for strategic decision and legal certainty. Lawmakers on
national and European level are dealing already with the implementation of nanospecific
aspects in an incremental case by case approach. These activities imply a wide range of
provisions and instruments, depending on the application and life cycle stage and different
levels of attention and risk assessment. While a nanospecific framework does not exist, the
adaption of existing regulations is an ongoing process, concerning the scope and the
threshold limits as well as adequate nanospecific assessment procedures. REACH seems to
provide a powerful framework to regulate nanomaterials, but there are open gaps and
problems. It is currently under discussion, if — and to what extend - MPNs lie within the
scope of this regulation. Other policies concerning nanomaterial aspects are mentioned in
this project, mainly the regulation on cosmetic products and the currently discussed
amendments on the Novel Foods Regulation, the proposal for a Biocidal Products Regulation
as well as the Medical Devices Directive. Besides these mandatory provisions, also
voluntary measures based on an increased self-responsibility of producers are important.
They are somehow temporary actions in between the establishment of a firmer scientific
evidence for specific policy decisions. Advantages and problems of voluntary registers and
code of conducts are discussed in the light of governance, regulation and control of
nanomaterials.

Another question still under debate is whether existing legislation can be - or should be -
adapted to MPN or whether a new regulatory framework for nanomaterials should be
developed. Most scholars and practitioners in regulatory law as well as most political
decision makers prefer a so-called incremental approach. They favour to adapt the existing
legal framework to enable nanotechnology regulation and amending it in order to deal with
the unintended implications of this technology. This approach has a number of challenges,
limitations and potential gaps since existing legislation is not designed to accommodate
some specific aspects of nanomaterials or nanotechnologies.

10



NanoSafety

A number of these aspects have been briefly discussed in chapter 3 of this report, they are
among others:

e developing a legal definition for nanomaterials;

e integration of nanomaterials into the REACH classifications and procedures, including
the development of suitable guidance documents;

e being able to identify and address the relevant adverse effects of the production, use
and disposal of nanomaterials and nanoproducts;

e enabling appropriate integration of nanospecific aspects into existing pieces of
legislation for sectors, applications, products, or substances;

e covering borderline products (like medical devices or nanomedicinal products) that
cross different classic regulatory contexts and for whom regulators have additional
uncertainties for the regulatory coverage of emerging nanomaterials risks;

e finding adequate regulatory instruments;

e enforcing compliance with existing and emerging regulation.

These - and other — aspects need to be addressed as soon as possible for the incremental
approach to be successful and to go along with a responsible development and use of
nanomaterials and nanotechnology.

As mentioned above, some scholars as well as some stakeholders argue that the limitations
of the incremental approach are so serious that an entirely new regulatory framework for
nanomaterials is needed. But many voices do not further conceptualize this idea. Therefore
an exploratory process towards the development of a new regulatory framework for
nanomaterials should be encouraged that also tests its feasibility and discusses its
advantages and disadvantages compared to the current incremental approach. This
discussion could become more urgent since various technology vision documents forecast
the development of future-generation nanomaterials, including active nanomaterials with
overlapping aspects of information technology, biotechnology and cognitive science.
Although these trends are difficult to foresee, regulators will have to monitor these
developments and therefore need both the (scientific and budgetary) resources and the
regulatory instruments for being able to answer with flexible responses.

11
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1. MANUFACTURED PARTICULATE NANOMATERIALS
(MPN) — A WEALTH OF MATERIALS FOR VARIOUS
APPLICATIONS

1.1. On nanotechnology and nanomaterials

Nanotechnology is among the most prominent emerging technologies. Although there are
different understandings of nanotechnologies in the scientific community, and the
definitions that can be found in research policy documents vary, there are some uniting
elements: Nanotechnologies comprise a wide range of approaches that concern the study of
phenomena and manipulation of materials at atomic, molecular and macromolecular
scales!, where properties differ significantly from those at a larger scale, which may lead to
materials, devices and systems with fundamentally new properties and functions.
Therefore, nanotechnologies should be considered as an enabling technology, a broad
technology platform for a variety of applications in numerous technological fields.

A wealth of applications has been proposed that are enabled by results of nanoscience and
nanotechnology development. To many scientists and engineers, nanotechnology
manufacturing promises less material and energy consumption and less waste and pollution
from production. Nanotechnology is also expected to enable new technological approaches
that reduce the environmental footprints of existing technologies in industrialized countries,
or that allow developing countries to harness nanotechnology to address some of their
most pressing needs.

Nanomaterials and especially nanoparticles are key components of many of those
technologies that present a major opportunity for the economic and sustainable
development of many countries. A number of nanomaterial-based products are already on
the market and many more are known to be under development.

1.2. Nanoparticles and its applications — advantages and
challenges

The terminology that defines or describes subjects like nanotechnology, nanomaterials and
nanoparticles is used inconsistently in the scientific literature as well as in policy papers and
stakeholder communication. Generally speaking, particles with diameters smaller than 100
nanometers are named ultrafine particles or nanoparticles.

Nanoparticles can be made of a vast range of materials. In the laboratory, numerous
variants of nanoparticles have been produced from various materials and tested for its
physical and chemical properties. From a current commercial applications perspective, the
most common nanoparticles are metal oxides, metals, silicates and non-oxide ceramics.
They are usually designed and manufactured with properties tailored to meet the needs of
specific applications they are going to be used for. Therefore they are often referred to as

1 A defining element of nanotechnologies and nanomaterials is the so-called nanoscale, which is usually described
as the size range between approximately one and 100 nanometres (ISO 2008) or as a feature characterised by
dimensions of the order of 100 nm or less (SCENIHR 2007b).

12
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“manufactured” or ‘“engineered” nanoparticles. Products containing engineered
nanoparticles include paints, industrial lubricants, advanced tires, cosmetics, sunscreens,
coatings for beverage containers, printing inks and nanomedicines.

1.2.1. Properties and applications of nanoparticles

Nanoparticles are attractive from both a commercially and a scientific perspective because
they may exhibit completely new or improved properties based on their respective specific
characteristics (particle size, size distribution, morphology, phase, etc.), if compared with
larger particles or the bulk material they are made of. It can be argued that below a certain
size, the physical properties of the material don't just scale down or up, but change (W&W
2005).

With decreasing size of (nhano)particles, the ratio of particle surface to particle volume
increases. In other words, a given volume (or mass) of a substance has a higher surface in
the nanoparticle form than has the same volume (or mass) of the same substance in its
bulk form. This property, also described as specific surface area, is relevant for catalytic
reactivity and other related properties. Since chemical reactions take place at the surface of
a material; the greater the surface for the same volume, the greater the reactivity. A
sample of particles with a high surface area (like nanoparticles) has a greater number of
reaction sites than a sample of particles with low surface area, and thus, results in higher
chemical reactivity.

Examples for the application of these characteristics are catalysts where very high surface
areas lead to superior catalytic activity compared to conventional catalysts. This property is
exploited in noble-metal based catalysts as well as in metal oxide catalysts (e.g. cerium
oxide for automotive catalysts). It is also under investigation for the improvement of a
number of new energy technologies like fuel cells or rechargeable batteries. In silver
nanoparticles, the high specific surface area leads to an increase in surface energy and
hence in biological effectiveness which makes them attractive for antimicrobial applications.
Nanoparticles are also used as filler material in polymers where the stronger polymer/filler
interaction (due to high surface area) results in a more efficient reinforcement at lower
loadings, improved material performances and the reduction of materials use. Sheet-like
nanoparticles (like silicates), when added to polymers, can create a physical structure that
serves as a gas barrier which is a useful feature for a variety of applications including food
and chemical packaging.

Optical properties of nanoparticles change according to their size and shape. For example,
transparency can be achieved if the nanoparticle size is below the critical wavelength of
light. Combining this effect with other properties (like UV- or IR-absorption, conductivity,
mechanical strength, etc.), makes nanoparticles (e.g. from metals, silicates or metal oxide
ceramics) very suitable for barrier films and coating applications. In addition, interesting
optical (light absorbing/filtering) properties can be used for cosmetic applications. Other
examples include ceramic nanoparticles used as improved scratch resistance or transparent
abrasion/UV-resistant coating. Metal nanoparticles have been used for high-sensitivity
sensors and for enhanced imaging in microscopy of biological samples.

13
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Nanoparticles can also be used to improve and tailor mechanical properties of composites,
depending on the chemistry of the nanoparticle, its aspect ratio, dissemination and
interfacial interactions with the matrix as well as on the chemistry of the matrix itself.
Depending on these parameters, different effects on mechanical properties of the final
composite can be obtained (e.g. high or low stiffness, strength, toughness, etc.) This may
lead to various composite materials with tuneable characteristics.

The decrease of the particle size to the nano-range may also result in improved magnetic
properties. These may be used for new applications in high density media storage and in
medical diagnosis and therapy. Metallic nanoparticles (often with core/shell structure) can
exhibit super-paramagnetic behaviour and be used for drug delivery (e.g. Ni and Fe), in
hyperthermia and as contrast agents for magnetic resonance imaging.

Finally, and perhaps most importantly in the context of this report, also the biological
properties of nanoparticles may change as a result of the change of their physico-chemical
properties. The biokinetics and biological activity of nanoscale particles can differ from bulk
material. They depend on many parameters such as particle morphology (size, shape,
agglomeration state, and crystallinity), chemistry or surface properties. These properties
can be exploited for a number of medical and food applications. These changes of biological
properties and their potential consequences for human health and the environment - that
are generally anticipated but in detail largely unknown - are the reasons for both public
concerns and regulatory activities.

1.2.2. Sources of nanoparticles

Nanoparticles are not a new phenomenon. Many types of nanoparticles occur naturally in
matter or the environment. Many biological materials, some of which are also the sources
of human food or food ingredients, are naturally nanostructured or contain nanoparticles.
Casein micelles, for example, can be considered as nanoparticles. They are the major
protein component of milk and responsible for delivering mineral nutrients such as calcium
and phosphate to neonates.

Particularly well investigated is the presence of nanoparticles in the atmosphere where their
concentration and composition are highly variable both temporally and spatially. Natural
emissions from trees and other plants or soil micro flora (volatiles) as well as from soil
erosion can dominate in some regions, while particles from sea spray may dominate
elsewhere. Also volcanic ash may deliver large quantities of “natural” nanoparticles into the
atmosphere. Another group of atmospheric nanoparticles are the incidental products of
processes involving industrial, combustion, welding, and transportation activities (Gwinn &
Vallyathan 2006). The local concentrations of nanoparticles in the atmosphere are greatly
affected by environmental conditions and depend strongly on emission intensities,
proximity to sources, and meteorological conditions. In general, the highest number
concentrations occur in urban areas while natural sources dominate in rural areas, although
anthropogenic sources can be significant there as well (Buseck & Adachi 2008). Figure 1
summarizes the atmospheric abundance of nanoparticles as a function of environment.

14



NanoSafety

1057

104

[—

=
w
1

Particles cm™3

[a—y

=
(]
|

101 -

Figure 1: Number concentrations (particles per cubic centimetre) of nanoparticles in the
atmosphere in various environments (taken from Buseck & Adachi 2008)

What has changed the general perception of nanoparticles is that science and industry
became able to develop and fabricate nanometer-sized particles that are specifically
designed and produced to provide novel phenomena, properties and functions at the
nanoscale enabling us to measure, control and manipulate matter in order to change those
properties and functions (Oberdodrster et al. 2007). These intentionally produced
nanoparticles can be - and usually are - different from those that already occur in nature.
Since manufactured nanoparticles are produced under controlled conditions; in an ideal
case, with relatively homogeneous size distribution, higher concentrations of similar
manufactured nanoparticles can appear than by naturally occurring nanoparticles.

Manufactured nanoparticles are made using various materials:

Metal oxides are probably the most important nanoparticles in terms of production
volumes and recent market usage. Important representatives of this group are titanium
dioxide (TiO,), zinc oxide (ZnO) and silicon dioxide (SiO,). Other members of this group are
cerium oxide nanoparticles, iron oxide nanoparticles and some ceramic nanoparticles.

Metal nanoparticles are also of great scientific and commercial interest since the
reduction of the size leads to properties different from those of the bulk metal. A well-
known example for that behaviour is that gold, being a non-reactive metal at the macro-
and micro-scale, displays catalytic properties when used in the form of nanoparticles.
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A number of metals have been produced as nanoparticles. Gold nanoparticles (also known
as colloidal gold) are a very popular system for experimentation in materials and
biomedical research. They are also tested for therapeutic applications, e.g. as drug carriers.
Metal nanoparticles are also used as - or proposed for - applications as catalysts, e.g. in
the automotive industry or for environmental remediation.

The metal nanoparticles most used in consumer applications are silver nanoparticles. They
can be found in textiles, outdoor equipment, wound dressings, cosmetics, casings of
electric and electronic devices, among others. Most of the consumer products containing
silver nanoparticles want to capitalize on silver's biocidal properties, its effectiveness in
killing a broad spectrum of bacteria and other microorganisms. Known for quite a long
time, this approach gained steam because materials engineering methods of manipulating
silver were developed so that it could be effectively and cheaply embedded into plastics or
grafted onto surfaces.

Some chemical elements can exist in different structural modifications, known as so-called
allotropes. Carbon has three common allotropes: diamond, graphite and fullerenes, the
latter being nano-objects of special relevance. Fullerenes are structures composed entirely
of carbon atoms. They may appear in the form of a hollow sphere, an ellipsoid (also called
buckyballs) or a hollow tube (called carbon nanotubes). In the strict sense of ISO’s
definition (cf. Ch 1.3.1, Annex I), neither buckyballs nor carbon nanotubes (CNT) should be
considered nanoparticles. But in the related literature as well as in regulatory debates it has
become a convention to include them in this category.

Spherical fullerenes, also known as buckminsterfullerenes or buckyballs, are available in a
number of derivatives which stem from the number of carbon atoms used to form the
molecule (see Figure 2). The most common spherical fullerene - both in terms of natural
occurrence as well as usage as material for commercial application and toxicological
research - is Cgp.

Figure 2: Variations of spherical fullerenes (buckyballs)

Spherical fullerenes for commercial applications are commonly produced in functionalised
form. That means that special functional groups - atoms or molecules responsible for
specific properties - are added onto the surface of the respective basic molecule. By
definition, these groups are key determinants of the physico-chemical properties of the
molecule under investigation, and may also influence the biological activity of the molecule,
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Carbon nanotubes are hollow nanofibres made of carbon atoms. Their diameter is in the
order of a few nanometers, while their length can be up to several millimetres. Due to their
exceptional physical and electronic properties (Collins & Avouris 2000), it is expected that
carbon nanotubes could contribute to a variety of applications. Thus they are associated
with a huge technical and economic potential. They are usually categorized in two families:
single walled carbon nanotubes (SWCNT) and multi walled carbon nanotubes (MWCNT).

SWCNT can be described as a one-atom-thick layer of graphite (called graphene) rolled into
a seamless cylinder. The way the graphene sheet is “wrapped” is one of the factors
determining the physical properties of the nanotube. They are of special interest for
electronics applications, as additives for composite materials and as laboratory test systems
in solid state physics. Double walled carbon nanotubes (DWCNT) are structures that consist
of two SWCNT arranged in a co-axial form. Their morphology and properties are similar to
SWCNT but they are better suited for applications where functionalization is required to add
new properties to the nanotubes without changing their peculiar mechanical properties.

Multi walled carbon nanotubes (MWCNT) can come in two different forms: as a co-axial
assembly of SWCNT of different diameters, nested into each other like in a Russian doll, or
as a single sheet of graphene rolled in around itself like a scroll.

Beside their basic structure carbon nanotubes can differ from each other in their length,
surface modification (functionalisation, coating) and presence of contaminants. All these
factors may impact the physico-chemical properties of CNT and hence also their biological
activity.

1.2.3. Markets for nanoparticles

It is difficult to find reliable market data for nanoparticles and nanoparticles-based
products. To the well-known methodological challenges of market analysis add fuzzy
definitions of both nanoparticles and nanoproducts, the diversity of potential
commercialisation pathways and the complexity of the nanomaterials value chain. Because
nanomaterials - like all materials technologies - are enabling technologies, market
estimates do not always distinguish clearly enough between the more limited value-added
nanomaterials itself and the products that “contain” nanomaterials to enable new
functionalities and products (Breggin et al. 2009). A mere summation of market values of
individual nanomaterials and components would lead to an undervaluation of the economic
relevance of nanomaterials, since its leverage effect would be left unconsidered. On the
other hand, to consider the entire product (e.g. of a hard disk drive, a sunscreen or stain-
resistant dress-suit) as a nanoproduct and use its simply determinable market value as in
indicator would certainly lead to an overvaluation of the economic relevance of
nanomaterials.
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Manomaterials Nanointermediates MNano-enabled products

Such as: Such as: Such as:

+ Carbon nanotubes + Catalysts + Atomobiles

+ Caramic nanoparticles + Coatings + Bottles

+ Dendrimers + Composites + Buildings

+ Fullerenes + Dizplays + Cancer treatment

+ Metal nanoparticles
+ Manostructured metals
+ Manowires

+ Drug delivery systems
+ Energy storage
+ SENsors

+ Mobile phones

Figure 3: Nanomaterials as enabling technology (GAO 2010)

Notwithstanding these limitations, a market estimates might provide a raw guess of the
expectations on the economic impact of nanomaterials. A number of market studies,
usually performed by consultancies, have been published over the vyears. Table 1
summarizes the results of a selection of these studies. The figures should be interpreted
with caution. Since the methodologies of data collection and forecasting in these studies
are far from transparent, the absolute figures should be read as indicative, not be added up
or compared between product segments.

World Market Volume
Product group Reference Year Forecast Source
(Mio USD) (Mio USD)
nanoparticles used in biomedical, 205 (2007) 685 (2012) BCC 2007
pharmaceutical and cosmetic applications
nanoparticles used in electronic, magnetic, 522 (2007) 1.100 (2012) BCC 2007
and optoelectronic applications
nanoparticles used in energy, catalytic, and 365 (2007) 1.300 (2012) BCC 2007
structural applications
Biomarkers 5600 (2007) 12800 (2012) BCC 2007
Nanomaterials for nanoelectronics 246 (2005) 1100 (2010) Sheet 2006
Dendrimers 12 (2005) 42 (2010) Lux 2007
Electrically conductive polymers 146 (2007) 361 (2013) BCC 2008
Quantum dots 25 (2008) 700 (2013) BCC 2008
Nanofibres (without CNT) 48 (2007) 176 (2012) BCC 2007
Metallic nanopowder (silver etc.) 89 (2005) 770 (2010) Lux 2007
Carbon Nano Tubes (CNT) 79 (2007) 807 (2011) BCC 2007
CNT 181 (2006) 1900 (2010) Electronics ca.
2007
CNT 7720 (2015) GIA 2010
C60 Fullerenes 3 (2005) 60 (2010) Lux Research
2007
PVD-materials 1180 (2008) 2200 (2013) BCC 2005

Table 1: Market estimates for nanomaterials and applications (BMBF 2007, own research)
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In an extensive meta analysis of 16 market reports describing global market values for
various consumer products containing nanomaterials, the Dutch National Institute for Public
Health and the Environment (RIVM) has attempted to assess the market presence of these
products and to use this information to gather more insight in the possible exposure of
consumers to nanomaterials in consumer products (RIVM 2009). It was shown that the use
of nanomaterials in motor vehicles is recently by far market leader, based on estimated
market value at present. The authors also estimated that in the near future, the consumer
category of electronics and computer will (almost) reach the level of motor vehicles.

The authors of the RIVM study also attempted to estimate the relative contribution of
various individual consumer products or its components to the total value of hanomaterials
in consumer products. The absolute numbers of the market values of these products were
presented in the consulted market reports, but because of the confidentiality of the data
and methodological difficulties, only relative numbers are given in the RIVM study. It
presents a ranking in categories based on the relative contribution (in %) of the estimated
global market value for nanomaterials used in the products (at present and in the near
future (2010-2015)). Despite the fact that the information is limited with regard to absolute
market volumes, it allows for a good classification of the overall market relevance of
various products and is therefore presented in Table 2.

Present Future (2010 — 2015)
Product group RMV category (%6) Product group RMV category (%6)
catalytic converters >50 catalytic converters 40-50
coatings and adhesives 10-20 flat panel display 10-20
hard disk media 1-10 coatings and adhesives 10-20
flat panel display 1-10 hard disk media 1-10
food packaging 1-10 nanotubes - electronics 1-10
automotive components 1-10 food packaging 1-10
UV absorbers in 0.1-1 lithium ion batteries 1-10
cosmetics
magnetic recording 0.1-1 insulation 1-10
media
insulation 0.1-1 UV absorbers in 1-10
cosmetics
photocatalytic coatings 0.1-1 automotive components 1-10
anti-scratch/stick- 0.1-1 light emitting diodes 1-10
household products
cladding of optical fibres 0.1-1 sporting goods 1-10
sporting goods 0.1-1 photocatalytic coatings 0.1-1
wire and cable sheathing 0.1-1 transparent electrodes 0.1-1
eyeglass/lens coating 0.1-1 anti-scratch/stick- 0.1-1
household products
antimicrobial dressings 0.1-1 wire and cable sheathing 0.1-1
xenon lighting <0.1 antimicrobial dressings 0.1-1
filtration system <0.1 magnetic recording 0.1-1
media
optical recording media <0.1 diesel fuel additives 0.1-1

Table 2: Ranking of consumer products containing nanomaterials. The products are ranked
based on their relative market value (RMV) of the estimated global market for
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nanomaterials in consumer products at present and in the future (2010-2015). (RIVM
2009)

Very popular among scholars of researchers studying the societal and EHS implication of
nanotechnology as well as among policy advisers is an inventory of consumer products
containing nanomaterials, maintained by the Project on Emerging Nanotechnologies (PEN)
at the Woodrow Wilson International Center of Scholars in the U.S. It currently lists over
1,000 nano-enabled products that are on the market in 24 different countries (PEN 2010).
Data from this database are frequently used for quantitative analyses and market
estimates. But this information should be used with caution. The online inventory of
nanotechnology goods basically relies on manufacturers’ claims and labels that the product
is based on nanotechnology or contains nanomaterials. There is no rigid quality control of
these claims. Therefore, one can reasonably assume that there are a nhumber of products
which contain nanomaterials or were produced using nanotechnology but which are not
included in the data base. At the same time, various products known to contain
nanomaterials do not appear in the inventory because the producers or distributors do not
label it. Hence, the inventory does not contain the information needed to give a reliable
estimate of the full range of current nanotechnology applications. The data is only
indicative and might give a glimpse of the wide range and ever-expanding of commercial
applications of nanotechnologies in consumer products. The vast majority of these products
appears in the cosmetics, clothing, personal care, sporting goods, sunscreens and filtration
sectors and are available primarily on the US market, with East Asia and Europe following
in second and third place. The materials most frequently mentioned as being contained in
products are nanoscale silver, carbon, zinc including zinc oxide, silica, titanium including
titanium dioxide, and gold.

1.3. On definitions

The content and scope of a definition of nanomaterials (and nanoparticles) are discussed in
many societal spheres, including science, industry and regulatory policy. There seems to be
a broad consensus that a generally agreed definition would help to avoid
misunderstandings and ensure efficient communication. It is needed, inter alia, for legal
acts, manufacturing and trade standards, the analyses and presentation of market data and
commercial potentials, for the generation and exchange of scientific data or the assessment
of results toxicological studies. At the same time, the attempt to find this general definition
appears to be a challenging endeavour.

The nature of, and the demand on, definitions have been debated by scholars from various
disciplines since ancient times. It is now widely agreed that there are different kinds of
definitions since definitions may serve a variety of functions, and their general character
varies with function. This also means that definitions may have different structures, and
that the content of a definition of “same” objects may vary according to the purpose of the
definition and the context within it is used. In addition, definitions and classifications are
not purely describing something but by applying a specific structure to a subject area they
are also shaping that area. They are not only descriptive but also constructive (Schmid et
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al. 2003). These considerations may also inform the search for definitions of nanomaterials,
nanoparticles, nanoobjects or the like.

Nanotechnology it its recent usage is a term coined by science and technology policy (STP).
Goals of STP are inter alia to strengthen the scientific and technological bases in order to
stimulate innovation, to foster social welfare and economic competiveness, to contribute to
a sustainable development and to support other policy areas like public health, energy
security or consumer protection. Since definitions for STP are especially relevant in early
stages of the innovation process, they can be, and presumably have to be, rather open
and, in a sense, imprecise. This is also true for “nanotechnology” which is usually defined
as the science and technology at the nanoscale, i.e. in the size range between
approximately 1 and 100 nanometers. This broad definition of nanotechnology has shaped
some definitions of nanomaterials, especially those used in research policy documents and
funding programmes, as well as its understanding in the “natural language”.

By contrast, scientific definitions of terms may differ considerably from their natural
language usage. Since scientific methods of investigation, measurement and mutual quality
control depend upon sophisticated characterizations of its subjects, scientific definitions
have to be precise and unambiguous.

In its comprehensive discussion of the scientific background and foundations of various
definitions of nanotechnology (mainly taken from STP documents), a study group at the
Europdische Akademie Bad Neuenahr-Ahrweiler has argued that one of the key rationales
behind “nanotechnology” is the discovery, understanding, and application of size-depended
material properties that have no equivalent in the macroscopic world. Material properties
cover magnetic, mechanic, electronic, optical, thermodynamic and thermal features as well
as the abilities for self assembly and recognition. The specific-size dependence of these
properties becomes evident when they:

- no longer follow classical physical laws but rather are described by quantum
mechanical ones;

- are dominated by particular interface effects;

- exhibit properties due to a limited number of constituents, since the usual term
“material” refers to an almost infinite humber of constituents (e.g. atoms, molecules)
displaying an averaged statistical behaviour.

Furthermore, the study group maintains that the size regime usually referred to as the

nanoscale “can be used as a good approximation for deciding if a certain technology

represents Nanotechnology or not. However, a lateral scale in one or more dimensions is
not a physically plausible measure to define Nanotechnology because we can find both
effects which are within the interval between 0.1 nm and 100 nm and are not

Nanotechnology (...) and effects which occur above 100 nm (or even 1000 nm) but show

these ‘specific size dependent properties’”. As a consequence, a size range should not be

part of a nanotechnology (and nanomaterials) definition (Schmid et al. 2003).

The Technical Committee (TC) 229 of the International Organization for Standardization

(ISO) has published a draft standard (ISO 2008) that is aiming at providing a list of
unambiguous terms and definitions related to nanomaterials (cf. Ch 1.3.1; Annex I). It is
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mainly intended to facilitate communications between organizations and individuals in
industry and those who interact with them. Although this proposal might be seen as a
helpful enterprise for rendering scientific and public communication more precisely and
supporting the development of accepted taxonomy of the different classes of
nanomaterials, its “nanoscale” definition remains too vague for various purposes.

Legal definitions of technical artefacts in technology regulation have to describe the object
of regulation sufficiently precise to be clear to all parties affected by the regulation. They
have to consider practices of production and application of the artefacts as well as to be
enforceable by the responsible authorities. They are usually science-based but not
necessarily identical to scientific definition(s) of the same term. Legal definitions will be
shaped by - and in return are shaping — both the artefacts that they intend to describe as
well as the contexts in which they are used. A legal definition thus incorporates not only
scientific and technological knowledge (and its respective uncertainties), but also includes
the results of policy choices and political decisions.

Since it is the aim of this report to assist parliamentary activity with regard to
nanomaterials, we will subsequently focus on the discussion of finding an adequate legal
definition for nanomaterials.

1.3.1. Excursus: Overview of the most important currently available definitions

Several national and international standardisation bodies, organisations, and authorities
have developed a definition for the term “nanomaterial” or “nanoparticle”. An extensive and
clearly presented overview is given by the Joint Research Centre (JRC 2010) of the
European Commission. Annex I summarises the most important European and global
definitions in detail, the intentions and goals, the advantages and disadvantages and the
resulting problems in a comparative manner. It must be emphasized that each definition
will have implications within the context in which it is used. The following organisations are
considered:

The Technical Committee TC 229 of the International Organization for Standardisation
(1S0) is mainly responsible for standardisation work related to nanotechnologies. The TC
352 of the European Standardization Committee (CEN) also deals with terminology and
there is an agreement to systematically propose the ISO documents for adoption as CEN
documents. A number of nano-related definitions are published or are being drafted by
ISO, whereof the most important are the technical specification CEN ISO/TS 27687 (2008)
and the recently published technical report ISO/TR 11360 (2010). Both documents describe
a classification system called “Nanomaterial tree” that can be used to categorise
nanomaterials with regard to dimensions, shape, chemical nature and properties.

The Scientific Committee on Emerging and Newly ldentified Health Risks (SCENIHR) is one
of the independent scientific committees of the European Commission which provides
advice on issues related to consumer safety, public health and environment. Based on
existing definitions, SCENIHR developed a conceptual framework for the description of
some basic principles relating to nanotechnologies (SCENIHR 2007b). In addition, SCENIHR
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recently proposed a working definition for the term “nanomaterial” on a scientific basis
(SCENIHR 2010).

The Organisation for Economic Co-operation and Development (OECD) Working party on
Manufactured Nanomaterials (WPMN) published a working document with an elaborate
definition for the term “Manufactured nanomaterials” as a guidance for the use of the OECD
Database on Research into the Safety of Manufactured Nanomaterials (OECD 2008).

Most importantly in the context of this report, also a number of legislatory documents of
the European Parliament — either already passed or still in progress — includes definitions of
nanomaterials. For example, the regulation for cosmetic products (EC/1223/2009) includes
the obligation to label nanomaterials in the list of ingredients. Therefore a definition for the
term “nanomaterial” is given in Article 2.1 (k). In the regulation it is also mentioned that
the definition shall be adapted to technical and scientific progress.

In the recast of the Novel Foods Regulation the European Parliament proposes to include a
definition of “engineered nanomaterial” for the regulation on novel foods. Also this
definition shall be adjusted to agreed definitions at international level (European Parliament
2009b). In the recently published report on the proposal for a regulation concerning the
placing on the market and use of biocidal products, a legal definition of the term
“nanomaterial” was proposed. This definition is the same as given for the term “engineered
nanomaterials” in the recast of the novel food regulation (European Parliament 2010b).
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1SO/TC 229 (2008) and CEN SCENIHR OECD (2008)
Subject Rational, hierarchic definition system Hierarchy of terminology (SCENIHR 2007b) Working  definition for the term
Classification of nanomaterial concerning the | elaborate proposed working definition of the term | “manufactured nanomaterial”
shape “nanomaterial” (SCENIHR 2010)
Intention Technical specification for a future standard | Framework based on existing terms, on common sense, | Elaborate additional criterions and
to facilitate communications and on the needs of risk assessment possible discriminators for the
Working definition for the term “nanomaterial” for | identification of a nanomaterial
regulatory purposes concerning physico-chemical properties
Definitions Nanoscale: Nanoscale: Nanoscale:
Size range from approximately 1 nm to 100 | A feature characterised by dimensions of the order of 100 | Size range typically between 1 nm to
nm nm or less 100 nm
Nanomaterial: Nanomaterial: Nanomaterial:
Material with any external dimension in the | Any form of a material composed of discrete functional | Material which is either a nano-object or
nanoscale or having internal or surface | parts, many of which will have one or more dimensions in | is nanostructured
structure in the nanoscale the nanoscale
Manufactured nanomaterials:
Nano-object: Engineered Nanomaterial: Nanomaterials intentionally produced to
Material with one, two or three external | Any form of a material that is deliberately created such | have specific properties or specific
dimensions in the nanoscale that it is composed of discrete functional parts, either | composition, a size range typically
internally or at the surface, many of which will have one | between 1 nm and 100 nm and material
or more dimensions of the order of 100 nm or less. which is either a nano-object (i.e. that is
confined in one, two, or three
Nanoparticle: dimensions at the nanoscale) or is
A discrete entity which has three dimensions of the order | nanostructured (i.e. having an internal
of 100 nm or less or surface structure at the nanoscale)
Problems Definitions differ from actual scientific, public | The terms for nanosheet, nanorod, nanofibre are not | The definition is based solely on size
and media used terms consistent with ISO terminology because physico-chemical properties
(carbon  nanotubes are classified as | It is not possible to identify a specific size or a specific | even useful for risk assessment can not
nanofibres and not as nanoparticles, usual | generic property that is introduced with size for the | be translated into a general definition
designated in toxicological studies) definition of “nanomaterial”. These uncertainties result in
an already not enforceable term for regulatory settings
(SCENIHR 2010).
Support Helpful for a sophisticated scientific | More relevant for risk assessment purposes, consideration | Including ISO definitions for a broader
communication and regulatory activity of size, shape and properties, application of the term “manufactured
number size distribution, mean size and standard | nanomaterials”
deviation.
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Cosmetic products regulation Recast of the Novel Foods Regulation Recast of the Biocidal Product
EC/1223/2009 (European Parliament 2009b) Directive
(European Parliament 2010b)

Subject Means of the term “nanomaterial” for | Means of the term “nanomaterial” for regulatory purpose Means of the term “nanomaterial” for
regulatory purpose regulatory purpose

Intention Establishes rules for cosmetic products | Novel foods are subjects of a pre-market control or pre- | Active substances of biocidal products
available on the market, in order to ensure | market notification. Risk management in relation to | are subjected to authorisation in a
the functioning of the internal market and a | nanomaterials can be verified by authorities before placing | positive list. Nanomaterials can be used
high level of protection of human health on the market as co-formulants in biocidal products and

as active substances as well.

Definitions Nanomaterial: (Article 2.1 (k) Engineered nanomaterial: (Article 3.2 f) Nanomaterial:

Nanomaterials means an insoluble or | “engineered nanomaterial” means any intentionally | “nanomaterial” means any intentionally
biopersistent and intentionally manufactured | produced material that has one or more dimensions of the | produced material that has one or more
material with one or more external | order of 100 nm or less or is composed of discrete | dimensions of the order of 100 nm or
dimensions, or an internal structure, on the | functional parts, either internally or at the surface, many | less or is composed of discrete functional
scale from 1 to 100 nm of which have one or more dimensions of the order of 100 | parts, either internally or at the surface,

nm or less, including structures, agglomerates or | many of which have one or more
Article 2.3: aggregates, which may have size above the order of 100 | dimensions of the order of 100 nm or
.. the Commission shall adjust and adapt | nm but retain properties that are characteristic to the | less, including structures, agglomerates
point (k) of paragraph 1 to technical and | nanoscale or aggregates, which may have size
scientific progress and to definitions above the order of 100 nm but retain
subsequently agreed at international level ... Article 3.3: properties that are characteristic to the

. the Commission shall adjust and adapt point (c) of | nanoscale

paragraph 2 to technical and scientific progress and with

definitions subsequently agreed at international level ...

Problems The terms solubility and dispersion are used | The definition is ambiguous and not clear because several | The same definition for the term
interchangeable thus creating interpretation | aspects dealing with size have been included (e.g. “of the | "Nanomaterial” and “Engineered
problems. order of 100 nm or less”, “above the order of 100 nm”). | Nanomaterial” (see also the Novel Food
Persistence is used in a risk assessment | The possibility is included for a revision of the definition | definition)
context to define chemicals that are retained | based on scientific and/or international developments
in the body or in the environment being
considered as the opposite of soluble or
(bio)degradable. This property may change
for each individual NM (SCENIHR (2010)).

The possibility is included for a revision of the
definition based on scientific and/or
international developments

Support Additional properties like “insoluble” or | The definition combines size and non-specified properties | Adapted from the Novel Food definition
“biopersistent” comprises types of NM with | that are characteristic to the nanoscale
the highest health attention which would | Adapted from the SCENIHR definition
have a high priority for risk assessment

Table 3: An overview of proposals for the definition of nanomaterials
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1.3.2. Elements of definitions of nanomaterials

Although there is a great inconsistence regarding the definition of the term “nanomaterial”
in detail, the organisations used a characteristic set of criteria and keywords like size scale,
shape and additional properties. A summarized overview of the different elements is given
in Table 4.

Organisation Size Size distri- Aggregates, Properties Intentionally Also internal
scale bution agglomerates produced structure
included
ISO-CEN X X
SCENIHR X X X
OECD X X
EC (Cosmetics) X Specific: X X
insoluble,
biopersistent
EU (Recast of X X Non-specific: X
Novel Foods nanoscale
regulation) properties
EU (Recast of the X X Non-specific: X X
Biocidal Product nanoscale
Directive) properties

Table 4: Overview of elements in existing definitions of the term nanomaterial

Practically all definitions proposed by international organisations include a size range when
defining the term “nanomaterial”. This aims at distinguishing a nanomaterial from materials
in the micrometer range or larger, and from the sizes at the atomic and molecular level. In
addition, nanomaterials are defined as being either a nano-object or nanostructured,
whereas a nano-object is generally confined in one, two or three dimensions at the
nanoscale (see Figure 4). Thus a starting point for the definition is the size of the primary
particle.

For the term “nanoscale” specific problems arise, since the lower end of the scale is very
close to the atomic scale and the size range of large molecules (e.g. DNA molecules ranges
between 0.5 nm and 2 nm, C60-fullerenes have a size range of 0.7 nm).

The European Commission’s Joint Research Centre has published a report (JRC 2010)
dealing with considerations on a definition of “nanomaterial” for regulatory purposes. In
this Reference Report it is proposed, that the upper nanoscale limit should ideally be high
enough to capture all types of materials that would need particular attention for regulation.
Upper limits which are often used, for example 100 nm, may require qualifiers based on
structural features or properties other than size, in order to capture structures of concern
with a size larger than 100 nm in the regulation. Establishing a nanoscale size range with
rigid limits would be clear and enforceable in a regulatory context (pure downscaling). On
the other hand there is no direct relationship between size and novel effects or functions.
Therefore, no general size limit can be given for true nanoscale properties. The only feature
common to all nanomaterials is the nanoscale (pure downscaling and true nanoscale). For
pragmatic reasons the JRC suggested that a lower limit of 1 nm and an upper limit of 100
nm or greater is a reasonable choice. The authors propose to use clear lower and upper
limits for a definition, especially with regard to a regulatory purpose. But whether there are
additional data for hazard characterization of materials with sizes higher than 100 nm
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would be subject to further discussion. Moreover, the discussion should as well take into
account size distributions and the non-uniformity of samples.

An important problem of the size range for nanoscaled material is that particles in
particulate form may be present as single particles but also as agglomerates and
aggregates. ISO/TC 229 (2008) names these particle forms “secondary particles”, which
may have dimensions beyond the 100 nm size. According to ISO agglomerates and
aggregates are considered as nanostructured nanomaterials and the size range for
nanoscale is therefore defined as approximately 1nm to 100 nm. SCENIHR suggested that
it is important to describe nanomaterials with the mean particle size and the size of the
primary particles. When the mean particle size is larger than the size of primary particles
this will be an indication of the presence of agglomerates or aggregates (SCENIHR 2010).
The state of agglomeration or aggregation may need to be addressed specifically in
subsequently developed definition and legislation. In the recast of the novel foods and
biocidal products regulations, agglomerates or aggregates were included in the definition of
“engineered nanomaterial” and “nanomaterial”, respectively.
Besides the size range additional properties are used to define nanomaterial. For instance
the cosmetics regulation included the properties “biopersistent” and “insoluble” into the
definition of the term “nanomaterial”. According to SCENIHR it is not possible to identify a
specific size or a specific generic property that is introduced with size for the definition of
“nanomaterial”. These uncertainties result in an already not enforceable term for regulatory
settings (SCENIHR 2010). On the other hand for some nanoparticulate materials with a
wide range in size distribution the measurement of the surface area may be meaningful to
distinguish dry solid nanostructured material like aggregates from non-structured material.
The volume specific surface area (VSSA) could be considered as an additional criterion to
identify dry solid powders as nanomaterials. The proposed threshold limit is 60 m?/cm?
beyond which the material is considered to be nanostructured. However, not all
nanomaterials are amenable to VSSA determination.
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Figure 4: Types of nanomaterial in a hierarchic system, subject of toxicological research
according ENRHES (2010) are grey filled. (Material with internal structure on the nanoscale
means: e.g. hano-composites, nanoporous membranes, aggregates, agglomerates.
Material with surface structure on the nanoscale means: e.g. coatings, functionalised
membranes).

1.3.3. The need for a harmonised legal definition

New emerging and innovative technologies like nanotechnology create new challenges for
the legislator, if the associated consumer products raise concerns about health and
environmental risks. Many nanotechnology applications are based on materials deliberately
engineered, for which the term “nanomaterial” is now commonly used. The term generally
refers to materials with internal structures and/or external dimensions with a size range
between the nanoscale and the micro and macroscopic scales. Definitions of the term
“nanomaterial” in its current general understanding are not considered appropriate for
scientific as well as regulatory purposes. In fact, different definitions have already been
developed, even in European regulations, but some partially conflict and are inconsistent
and it is difficult to reach a general consensus.

In its resolution of 24 April 2009, the European Parliament, inter alia questioned whether,
in the light of the existing disagreements about the definition of the term “nanomaterial”,
current Community legislation “covers in principle the relevant risks relating to
nanomaterials”. Furthermore, it maintained that “nanomaterials should be covered by a
multi-faceted, differentiated and adaptive body of law based on the precautionary principle,
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the principle of producer responsibility and the polluter-pays principle to ensure the safe
production, use and disposal of nanomaterials before the technology is put on the market,
while avoiding systematic recourse to general moratoria or undifferentiated treatment of
different applications of nanomaterials” and called for “the introduction of a comprehensive
science-based definition of nanomaterials in Community legislation as part of nano-specific
amendments to relevant horizontal and sectoral legislation” (European Parliament 2009a).

Reacting to these positions, the European Commission’s Joint Research Centre (JRC) has
published a report (JRC 2010) that reviewed and discussed issues and challenges related to
a definition of ‘nanomaterial’, and intended to provide practical guidance for a definition for
regulatory purposes. JRC picks up on the size range vs. size dependent properties
discussion described above and argues, in short, that although the size-dependent (“new”)
properties of nanomaterials are the main reasons for (scientific and regulatory) concerns, a
definition based on these properties would not be feasible for a number of reasons:

e Even for typical characteristic nanoscale properties it could be difficult to decide when
the property in question is really different from the bulk, i.e. where to establish the
boundary between nanoscale and macroscopic properties.

e For a definition of ‘nanomaterial’ based on specific nanoscale properties, it would be
essential to clearly list and precisely describe those properties, their occurrence and the
measurement processes to determine them, and to distinguish them from bulk
properties.

e A definition based on a comparison to the equivalent bulk material would not be
feasible as it assumes that all material exists also in the bulk form which is — according
to JRC - not the case, particularly not for more advanced nanomaterials.

The JRC report concludes “that for pragmatic reasons and for the sake of uniqueness,

broadness, clarity and enforceability, it is advantageous not to include properties other than

size in a basic definition.” It also states that a definition of the term “nanomaterial” for

regulatory purposes should fulfil additional requirements (JRC 2010):

. A single, comprehensive and “harmonised” definition broadly applicable in EU
legislation over and across different regulatory areas (e.g. horizontal and sectoral

legislation),

. legally clear and unambiguous, viz. terms such as “of the order of”, “approximately”
and similar imprecise expressions are avoided,

. enforceable,

. and in line with other approaches worldwide (e.g. ISO, OECD).

1.3.4. Definition for regulatory purposes

What might become obvious from that brief discussion is,

a) that although some of size-dependent properties of nanomaterials and the known and
unknown implications of their production, use and disposal on both human health and
the environment are the main reasons for political and regulatory concerns, a legal
definition based on these properties might be difficult to achieve.

b) that a size range in which the most size-dependent properties appear could serve as an
appropriate heuristic.
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c) that any choice of a size range as central part of a materials-independent definition for
regulatory purposes would be imperfect with respect to certain regulatory goals since
there are no direct, material-independent relations between size and “nanoscale
properties”. Whatever size range would be chosen, some nanomaterials will be subject
to legal obligations although there are no indications for adverse effects of their use,
and some nanomaterials will lie outside the given size range although there might be
reasons for including them in the regulation.

d) that not only the choice of a size range in general, but also the definition of both the
lower and the upper limit of the size range are imperfect heuristics. The lower limit,
typically given as 1 nm (or, softer, of the order of 1 nm or approximately 1 nm), seems
to be hardly controversial since its main purpose is to distinguish nanomaterials from
atoms or molecules which should not be regarded as nanomaterials. This is different for
the upper size limit. On the one hand, the frequently used upper size limit of 100 nm
does not comprise all configurations of materials that give reasons for regulatory
concern. Specific nanoscale properties may be found in particles or their aggregates or
agglomerates, even if their outer dimensions are beyond 100 nm. One might therefore
choose an upper size limit well above 100 nm. On the other hand, in the context of a
legal definition for regulatory purposes one should consider that the higher the upper
limit is chosen, the larger the number of materials included in the regulation that do
not exhibit “nanoscale properties”. The specification of the size range in a
nanomaterials definition, and especially of its upper limit, therefore should be subject
to political decisions.

e) that notwithstanding the actual size range chosen, for reasons of clarity and
enforceability, a legal definition should include unambiguous lower and upper size
limits. Imprecise attributes like “approximately” or “of the order of” should be avoided.

The authors propose to use clear lower and upper limits for a definition, especially with
regard to a regulatory purpose. Furthermore, the state of agglomeration or aggregation
needs to be addressed specifically.

According to the report of JRC (2010) it is also likely that certain materials of concern that
fall outside a general definition or as a part of hanomaterial with high attention might have
to be listed in specific legislation. This is the fact in cosmetic product legislation, where
insoluble and biopersistent nanomaterials are of special interest. For regulatory purpose it
is possible to specify a general harmonised and broadly applicable definition for the needs
of specific implementations.

The authors propose to avoid unclear definitions like in the recast of the novel foods
regulation and the possibility for a revision of the definition based on scientific and/or
international developments (like in the cosmetics or the novel foods regulation).

1.3.5. Working definition for the purpose of this report

Current research indicates that, of all possible configurations of nanomaterials, two
subgroups are those that are by far the most significant as far as human health and
environmental impacts are concerned: Insoluble nanoparticles and nanoscale carbon
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allotropes (buckyballs and carbon nanotubes), which are mobile in their immediate
environments. One might argue that these two subgroups should be covered by any
definition used for regulation that is motivated by EHS concerns.

To use the term “nanoparticles” as an umbrella term for both subgroups mentioned above
— which is common practice in natural language as well as among most toxicologists -
creates a structural inconsistency with the taxonomy of nanomaterials proposed by ISO and
might be misleading in regulatory contexts. Both nanoparticles and buckyballs have three
dimensions on the nanoscale while carbon nanotubes can have lengths in the micrometer
range and therefore are to be considered as two-dimensional nanoobjects, as nanofibres.

The use of the term “nanomaterials” is not considered appropriate for the further discussion
in this report. In its current general understanding as well as in the framing proposed in the
ISO document it appears to be far too broad. It covers many materials and structures that
have never been subject of EHS concerns, that would never interact with biological systems
or that occur naturally and most likely defy any meaningful regulatory access.

We therefore propose - following JRC - to use “particulate nanomaterials” as an umbrella
term. Particulate nanomaterials are understood as a single or closely bound ensemble of
substances (consisting of atoms and molecules), at least one of which is in the condensed
phase and having external dimensions in the nanoscale in at least two dimensions.
Nanoscale means the size range between 1 and 100 nm.

In addition, we will focus only on "manufactured” (“intentionally produced” or “engineered”
could be used synonymously) particulate nanomaterials (MPN). Incidental products of
human activities (like industrial, combustion, welding, automobile or diesel) or naturally
occurring nanomaterials lie beyond the scope of this report.
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2. PROBLEMS OF RISK ASSESSMENT OF ENVIRONMENTAL
AND HEALTH RISKS OF MPN UNDER UNCERTAINTY

2.1. Introduction

Manufactured particulate nanomaterials (MPN) are expected to be a major opportunity for
the economic and sustainable development of many countries. A number of products
containing MPN are already on the market and many more are known to be under
development (see chapter 1.2). But some of the properties that make MPN attractive for a
number of applications in various branches are precisely the properties that are sources of
concern: The physico-chemical properties of MPN are different from those of larger
particles. Therefore also the biokinetics and biological activity of nano-scale particles can
differ from bulk material which early arouses the concerns that the use of MPNs may bear
new risks to human health (Oberdorster et al. 2005).
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Figure 5: Number of peer reviewed research journal articles on MPNs with a special focus
on applications, exposure risks of industrial/research workers, exposure assessment in
general, exposure risks of environment or hazard assessment. Data analysis was done
using the ICON NanoEHS database (http://icon.rice.edu/report.cfm). Data for 2010
includes the results for the period 01/10-09/10 including the extrapolated data until the
end of the year.

The discussions about potential environmental, and health risks of MPNs have triggered a

variety of activities on national and multinational level over the last years, mainly focusing
on scientific (toxicological, biological, analytical) and regulatory aspects. Research about
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biological and toxicological effects of nanoparticles (a.k.a. nanotoxicology) has been
massively intensified. Nanotoxicology emerged from the classical toxicology and studies of
biological effects of engineered nanomaterials on living organisms and in ecosystems
include amelioration of studies leading to prevention of adverse effects (Oberddrster
2010a). Therefore nanotoxicology uses basically the methodology of the classical toxicology
in order to determine structure/function and dose relationships between nanoparticles and
toxicity. However, there is a consensus about that the classical measures of toxicology are
not applicable to nanomaterials and it is under discussion which standard procedures are
suitable (Mdller et al. 2008, Fadeel & Garcia-Bennett 2010). However, peer-reviewed
research on MPNs and their toxicology has grown nearly 600 percent between 2000 and
2007, increasing almost exponentially across the 7-year period (Ostrowski et al. 2009).
This trend has continued until 2008, seeming to reach a plateau at present (see Figure 5).
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Figure 6: Elements of a chemical risk assessment (developed from OECD, 2003).

Risk assessment is the perquisite for risk management and resembles a process in which
the probability of a harmful effect to individuals or populations is quantified. It is often
express as the formula “Hazard x Exposure = Risk”. Thereby, the risk is defined by two
characteristics: (1) the hazard of the material that needs to be identified and characterized
and (2) the contact with the hazardous material which is the exposure (Krug et al. 2006).
For nanomaterials a proper risk assessment is rather difficult since hazard and exposure
assessment is still not clear.

According to the Risk Commission (2003), a scientific risk assessment process primarily
deals with consequences of the effects of noxious agents to human health based on four
crucial questions.

1. The question of characterization of the hazard potential. What dangers to human
health may basically arise from the noxious agent in question?

2. The question of dose-response relationships: What quantitative connections exist
between the amounts of a noxious agent used (dose) and the extent of the
expected effect?

3. The question of exposure: to what extent is the relevant population group exposed
to the noxious agent?
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4. The question of the overall estimate of the risk: What is the nature and magnitude
of the risk to human health in general, and how accurately can it be estimated?
The answer to this fourth question must be arrived at through a critical
aggregation of the answers to questions 1 to 3.

A terminology was developed by the OECD refers to a similar conceptual framework (OECD
2003). In OECD’s language, a chemical hazard/risk assessment consists of four elements as
presented in Figure 6. Thereby, hazard identification corresponds to question 1, hazard
characterization to question 2, exposure assessment to question 3 and risk characterization
to question 472

In this chapter, we give an overview of the main findings including current methods and
concepts as a systematic review, and the actual thinking and ongoing research on EHS
risks of manufactured particulate nanomaterials. Furthermore, an attempt was made to
discuss the uncertainties left.

2.2. Principles of nanotoxicology

2.2.1. Techniques of characterization and detection of MPNs

Knowledge about the characteristics of MPNs is important for research and development,
but also for risk assessment. Reliable hazard assessment of MPNs requires many highly
standardized in vitro and in vivo studies to guarantee the reproducibility and consequently
the consistency of the data. Therefore, it is crucial to have accurate information about the
tested material. The lack of this information often renders studies unsuitable for hazard and
risk assessment (ENRHES 2010).

It is agreed that more knowledge is needed about physical and chemical properties of MPNs
than about bulk materials to assess potential risks. Nevertheless, there is an ongoing
debate which particular property(s) are most meaningful - in contrast to bulk material
where only mass and concentration is considered for hazard and risk assessment. The
following characteristics are considered to characterize nanomaterials (in alphabetical
order): agglomeration and/or aggregation, chemical composition, crystal structure/
crystallinity, particle size/size distribution, purity, shape, solubility, stability/bio-persistence
as well as surface properties, such as area/porosity, charge, chemistry including
composition/ coatings, defects and reactivity. However, mostly the size, shape and the
surface properties of the particles are characterized whereby latter can influence the
reactivity of the MPN. One has to note that to determine the surface reactivity is a rather
ambitious intention than a clear parameter, since it is unclear which is the main

2 The exact definitions provided in the OECD paper are the following (OECD 2003):
Hazard identification: The identification of the type and nature of adverse effects that an agent inherent capacity
to cause in an organism, system or (sub) population.

Hazard characterization: The qualitative and, wherever possible, quantitative description of the inherent properties
of an agent or situation having the potential to cause adverse effects. This should, where possible, include a dose-
response assessment and its attendant uncertainties.

Exposure assessment: Evaluation of the exposure (the concentration or amount of a particular agent that reaches
a target organism, system or (sub) population in a specific frequency for a defined duration) of an organism,
system or (sub) population to an agent (and its derivatives).
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reaction/effect induced by certain MPNs (Card & Magnuson 2009, Oberdorster 2010a,
ENRHES 2010).

A variety of different methods and instruments are used to determine the properties of
nanomaterials. Most of them were established for non-nanomaterials; others were refined
or newly developed for MPNs. High resolution microscopy methods are especially used to
analyze shape and aggregation state, while various kinds of spectroscopy and
chromatography methods are especially used to analyze chemical composition, purity and
surface chemistry. The Tapered Element Oscillating Microbalance is the most applicable
method for mass determination, while the Zeta Potential Analysis and the X-ray Diffraction
are the only available methods to analyze surface charge and crystal structure,
respectively. For the analysis of particle number and size distribution several instruments
and techniques are available (e.g. Differential Mobility Analyzer or Dynamic Light Scattering
method). To determine the surface area the Brunauer-Emmett-Teller Adsorption
Measurement is the most applicable method (Luther 2004, Zuin et al. 2007).

Gathering relevant information for the presents of MPNs in a defined environment (e.g. a
working place) by exposure measurements is of high importance for exposure assessment.
In theory, the considerable arsenal of methods used for characterization of MPNs listed
above is available for detection of MPNs in biological and environmental samples (e.g.
water or soil). In practice, it is not that easy because either the instrument has to be at the
place of the measurement (online) or samples have to be sent for later measurement in
laboratories (offline). Online measurements are favourable because they allow real-time
monitoring. But therefore the instruments need to be of a size which is reasonable for
transport and it is the usage needs to be as simple as possible to be carried out at any
place. For online measurements three types of detection principles are available: (i) light
scattering (e.g. photometers, optical particle counters, or condensation particle counter);
(ii) light absorption (e.g. aethalometer); (iii) electrical charging (e.g. Diffusion Charging
Sensors, Electrical Diffusion Battery, Photoelectric Aerosol Sensor or Scanning Mobility
Particle Sizer). These online methods are not very specific?, but especially light scattering
and electrical charging methods are best suited for measuring MPNs in a workplace
environment with the limitation for measurement in the gas phase (Marquis et al. 2009).
More specific and powerful techniques are the Transmission Electron Microscope Imaging
methods, however these are offline methods. Nevertheless, they can also be used for the
detection of MPNs in liquid phases.

2.2.2. Exposure

Exposure to a toxic substance during a certain period of time is usually measured by
intensity (concentration, radiation, etc.) and duration. Control and prevention of exposure
can effectively remove the risk of the toxic agent. It has to be pointed out that without
exposure no risk is present (ENRHES 2010). However, there are several exposure scenarios
to MPNs to be considered: (i) occupational exposure to workers, (ii) exposure to consumers
by nanomaterial-containing products or medical applications in a controlled manner and (iii)

3 Optical sizing instruments are usually “blind” for small particles (i.e. <0.3 um) while electrical sizing instruments
are usually not suitable for larger particles (i.e. >0.5um) (M. Fierz at the IVSS Colloquium Lucerne, 2010).
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in an unintended way, e.g. by different kind of contaminations including environmental
pollution or accidental release from consumer products or productions processes (ENRHES
2010). The majority of studies which aimed to quantify exposure conditions was performed
in occupational settings, like production activities, handling and/or downstream processing,
and was focused mainly on inhalation exposure. Studies showed some evidence of elevated
exposure of airborne MPNs which were not necessarily correlated with activities at the
workplace. However, in some cases the elevated exposures were due to absent,
malfunctioning or disabled safety and control systems. By good manufacturing practice
(occupational hygiene) and maintenance of individual and collective safety systems an
effective protection of workers is possible to perform (ENRHES 2010). The use of
respirators and other filters appear to be effective to collect nanoparticles from the air
(Mostofi et al. 2010). However, exposure scenarios outside working places (consumer and
environment) are not studied yet; only two modelling studies aimed to predict
environmental and consumer exposure (Boxall et al. 2007, Mueller & Nowack 2008).
Recently, the Dutch RIVM attempts to gather exposure information by using commercial
market reports and expert consultations in order to identify product categories with a high
priority for future exposure studies, like sunscreens and other cosmetic products, as well as
coatings and adhesives (do-it-yourself products; RIVM 2009).

2.2.3. Methods for toxicity testing

To evaluate the potential hazards of toxic substances (noxae), different methods can be
used: (a) cell-free and cellular in vitro assays, (b) in vivo studies and (c) human and
epidemiological studies. The impact of these studies is different: epidemiological studies are
considered to be much more valuable than in vitro assays. A further technique which is
currently under development is the use of in silico models by applying tools of systems
biology in order to predict the toxicity of new MPNs and intends to replace animal
experiments in future (Maynard et al. 2006, Xia et al. 2010).

In vitro studies investigate toxicological, mechanistic and other relevant effects, providing
evidence for the development of diseases, and having a wide variety of biological
endpoints. In vitro assays can be used for hazard identification, whereas the risk
assessment aspect is limited. For example, cell-free in vitro assays include the assessment
of the inherent capacity of MPNs to induce the release of reactive oxygen species (ROS) in
a liquid medium (see Figure 7). The rationale is that the ROS generating potential of MPNs
correlates with the in vivo reactivity and thus with the toxicity of MPNs. Also the chemical
reactivity, solubility and behaviour in simulated body fluids are tested. In cellular in vitro
assays, mostly cell lines are used to study the effects of MPNs, but also primary cells
and/or co-cultivated cells (more than one cell type) as well as organ-cultures seem to be
more and more established. Depending on the study objective different endpoints can be
examined.
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Figure 7. Possible mechanisms by which MPNs interact with biological tissue. Examples
illustrate the importance of material composition, electronic structure, bonded surface
species (e.g., metal-containing), surface coatings (active or passive), and solubility,
including the contribution of surface species and coatings and interactions with other
environmental factors, e.g. UV activation (modified from Nel et al. 2006, Xia et al. 2009).

In vivo (animal) studies provide information about effects on a whole living organism
displaying the full repertoire of body structures and functions, such as nervous system,
endocrine system and immune responses and are powerful for health risks assessment.
These studies are usually conducted on laboratory animals, often rodents (rats and mice),
that are exposed to the MPNs in highly controlled conditions to test inter alia (i) the acute
and/or chronic toxicity, (ii) carcinogenicity/genotoxicity to various target organs, (iii) toxic
effects on the reproductive system and/or on the development of the offspring. However,
the extrapolation of the data to humans includes in certain cases difficulties also because of
the inter- and intra-species variation.

In general, epidemiological studies show the occurrence and distribution of diseases in
populations allowing scientists to learn about the causes of disease, which finally may lead
to preventive measures. Human studies are usually observational and therefore vulnerable
to bias and confounding. Unfortunately, no epidemiologic study for MPNs is available beside
the studies dealing with ultra fine particles.
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2.2.4. Dosimetry

Dosimetry is the calculation of the particular dose that reaches a certain target tissue/organ
or the body. The dose is defined by the total amount of an administered substance over a
time period, its uptake or absorption by an organism, organ, or tissue. For dose calculation
in nanotoxicology it is problematic to use the mass as an indicative like in classic
toxicology, since the surface area of nanomaterials is much larger in relation to the mass
than for the corresponding bulk material. At present there is no consensus which metric is
the most favourable among the physico-chemical properties of MPNs. It is suggested that
the surface area as a measure of reactivity and therefore for potential toxicity should be
taken into consideration and “activity per unit surface area” has been mentioned as well
(Oberdérster 2010b). Another metric for dose calculation is the so called biopersistence of
the material which is a measure of the time period when a material is present within a
biological system. Thus, a number of information is needed to calculate the dose for in vitro
and/or in vivo studies.

2.2.5. Portals of entry and biokinetics

The first step of hazard identification is to identify the portal(s) of entry of a toxic
substance into the body. MPNs can enter the human body by inhalation, ingestion or via
the skin pores but also by parenteral administration like injection for medical purposes.
Among these uptake routes, the lung appears to be the most important portal of entry
followed by the gastrointestinal tract. The penetration of the intact skin can be excluded as
it has been demonstrated by in vivo studies. However, one has to note that translocation to
the dermis in damaged skin is not to exclude and thus, at present under investigation.
Furthermore, to a small amount (1-2 percent of the translocated MPNs) uptake by sensory
nerve endings in the upper and lower respiratory tract has also been shown (Oberdérster et
al. 2009, Geiser & Kreyling 2010). The uptake in the gastrointestinal tract was not
demonstrated yet, but since MPNs can cross epithelial and endothelial barriers and can be
translocated via afferent and efferent pathways, their uptake cannot be fully excluded.
Studies with different kind of nanoparticles showed that translocation rates and amounts
are very low (between 1-3 percent; Elder & Oberddrster 2006, Elder et al. 2006). However,
if MPNs enters the body, they will be either eliminated by different mechanisms (e.g. by
macrophages) - in dependency of size — or can be distributed via the blood circulation and
in some cases by the lymphatic system. Intracellular uptake and distribution of MPNs
followed by the interference with different signal transduction pathways and the induction
of cellular effect has been shown in many studies (ENRHES 2010). Up to now little is known
about the metabolism of MPNs. It was suggested that organic/carbon-containing MPNs will
be metabolized while inorganic wont. However, the chemical stability appears to be the
determinant of persistence for some classes of MPNs, e.g. metal MPNs where leakage of
ions may appear (ENRHES 2010). It was shown that if nanomaterials are within biological
media (e.g. body fluids of the respiratory or the gastro-intestinal tract, the blood or
extra/intracellular fluids but also cell culture media) a so called “corona” is covering the
MPNs composed of proteins and/or lipids which is adsorbing on the surface by
biophysical/chemical mechanisms. Analysis of such protein corona formation in plasma
showed the existence of an inner “hard corona” with stable and very slow exchange of
proteins, whereas the outer weakly interacting protein layer is rapidly exchanging with free
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proteins (Walczyk et al. 2010). This corona changes the physico-chemical properties of the
MPNs and determines the distribution across barriers in the target tissue/cell. About the
excretion or elimination of MPNs very little is known as well. A small humber of studies
showed that MPNs can be eliminated by (i) faces, (ii) urine, depending on size, charge and
metabolization and (iii) immune relevant cells (e.g. macrophages; Gormley & Ghandehari

2009).

Another crucial issue in performing hazard identification is the knowledge of the biokinetics
of a certain MPN. Therefore one compiles the so-called ADME-profile which stands for
Absorption, Distribution, Metabolism, and Excretion, describing the disposition of the

nanomaterials within the organism (see Figure 8).
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Figure 8: Biokinetics of MPNs. Although many uptake and translocation routes have been
demonstrated, others still are hypothetical and need to be investigated. Translocation rates
are largely unknown, as are accumulation and retention in critical target sites and their
underlying mechanisms. These, as well as potential adverse effects, largely depend on
physico-chemical characteristics of the surface and core of MPNs. Both qualitative and
quantitative changes in MPN biokinetics in a diseased or a compromised organism also need
to be considered. CNS, central nervous system; PNS, peripheral nervous system. (Taken

from Oberdorster et al. 2005.)

2.3. Health and environmental risks of MPNs

2.3.1. State of the art in risks to human by MPNs
The current knowledge about exposure to MPNs suggests that inhalation is the main portal

of entry of MPNs into the body. Epidemiological studies about MPNs are not available
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therefore studies of ambient ultrafine particle (< 100 nm) toxicology are taken into
consideration to study human adverse health effects by nanoparticles. Various studies
showed that inhaled nanoparticles and carbon nanotubes size-dependently deposits in
different regions of the lungs (see Figure 9). Different studies have shown that 90% of the
smaller particles (1 nm) are deposited in the nasopharyngeal (upper airways) and the rest
in the tracheobronchial (lower airways) region. Particles in the range of 1-5 nm deposit in
nasopharyngeal, tracheobronchial and in the alveolar region, whereas 20 nm particles
deposit to around 50% in the alveolar region (ICRP 1994).
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Figure 9. Deposition of particles in the respiratory tract as a function of their size with inset
illustrating the proximity of the air spaces (alveoli) to the vasculature (in pink) (Taken from
Elder et al. 2009).

It was demonstrated that to a certain amount MPNs can be removed by clearance
mechanisms (especially in bronchia) and/or immune system (especially in alveoli) of the
lungs. Thereby, it seems that these mechanisms are less effective by a decreasing particle
size. If particles are deposited in a certain area of the lung or body MPNs will be either
dissolved and/or metabolized, undergoing clearance mechanisms, or insoluble particles will
be enriched in particular areas or even in individual cells causing biological or toxicological
effects (Schmid et al. 2009, Geiser & Kreyling 2010). Rigid CNTs longer than 15 pm (needle
like) induce fibre like pathology since macrophages are not able to uptake these structures
(Poland et al. 2008, Bai et al. 2010, Pacurari et al. 2010). Further, biopersistent MPNs are
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deposited within the lung for an unknown period (Borm et al. 2006). Patients with
bronchitis or asthma seem to react stronger to CNTs than healthy persons (Frampton et al.
2004). However, MPNs can trigger inflammation within the lungs due to various
mechanisms, e.g. via the action with macrophages resulting in the production of ROS
(Geiser & Kreyling 2010). This was shown inter alia for nano-sized polystyrene, TiO,, Au
and Zr (Geiser et al. 2005). ROS production is linked to oxidative stress (e.g. lipid and
protein oxidation) but also for inducing different intra and extra cellular signal cascades,
e.g. recruiting of immune cells (see Figure 10; Elder et al. 2000). In vivo studies showed
that to a certain amount of the retained MPNs can be translocated to the blood system
(passing the air-blood tissue barrier) but also to other organs (Nemmar et al. 2001,
Nemmar et al. 2002, Oberdérster et al. 2002). The question is whether these particles can
be enriched in a specific site and are causing health effects. It is known that certain MPNs
are enriching in liver, spleen, and kidneys. Some studies reported that MPNs are reaching
the heart and even the blood-brain-barrier is penetrable for specific nanoparticles
(Semmler et al. 2004, Oberdorster et al. 2005, Bhaskar et al. 2010). Particles were
identified in placenta or testis as well (Braydich-Stolle et al. 2010, Chu et al. 2010). The
question remains about the dose of particles: Is this amount (dose) of particles hazardous?
And how long do the particles remaining within the body? The translocation rate of
deposited MPNs from the lung to the blood circulation and then to other organs seems not
to exceed 5 percent (Kreyling et al. 2009, Oberdérster 2010a). However the corona
formation can change the translocation rate and possibly increase the hazardous effects.
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Figure 10. Model of the effects of MPNs on cells (modified from Donaldson & Stone 2003,
Krug et al. 2006)*

4 Available at http://www.nanopartikel.info/files/content/dana/Wissensbasis/Titandioxid/invitro_modell_en.jpg
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MPNs can enter the cells by active or passive mechanisms and cause cellular effects like
genotoxic damage or interacting with other cell components leading to cell death or other
effects (see Figure 10; Elder et al. 2000, Roller & Pott 2006). Several studies investigated
almost the whole spectrum of biological endpoints by using different cell system and
nanomaterials with different outcome. However, the majority of the published in vitro
studies conforms the toxic effects of MPNs. Very few data are available showing dose-
dependent analyses. In general, in vitro studies are showing the potency of toxicity and the
hazard of the material.

The skin is the largest organ of the human body being the best barrier to the environment.
Since sunscreens and other cosmetics contain nanoTiO, and nanoZnO the question arises, if
MPNs can penetrate the skin and reach the blood system. According to the present
knowledge MPNs are not penetrating the healthy skin (Choksi et al. 2010) although they
reach the hair follicles (Lademann et al. 1999, Lademann et al. 2006). However, it has
been shown that quantum dots (nanoparticulate semiconductor crystals) penetrate the
human skin (Ryman-Rasmussen et al. 2006) but the biological relevance of this is not
clear. Also it is not clear, if nano silver on the skin is influencing the skin flora (Kulthong et
al. 2010). In addition, there is an indication that damaged skin (sunburn, chronic skin
diseases, or wounds) may be a port for entry in the blood system (Rouse et al. 2007, Borm
et al. 2006, Kiss et al. 2008).

There are very few data available about uptake of MPNs via the gastrointestinal tract (GIT)
since in occupational setting oral uptake is not considered. However, the GIT can be a site
of exposure to MPNs after ingestion of food containing MPNs (in food supplements or
contaminations), swallowing the sputum after inhalation or clearance of MPNs and other
kind of uptake. The GIT is a reabsorbing organ with a large and permeable surface. It was
shown that MPNs (e.g. polystyrol particles) can cross the intestinal wall which is dependent
on the physico-chemical properties (Volkheimer 1974, Kanapilly & Diel 1980, Kreyling et al.
2002).

The most recent data collection and evaluation is the ENRHES report (2010) which is a
comprehensive and critical scientific review of the health and environmental safety of
fullerenes, carbon nanotubes, metal and metal oxide nanomaterials. The authors came up
with the following conclusions:

e The toxicity of fullerenes is influenced by chemical structure, surface modifications and
preparation procedure, and involves an oxidant-driven response.

e An increasing number of CNTs walls, functionalisation and reduced metallic impurities
may suggest reduced toxicity, although there are of course other factors to consider.
However, the physico-chemical properties that eliciting oxidative stress and
inflammation leading to cytotoxicity and disease is still unknown.

e The toxicity of metal nanoparticles is reliant on internalization and their oxidative
nature driving inflammatory, genotoxic and cytotoxic events. Thereby it appears that
the ion-release effect is involved in the observed toxicity.

e In the case of metal oxides, it has been demonstrated that its toxicity is of
inflammogenic, oxidative, and genotoxic nature. Thereby, the explicit conditions during
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toxicity testing (e.g. exposure methods, dose, cell or species used or light conditions)
have a strong influence on the outcome.

2.3.2. State of the art in environmental risks of MPNs

Studying ecotoxic effects, environmental conditions have to be either simulated at the
laboratory level or real life conditions have to be investigated within the environment. Since
MPNs are hard to measure and almost untraceable within the environment real life
investigations cannot be performed. Therefore, so called marker organisms are used to test
ecotoxic effects under laboratory conditions. These aquatic organisms are often vulnerable
to noxes and can be used to measure different biological endpoints. Factors that
characterize ecotoxicity are similar to those that are identified for human toxicity, like
biopersistence, chemical or biological reactivity, chemical composition and especially
surface functionalisation. Little is known about the influence of the environment on the
MPNs, since for example the metal speciation may change due to changed redox-conditions
or salt content. Also the degradability and the accumulation of MPNs can change the
biological effectiveness of the MPNs; therefore information is fundamental to determine the
environmental hazardousness of MPNs. In general, since only a few ecotoxicological studies
are available, it is not possible to draw any common conclusion on the ecotoxicological
effects by MPNs. Also no clear pattern on species sensitivity, suitability as a model
organism for nano-ecotoxicity testing or relevance of endpoints is seen (ENRHES, 2010).
However, there is evidence for potential adverse effects of MPNs in the environment. For
example, it seems that MPNs are passing through the food chain from smaller to larger
organisms (Zhu et al 2010b). Within the food chain MPNs can potentially harm aquatic
organisms like fishes and invertebrates and, already at low concentrations, microbes,
earthworms and (crop) plants (Handy et al. 2008a, Handy et al. 2008b, Ferry et al. 2009,
Boxall et al. 2007, Scott-Fordsmand et al. 2008, Lin et al. 2009). Since MPNs have been
shown to be capable to harm microbes, it is discussed that MPNs can have an impact on
functional ecosystems which is dependent on an intact micro flora (Cimitile 2009). Much
attention has been drawn on aquatic ecosystems. All investigated groups of manufactured
nanoparticles (fullerenes, CNTs, metal and metal oxide nanoparticles) have shown to be
toxic to aquatic organisms such as zebrafish (Zhu et al. 2009a, Bar-llan et al. 2009),
daphnia (Zhu et al. 2009b, Zhu et al. 2010a), algae (Aruoja et al. 2009, Hall et al. 2009),
invertebrates (Canesi et al. 2010, Baun et al. 2008), and rainbow trout (Farkas et al.
2010).

There is an ongoing controversial discussion whether MPNs are responsible for the observed
effects or rather the toxicity testing methods including the used chemicals (e.g. solvents)
are inducing them. For example, C60-solvent interactions and solvent degradation products
may increase the C60 ecotoxicity. Metal and metal oxide nanoparticles, especially silver and
copper nanoparticles showing toxic effects in high doses, seem to release continuously ions
reaching toxic levels in small areas (e.g. cell). Moreover, some studies point out that these
MPNs are not degradable and therefore of high concern. It has to be noticed that the
behaviour of the MPNs within the environment is highly complex, since it can be influenced
by several factors like changes in pH, temperature, UV-radiation, the presence of other
reactive substances, etc. (Handy et al. 2008a, Handy et al. 2008b, ENRHES 2010).
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2.3.3. Limitations and difficulties of risk assessment

The major disadvantage in many methods used for characterization and detection of MPNs
is that the equipment is developed for research use, requiring large, expensive and
immobile instruments, extensive sample preparation and often laborious conditions (e.g.
ultra-high vacuum) as well as highly trained personal. These circumstances (i) increase the
errors in quantity and quality analysis especially since sampling techniques are often
inadequate, (ii) prevent in situ (within the living cell/organism) analysis, and (iii) the
sample might be not representative and representing just a snapshot of a particle
concentration at a certain location. Moreover, analyses of MPNs in complex media can
induce changes in physico-chemical properties of the MPNs which are often different from
pure or neutral media used in research and development (SCENIHR 2006, Tiede et al.
2008, ENRHES 2010). Unfortunately, none of the available techniques is capable to provide
all necessary information about the properties of a certain MPN. Further, biological samples
are often limited in size and thus only to a small degree of the different properties can be
determined. And most available characterization techniques destruct the material itself;
therefore samples cannot be analyzed twice or by more than one technique. Another
limitation of the available methods is the incapability to distinguish between naturally
occurring (e.g. minerals, protein complexes, combustion products, etc.), unintentionally
produced nanoparticles (e.g. soot, diesel or welding fumes), and MPNs. To differentiate
between background contamination and MPNs electron microscopically methods are
needed. Thus, the development of new techniques and instruments to assess exposure of
MPNs in air, water, soil and biological probes are required. New techniques should be able
to deal with complex samples, minimizing sample alterations, avoiding artefacts and
providing as much information as possible. Moreover, new instruments should be
inexpensive, portable and equipped with smart sensors that for example can combine
information on various aspects of exposure and hazard (Maynard et al. 2006, Tiede et al.
2008). The development of such techniques and instruments is quite time costly but
already present in ongoing research (see for example Amodeo et al. 2008, Zhu et al.
2010c).

Many exposure related studies are published on occupational scenarios while much fewer
studies are published on environmental and consumer exposure. Thus, the available studies
are useful in mapping the “exposure landscape”; however, a clear numerical estimation of
exposure is still impossible. The authors of the ENRHES report (2010) claim for more data
on occupational, consumer and environmental exposure as well as for relevant information
about both acute and chronic exposures to support effective risk assessment.

Research is usually hypothesis based activity whereby experiments are highly specifically
designed for individual studies and thus not necessarily for the purpose of risk assessment.
Hence, results are often not comparable since the used conditions are differing from study
to study (e.g. different cell types/animals, testing conditions, handling, etc). Furthermore,
studies are often performed without standardized techniques (e.g. guidelines) and
therefore the reproducibility of results is often not possible. Additionally, experiments are
often performed without positive and/or negative controls and never in a blinded manner.
Whereby it is a matter of fact that latter can unintentionally influence the results. There is
an ongoing debate on high dose in vitro or in vivo studies. There are various arguments for
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high dose studies, e.g. that they are valuable for hazard identification, proof of principle
and are applicable for high throughput assays (Oberddrster 2010b). However, these studies
are little contributing for risk assessment. In ecotoxicological studies it is difficult to
simulate real environmental scenarios, since the dose is quite unknown, and the
extrapolation of data very limited. Another important difficulty is the missing definition or
concept for dose/concentration of MPNs. Surface functionalisation which are detected in
most real-life applications of MPNs (e.g. titanium dioxide in sunscreens should be
functionalized to reduce photocatalytic activity) are not addressed by many studies. As
mentioned above, the use of solvents in case of non-dispersing nanoparticles (e.g.
fullerenes) in aqueous media is problematic due to various reasons, e.g. it may produce
testing artefacts (Henry et al. 2007). However, these facts are well known within the
scientific community and addressed in many publications. Thus, the quantity of publications
which can be used for risk assessment is continuously increasing. Nevertheless, intrinsic
limitations of the present toxicity tests (e.g. extrapolation of in vivo studies to humans or
knowledge gaps in general) will not be solved in a short term and thus needs more
research and further development. To speed up this process an international coordination
of research activities is needed, as it has been addressed by the OECD. The OECD is
already active in initiatives on standardization and harmonization by the Working Party on
Manufactured MPNs (WPMN) and also the International Alliance for Nano-EHS
Harmonization (IANH). The OECD program, for example, includes the gathering of all
available information (published and ongoing research), the identification of knowledge
gaps (the coverage of research themes), and testing a representative set of MPNs (14
MPNs for 61 endpoints) along with the development of guidance on sample preparation and
dosimetry for the testing of MPNs. In addition, the publication of the so called no-effect
studies is to recommend, since these information is necessary for the ongoing research.

2.4. Conclusions

One of the central challenges of risk assessment is the large and rapidly growing number of
manufactured particulate nanomaterials to be tested for biological activity along with the
limited human financial and time resources. To assess the risk of MPNs, two components
have to be identified: hazard and exposure. Regarding hazard it is possible to make some
general statements that represent current sound knowledge: The assumption that the
move to the nanoscale implicates not only novel material properties but also entails novel
environmental and health risks was confirmed on a scientific basis. It seem to be clear, that
certain MPNs (e.g. fibre like carbon nanotubes or nanosilver particles) induce at high doses
pathologic conditions and can cause toxic effects. The various in vivo and in vitro studies
have shown that several types of MPNs cause multiple types of biological effects, even
though the relevance of these data is unclear. Thus, the available data provide a basis for
further investigations by providing knowledge about fate and behaviour (ADME-profiles) as
well as the toxicity including underlying mechanism, however only for certain MPNs. It was
shown that the shape of certain MPNs as well as their purity is important for toxicity, e.g.
carbon nanotubes seem to be more toxic if trace impurities of iron or solvents were
present.
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However, there are intrinsic limitations of detection and toxicity testing methods and very
little knowledge is available about the exposure to NPMs; summarizing these limitations in
brief:

a) Information about acute (high) or chronic (low) exposure of the general public to MPNs
are not available. Also data about occupational exposure is insufficient.

b) Lack of appropriate instruments to detect MPNs in gas and liquid phase being
appropriate for on-line measurements of multiple MPN properties.

c) Toxicity is determined by a variety of MPN properties (size, shape, surface, etc.)
therefore case by case studies are necessary. Plus, it is not clear which metric is the
most meaningful for toxicity.

d) A vast number of in vivo and in vitro studies have been published showing that certain
MPNs are causing several types of biological effects; however, the biological relevance
is unclear. This limits our ability to characterise hazards adequately.

e) Dose-dependent studies (dose-response correlations) using good controls and
reproducible standardised experiments are missing.

The missing exposure data prevent risk assessment of MPNs since this requires two
components namely hazard AND exposure.

Another aspect of the recent development in nanotoxicology is those leading toxicologists
propose a critical view on conceptions of earlier work based on high dose studies along with
the assumption of high translocation rates.® Similarly, one should note that certain MPNs
have also beneficial properties. Though, a study even suggested that C60 fullerenes might
prevent toxicity by being antioxidants. It is thus hardly surprising that an increasing
number of medical applications of MPNs exist.

Addressing further developmental needs to overcome the present hindrance of risk

assessment we identified the following:

e Further research activity is needed especially in assessing the exposure of the general
public and the environment. Therefore, novel instruments and techniques need to be
developed or existing ones need to be refined to meet requirements (i) to detect MPNs
in complex and small samples especially in biological setting, (ii) to allow discrimination
of naturally occurring/background nanoparticles and MPNs, (iii) inexpensive, (iv)
portable, and (v) allow measurement of multiple properties at the same time.

e The standardization of methods is needed including (i) reliable and validated
procedures for characterization and measurement of dose and exposure, (ii) a broad
characterization of the used MPN, and (iii) the use of an agreed dose units which can
be used in hazard and exposure assessments.

e Until now, most of the experiments conducted are not standardised since academic
research does not primarily aim to produce data for risk assessment purposes. Hence,
one should think of implementation of rewards for or even mandatory usage of
harmonization tools into e.g. financial support of research. A standardised format for

° For instance, G. Oberdérster stated at the NanoAgri Conference 2010: “Under [...] realistic conditions, many
engineered nanoparticles are unlikely to induce adverse effects, although still largely unknown are effects of
chronic, low level exposures.”
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reporting the results of toxicological studies focusing on physicochemical
characterization might be helpful.

Moreover, an (inter)national coordination of research and development activities (e.g.
Road map, master plan) along with the above mentioned standardization of methods
would be beneficial in respect to expedite the progress and increase comparability for
risk assessment. This should be accompanied with significantly increased.

The publication of no-effect studies is important and recommended.

In this context the proposal to create a third-party body, similar to the Cochrane
model® but comprised of stakeholders from all groups, to review and provide
authoritative interpretations of research in nanotoxicology is very interesting. As well
as the one to develop a multidisciplinary community of practice and information-
sharing forum for researchers and all interested stakeholders (Balbus et al. 2007).
Further one should promote the multidisciplinary training of young scientist in the
nanotechnology field.

6 The Cochrane Collaboration is an international, independent not-for-profit organisation that was established in
1993. It produces and disseminates systematic reviews (Cochrane Reviews) of healthcare interventions and
promotes the search for evidence in the form of clinical trials and other studies of interventions. It aims to provide
accurate, up-to-date information about the effects of health care worldwide for an evidence-based medicine
(www.cochrane.org).
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3. MEASURES FOR NANOMATERIALS RISK MANAGEMENT

IN THE EU
3.1. Current parliamentary regulation practices and parliamentary
activities
3.1.1. General (pre)-regulatory activities of European institutions

The major trends in European regulation of nanotechnologies are set at the EU level. The
rule-setting and decision-making powers in the EU are shared between the European
Commission, the Council of the European Union and the European Parliament. All three
institutions are involved in creating laws and regulations that are relevant for
nanomaterials and its application.

The European Commission develops proposals for policies, regulations and other legal acts,
which must be agreed by the Council, representing the Member States, and involving the
Parliament in a complex form of interaction. The main legal and regulatory instruments of
the EU are Regulations (binding legal acts that are directly applicable in each Member
State), Directives (binding policy objectives for Member States that still leave room for
Member States in designing implementation), Decisions (legally binding for specific
contexts, but not generally applicable to all Member States), Recommendations and
Opinions (non-binding but may prepare legislation in Member States), Communications
(preliminary documents that may be followed by proposals for legislation) (Breggin et al.
2009).

The Commission is divided into various Directorates General (DG) that prepare proposals
for regulations. The Commission’s Interservice Group on Nanotechnology supported the
implementation of measures in an action plan for nanosciences and nanotechnologies in
Europe for 2005-2009 (CEC 2005). In the recently published second implementation report,
the Commission acknowledged that an essential element of its integrated, safe and
responsible approach is to integrate health, safety and environmental aspects in the
development of nanotechnology (CEC 2009a). Nanotechnology products must therefore
comply with consumer, worker and environmental protection. The Commission believes
that these products will only be accepted if regulations adequately address the new
challenges from the technologies.

The European Commission’s review of regulatory aspects of nanomaterials, which is
published along with a Staff Working Document (CEC 2008a), evaluates relevant
regulations with regard to their coverage of health, safety and environmental aspects of
nanomaterials. It was concluded that the existing regulatory framework covers in principle
the potential risks of nanomaterials. Current legislation has mainly to be improved and may
have to be modified in the light of new information becoming available.

European Parliament discussed the Commissions’ Communication on “Regulatory Aspects of
Nanomaterials” and adopted a resolution in response in April 2009 (European Parliament
2009a). In this response, the Parliament does not agree with the Commission’s conclusions
as quoted above. Given the lack of appropriate data and assessment methods, the
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Parliament states that regulatory change is necessary to address risks in relation to
nanomaterials in an appropriate way. The Parliament calls, inter alia, for a review of all
relevant legislation, to promote the adoption of a harmonized definition of nanomaterials
and to adapt the relevant European legislative framework accordingly. Precise revisions are
demanded, especially concerning REACH and worker protection legislation. The Parliament’s
opinion also includes a number of specific requests to the Commission, related to certain
aspects of regulation, labelling, ethics, the involvement of stakeholders, fact-finding,
research and coordination.

The Commission was asked to present a new report on regulatory aspects in 2011, paying
particular attention to a number of points raised by the European Parliament and the
European Economic and Social Committee. The Commission also intends to present
information on types and uses of nanomaterials, including safety aspects, in 2011 (CEC
2009a).

Besides these more general activities, Parliament, Commission and Council have started
additional political and legislatory initiatives, including proposals for and passing of legal
acts that address various specific aspects of nanomaterials regulation. It is the aim of the
following paragraphs to present a brief overview of these activities.

The work of the EU’s executive and legislatory branches on the regulatory aspects of
nanomaterials (and nanotechnologies) is supported by a number of institutions. The EU has
created specific regulatory agencies that interact and coordinate the work of national
agencies. The main relevant agencies with respect to nanotechnology and nanomaterial
are:

. the European Chemicals Agency (ECHA): responsible for managing the Registration,
Evaluation, Authorization, and Restriction of Chemical Substances Regulation (EC/
1907/2006 - REACH) as well as the Classification, Labelling, and Packaging (CLP)
Regulation (EC/1272/2008)

. the European Food Safety Authority (EFSA): provides scientific advice and risk
assessment on food and feed safety, nutrition, animal welfare and plant protection.

. the European Medicines Agency (EMEA): carries out scientific evaluation of medicinal
products.

Both EFSA (with respect to food and feed) and the EMEA (with respect to medicinal

products) have also published opinions on the specific aspects on the safety assessment of

nanomaterials.

In addition, several scientific committees have dealt with these issues. The Scientific
Committee on Consumer Safety (SCCS) and the Scientific Committee on Emerging and
Newly Identified Health Risks (SCENIHR), both managed by DG Health and Consumers,
have formulated opinions on nanotechnology EHS risks. These opinions followed the
Commission’s request for advice on specific risk assessment issues. The SCENIHR focused
mainly on the appropriateness of existing risk assessment methodologies, while the SCCS
addressed the safety of nanomaterials in cosmetic products (Breggin et al. 2009).
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3.1.2. Chemicals regulation

New European chemicals regulation has recently been adopted with a new over-arching
Regulation on the Registration, Evaluation, Authorisation and Restriction of Chemicals
(REACH EC/1907/2006). REACH explicitly states that it is based on the precautionary
principle. One of the aims of this regulation is that manufacturers, importers and users
have to ensure that the substances brought on the European market do not adversely
affect human health or the environment. REACH applies a “no data, no market” principle to
the commercialization of substances on their own, in preparations or in articles. This means
that industry must provide data (technical dossiers) and, in many cases, a chemical safety
report in order to register its chemical substances in a Registration process. The specific
information requirements vary according to the tonnage at which a substance is
manufactured and its potential toxicity (see Table 5). The chemical safety report includes a
safety assessment for the use of the substance on its own and its use in a preparation or
article at all stages of the life-cycle of the substance. However, the chemical safety report
does not need to consider human health risks from end uses of a chemical substance in
products which are covered by other regulations (e.g. food contact material or cosmetic
products, see also chapter 3.1.3). After registration, the European Chemicals Agency ECHA
performs dossier evaluations or substance evaluations in an Evaluation process. Substances
of very high concern may be subject to an Authorization process. Producers or importers of
such substances must apply for authorization for each use of the substance. Finally, REACH
implements the opportunity of a Restriction process, which means that the use of the
substance could either subjected to conditions or prohibited.

In addition, the new Regulation on Classification, Labelling and Packaging (CLP) of
substances which came into force in January 2009 (EC/1272/2008) contains rules on
classification, labelling and packaging of substances and mixtures, including nanomaterials,
independent of their production volume. REACH and CLP play a critical role in addressing
and regulating EHS risks of nanomaterials, because many of these substances enter the
market as chemical substances for the use in a variety of products.

To facilitate the implementation of REACH and CLP concerning nanomaterials, the EU is
conducting REACH Implementation Plans on Nanomaterials (RIP-oNs) in order to develop
guidance documents. In addition, the REACH Competent Authorities created in March 2008
a subgroup on nanomaterials (Competent Authorities Subgroup on Nanomaterials - CASG
Nano). CASG Nano provides details on the preparation of registration dossiers and on
general information and testing requirements. The subgroup has established a work
programme up to 2012, based on the implementation deadlines under REACH.

A question of great relevance for CASG Nano is whether nanomaterials, which are not
explicitly mentioned in the regulation, are covered from a legal point of view by the
“substance” definition in REACH. REACH defines substance as “a chemical element and its
compounds in the natural state or obtained by any manufacturing process’”. The CASG
Nano report of December 2008 states that “the question needs to be clarified in which

7 The full definition in the regulation is: “(Substance) means a chemical element and its compounds in the natural
state or obtained by any manufacturing process, including any additive necessary to preserve its stability and any
impurity deriving from the process used, but excluding any solvent which may be separated without affecting the
stability of the substance or changing its composition.”
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cases a nanomaterial is to be considered as a separate substance and in which cases it
should be considered as a particular form of a bulk substance” (CEC 2008d). This is
important because for legal considerations of substances an unmistakable identification and
a nomenclature of nanomaterials are needed. The situation is most difficult in cases where
a substance is marketed both in its nanoscale and in its bulk form(s).

Even though it seems to be a word play, it may have considerable consequences which are
illustrated by the following example: Annex IV of REACH lists substances with sufficient
information to be considered as causing minimum risk due to their intrinsic properties.
Carbon and graphite were recently removed from this Annex by the regulation
EG/987/2008, because the criteria used for this classification also included carbon
nanomaterials. As mentioned in chapter 2, some of these nanoscale carbon forms are
associated with potential hazards to human health and the environment.

Another point in the discussion, linked to problem discussed above, is the categorization of
a substance within the REACH system. REACH distinguishes between phase-in substances
and non-phase-in substances. Simply put: A phase-in substance is a substance (“existing
chemical”) that has been listed in EINECS or the NLP list and/or manufactured in the EC,
but never actually been placed on the market during the last 15 years. A non phase-in
substance is a completely new substance that has neither been used nor registered in the
market before the entry of force of REACH. This categorization has various consequences
for the registration process within REACH.

Phase-in substances need to be registered by different dates:

e substances supplied at 21000 tonnes per year; substances classified as Very Toxic to
aquatic organisms or that may cause long-term adverse effects in the aquatic
environment (R50/53) at = 100 tonnes per year and substances classified as
Carcinogenic, Mutagenic or Toxic to Reproduction (Category 1 and 2) at =1 tonnes per
year by 1 Dec 2010,

e substances supplied at 100 to 1000 tonnes per year by 1 June 2013

e substances supplied at 1 to 100 tonnes per year by 1 June 2018

Non-phase-in substances manufactured or imported at over one ton per year can only be
placed on the market after an (immediate) registration with the European Chemical Agency

(ECHA).

Chemicals produced in volumes less than 1 tonne/year are excluded from REACH regulation
due to low quantities produced.

51



European Technology Assessment Group (ETAG)

Registration Registrafion

Phase-in Substa Pre-registrai : >1000t/ yeor deadline for dendling for
S CMR182*1 #/yenr 100~ 1000t /year 1100t /yenr

' ' R50-53**5100 1/year

Substances placed on the -
riikel o ﬁ\e firstfime | Start of plltahon
EVALUATION | Start of Application

REGISTRATION

. Start IJ{ Mllhl:uhon I} { & d . { . ; - )
: : gencys first recommendations of priority
ASTHORIEATION substances 1o be induded in Annex XIV
Start of Application

Publication of an inventory of existing and
more stringent restrictions by the Commission

e R

1 June 2007 1 June 2008 30 Nov. 2008 1 June 2009 1 June 2010 1 June 2013 1 June 2018
Entry into Force 1 year 2 years 3.5 years 6 years 11 years
(EIF) of REACH || after EIF after EIF after EIF after EIF after EIF

*(MR : Carcinogenic, mutagenic and foxic to reproduction category 1 or 2
**R50-53 : substances classified as very foxic to aquatic organisms which may couse long-term adverse effects in the aquatic environment

Figure 11: Timeline of REACH Procedures (CRTE Luxembourg)

This situation has led to concerns that nanomaterials categorised as phase-in substances,
which are expected to be brought on the market in small quantities, will undergo a
systematic risk assessment not before 2018 or not at all.

A further discussion refers to the quantitative threshold (annual supply volume) that serves
as a trigger for the information depth in the REACH process. The REACH regulation requires
that a technical dossier must be submitted by the registrant to ECHA at the time of
registration. The technical dossier shall contain data on the substances and information on
the risk management measures, e.g. on the identity of the substance, on manufacture and
use(s), guidance on safe use and summaries of studies on physicochemical, toxicological
and ecotoxicological properties. For the latter, REACH requires the provision of all
information that is relevant and available to the registrant and defines a minimum dataset
of information on physicochemical and toxicological properties, including results of different
standard testing procedures, depending on the annual supply volume. Table 5 shows
exemplary the human toxicity requirements depending on the annual supply volume.
Similar lists exist for the physicochemical and ecotoxicological data.
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Annual supply volume (tons per year)

>1 > 10 > 100 = 1000
Skin irritation / Skin corrosion v v v
Eye irritation v v v
Skin sensitisation v v v v
Mutagenicity v v v
Acute toxicity v" v v v
Repeated dose toxicity (28 days) v v v
Repeated dose toxicity (90 days) v v v
Reproductive toxicity v v v
Developmental toxicity v v
Two generation toxicity study v v
Toxicokinetics v v v
Carcinogenic study v

* ... with exemptions, ™" ... case-by-case
Table 5: Standard testing re human toxicology under REACH.

There is concern that the lower requirements for low-quantity chemicals - regardless of
whether they are considered as existing or as new substances - may not provide sufficient
information to adequately evaluate and assess nanomaterials risks. This is of particular
importance because REACH will be an important first-step method gathering relevant data
to inform the risk assessment process throughout the life-cycle of nanomaterials. Any gaps
within information coverage become important issues in the regulatory context.

The CASG Nano recognized that the principle and approaches to risk assessment do not yet
address specific properties of substances at nanoscale and “will need further adjustments
to be able to fully assess the information related to substances at the nanoscale/nanoform,
to assess their behaviour and effects on humans and the environment, and to develop
relevant exposure scenarios and risk management measures”. It further recognized that
current test guidelines may need to be modified for the determination of specific hazards
associated with substances at the nanoscale (CEC 2008d). This is most important for the
transfer of a chemical safety report which is only provided for substances and preparations
of very high concern. Thus considerable uncertainties remain for the transfer of information
in the supply chain of nanoproducts.

A further problem under discussion is whether nanomaterials should be either registered
together with its bulk “counterparts” in a common registration process, or whether the
substance in its nanoscale form(s) should be regarded as a “stand alone” substance and
thus is subjected to a separate REACH process. The rationale behind this proposal includes
different aspects: If a nanomaterial generally is considered as a new substance, it would
have to be registered separately and automatically be subject to the new chemicals
regulation, including the entire REACH process steps. It would have to be registered before
being put on the market, and the information requirements to be provided in the technical
dossier at the time of registration would apply with the consequence of postponing the
commercial exploitation of some nanomaterials until more information is available and
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permit stricter regulatory access. At the same time, there is a possibility that for a number
of low-quantity nanomaterials only the minimum information requirements within REACH
need to be fulfilled or that they will lie outside the quantity limits of REACH and thus are
not subject to the provisions of the REACH regulation at all.

Participants in the nanoregulation debate are concerned that if a nanomaterial is registered
together with its bulk form, specific nanoscale effects requiring regulatory attention might
not be adequately addressed. Since the regulation requires that safety has to be ensured
for the registered substance in whatever size or form and for manufacturing and all
identified uses, a registration dossier must include all relevant information on the
nanomaterial. The information requirements could even be more detailed than those within
a registration process for a “new substance” since in a “one substance - one dossier”
approach, the respective quantity thresholds might be significantly higher. But a
registration process that covers all forms of a substance brings a number of legal and
practical issues into REACH process. It will impact the registration and evaluation processes
as well as classification and labelling, restriction and authorisation. These issues are
currently under discussion within ECHA, among the competent authorities and
stakeholders. They could be addressed in greater depth, if not resolved in the course of the
Commission’s regulatory review in 2011 and the work of the institutions concerned, in the
final report of this project.

Besides these specific problems concerning nanomaterials, there are also general aspects of
REACH which must be considered for the discussion. The provisions of REACH shall not be
applied for substances used in medicinal products and/or food or feedingstuffs. In addition
there are also exceptions for the provisions of information in the supply chain for
preparations in the finished state for medicinal products, cosmetic products, medical
devices and food or feedingstuffs. For the registration of substances in articles also specific
exceptions exists (article 7 and article 15 REACH). Thus specific parallel sectoral product
regulations for food, medical devices, cosmetics, plant protection and biocidal products
have to be screened in detail with respect to the regulation of nanomaterials.

In its resolution of April 2009, the European Parliament accounts for all discussed points
regarding the problem of categorization and identification of nanomaterials, the problem of
the quantitative thresholds and the different exceptions for provisions in REACH. The
Parliament calls specifically on the Commission to evaluate the need to review REACH
concerning inter alia (European Parliament 2009a):

. simplified registration for nanomaterials manufactured or imported below one tonne,

. consideration of all nanomaterials as new substances,

. a chemical safety report with exposure assessment for all registered nanomaterials,

. notification requirements for all nanomaterials placed on the market on their own, in

preparations or in articles.
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3.1.3. Products regulations

3.1.3.1. Food regulation

Food regulation is now largely determined at EU level, and national food laws in EU Member
States generally implement decisions taken by EU authorities. The Regulation EC/178/2002
establishes the general principle of food law. The legal responsibility for ensuring food
safety lies with food business operators, but EU law authorizes regulators to use oversight
mechanisms such as pre-market review, positive and negative lists, post-market
surveillance and labelling in certain product categories. Working closely with national
authorities, the European Food Safety Agency performs two functions, which are the
provision of independent scientific advice to risk management and the communication of
food-related risks.

In its review of regulatory aspects of nanomaterials, the Commission concludes that in
general, EU food and feed legislation contains the necessary provisions to address safety
concerns related to nanomaterials. However, EU institutions are considering necessary
adjustments to existing regulations in order to close potential gaps in the regulatory
coverage of nanomaterials (see also European Parliament 2009a). The tools in food
regulation differ in terms of the use of positive lists of authorized substances (Food contact
materials, additives, supplements), but also with regard to explicit or implicit references to
nanotechnology and nanomaterials. To address potential differences between authorised
substances in nanoform and in bulk form, some statues have recently been adjusted to
take into account factors such as particle size or the use of nanotechnology (regulations on
enzymes and additives). More such adjustments are going on (novel food).

The Novel Foods Regulation (EC/258/97) applies to foods and food ingredients not
consumed in the EU before 15 May 1997 and establishes a legal requirement for all novel
foods to be approved before they are introduced to the market (pre-market control, food
producers need to submit a safety assessment). Several categories are listed under which a
food can be considered as “novel”. In its existing formulation, which is currently under
review, the regulation does not explicitly mention nanotechnology or particle size as a
relevant criterion. In January 2008, the European Commission adopted a proposal that
would readjust the scope of the novel food legislation including new technologies derived
from nanosciences (CEC 2008c). In March 2009, the European Parliament voted on the
novel foods proposal at first reading. The parliament endorsed the principles of the
proposal and urged the Commission to introduce mandatory labelling of nanomaterials in
the list of ingredients, and to include a definition of nanomaterials (European Parliament
2009b).

The European Parliament’s proposal includes a definition for the term “engineered
nanomaterial” (see also chapter 1.3.2, Annex I). Many of the amendments proposed by the
parliament have been incorporated into the Council position that was adopted at first
reading in March 2010 (CEC 2010). The Commission is considering the EP’s request for the
systematic labelling of all food containing nanomaterials with a favourable disposition. An
amended novel foods regulation may require approval of nano-specific test methods before
foods produced with nanotechnologies can be assessed or authorized for sale. This
regulation could thus slow the commercialisation of nano-enabled foods in the EU (Breggin
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et al. 2009). The European Council’s own version, which was agreed in June 2009, however
does not explicitly make authorisation of food produced using nanotechnologies conditional
upon the development of such test methodologies (European Council 2009). Discussions
continue as part of the second reading (European Parliament 2010a).

The new regulation on a common authorization procedure for food additives, enzymes and
food flavourings (EC/1331/2008) stipulates that enzymes, additives and flavourings “must
not be placed on the market or used in foodstuff [..] unless they are included on a
Community list of authorized substances”.

The new food additive regulation (EC/1333/2008), which was also published in December
2008, explicitly mentions nanotechnology. Article 12 on “Changes in the production process
or starting material of a food additive already included in a Community list" states:

“"When a food additive is already included in a Community list and there is a significant
change in its production methods or in the starting materials used, or there is a change in
particle size, for example through nanotechnology, the food additive prepared by those new
methods or materials shall be considered as a different additive and a new entry in the
Community list or a change in the specifications shall be required before it can be placed on
the market.”

According to the regulation for food enzymes (EC/1332/2008) food enzymes should only be
approved if they are safe and if they fulfil a technological need. A safety assessment has to
be carried out before the authorization of a specific enzyme. Enzymes that are already
authorised but are produced by a “significantly different” method that involves, for
instance, a “change in a particle size” are subject to an additional evaluation. The
regulation on food flavourings (EC/1334/2008) does not make any specific references to
particle size or nanotechnology as a criterion for safety assessments.

All food contact materials and articles, including food-packaging, but also cooking utensils,
food processing and transport equipment, are regulated by framework regulation
EC/1935/2004. In principle, manufacturers are responsible for ensuring that food contact
materials are safe and that they do not transfer constituent substances to foodstuffs under
normal or foreseeable conditions of use in a way that endangers human health, or bring
about an unacceptable change in the composition of the food, or cause a deterioration in
the organoleptic characteristics of the food (i.e. taste, colour, odour and texture). The Food
Contact Material Regulation also establishes special restrictions on “active” and “intelligent”
food contact materials. These materials can be subject to an authorization and a safety
evaluation under other regulations, such as the Novel Food, Flavouring, or Additive
Regulations, if they fall within the scope of those regulations. For example, if a component
released by an active material changes the composition of food so that the component is a
food additive, that component cannot be used unless it is included on the list of approved
additives.

Labelling requirements for food products is an example for a post-market regulatory tool.

The presentation, advertising, and labelling of foodstuffs is regulated by Directive
2000/13/EC, which requires labelling of a variety of information, including ingredients,
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durability, net quantity and storage condition. Article 4, Section 3 of the Directive also
stipulates that the food product should include information on “the physical condition of the
foodstuff or the specific treatment which it has undergone (e.g. powdered, freeze-dried,
deep-frozen, concentrated, smoked) in all cases where omission of such information could
create confusion in the mind of the purchaser”. In addition, more specific labelling
requirements apply to products with health and nutrition claims, mineral waters, dietetic
and weight reduction foods, foods for special medical purposes, vitamins and minerals, and
food supplements.

While there is no general labelling requirement for nanomaterials in food, specific
requirements may apply to certain categories of food products, e.g. where nanomaterials in
food are considered to be novel foods. Current regulatory rules and practice in the EU thus
point to a selective approach to labelling, but the European Parliament issued a call for a
more comprehensive labelling system in its 25 March 2009 vote on the Commission
proposal for a revised Novel Foods Regulation. It remains to be seen whether the final
compromise between the European Council and European Parliament adopts the latter’s
preference for a general nhanomaterials labelling regime for food (Breggin et al. 2009).

3.1.3.2. Cosmetics regulation

The adoption of the new Regulation EC/1223/2009 on cosmetic products published in
December 2009 changes the regulation of nanomaterials in cosmetics in Europe. In
contrast to the former cosmetic directive, the regulatory authority over cosmetics was
centralized at the EU level, because the regulation is directly applicable and legally binding
in the Member States. The Cosmetics Regulation is the first EU legislation that dedicates an
entire Article (16) to nanomaterials. Paragraph 1 of Article 16 explicitly states that for
every product that contains nanomaterials, "a high level of protection of human health"
shall be ensured. For this purpose, the regulation contains specific guidelines on safety
assessments and the cosmetic product safety report, which are obligatory for all
manufacturers. For the exposure evaluation of a cosmetic product, the manufacturer must
pay particular consideration to "any possible impacts on exposure due to particle size".
With regard to the toxicological profile of a product, particular consideration must be given
to particle sizes and nanomaterials, as well as to the interaction of substances (Annex I,
Paragraphs 6 and 8).

In addition to these requirements, the regulation stipulates that prior to placing a cosmetic
product on the market, the responsible person must notify the Commission of "the
presence of substances in the form of nanomaterials" and their identification including the
chemical name (IUPAC) and other descriptors as specified in paragraph 2 of the Preamble
to Annexes II to VI. It also creates a greater legal certainty with regard to the coverage of
nanomaterials by explicitly mentioning them. It defines such materials (see also Annex 1).
Article 19 establishes a general labelling requirement for nanomaterials in cosmetic
products: "All ingredients present in the form of nanomaterials shall be clearly indicated in
the list of ingredients. The names of such ingredients shall be followed by the word 'nano’
in brackets."
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These new provisions are expected to strengthen market surveillance. In addition, the
regulation stipulates that the European Commission shall make publicly available "a
catalogue of all nanomaterials used in cosmetic products, including those used as colorants,
UV filters and preservatives in a separate section, placed on the market, indicating the
categories of cosmetic products and the reasonably foreseeable exposure conditions"
(Article 16 Paragraph 10(a)).

In summary, the cosmetics regulation expands pre-market regulation of products
containing nanomaterials including notification, but not the authorisation of their use. In
addition post-market tools were established (e.g. good manufacturing practices, labelling,
recalls). As in other regulatory contexts, the EU has adopted an approach based on case-
by-case risk assessment of hanomaterials.

3.1.3.3. Medical device regulation

A “medical device” is defined in the Medical Devices Directive-MDD (93/42/EEC) as any
instrument, apparatus, appliance, material or other article, whether used alone or in
combination, including software necessary for its proper application intended by the
manufacturer to be used for human beings for the purpose of:

. diagnosis, prevention, monitoring, treatment or alleviation of disease,

. diagnosis, monitoring, treatment, alleviation of or compensation for an injury or
handicap,

. investigation, replacement or modification of the anatomy or of a physiological
process,

o control of conception,

and which does not achieve its principal intended action in or on the human body by
pharmacological, immunological or metabolic means, but which may be assisted in its
function by such means.

This definition covers an extremely wide range of products, including, for example first aid
bandages, prostheses, X-ray equipment, Electrocardiographs, heart valves or dental
materials.

All medical devices must meet the applicable “essential requirements” on safety,
performance and labelling as outlined in Annex I of the Directive. As regards medical
devices, “Commission services will examine the possibility to make the placing on the
market of devices presenting risks associated with nanomaterials subject to a systematic
pre-market intervention” (Precautionary principle, CEC 2008a).

For the regulatory practice, a medical device has to be distinguished from a medicinal

product, which is defined in article 1 of the directive 2001/83/EC:

. any substance or combination of substances presented as having properties for
treating or preventing disease in human beings;

or

o any substance or combination of substances which may be used in or administered to
human beings either with a view to restoring, correcting or modifying physiological
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functions by exerting a pharmacological, immunological or metabolic action, or to
making a medical diagnosis

In order to determine whether a product is a device or a medicine, the legal definitions of
both need to be considered, along with the claims for the product, the mode of action on
the human body and intended purpose of the product. Nanomedicinal products, however,
may exhibit a complex mechanism of action combining mechanical, chemical,
pharmacological and immunological properties and combining diagnostic and therapeutic
functions. These novel applications of nanotechnology will span the regulatory boundaries
between medicinal products and medical devices. Important problems result for the non-
uniform legal practice concerning borderline products in terms of their conform
classification to existing law. For this purpose a medical devices expert group on borderline
and classification was established.

The European regulatory system for medicinal products offers specific routes for authorising
medicinal products. But there are also no specific rules for risks related with nanomaterials
(CEC 2008a). The Committee for Medicinal Products for Human Use (CHMP) of the
European Medicines Agency has produced a reflection paper on nanotechnology-based
medicinal products for human use. According to this paper, the evaluation and prevention
of potential hazards related to the use of any given “nanomedicinal” product is already
foreseen under the existing EU pharmaceutical legislation. Additional specialised expertise
may be required for the evaluation of the quality, safety, efficacy and risk management of
such nanomedicinal products (CEC 2008a).

3.1.3.4. Pesticides and biocidal products regulation

Pesticides fall under the Plant Protection Product Directive (91/414/EEC), which includes a
positive list of approved substances. Substances can be included on this list, if they will be
subjected to toxicological and ecotoxicological tests.

Nanomaterials are not explicitly mentioned in the new Regulation EC/1107/2009 concerning
the placing of plant protection products on the market, which currently repeals the directive
91/414/EEC and which shall apply from 14 June 2011. In addition, there are no specific
labelling provisions besides the general regulations for chemicals. Nanoscale forms of plant
protection products don't need an update of the authorization, if bulk forms are already
approved.

Also the active substances of biocidal products are subjected to authorisation in a positive
list according to the Biocidal Product Directive (98/8/EC). A biocidal product is any
substance which is used to control or kill harmful organisms, such as bacteria, fungi,
moulds and yeasts. Sterilisers and disinfectants are good examples of a biocidal product.
The Biocides Directive requires the authorisation of a wide range of biocide products
(including disinfectants, preservatives and a number of other specialist products) as well as
non-agricultural pesticides (wood preservatives, public hygiene insecticides, rodenticides,
surface biocides and antifouling paints). Only biocidal products which contain an active
substance which is listed on Annex I of the Directive will be authorized for use.
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In the Commission’s proposal for a regulation concerning the placing on the market and
use of biocidal products, intended to repeal and replace the current Directive 98/8/EC,
active substances at the nanoscale are implicitly included in the term “active substances”
(CEC 2009b). Specific regulations for nanomaterials are not provided in this proposal
whereas the EU Parliament included biocides in the requirements for nanospecific
regulations (European Parliament 2009a). In contrast to the Commission's proposal, the
recently published report of the European Parliament and of the Council on this proposal
includes several amendments regarding nanomaterials. A definition was proposed for the
term "“nanomaterial” (see also chapter 1.3.2). It was further stated that “where
nanomaterials are used ... the risk to the environment and to health has been assessed
separately” and “based on current knowledge or lack thereof, a biocidal product containing
nanomaterials disqualifies as low-risk” (European Parliament 2010b).

Based on the above, current technical notes for guidance (on data requirements, risk
assessment and decision making) would need to be amended in order to properly address
risks of nanomaterials in biocidal and plant protection products.

3.1.4. Worker protection and environmental protection regulation

3.1.4.1. Worker protection regulation:

The most important regulation in the area of occupational health and safety at work is the
Framework Directive 89/391/EEC on the introduction of measures to encourage
improvements in the safety and health of workers. This Directive places a number of
obligations on employers to take measures necessary for the safety and health protection
of workers. Prevention and protection principles are listed in the Directive. The planning
and introduction of new technologies must be subject to consultation with the workers or
their representatives. The directive furthermore contains various provisions regarding
worker information and consultation and participation of workers in discussions on all
questions relating to safety and health at work. In addition, the directive provides for the
possibility to adopt individual directives laying down more specific provisions with respect
to particular aspects of safety and health.

In general, the Directive applies to most occupational risks including those arising from the
presence of nanomaterials at the workplace. But the requirements of the Framework
Directive and the daughter Directives do not explicitly mention nanomaterials and
nanotechnologies. In implementing the EU occupational safety and health directives, the
Member States may introduce more strict requirements at national level.

In the resolution the European Parliament calls specifically on the Commission to evaluate

the need to review worker protection legislation concerning inter alia:

3 the use of nanomaterials only in closed systems or in other ways that exclude
exposure of workers as long as it is not possible to reliably detect and control
exposure,

o a clear assignment of liability to producers and employers arising from the use of
nanomaterials,
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. whether all exposure routes (inhalation, dermal and other) are addressed;

Furthermore, the European Parliament underlines the importance for the Commission
and/or Member States to ensure full compliance with, and enforcement of, the principles of
Community legislation on the health and safety of workers when dealing with
nanomaterials, including adequate training for health and safety specialists, to prevent
potentially harmful exposure to nanomaterials (European Parliament 2009a).

3.1.4.2. Installations regulation:

The Directive (2008/1/EC) concerning integrated pollution prevention and control (“IPPC
Directive”) covers approximately 52,000 industrial installations across the EU and requires
installations falling under its scope to operate in accordance with permits including emission
limit values based on the application of best available techniques (BAT). In principle, the
IPPC Directive could be used to control environmental impacts of nanomaterials at IPPC
installations through the inclusion of such considerations into the Commission's BAT
Reference Document process (CEC 2008a).

The Seveso Il Directive (96/82/EC) applies to establishments where named dangerous
substances are present above specific quantities (or thresholds). It imposes a general
obligation on operators to take all measures necessary to prevent major accidents and to
limit their consequences for man and the environment. If certain nanomaterials are found
to demonstrate a major accident hazard, they may be categorised, together with
appropriate thresholds, in the context of the Directive (CEC 2008a).

3.1.4.3. Water and Air regulation:

The Water Framework Directive (2000/60/EC) sets common principles for action to improve
the aquatic environment and to progressively reduce the pollution from priority substances
and phasing out emissions, discharges and losses of priority hazardous substances to
water. A list of 33 priority substances has been established in 2001. According to the
Commission (CEC 2008a) nanomaterials could be included among the Priority Substances
depending on their hazardous properties. Environment Quality Standards would in these
cases be proposed by the Commission. For groundwater, Member States will have to
establish quality standards for pollutants representing a risk, in which case nanomaterials
may also be included.

The European Parliament calls specifically on the Commission to evaluate the need to
review emission limit values and environmental quality standards in air and water
legislation to supplement the mass-based measurements by metrics based on particle
number and/or surface to adequately address nanomaterials (European Parliament 2009a)

3.1.4.4. Waste regulation:

Directive 2006/12/EC on waste sets the general framework and imposes an obligation on
Member States to ensure that waste treatment does not adversely affect health and the
environment. The hazardous waste Directive (91/689/EEC) defines which wastes are
hazardous and lays down stricter provisions. Hazardous waste must be characterised by
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certain properties set out in an Annex to the Directive and feature on the European Waste
List as hazardous. Wastes containing nanomaterials could be classified as hazardous, if the
nanomaterials displays relevant properties which render the waste hazardous.

Specific legislation has been adopted to deal with particular waste streams e.g. electrical
and electronic equipment, end of life vehicles, packaging and packaging materials, as well
as batteries. There are also regulations concerning specific waste treatment processes,
such as incineration and Ilandfill. In the Communication from the Commission on
“Regulatory Aspects of Nanomaterials” it was stated that current EU waste legislation
includes requirements for the management of specific waste materials that may contain
nanomaterials whilst not explicitly addressing the risks of nanomaterials. In principle,
appropriate action can be proposed or implemented under the current legislative
framework. Similarly, action can be taken by Member States in implementing current
provisions in the framework of national policies

In contrast the European Parliament calls specifically on the Commission to evaluate the
need to review waste legislation concerning inter alia:

. a separate entry for nanomaterials in the list of waste established by a Council
Decision in 2001 having regard to Council Directive (91/689/EEC) on hazardous
waste,

. a revision of the waste acceptance criteria in landfills,

o a revision of relevant emission limit values for waste incineration to supplement the

mass-based measurements by metrics based on particle number and/or surface
(European Parliament 2009a).

3.2. Further possible regulatory measures

3.2.1. Register

Many participants in the recent debate on nanomaterials regulation demand a register,
either for nanomaterials themselves, for products containing nanomaterials, or both, on the
EU level. The European Parliament in its resolution of April 2009 called on the Commission
“to compile before June 2011 an inventory of the different types and uses of nanomaterials
on the European market, while respecting justified commercial secrets such as recipes, and
to make this inventory publicly available ...” The Belgian EU presidency in September 2010
proposed “to develop harmonized compulsory databases of nanomaterials and products
containing nanomaterials” that are intended to be the base for traceability, market
surveillance, gaining knowledge for better risk prevention and for the improvement of the
legislative framework; and at the same time in their design take into account the need for
providing information to the citizens, workers and consumers regarding nanomaterials and
products containing nanomaterials as well as the industry's need for data protection.

Some member states have already introduced legislation that supports this request, or are
performing feasibility studies. France, in its so-called Grenelle II Act adopted on 29 June
2010 introduced a notification scheme for nanoparticulate substances and its applications
where information is gathered that shall be made available to both authorities and the
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general public® (Grenelle II Law 2010). The German Federal Environmental Agency has
commissioned a legal feasibility study on the introduction of a nanoproduct register in
Germany whose results were published in May 2010 (Hermann and Mdller 2010).

The rationale behind a register is to collect information on new nanomaterials and/or on
products containing nanomaterials in order to fill a need for more (detailed) information on
materials and products that are put on the market but not sufficiently documented in the
course of existing regulations. Registers are usually intended to enable clear identification
any nanomaterials, intermediates or finished products placed on the market, and of their
respective of producers, importers and distributors. Register concepts recently discussed
can be distinguished by three criteria:

e Registers for use by public authorities and publicly available registers

e Registers for materials and intermediates, and registers for (consumer) products

e Voluntary and mandatory registers

They differ in purpose of the register and in addressees of the collected data.

Many of the existing approaches for registers aim at informing the public authorities to
better enable them to cope with risk management issues such as worker protection,
occupational health or consumer protection. In this context, the collected materials data
should be used to provide indications for potential hazards and possible exposure of human
and the environment. For risk management purpose not only the amount of the used
material is of relevance, and where it is used, but also information on their physical,
chemical and biological properties as well as their possible adverse effects on human and
the environment, like reactivity, toxicity, persistence, etc. (see chapter 3). These data on a
specific nanomaterial are, in principle, comparable to the dataset that has to provided in
the course of a REACH registration. But in order to assess the possible exposure to
nanomaterials, such registers do also ask for information of the application of
nanomaterials e.g. in which products nanomaterials are used and in which form.

Another approach for a register focuses on providing information on products containing
nanomaterials for the general public. Rationale behind this type of register is that
consumers should have the opportunity to inform themselves about whether the products
they use contain nanomaterials, in which form, and in which amount, and to enable them
to make an informed choice in their purchases. Since consumers are usually not experts in
nanoscience, the information must be sufficient simple and well understandable. Databases
for that purposes generally do not need to contain detailed physical or chemical properties
of the materials used.

Many calls for a nano-register do not clearly differentiate between publicly available
registers and registers for use by public authorities and between registers for

8 “persons who manufacture, import or distribute nanoparticulate substances, in the form of nanoparticles or
contained in unbounded mixtures, or materials designed to discharge such substances under normal or reasonably
expected conditions of use, shall periodical declare to the administrative authority, for the purposes of traceability
and public information, the identity, quantities and applications of these substances, as well as the identity of the
professional users to whom they have been sold either for payment or free of charge. (...) The information relating
to the identity and applications of the substances thereby declared shall be made available to the public.”
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nanomaterials and registers for “nanoproducts”. Some proponents even advocate “all-in-
one” solutions. But ignoring these distinctions might provoke resistance among
stakeholders. A number of enterprises, e.g., fear that the disclosure of detailed information
on nanomaterials they produce or use in order to manufacture products makes sensitive
and commercially valuable information available to competitors. This is one reason why
industry is reluctant regarding a public register of nanomaterials. A register for use by
public authorities only is likely to gain greater backing since industry would easier accept to
deliver sensitive and detailed data if the data are handled confidentially.

Registers, regardless of their actual design, can be made mandatory or voluntary. First
regulatory initiatives, started in mid 2000s, in some countries included testing schemes for
voluntary reporting schemes that could have served as a basis for registers. Three
voluntary reporting schemes, and experiences with their implementation and compliance,
are discussed in more detail in the next paragraphs:

UK VOLUNTARY REPORTING SCHEME FOR ENGINEERED NANOSCALE MATERIALS by DEFRA

The ,Voluntary Reporting Scheme” was initially set up by the UK Department for

Environment, Food and Rural Affairs (DEFRA) as a 2-year trial initiative. Its aim was to

collect data on synthetic nanomaterials from producers, commercial users, research and

waste management. The scheme is characterised, on the one hand, by a narrow definition

of the material that should be covered:

“In summary, the focus of the scheme is materials that:

e are deliberately engineered (i.e. not natural or unintentional by-products of other
processes);

¢ have two or more dimensions broadly in the nanoscale; and

e are ‘free’ within any environmental media at any stage in a product’s life-cycle” (DEFRA
2006).”

Especially the last criterion of the definition offers room for interpretation. On the other
hand, an extensive amount of data is requested. For each material a form of 13 pages has
to be completed. Requested information is for example:

e Composition and structural formula of the substance, degree of purity (%), nature of
impurities, percentage of (significant) main impurities;

e Information about potential human health and environmental exposure pathways and
likelihood of exposure (11 questions on toxicological data, 9 questions on
ecotoxicological data);

e Information about agglomeration or aggregation, and deagglomeration and
disaggregation properties;

e Physical form of the material at 20°C and 101.3 kPa, melting point, boiling point, vapour
pressure, surface tension, water solubility, flammability, self ignition temperature.

In order to guaranty homogeneous results a guideline for the completion of these forms

was developed (DEFRA 2008). The collection of the data started in September 2006 and
was closed in September 2008. During this period, eleven forms have been submitted from
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industry and two from academia®. In June 2009 Defra announced on his website®: “...we are

currently reviewing the scheme in order to take a decision on a suitable way forward.”

NANOSCALE MATERIALS STEWARDSHIP PROGRAMME BY EPA

In January 2008, the Office of Pollution Prevention and Toxics Department of the
Environmental Protection Agency (EPA) in the US launched the "“Nanoscale Materials
Stewardship Program”. Within this programme, US enterprises producing, importing or
using nanomaterials are requested to deliver voluntary information on these materials. This
information should cover physical and chemical properties, use, potential of possible
hazards, routes of exposure, and risk management measures.

Subject of the programme were all “engineered nanoscale materials” which are, according
to the programme: “any particle, substance, or material that has been engineered to have
one or more dimensions in the nanoscale”, where “nanoscale” is defined as “the size range
between the atomic/molecular state and the bulk/macro state. This is generally, but not
exclusively, below 100 nm and above 1 nm.” (EPA 2007)

Although this definition of the nanoscale takes up the conventional size range from one to
hundred nm, the addition of “generally but not exclusively” opens up considerable room for
interpretation.

Until December 2008, 29 U.S. enterprises delivered information on 123 nanomaterials,
consisting of 58 different chemicals. However, only a few enterprises delivered a complete
data set. Most of the materials reported are used in research and development. Similar to
existing REACH regulation, in the U.S. law that regulates the introduction of new or already
existing chemicals (the Toxic Substances Control Act (TSCA)), materials are registered by
their elementary composition and molecular structure. Therefore, nanomaterials are not
included separately. However, 18 “new” materials could have been identified within this
program. EPA extrapolated, by cross-checking the data-base on nanomaterials of Nanowerk
and the consumer products data base of the PEN Project on Emerging Nanotechnologies,
that around 1300 nanomaterials should have been placed on the market. On the
background of this estimate, the 123 nanomaterials which have actually been reported
within the program seem to be only a tiny part of all existing nanomaterials. But comparing
this number to the Swiss inventory (see below), which identified 20 types of nanoparticles,
this appears to be a rather high number. Regarding the disclosure of the information on the
materials it has to be mentioned that the data on the materials are only published if the
enterprises agreed.

~SWISS NANO-INVENTORY” — AN ASSESSMENT OF THE USAGE OF NANOPARTICLES IN
THE SWISS INDUSTRY BY IST

Between 2005 and 2007, a survey has been performed in order to assess the extent of use
and importance of nanoparticles in the Swiss industry (Schmid & Riediker 2008). In
addition, the ,Institute universitaire romand de Santé au Travail” (IST) investigated the
need and possible measures for occupational health and environmental issues. They use a
different definition for nanoparticles as it was used for the UK Voluntary Reporting Scheme:
“a) All nanoparticles according to the ISO nomenclature TS 27687:2007 .

° http://www.defra.gov.uk/environment/quality/nanotech/policy.htm
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b) All particles with mean diameter between 100 to 1000 nm were assumed to contain
nanoparticles, unless there was concrete information about the size distribution and the
stability of aggregates.

c) Agglomerates of nanoparticles with unclear information about the potential liberation of
primary particles.

d) All nano-surface treatments applications as long as there was not a defined chemical
bottom up pathway purely based on polymerisation and proven not to result in particle or
droplet creation during the application.” (Schmid & Riediker 2008)

Especially b) and d) are significant extensions of common definitions of hanomaterials.

In a pilot study, 198 enterprises were interviewed by phone. For a subsequent survey, a
questionnaire was sent out to 1626 Swiss enterprises of different industrial sectors. The
return rate of 58% was remarkably high. On the basis of these responses, an extrapolation
for the entire industry estimated that about 0.6% of Swiss enterprises (about 500
companies) were producing or using nanoparticles. About 20 types of nanoparticles which
are at present used within Swiss industry were identified. SiO, and TiO, nanoparticles were
the two predominant types. Five particle types (iron oxides, TiO,, AlOs, Ag, carbon black)
were shown to be produced in higher amounts (kilo-tons per year). The study reveals that
also very small companies (>10 employers) could use large amounts of nanoparticles.

All three approaches presented above were based on different definitions of the material
which should be subject of the register. In addition, the different methodological
approaches result also in different outcomes concerning both data quality and amount. The
discrepancy between the number of nanomaterials which have been identified by the
Nanoscale Materials Stewardship Program and the Swiss inventory are striking and shows
that sound results could only achieved with a clear and harmonised definition. But the
definition of the material which should be subject of a register has to balance specificity
with manageability. A further success factor is the level of detail of the requested
information. The following reasons for the limited success of the UK reporting schemes
have been discussed (Morgan 2008) but are necessarily not restricted to this approach: Too
many objectives, too little focus; restricted resources of SMEs; producers do not know
whether the scheme applies to them; lacking clarity regarding the use of data; unclear
incentives for enterprises. All three approaches show that there is a significant amount of
advisory service necessary in order to inform and help enterprises to complete the forms
comprehensively and correctly.

As a consequence of these pilot projects, a number of stakeholders and regulators argue
that voluntary schemes should be abandoned in favour of mandatory registers. Clearly,
mandatory schemes would ensure a greater participation by affected parties. But at the
same time, the introduction of a mandatory register would put higher burden on industries
concerned, and pose similar challenges which have already been discussed in section 3.1
regarding existing and future regulations of nanomaterials. It would need to provide a clear
and functional definition of the subject of registration (nanomaterial, nanoproduct). Since
such a register would have to bridge different sectors and therefore to be in accordance
with different product specific regulations such as the regulation on cosmetics, on food and
food additives, pesticides etc., the need for a harmonized and enforceable framing of the
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regulatory subject would increase. In addition, it has to conform to several further
regulatory regimes, such as REACH and occupational health.

3.2.2. Codes of Conduct

In order to address the concerns that handling of nanomaterials bears additional risks
which are not covered sufficiently by existing safety measures, there have been several
attempts to implement soft law measures like “code of conducts”. Codes are commonly
used to coordinate action on voluntary basis and have been proven as effective
complementary approach to hard law in specific cases. At present, there are a number of
codes of conduct on nanotechnology that might affect EU entities. They differ mainly with
regard to addressees and scope. But they have in common to elaborate guidelines to deal
with new risks, which extent and magnitude is not known at present. Although to commit
to the guidelines or principles is voluntary, the rationale behind Codes of Conduct is that an
enterprise or an organisation which adopts the code can demonstrate safe handling of
nanomaterials. In addition, a broadly accepted code might also support the implementation
of these principles within the organisation.

EU-CODE OF CONDUCT FOR RESPONSIBLE NANOSCIENCE AND NANOTECHNOLOGIES
(N&N) RESEARCH

The code of the European Commission is addressed to Member States, industry,
universities, funding organisations, and researchers. The code is focussed on research. The
commitment to the code is voluntary. The code is characterised by mostly general and non
nano-specific principles. But the commitment to these principles would have fare reaching
consequences, if taken seriously. The most contested principle might be principle 3.7:
“Researchers and research organisations should remain accountable for the social,
environmental and human health impacts that their N&N research may impose on present
and future generations” (CEC 2008b).

Because the principles are of general character, there is lot of space for interpretation. The
code does not contain advices, guidelines, checklists, indicators or any other suggestions
regarding the operationalisation and the implementation of the code. The code is adopted
by the European Commission. The Commission claims that the code serves as guideline for
research policy in nanotechnology. It is requesting that the Member States adopt and
implement the code. At the moment no measures for checking the compliance with the
code or for enforcement of non-compliance were proposed. At present it is unclear how the
implementation by the Member States will be coordinated, in order to avoid an
unacceptable variety of interpretations of the principles. In January 2010 the Commission
has launched a research project, NanoCode (http://www.nanocode.eu) aiming at exploring
possible path of implementation and its coordination among the member states.

CODE OF CONDUCT FOR RESPONSIBLE NANOTECHNOLOGY ("RESPONSIBLE NANOCODE")
In 2006, the Royal Society, Insight Investment, the Nanotechnology Industries Association
(NIA), and later Nanotechnology Knowledge Transfer Network (Nano KTN) have created a
working group to develop a code of conduct related to nanotechnology for industries.
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The code is based on seven principles and a series of examples of good practice. The
commitment to the code is voluntary. The code is addressed to industries and is focused on
responsible production of nanomaterials and products. After refinement, the code (the
seven principles including a list of indicators for good practice for each principle) has been
open to public consultation (Autumn 2007). In an update paper in 2008, examples of best
practice are finalised. In 2008, a sub group has developed a procedure for a benchmarking
process. Because the code does not include a kind of certification or organises a verification
process, it is not known if and how many enterprises have adopted this code. Furthermore
there is no procedure to verify if a company, which has committed itself to the code,
follows its principles. A benchmarking process was planned for 2009 (Nanowerk 2008), but
information on its outcomes have not become available so far.

IG-DHS CODE OF CONDUCT NANOTECHNOLOGY

The Interessengemeinschaft Detailhandel Schweiz (IG-DHS, Syndicate of Swiss retailers) is
a union of the six biggest retailers in Switzerland. Together they are clearly dominating the
market. The code is an agreement among the members of the syndicate. It is characterised
by a call for information from enterprises operating upstream in the value chain: producers
and suppliers. This request for information is rather extensive. The producers and suppliers
have to declare whether a product contains nanomaterials. They should explain the benefit
of the nanomaterial in use as compared to traditional materials. Furthermore, they should
specify the effects of the nanomaterial, its technical specification and possible hazards,
which may be related to its use. In addition, producers and suppliers are requested to
present their risk management and workers’ safety strategies related to nanotechnology
(IG DHS 2008). Due to the market power of the syndicate, this code is expected to have a
strong impact on upstream industries.

RESPONSIBLE CARE

From a regulatory perspective, the Responsible Care (http://www.responsiblecare.org)
initiative could be compared with a Code of Conduct. Originally developed by the
International Council of Chemical Associations (ICCA), Responsible Care is an overall
approach by the chemical industry to demonstrate corporate responsibility (ICCA 2008;
Renn et al. 2009). It has been developed and modified since 1985. The Responsible Care
Global Charter was adopted in October 2004 and launched in February 2006. It promotes
six general principles with a scope for interpretation similar to the EU Code. The
Responsible Care initiative encourages the development of specific codes, including one on
nanomaterials, but in the Responsible Care Charter nanomaterials are not mentioned
explicitly. According to the initiators, the Charter covers nanomaterials adequately. The
ICCA provides guidelines, indicators for evaluation, and checklists to help companies to
meet their commitments. It also defines procedures for verifying whether member
companies have implemented the elements of RC. Enterprises have to deliver verification of
the implementation of the principles biannually. At present, the charter has been adopted
by 67 of the 110 largest chemical companies covering 53 countries.

BASF CODE OF CONDUCT NANOTECHNOLOGY

The BASF Code of Conduct was developed by the company during 2004. It is an internal
code addressing practices in one of the largest chemical companies in the world. The scope
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of the code is the responsible and safe production of nanomaterial as well as open and
transparent communication (BASF 2008). It is linked to its corporate identity and the
Responsible Care initiative (see above). As a result of the code, a “Guide to safe
manufacture and for active involving nanoparticles at workplaces in BASF AG” was
developed (BASF 2006). Furthermore, BASF decided to indicate nanoparticles in the safety
data sheet, although other enterprises do not reciprocate. In the safety data sheet,
downstream users and customers can find detailed information on properties, possible
hazards of the purchased material and guidelines of handling. BASF is still committed to its
code.

Codes of conduct differ in addressees and focus. However, this variety may lead to a
mutual impediment. Industries who already have adopted the Responsible Care charter, for
example, might have little incentives to adopt one of the other Codes of Conduct on
nanotechnology. It is widely criticised that Codes of Conducts are too general and “empty”,
hence leaving too much room for interpretation. Therefore, their directive character is
limited. An alternative would be to address concrete issues case by case and work out
agreements in order to handle them. The case of the Code of Conduct of the IG-DHS is
somewhat different. Here it is obvious that framework settings (market power) are
essentially related to the effectiveness of the governance approach. For industry, there
could be several reasons for committing to a code: The chemical industry fears distrust of
consumers - which could be traced back to times were accidents and growth of ecological
knowledge started questioning the benefit of the chemical industry. Further reasons are
ratings from the financial market and from corporate social responsibility watchdog bodies.
However, it is not given that codes meet the expectations of NGOs and substantially
change their critical attitudes towards activities of big industries. Official or independent
certifications or assessment systems could be more effective.

3.2.3. Labelling and certifications

Labelling of products containing nanomaterials or having been produced using

nanotechnology has proven to be a highly controversial issue in the debate on

nanotechnology regulation. Five main distinctions can be identified:

e Objects to be labelled: nanomaterials and nanointermediates sold for further
processing by (industrial) downstream users or consumer products,

e Scope: nanoparticles, manufactured particulate nanomaterials, nanomaterials, use of
nanotechnology in the manufacturing process, etc.;

e Purpose of labelling: product identification, information, advertising, warning, etc.;

e Content and presentation of labels: in the list of ingredients, separately on the front
side of the packaging, etc.;

e Binding force: voluntary or mandatory labelling.

Labelling of consumer products has gained the most attention. We will therefore focus on

issues related to this approach.

In its resolution of 24™ April 2009, the European Parliament called for a general labelling of

all consumer products (European Parliament 2009a): “all ingredients present in the form of
nanomaterials in substances, mixtures or articles should be clearly indicated in the labelling
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of the product.” In the cosmetics regulation (EC/1223/2009), these product labelling
requirement for nanomaterials have already been implemented. According to article 19 of
the regulation, "all ingredients present in the form of nanomaterials shall be clearly
indicated in the list of ingredients. The names of such ingredients shall be followed by the
word 'nano' in brackets."

Despite the fact that the EU regulates labelling of several types of consumer products, no
other regulation currently requires product labels to indicate the presence of nanomaterials
or the use of nanotechnologies in its manufacturing process.

Labelling of consumer products which contain nanomaterials or which are produced using
nanotechnology remains highly contested among stakeholders. On the one hand, recent
surveys indicate that consumers would vote for a labelling. There are several consumer and
environmental protection organisations who have been calling for labelling products
containing nanomaterials such as Institute of Food Science & Technology (2006), Afsset
(2006), BUND (2008) or the International Center for Technology Assessment. Against the
background of the lack of nano-specific regulation in many areas, they argue that the
consumer has a “right to know” and must have the opportunity to make an informed
choice, e.g. between foods containing MPN and foods without. In addition, labelling could
become important as a means of building trust through increased transparency.

Others argue that labelling should not be used as a substitute for a comprehensive risk
assessment. Labels could be misleading, especially when failing to notify consumers about
product- and material-specific risks and benefits. Some stakeholders warn that a general
labelling could be costly way to inform consumers about the presence of materials most of
which will be most likely of little consequence to human health and the environment. Some
industries worry about potentially negative effects resulting from ill-designed product
labels. They are afraid that a ‘nano’-label could be misinterpreted by consumers and turn
into a ‘warning-label’. Another group maintains that labelling delegates the responsibility
for decisions regarding the use of “risky” substances to consumers and doubts whether this
it is an appropriate societal practice.

Part of the controvery might emenate from an unspecific framing of the labelling concept.
What should be labelled? How? For what reason? And with what purpose? Considering
labelling for consumer products one has to take into account that the use of nanomaterials
in product covers very different nanomaterial forms. It could be bulk material which is
nano-structured such as in nano-foams or aerogels. In the components of electronic
devices, nanomaterials might be used in the form of coatings or as particles which are used
in packaging materials of integrated circuits. Manufactured particulate nanomaterials, such
as powders of amorphous silica'®, are utilized as additional ingredients in food.

0 Amorphous silica, used as processing aid in food processing and ripple aid in food, is a good example for the
complexity of the labelling discussion. It mainly consists of SiO, agglomerates which have a mean diameter above
100 nm. Food industry therefore claims that these particles are not nanoparticles and therefore should not be
subject to labelling. In addition, synthetic amorphous silica has been approved for use in foodstuffs in the 1960s
as food additive E551. It has been used since with almost unchanged structure and particle size and therefore
could be considered as being safe. Others claim that since it may consist of primary particles of a diameter under
100 nm, and that there is a chance for deagglomeration, these products should be labelled.
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To add to the complexity, some structures naturally occurring in food products can be
considered as being nanoparticles!!. The question is whether - and how - they should be
included or excluded from regulation. Some well established food processing techniques
might change some of these nanostructures or may lead to the formation of nanoparticles.
It is open to dispute whether these nanoparticles are to be considered as “purposely
designed” or “engineered” or “intentionally produced”.

In a nutshell, consumer product labelling, especially when mandatory, faces the same
terminological and definitional problem like other regulations (see also chapter 1 and 3.1).
When the definition of the subjects to be labelled is too broad, the effect of the labelling
might be rather low because the role of a label as discriminator will be weakened. When
chosen too narrow, and especially when linked to materials properties, a variety of different
labelling schemes will need to be established that - most likely - will label the same
material in different applications differently and therefore lead to a number of procedural
and legal problems. Any attempt to develop a broader (mandatory) labelling scheme for
nanoproducts therefore should include a multi stakeholder forum that permits all affected
parties and civil society to introduce their respective proposals, justifications and concerns.
Science could support this process, but ultimately design and scope of labelling schemes
are political decisions.

Three additional points might partly overlap with the current labelling debates. The first one
is linked to the challenge of verifying the labelling claims or to enforce (non-)labelling
violations. At present, appropriate measurements techniques to determine and characterise
nanomaterials in products are largely missing. Some participants in the debate argue that
therefore any labelling scheme would be of low value since quality control mechanisms are
missing. But examples from the past have shown that analysis techniques could be
developed earlier than expected and even if enforcement presently is very difficult, the
thread of being convicted in the near future might be a risk too high to be taken for the
majority of businesses.

A second controversy is related to the notions of “risk based” versus “ethical” labelling.
Some consumer organisations argue that their labelling proposals are based not only on
safety concerns, but also on ethical considerations. Opponents doubt that these ethical
concerns could be sufficiently specified to design a labelling scheme, or those ethical
concerns themselves are legitimate reasons for introducing a mandatory labelling regime.

Thirdly, some developments that are connected to the discussion of labels as regulatory
instruments have gained a momentum of its own. Some companies have recently
introduced voluntary labelling in both positive (contains ...) and negative (free of ...) forms.
The validity of these labels is guaranteed by testing organisations through a certification
system. Three examples for these certifications are “Cenarios”, developed by the Swiss
consultancy “Innovationsgesellschaft” together with the German “TUV-SUD”, the German
“Hohenstein Quality Label for Nanotechnology in the Textiles Sector” and ,Nano-Inside".
The goals of and criteria for certification are different. While the CENARIOS certification
aims at risk management and is comparable to ISO 9000 or to an EMAS certification, the

1 e.g. micelles in milk
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main goal of the Hohenstein Label is to conquer the inflationary use of Nanotechnology for
advertisement purpose in the textiles sector. Nano Inside shares similar intentions like the
Hohenstein label but is not restricted to a certain field of application.

Although the impact of these certification schemes appears to be rather limited so far since
only few companies have applied for certification, a broader emergence of private labelling
schemes may lead to an increasingly complex and inconsistent set of labelling rules. This
might imply a number of new challenges. A growing variety of nano labels, based on
different criteria and aiming at different purposes (information, advertising, warning, etc.)
might be even more confusing for consumers than the already existing medley of “nano”
claims. It could raise doubts about the ability of industry and governments to develop
nanotechnology responsibly. In addition, it could complicate the marketing of nanoproducts
known to be reasonably safe and socially desirable, and affect international trade.
Therefore, attempts should be made to introduce an (internationally) coordinated approach
to labelling of nanomaterials and nanoproducts.
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4. OPTIONS FOR ACTION

After years of reluctance toward acknowledging that there might be limitations to the
existing regulatory regime of nanomaterials among many political decision makers,
regulatory agencies and industry representatives throughout Europe, a number of policy
and regulatory initiatives have recently been started. It would hardly be an exaggeration to
say that the European Parliament has played an important role in that process, especially
by addressing a number of open regulatory problems early on and by inviting discussions
on the earlier mainstream position.

To develop new regulatory approaches for intentionally produced nanomaterials is a
demanding task. A number of fundamental questions have accompanied this process, and
many of them appear to be still unanswered. This is partly due to a number of still unsolved
scientific problems and uncertainties as well as technical challenges, partly also due to
different normative perspectives that the plurality of decision makers and stakeholders
involved in the process have on regulation of chemicals and technologies, and the “right”
balance between a responsible development and safe use of nanomaterials. The latter
includes the protection of humans and environment on the one hand and the ability to
innovate and socioeconomic interests on the other.

To specify these challenges more precisely, a humber of key questions in the regulatory
discourse could be identified. Aspects of these questions are already discussed in the
preceding chapters of this report; some more will be addressed during the further course of
the project.

The first question is whether there is sufficient evidence to consider nanomaterials as being
different from bulk, especially in regulatory contexts. It is closely linked to the problem of
finding an adequate legal definition for nanomaterials in EU legislatory documents. A
number of definitions have been proposed by regulators, scientific committees and
standardisation organisations over the last few years. These numerous and sometimes
conflicting definitions, generally written from a scientific and not from a legal/regulatory
perspective, have led to competing framings and considerable confusion in regulatory
debates. The European Parliament might have contributed to this by using different
definitions in different pieces of legislation. One could even argue that uncertainties about a
sensible definition of nanomaterials — or the lack thereof - might have further complicated
the efforts to develop an effective regulatory policy for nanomaterials.

In the light of this debate, the Parliament could want to consider supporting the progress
towards a harmonised legal/regulatory definition of nanomaterials. Four arguments might
be helpful to assist this process:

e Legal definitions of nanomaterials have to describe the object of regulation sufficiently
precise to be clear to all parties affected by it. They have to consider practices of
production and application of nanomaterials as well as to be enforceable by the
responsible authorities.

e A legal definition of nanomaterials incorporates not only scientific and technological
knowledge (and its respective uncertainties), but also includes the results of policy
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choices and political decisions. It therefore should be science-based but does not
necessarily have to be identical to scientific definition(s) of the same term.

e The breath of the legal definition has to be matched with both the regulated artefact
and the regulatory goals. A legal definition of nanomaterials has to take into account
that these may occur in nature including in a number of natural products that are
consumed by humans, could be incidentally produced as results of various human
activities, or can be intentionally manufactured. This situation results in different hazard
assessments, diverse exposure scenarios and various starting points for regulatory
intervention, depending on the aims of the regulation. Meaningful regulation is limited
to human activities; therefore a legal definition of nanomaterials should focus on
manufactured nanomaterials.

e A legal definition of nanomaterials based on “new” properties occurring at the nanoscale
might be difficult to achieve. Therefore, a size range in which the most size-dependent
properties appear could serve as an appropriate, albeit imperfect, heuristic. Although
any choice of a size range would be imperfect with respect to certain regulatory goals,
since there are no direct, material-independent relations between size and “nanoscale
properties”, a size range from 1 nm to a value not below 100 nm might cover many
configurations of materials that give reasons for regulatory concern. For various
reasons, an upper size limit cannot directly be derived from scientific results but would
be the result of a balancing of goals and interests and therefore should be subject to
political decisions.

The second key challenge in the current debates on regulation of nanomaterials originates
from a conflict of two different regulatory approaches. One position can be - in a way
stylized - summarised as strongly precautionary-oriented, putting nanomaterials under
general suspicion because of their new properties and the limited knowledge about their
(potential) environmental, health and safety implications. In this approach, nanomaterials
are usually defined rather broad and a number of strong measures are proposed to
supervise and control the entire life cycle of nanomaterials or products containing
nanomaterials or being manufactured using nanotechnologies. Given the considerable
broadness of the definitions of nanomaterials and nanotechnologies, a large number of both
natural and artificial materials and products as well as various technological processes will
be affected by this regulation. Important questions to be discussed in connection with this
approach are: Do the regulatory agencies and other affected parties have sufficient
resources to implement and enforce this regulation? What are the implications of this
approach on existing and future social practices, technological innovation and economic
development? Are there mechanisms to “release” nanomaterials from that regulatory
regime, assumed they were proven to be “safe”? And how “safe” is safe enough to justify
this decision?

Another regulatory approach is closely linked to evidence from toxicological,
ecotoxicological and biological research. Its proponents argue that particularly (or solely)
those nanomaterials should be regulated that give rise to concerns regarding their EHS
implications, either because toxicological research has shown that a hazard exists or
because the physico-chemical properties of the nanomaterial allow to predict a certain
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hazard potential (e.g. when the nanomaterials exist in free form, are known to be insoluble,
biopersistent, etc.).

Both positions — in different ways - have to deal with profound limitations of the risk
assessment of nanomaterials. The methodology for the assessment of chemicals risks -
including, but not limited to nanomaterials — applied in most countries consists of four parts
- hazard identification, hazard assessment (including dose-response relationships),
exposure assessment, and risk characterization (see also chapter 2.1.). Each of these four
elements holds a number of limitations (elaborately discussed in chapter 2.3.3.) that are
not easily overcome:

The majority of nanotoxicological work done contributed to the field of hazard identification,
attempting to reveal the toxicity of MPNs in respect to type and nature. Toxicity testing
faces some intrinsic limitations; some of them can be overcome in future, others won't (cf.
chapter 2.4). There is evidence that some manufactured particulate nanomaterials (MPN)
may be hazardous to human health, depending on their characteristics. But it is currently
impossible to systematically link reported properties of MPN to the observed effects for
effective hazard identification. In addition, it is still under debate what the most relevant
endpoints are and how they are linked to systemic effects. Aside from this, one has to keep
in mind that for many nanomaterials, no toxicological studies have been performed so far.
This is especially the case for manufactured nanoobjects with only one external dimension
on the nanoscale (“nanoplates”), for engineered nanostructured materials and almost all
naturally occurring nanoparticles. The vast majority of researchers in nanotoxicology has
focused on particulate nanomaterials, either intentionally or incidentally produced by
human activity.

So far, only few studies claim to have observed a dose-response relationship for MPN, and
even in these cases it is still unclear whether a no-effect threshold can be established. To
establish causality between physico-chemical properties of MPN (which are potential access
points for measurement, regulation and enforcement) and an observed hazard for hazard
characterisation remains a challenging task. This is not least because of the lack of reliable
characterisation of the MPN used in earlier toxicological studies and the fact that related
measurement technologies partly still need to be developed.

A problem repeatedly discussed in this context is that so-called “no effect studies”, i.e.
nanotoxicological studies that have failed to show effects of MNP on various endpoints, to a
large extent remain unpublished. The reasons for that are manifold and span from
methodological challenges to limited opportunities and incentives for publication. Then
again, no effects studies are a valuable repository for hazard characterization and its
limited accessibility could be seen as a waste of scientific resources. Parliament could
therefore consider supporting the publication of these data by backing the provision of
funds for a database or a similar project. It might even consider making the publication of
no effect data mandatory when research projects on nanotoxicology have been supported
with EU funds.
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Exposure assessment of MPN faces similar problems of data availability. Some ‘proof of
principle’-studies have tried to assess consumer and environmental exposure to
nanomaterials, but assessments considering realistic exposure conditions are still missing.
Some institutions have begun to collect exposure data under realistic circumstances,
especially at the workplace. But the knowledge necessary for reliable exposure
assessments is bounded by difficulties in monitoring exposure to MPN in the workplace and
other environments, ignorance about the biological and environmental pathways of MPN,
missing knowledge about the release of MPN from products over their life cycle, and other
factors.

Hence, risk characterization that builds on hazard and exposure assessment is at this time
(and most probably in short- and medium-term) not feasible or certainly not scientifically
reasonable and only preliminary.

The situation described above might suggest that the risk assessment methodology as a
whole is inadequate to timely inform political decisions regarding the regulation of
nanomaterials, at least in the short- to medium-term. In the light of the various knowledge
gaps, it would need enormous efforts to perform valid and broadly accepted risk
assessments for specified nanomaterials. Whether these materials are considered
“reasonably safe” or “of high concern”, both claims will remain unproven for many years.
Moreover, its role and validity as justifications for regulatory strategies of these claims will
be contested. One might even argue that risk assessment methodology in general is not
appropriate for complex subjects like nanomaterials.

Therefore Parliament could consider supporting the development of a suitable risk
characterisation heuristic (mainly based on physico-chemical properties of nanomaterials
and plausible exposure scenarios) and its implementation, at least for a transition period, in
legislation already taking place. First concepts for such heuristics have been proposed, e.g.
in Germany and Switzerland, but their usability for regulatory purposes and possible needs
for further refinements still need to be discussed.

Another question still under debate is whether existing legislation can be - or should be -
adapted to MPN or whether a new regulatory framework for nanomaterials should be
developed. Most scholars and practitioners in regulatory law as well as most political
decision makers prefer a so-called incremental approach. They favor to adapt the existing
legal framework to enable nanotechnology regulation and amending it in order to deal with
the unintended implications of this technology. This approach has a number of challenges,
limitations and potential gaps since existing legislation is not designed to accommodate
some specific aspects of nanomaterials or nanotechnologies. A number of these aspects
have been briefly discussed in chapter 3 of this report, they are among others:

. developing a legal definition for nanomaterials;

. integration of nanomaterials into the REACH systematics and procedures, including
the development of suitable guidance documents;

o being able to identify and address the relevant adverse effects of the production, use

and disposal of nanomaterials and nanoproducts;
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. enabling appropriate integration of nano-specific aspects into existing pieces of
legislation for sectors, applications, products, or substances;
o covering borderline products (like medical devices or nanomedicinal products) that

cross different classic regulatory contexts and for whom regulators have additional
uncertainties for the regulatory coverage of emerging nanomaterials risks;
. finding adequate regulatory instruments;
. enforcing compliance with existing and emerging regulation.
These — and other — aspects need to be addressed as soon as possible for the incremental
approach to be successful and to go along with a responsible development and use of
nanomaterials and nanotechnology.

Some scholars as well as some stakeholders argue that the limitations of the incremental
approach are so serious that an entirely new regulatory framework for nanomaterials is
needed. But many voices do not further conceptualize this idea. Parliament could want to
consider commissioning a conceptual study project that develops a new regulatory
framework for nanotechnology, tests its feasibility and discusses its advantages and
disadvantages compared to the current incremental approach. This discussion could
become more urgent since various technology vision documents forecast the development
of future-generation nanomaterials, including active nanomaterials with overlapping
aspects of information technology, biotechnology and cognitive technologies. Although
these trends are difficult to foresee, regulators will have to monitor these developments
and therefore need both the (scientific and budgetary) resources and the regulatory
instruments for being able to answer with flexible responses.
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GLOSSARY AND ABBREVIATIONS

Acute exposure: High dose contact with a toxic substance that occurs once or only for a
short time (up to 14 days for humans).12

ADME: Absorption, Distribution, Metabolism, and Excretion

Alveoli: The alveoli are the final branches of the respiratory tree and act as the primary
gas exchange units of the lung.

Biopersistent: means that MPNs with this property are stable (no dissolving, degradation
or corrosion) in a biological environment like e.g. the lung.

CAS number: CAS numbers (officially CAS registry numbers, also CAS RNs or CAS #s) are
unique numerical designators for chemical elements, compounds, polymers, biological
sequences, mixtures and alloys. Chemical Abstracts Service (CAS), a division of the
American Chemical Society, assigns these designators to every chemical that has been
described in the scientific literature. CAS also maintains and sells a database of these
chemicals, known as the CAS registry, containing more than 55 million organic and
inorganic substances and 62 million sequences.

CASG Nano: Competent Authorities Subgroup on Nanomaterials

Chronic exposure: low dose contact with a toxic substance that occurs over a long time
periode (more than 1 year for humans).”.

CLP: Regulation EC/1272/2008 on Classification, Labelling and Packaging
CNT: Carbonanotubes

CoC: Code of Conduct

CSR: Corporate social responsibility

Cytotoxicity: is the degree to which a substance or noxe can damage cells.
DWCNT: Double walled carbon nanotubes

EC number: The European Commission Number (also EC number, EC-No and EC#) is the
seven-digit code that is assigned to chemical substances that are commercially available
within the European Union through EINECS; ELINCS or the NLP list. It is made up of seven
digits according to the pattern xxx-xxx-x. EINECS numbers start with a “2”; ELINCS
numbers with a "4” and NLP nhumbers with a “5” as the first digit.

ECHA: European Chemicals Agency
EFSA: European Food Safety Authority
EHS: Environmental Health and Safety

EINECS: European Inventory of Existing Commercial Chemical Substances (0.]. C 146A,
15.6.1990). EINECS lists all substances, excluding polymers, that were commercially
available in the EU from 1 January 1971 to 18 September 1981. EINECS is a definitive
inventory of substances exempt from notification that served, in the first instance,
community-wide as a legal tool for distinguishing “existing” from “new” chemicals.

ELINCS: European List of Notified Chemical Substances. ELINCS consists of all chemical
substances notified within the European Community after 18 September 1981 until 31st
May 2008. With the expiry of Council Directive 92/32/EEC of 30 April 1992 (amending for
the seventh time Directive 67/548/EEC on the approximation of the laws, regulations and
administrative provisions relating to the classification, packaging and labelling of dangerous
substances), the notification scheme was revoked and replaced by the REACh Regulation.

EMEA: European Medicines Agency

12 http://www.greenfacts.org/glossary/abc/index.htm
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Endpoints: are defined occurrences after an observation period of an experiment or study
that are biological indicators for interactions resulting in different biological effects (in vitro
assays) or a disease related outcome (in vivo studies).

Habitat: The area or natural environment where an organism or ecological system
normally lives.

Free radicals: are atoms or molecules containing unpaired electrons, therefore “free”
radicals. Electrons have a very strong tendency to be in a paired than an unpaired state.
Free radicals indiscriminately pick up electrons from other atoms, which in turn converts
those into secondary free radicals, thus setting up a chain reaction which can cause
substantial biological damage.

Functionalisation: is an action of surface modification of a material by bringing physical,
chemical or biological characteristics different from the ones originally found on the surface
of a material.

Genotoxicity: is the degree to which a substance or noxe can damage the cellular genetic
material (DNA) affecting its integrity.

GIT: Gastro intestinal tract

ICCA: International Council of Chemical Associations
IRGC: International Risk Governance Council

MNP: Manufactured Nanoparticles

MPN: Manufactured particulate nanomaterials
MWCNT: Multi walled carbon nanotubes

NLP: “No Longer Polymers”. In the EU Chemicals Regulation, the definition of the term
“polymer” was changed in the 7th amendment (92/32/EEC) of the Directive 67/548/EEC.
This change meant that some substances which were considered to be polymers under the
reporting rules when the European Inventory of Existing Commercial Chemical Substances
(EINECS) was being established were no longer considered to be polymers under the 7th
amendment. As all substances which were not present in the EINECS inventory were
notifiable, and since polymers were not reportable for EINECS, all “no-longer polymers”
should in theory be notified. In the adoption process of the 7th amendment in 1992,
however, the Council of Ministers made it clear that these no-longer polymers should not,
retrospectively, become subject to notification. The Commission was requested to draw up
a list of no-longer polymers. Substances to be included in this list have been on the EU
market between September 18, 1981, and October 31, 1993 and satisfy the requirement
that they were considered to be polymers under the reporting rules for EINECS but are no
longer considered to be polymers under the 7th amendment.

Noxe: (pl. noxae) Latin for pollutant; a toxic substance/chemical that exerts a harmful
effect on the human body or any other organism.13

Oxidative stress: is the imbalance between free radicals (also ROS) and antioxidants
production in a biological system. When the free radical concentration is increasing the
normal redox state of tissues is out of balance which can cause cellular effects

PEN: Project on Emerging Nanotechnologies
RC: Responsible Care

Reactive oxygen species (ROS): are chemically-reactive molecules like free radicals,
containing oxygen. Reactive oxygen species are highly reactive due to the presence of
unpaired electrons. ROS is a natural by-product of the normal metabolism of oxygen and
have important roles in cell signalling. Environmental stress (e.g. UV or heat exposure) can
increase ROS levels dramatically. This cumulates into a situation known as oxidative stress.

REACH: Regulation (EC) No 1907/2006 concerning the Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH).

13 or http://www.dict.cc/englisch-deutsch/noxa.html
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RIP: REACH Implementation Projects

SCCS: Scientific Committee on Consumer Safety

SCENIHR: Scientific Committee on Emerging and Newly Identified Health Risks
STP: Science and technology policy

SWCNT: single walled carbon nanotubes

TSCA: Toxic Substances Control Act
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ANNEX I: MOST IMPORTANT EUROPEAN AND GLOBAL
DEFINITIONS, INTENTIONS, ADVANTAGES,
DISADVANTAGES

Definitions by 1SO/TC 229 (2008) and CEN

Subject Rational, hierarchic definition system related to nanotechnology
(core terms, particles, particle clusters, nano-objects and types of
nano-objects)

“Nanomaterial Tree” (classification of nanomaterial concerning the
shape)

Intention Technical specification for a future standard to facilitate
communications between organizations and individuals in industry
and those who interact with them

Definitions Nanoscale:
Size range from approximately 1 nm to 100 nm
This definition is accompanied by two notes:

Note 1: Properties that are not extrapolations from lager size will
typically, but not exclusively, be exhibited in this size range. For
such properties this size limits are considered approximate.

Note 2: The lower limit is introduced to avoid single and small
groups of atoms from being designated as nano-objects or
elements of nanostructures, which might be implied by the absence
of a lower limit.

Nanomaterial:
Material with any external dimension in the nanoscale or having
internal or surface structure in the nanoscale

Nano-object:
Material with one, two or three external dimensions in the
nanoscale

Additional terms likeParticle (Primary Particle), Agglomerates and
Aggregates (Secondary Particles), different components of the
nanomaterial tree based on different shapes of nano-objects used
as a generic term for all discrete nanoscale objects (nanoparticle,
nanoplate, nanofibre, nanotube, nanorod, nanowire)

Problems Definitions differ from actual scientific, public and media used
terms

For example: carbon nanotubes are classified as nanofibres and
not as nanoparticles, usual designated in toxicological studies

Note that the two categories of hanomaterial nano-object and
nano-structured material are partly overlapping: nano-objects can
be nanostructured

Note that the definition of a particle also includes “soluble” liquids,
e.g. micelles in emulsions

Support Helpful for a sophisticated scientific communication and regulatory
activity
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Definitions by SCENIHR

Subject

Framework for a hierarchy of terminology (SCENIHR 2007b) and a
elaborate proposed working definition of the term “nanomaterial”
(SCENIHR 2010)

Intention

Development of a framework, based on existing terms, on common
sense, and on the need to reflect the needs of risk assessment

The terms should not conflict with commonly used words like
substances, matter or material

Working definition for the term “nanomateria
purposes (SCENIHR 2010)

Ill

for regulatory

Definitions

Nanoscale:
A feature characterised by dimensions of the order of 100 nm or
less

Nanomaterial:
Any form of a material composed of discrete functional parts,
many of which will have one or more dimensions in the nanoscale

Nanoparticle:
A discrete entity which has three dimensions of the order of 100
nm or less

Engineered Nanomaterial:

Any form of a material that is deliberately created such that it is
composed of discrete functional parts, either internally or at the
surface, many of which will have one or more dimensions of the
order of 100 nm or less.

Additional terms like
nanostructure, nanoparticle, nanosheet, nanorod, nanotube,
nanoparticulate matter

Problems

The definition for nanoparticles deviates from that used in previous
SCENIHR opinions (2006, 2007a) thus one or more rather than all
three dimensions being of the order of 100 nm or less (means
nano-object in the system of ISOTC229)

The terms for nanosheet, nanorod, nanofibre are not consistent
with ISO terminology

There is no scientific evidence in favour a single upper limit nor to
quality the appropriateness of the 100 nm value within the
definition of “nanoscale”

It is not possible to identify a specific size or a specific generic
property that is introduced with size for the definition of
“nanomaterial”. These uncertainties result in a already not
enforceable term for regulatory settings (SCENIHR 2010).

Note that
Including internal structures would also include nanoporous
materials such as membranes, this seems to be counterintuitive

Support

The revised definition for nanoparticles is more consistent with
terminology used in particle toxicology

The definitions are more relevant for risk assessment purposes,
based on considerations of size, shape and properties

The proposed working definition for “nanomaterial” considers the
number size distribution and introduces a mean size and a
standard deviation. This results in a tiered approach for risk
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assessment depending on the amount of information (SCENIHR
2010)

Definitions by OECD

Subject Working definition for the term “manufactured nanomaterial” and
other terms
Intention Applying an adopted draft definition for "“manufactured

nanomaterial” given by ISO/TC 229 while awaiting a formally
agreed ISO definition

Elaborate additional criterions and possible discriminators for the
identification of a nanomaterial concerning physico-chemical
properties

Definitions Nanoscale:
Size range typically between 1 nm to 100 nm

Nanomaterial:
Material which is either a nano-object or is nanostructured

Manufactured nanomaterials:

Nanomaterials intentionally produced to have specific properties or
specific composition, a size range typically between 1 nm and 100
nm and material which is either a nano-object (i.e. that is confined
in one, two, or three dimensions at the nanoscale) or is
nanostructured (i.e. having an internal or surface structure at the
nanoscale)

Problems The definition is based solely on size because physico-chemical
properties even useful for risk assessment can not be translated
into a general definition

Note that

Fullerene molecules are included in the scope of manufactured
nanomaterials

aggregates and agglomerates are considered to be nanostructured
materials along the lines of ISO

End-products containing nanomaterials are not themselves
nanomaterials

Support Including ISO definitions for a broader application of the term
“manufactured nanomaterials”
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Definition by Cosmetic Products Regulation

Subject

III

Means of the term “nanomaterial” for regulatory purpose

Intention

The regulation establishes rules for cosmetic products available on
the market, in order to ensure the functioning of the internal
market and a high level of protection of human health

Compliance with legal requirements must be verified at the level of
market surveillance

Definitions

Nanomaterial: (Article 2.1 (k)

Nanomaterials means an insoluble or biopersistent and
intentionally manufactured material with one or more external
dimensions, or an internal structure, on the scale from 1 to 100 nm

Article 2.3:

... the Commission shall adjust and adapt point (k) of paragraph 1
to technical and scientific progress and to definitions subsequently
agreed at international level ...

Problems

Besides the size scale specific properties like “insoluble” or
“biopersistent” are elements of the definition. According to
SCENIHR (2010) there is ambiguity in terms of what is implied
when nanomaterial is dissolved. For example the terms solubility
and dispersion are used interchangeabely. This creates potential
interpretation problems with regard to the property solubility.
Persistence is used primarily in a risk assessment context to define
chemicals that are retained in the body or in the environment. In
this respect persistence can be considered as the opposite of
soluble or (bio)degradable. But this property is rather a part of the
characterisation and may change for each individual nanomaterial.
As a result it is not possible to identiy a specific property for a
general definition of nanomaterial.

Note that
Soluble nanoscale objects are not considered as nanomaterial
(e.g. chemical macromolecules, liposomes, micelles, vesicles)

The possibility is included for a revision of the definition based on
scientific and/or international developments

Support

Additional properties like “insoluble” or “biopersistent” comprises
types of nanomaterial with the highest health attention. Insoluble,
non-degradable nanomaterials would have a high priority for risk
assessment as biopersistence/accumulation may be associated
with chronic hazardous effects. This is relevant in the scope of a
particular regulation like cosmetic products, and therefore it should
be possible to adapt a general definition to the needs of a specific
implementation (JRC 2010).
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Definition by the Recast of the Novel Foods Regulation

Subject Means of the term “engineered nanomaterial” for regulatory
purpose

Intention Novel foods are subjects of a pre-market control or pre-market
notification. In this context the risk management in relation to
nanomaterials can be verified by authorities before placing on the
market

Definitions Engineered nanomaterial: (Article 3.2 f)

“engineered nanomaterial” means any intentionally produced
material that has one or more dimensions of the order of 100 nm
or less or is composed of discrete functional parts, either internally
or at the surface, many of which have one or more dimensions of
the order of 100 nm or less, including structures, agglomerates or
aggregates, which may have size above the order of 100 nm but
retain properties that are characteristic to the nanoscale

Article 3.3:

... the Commission shall adjust and adapt point (c) of paragraph 2
to technical and scientific progress and with definitions
subsequently agreed at international level ...

Problems The definition may create ambiguities as within this one definition
several aspects dealing with size have been included (e.g. “of the
order of 100 nm or less”, “above the order of 100 nm”). This may
be ambiguous and not clear.

The possibility is included for a revision of the definition based on
scientific and/or international developments

Support The definition combines size and non-specified properties that are

characteristic to the nanoscale
Adapted from the SCENIHR definition
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Definition by the Recast of the Biocidal Product Directive

Subject Means of the term “nanomaterial” for regulatory purpose

Intention Active substances of biocidal products are subjected to
authorization in a positive list; nanomaterials can be used as active
substances

Definitions Nanomaterial:
Nanomaterial means any intentionally produced material that has
one or more dimensions of the order of 100 nm or less or is
composed of discrete functional parts, either internally or at the
surface, many of which have one or more dimensions of the order
of 100 nm or less, including structures, agglomerates or
aggregates, which may have size above the order of 100 nm but
retain properties that are characteristic to the nanoscale

Problems The same definition for the term “nanomaterial” as used for the
term “engineered nanomaterial” in Novel Foods Regulation.
The definition may create ambiguities as within this one definition
several aspects dealing with size have been included (e.g. “of the
order of 100 nm or less”, “above the order of 100 nm”). This may
be ambiguous and not clear.

Support The definition combines size and non-specified properties that are

characteristic to the nanoscale
Adapted from the SCENIHR definition
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