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Preface

Nanotechnology is an emerging technology thathdile great impact on product innovation in the
coming years. Currently the technology is alreaslyduin innovative cosmetic and medical products. In
the food industry there is a clear potential faydurct and process innovation using nanotechnolagy a
nanoparticles. This is exemplified already now gy availability of food products developed by makin
use of nanotechnology.

It is however the societal responsibility of indysgovernments and researchers to get inside in
potential risks of the application of this evolviteghnology. The smaller the particles are theerltizey
come to the size/structure of natural barriersature and our body. Since we currently do not know
what this means for the natural barrier functiomsoan not simply extrapolate our knowledge on the
safety of micro- and macro structures and deligystems to their nano-sized equivalents.

Consumer acceptance of new products or productiipeal with new technologies has had serious
dents in recent years at the introduction of faeoadiation technology and genetic modification
technology. Consequently both risk evaluation assamer perception are important issues to be
addressed in parallel with the development andiegin of new technologies. Disregarding these
aspects could have dramatic negative aspect npoonthe introduction of nanotechnology but also
more in general to public perception of new techgms and product innovation.

As a start in this process the Dutch Food and GuoesiProduct Safety Authority has asked RIKILT-
Institute of Food Safety, Wageningen UR and thedwat Institute for Public Health and the
Environment to perform an inventory study on ther@nt use of nanotechnology in food products and
give advise on the most relevant safety evaluasismes. This report describes the results of thidys
The report is set up in two parts. First you wiilidf an aggregation of the results in the answéoto
questions. In this part you will also find our segtions for prioritizing the research that is nekdéde
second document is a scientific background document

We hope that this report will be a stimulus for #agious stakeholders in the process of a resplensib
development of this technology in facilitating thecessary research and risk evaluation.

Robert van Gorcom André Henken

Dept. Director RIKILT - Institute of Food Safety fector Division Food, Medicines and
Consumer Safety - RIVM

RIKILT /RIVM Report 2007.014 1



RIKILT /RIVM Report 2007.014



Abstract

In the food production chain nanotechnologies imlbact food security, packaging materials, delivery
systems, bioavailability, and new materials fothpgien detection, thereby contributing to the target
for achieving the UN Millennium Development Goalready yet, food products containing
nanoparticles are penetrating the market, withoanpent role for sales via the Internet. This irepl

that regulatory frameworks and risk assessmentidimeet criteria for both pre- and post-marketing

situations.

As with most new and evolving technologies, potrienefits of nanotechnologies for agriculture,

food industry and consumers are emphasized. Howiittleris known on safety aspects of the

application of nanotechnologies in food productm the incorporation of nanopatrticles in food
products. Therefore, there is a need for swifbbastby policy makers and scientists as regulatory
frameworks seem to need adaptation and scientistdd give input for these adaptations. Their joint
actions should facilitate the process of minimizihg health and environmental risks, while stimnogat
the economic developments of nanotechnologiesdtidbd production chain.

This report gives an overview and an advice foonisi of scientific issues that need to be addréése

order to improve the process of risk assessmemiaiooparticles in food and in order to gain insigh

dossier requirements for nanoparticles in food. fBlewing research topics are considered to
contribute pivotally to risk assessment of nanatedbgies and nanoparticles in general and thus also
for applications in food products.

« Characterization of nanoparticle$he particles have novel properties compared tveuationat
chemicals. It is important to characterize thesmperties to enable realistic estimations of
consumer exposure. But equally important, thisrmfation is needed to establish dose-response
relations in toxicology studies. Thus, analyticalls need to be developed for the isolation and
characterization of nanoparticles in food and lgalal matrices.

« Dose metricsThis is a very basic issue which affects both prietation of scientific studies as well
as regulatory frameworks. It has become cleardbagés of nanoparticles and thus also limit values
for nanoparticles cannot be expressed in weighblume measures as is the case for conventional
chemicals. Questions arise whether nanosized [eartt their conventional counterparts need their
own limit values.

» Effects of nanoparticleS.he kinetics of nanoparticles may be different pared to conventional
chemicals. When there is evidence for uptake,idigion of nanoparticles should be studied more
extensively when compared to their conventionahtewparts. Of special importance are those parts
of the body that are normally protected by barrigesthe blood-brain-barrier and placenta.

« Definition of nanopatrticlesThis is not only a formal issue for regulators &lsb very important for
discussion on prioritization of research and exgeanf study results between scientists, producers
and regulators.

e Consumer exposure to hanoparticleaseeds to be studied which products containgoparticles
are on the market and which type of particles asglyand are being developed.

Specifically for applications of nanoparticles arahotechnologies in food products are the following

issues thought to be relevant:

e Oral bioavailability
e Measurement of nanoparticles in food matrices

! Convential meaning not nano-sized
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The proposed research issues should contributeetddvelopment of safe nanotechnology and thus
stimulating the economic developments of nanoteldgies. Products containing or generated by means
of nanotechnology are already available on the gtatkis evident that safety is in the first plabe

producers’ responsibility, however involvement bfralevant stakeholders will be required to protec
consumers adequately.
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Part A.

Health impact of nanotechnologies in food productio:

Food safety issues of nanotechnologies in 10 guresti
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Introduction

Nanotechnologies have the potential to contribaitiné targets set for achieving the UN Millenium
Development Goals, particularly in the areas dfraféble energy, clean water, human health, and the
environment. To bring these promises to fruitiomplc research programmes have an important role to
play in providing greater incentives and encouragenfior nanotechnologies that support sustainable
development [UN Geo Year Book 2007].

Nanotechnology has also the potential to impactyn@apects of food and agricultural systems. Food
security, packaging materials, disease treatmelit;alty systems, bioavailability, new tools for
molecular and cellular biology and new materialsgathogen detection are examples of the important
items that are linked with nanotechnology withie fbod production chain (Chen et al. 2006a; Wetiss e
al. 2006). Food products containing nanotechnofogre penetrating the market, albeit currently
predominantly outside the EU (e.g. Japan, Chinatla@dlSA). It is however widely anticipated that
they will appear on the EU market in the next fexang. Currently many products containing
nanotechnologies are of course globally availabketd sales via the Internet.

As with most new and evolving technologies, muclpleasis is on the potential benefits of
nanotechnology for agriculture, the food industng éikely the consumer. However, not too much is
known on safety aspects of the application of nectutologies in food production and the incorporatio
of nanoparticles (NPs) in food products (Maynar@&0The rapid emerging of nanotechnology creates
therefore a need for swift action by policy mak@itseir actions should facilitate the process of
minimizing the health and environmental risks. Asigfood products are already on the market and
uncertainty about potential risks is large, thedfee science-based adaptation of the regulatory
frameworks is high.

The aim of this report is to identify knowledge gap the expertise needed to make reliable safety o
risk assessments for consumer health in case ti€appn of nanotechnology in food production.

To this end first a inventory of products contaghimanotechnologies that are currently on the mdrast
been made. In addition an overview of the curremvedge on the potential hazards of NPs has been
made based on a review of literature. This resuittedbackground report, including detailed
discussions on specific topics. Discussion withegtgin toxicology, and on the general experimental
requirements for dossiers to be submitted for ais#t safety assessment of chemicals resulted in the
development of a synthesis document.

Outline

The synthesis document is the first part of thigre On the basis of 10 questions covering thet mos
important food safety issues of nanotechnologywkedge gaps are identified, research issues named
and potential impact of research outcomes on quallitisk assessment and regulatory framework
identified. Subsequently, this information is apglifor formulating a proposal for prioritizing reseh
issues. Within this document reference is madbaasecond part of this report: the background
document. There a scientific background is provitbetthe identified knowledge gaps. The background
document provides an overview of the current-stédttire-knowledge, without prioritization.
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1 In which parts of the food chain are nanotechnolags applied?

Nanotechnology tools are used in the entire foadpction chain e.g. during cultivation (e.g.
pesticides), industrial processing or packaginfpofls. In addition nanotechnologies are being tged
enhance the nutritional aspects of food by meamapbscale additives and nutrients and nanosized
delivery systems for bioactive compour{ackground document; section 3.2:0verview of

applications)

A striking observation is that nanotechnologieskaimg used throughout all phases of food prodactio
(Table 1). It has become clear that for applicaiohnanotechnology in food roughly two classes of
application can be distinguished based on theiltiket of consumer exposure to nanoparticles (NPs) o
residues of nanotechnologies applications. Initisédlass, nanotechnology is applied as a prodncti
tool, implying that no addition of NPs to the fowidl take place. Examples of this type of
nanotechnology are the use of nanosieves (e.dtadodut bacteria) or of hand-held devices coritegjn
nanotechnology for monitoring purposes. More intaohwith food are sensors applied in food

packaging materials. In the second class potectiatumer exposure to NPs can be expected because

NPs are purposely introduced into the food durireggroduction.

Table 1. Summary of applications of nanotechnology mftbod production chain

Triggered release nanoencapsulates

Chain phase Application Nanotechnology Function
Agricultural Nanosensors Nanospray on food commodities Binds and colors onicganisms
production Hand-held devices Detection of contaminants etc.
Incorporated in packaging materials Detection ofifdeterioration.
Pesticides Nanoemulsions, -encapsulates Increased efficadgrwalubility and

crop adherence
Triggered Jladabse

Water purification/
soil cleaning

Filters with nanopores
Nanoparticles

Pathogen/ contaminant reinova

Removal or catalysation of oxidatbn
contaminants

Production and
processing of
food

Food production
Refrigerators,
storage containers,
food preparation

Nanoceramic devices
Incorporated nanosized patrticles,
mostly silver, occasionally zinc
oxide

Large reastiviace area

Anti-bacterial coating of storage and
food handling devices

Nanosized/-clustered food/drinks
(nutrients)

equipment
Conservation Food products Nanosized silver sprays Anti-badtegdon
Packaging Incorporated sensors Detection of food deterionatio
materials Monitoring storage conditions
Incorporated nanoparticles Increasing barrier prtigee strength of
materials
Incorporated active nanoparticles Oxygen scavengireyention of
growth of pathogens
"Functional Supplements Colloidal metal nanoparticles Claimed to enhancesirdble uptake
food’, ] Delivery systems "Nanoclusters" Protecting andyétterd) delivery of
consumption content

Claimed enhanced uptake

In Annex lan overview of currently available products caridaend.

In the second class a diversity of NP types isenily applied in the food production chain, whianc
be divided in inert particles and nanodelivery sgst. Inert particles are used in the food produoctio
chain (Table 2) for a variety of purposes. Examplesaluminum oxide, lanthanum particles and

nanoscale iron powder in the process of water igatibn and/or soil cleaning. In food storage, esilv
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and in rarer cases zinc oxide NPs are applieca®@iNPs, nanocomposite and silver, magnesium- and
zinc oxide are used in food packaging materialsttINPs are also processed in food commaodities
examples are calcium, magnesium, silver, silicsitejum oxide and white gold NPs. Other applicato
in food commodities are nanosized particles, raguygoeptides from plants, nanodroplets/- clustes
nanowater (see Table 2). The aim of nanosizingéngcles is to increase the bioavailabity of these
compounds.lt is important to note that the chareaties of abovementioned particles are usually
unknown(background document; section 3.3: Descriptionypes of nanoparticles)

Consumer exposure can be expected following digglication of inert particles in the food, while
expected consumer exposure is low as long as Namebound in the packaging materials or in the
coating on surfaces of packaging materials and foegaration devices. Crucial safety-related issues
are migration NP resulting in appearance (e.g.dress large aggregates) of these NPs in the faod.
stated before, especially the free forms of the &legeason for safety concern (SCENIHR 2006).
The other type of NPs concerns the nanodeliverierys (Letchford and Burt 2007; Taylor et al. 2005).
When incorporated into food the delivery systemesarmmonly build from peptide or lipid monomers
(Chen et al. 2006b; Graveland-Bikker and de Kr0®&, Mozafari et al. 2006). Examples of these
nanoencapsules (see Table 2) range from novetigestormulations (e.g. increased crop adheretice)
delivery systems for bioactive compounds. Theseshimrmulations may lead to increased human
exposure as a result of increased residues ingpl@he other major application of encapsulates is
incorporation in food (supplements) to deliver loithee compounds in a targeted fashion and to irserea
the bioavailability of these compounds.

Table 2 Summary of type of nanoparticles applied in thedf production chain

Type of NP Application Function
Colloidal metal Food additive Claimed to enhance desirable Gl-uptak
nanoparticles
Metal nanoparticles (Silver, Food additive/supplement Claimed enhanced uptake
Zn0O) Packaging materials/ storage Increase barrier piiepe
Food preparation devices Clean surface
Refrigerators, storage containers Anti-bacterialtiog of storage and food handling
devices
Water purification/ soil cleaning Removal or catation of oxidation of contaminants
Sprays Anti-bacterial
Nanosized nutrients /foods Food additive /suppldémen Claimed enhanced uptake
Complex nanoscale Nanosensors in packaging Detection of food detetiimm.
structures Monitoring storage conditions
Hand-held devices Detection of contaminants etc.
Incorporated active (migration out of) packaging Oxygen scavenging, prevention of growth of
nanoparticles materials pathogens
Filters with nanopores Water purification Removalhmgens, contaminants
Equal emulsions Product design
Delivery systems Food additive / supplement Protecting and (targedetivery of content
(nanoencapsulates) Pesticide Increased efficacy, water solubility arap
adherence, triggered (local) release
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Knowledge gaps

The assessment of potential risks of applicatidmanotechnologies in agriculture, like residuefoind
products, of leakage from packaging materials dnthnoscale food additives, and supplements will
require substantial scientific input. There iseklaf knowledge on the exact characteristics of the
applied NPs and consequently a lack of knowledgpatential consumer exposure. The wide
application of nanotechnology within the food chaili have as a consequence that various regulatory
frameworkg(see guestion 5)ill need to be reviewed for their validity. Regtdry and scientific efforts
will have to be carried out both in the light obpand post marketing situations.

Research issues/potential impact of research

Proper definition of (bio)nanotechnology and nanopeicles applied in food production: One of
the basic problems when discussing safety aspéa@notechnology is the diversity of
nanotechnologies and NPs (e.g. from inert insolnkl®oparticles to delivery systems for pesticides
and bioactive compounds). A practical definitiodlwérve as a guide towards prioritization of
research as well as towards producers and regsilasoa guide for dossier requirements. In addition
it is of paramount importance for a transparentusion with stakeholders and the pufdiee
question 2).

Overview of type of nanotechnology containing prodcts already on or expected to be
introduced on the market. The advantages of having an accurate overviewliaceissed under
question 3

Inventory of scientific requirements for pre- and pstmarketing situations: To adequately assess
the safety of products during an authorization pdace or assess the risks of products already on
the market, knowledge needs to be gained on vadspescts of NPs in foddee question &nd
question 7)By gaining more knowledge and experience witheesp NPs the reliability of the
current safety and risk assessment will be improVee inventory itself will be helpful in

prioritizing research activities.
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2 Is a lack of a strict definition a problem?

The answer can be given easily: it is a clear “yes”

There is a commonly used definition which state$ émgineered nanoparticles (NPs) are materials tha
are designed and produced to have structural fesatuvith at least one dimension of 100 nanometers or
less (Oberdorster et al. 2005a). Thus nanotechypataglves the manufacture, processing and
application of materials that are in the size raoig€00 nanometers (nm) or less. The size limitonc
was chosen defined from a more physico-chemicaltpdiview, but not on a toxicological basis.

In international fora like Scientific Committee &merging and Newly-ldentified Health Risks
(SCENIHR) and the International Organization faartardization (ISO) discussions on definition are
high on the agendas. However, most discussiondeth@é direction of defining the upper size lirofta
NP is asapproximatelyl00 nm, which is not strict enough for applicatiomegulatory frameworks.
Another important definition issue is the lack obg metrics to describe a dose of NPs. It has becom
clear that the currently used metrics for conceiatng(e.g. mg/kg) are no longer adequate. Up tihrit

has not been possible to establish an alternatise-describing parameter that best describes #& do
(and the observed dose response relations in togical tests). This has led in literature to aeyah
recommendation that NPs used for (toxicologicaljlits should be characterized as completely as
possible (Oberdorster et al. 2005a; Powers e0@62ZThomas and Sayre 2005). It has become clagr th
the size will not be the only critical factor tormider, the total surface area may also be releaanwell

as the number of particles per particle size ambapes other characteristifisackground document;
section 4.1:Physicochemical characterization of oyzarticles)

Knowledge gaps

The exact size limit of 100 nm in the present d&éin of NPs is arbitrary due to lack of knowledye
the relationship between particle size, kinetias &xicological effects. It will be relevant to dgpe the
legal feasibility of avoiding arbitrary size limjti& order to handle the consequences of scientific
uncertainties in a more pragmatic way. Such knogddd not easily derived. Thus, the definition dtdou
therefore first be treated in a pragmatic way.

In contrast to conventiorfathemicals exposure to NPs means exposure tolpartiwat cover a certain
range of sizes. Moreover, particles can have a&tyadf shapes. These two issues already imply that
doses cannot be described on a weight or volumis, liag it is also to simple to assume that a one
dimensional parameter like surface area can bed gabstitute. Probably, multifactorial units, taki
into account e.g. the number of particles of aaiersize and surface area will need to be developed

Research issues/potential impact of research

* Propose a ‘working’ definition of nanoparticles: Several international working groups
(SCENIHR, I1SO) are considering definitions of naubinologies and NPs that are adequately
describing the novel nature of the NPs and on therdhand are practical from a regulatory point of
view. A proper definition, i.e. applicable in regtdry frameworks, will give clarity for both
producers and regulators.
Knowledge on dose-describing parameters can feesbttliscussions. A proper dose metrics will
help researchers to compare study results andh&lifl regulators to formulate health-based limit
values. It will also enable risk assessors to compad combine exposure and hazard information
and conclude on the likelihood of health risks.

2 Convential meaning not nano-sized
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3 What products are already on the market?

Food products containing nanotechnologies are peived the market, albeit currently predominantly
outside the EU (e.g. Japan, China and the USAg.idely anticipated that they will appear on Eid
market in the next few years. Currently many naadpcts are globally available a.o. due to sales via
The Internet. But not all applications and notr@hoparticles (NPs) are alike and thus they dshate
the same hazard or risk profile. A ranking of rigkgen the application and type of NPs should bdena
An integrated inventory of applications of nanotealogies and NPs in food has been made. This
inventory has been made using Googlg e database of consumer products of the Nanoéady
project (www.nanotechproject.grgf the Woodrow Wilson International Center foh8tars, in the
Global New Products Database of Mintel (www.gnpthzdhe Nanotechnology Product Directory
(www.nanoshop.cojrand the report of nanoforum (www.nanoforum)org

The results of this inventory can be foundimex | of the background documeis stated before
applications can be found throughout the food petidn. Products claimed to contain nanotechnology
are used in the food processing and storage arigauirectly in food commodities (Table 3).

Table 3: Summary of number of products per class of appba in the inventory

Class of application Number of products
Nanosensors 2
Pesticides 5

Water purification /soil cleaning 5

Food processing and storage 10

Food packaging 7

Food commaodities: inert particles 9

Food commodities: delivery systems 19

Food commaodities: others 9

The number of products per class of applicatiorbased on the inventory presented in annafixthe
background document.

Knowledge gaps

The inventory is based on labeling information loa product as provided. The claim that these prsduc
contain nanotechnology cannot be verified fromitiiermation presented. This also applies to the
information on the presence and/or type of NPs@sé products. It can be expected that the claim
‘nanotechnology’ on the label of some productsasmore than a marketing instrument. Probably even
more critical is the fact that products containiragnotechnology or NPs that are not claimed on the
labels are for that reason not included in thigimery. Thus instruments needs to be developethéor
control of labeling information and validation cdtdbases.

% using the search terms ‘nano’, ‘nanotechnologyanotubes’, ‘nanoparticles’, ‘food’, ‘product’ irarying
combinations
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Research issues/potential impact of research

14

Developing an integrated quality-checked databasé&he inventory of this project could result in
a database existing of nanotechnology containinggoThis database could be extended with a
patent database (as developed by DEFRA / CSL ibttieed Kingdom). Quality of information of
overviews on economic perspectives and developnmate by consultancy agencies should be
evaluated.

High-quality and reliable databases can be usetht@in a realistic view on products on the market
and can thus used for monitoring purposes, pri@etyings for post-marketing surveys and
emerging risk projects.
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4 What can be expected to reach the market in the (a€) future?

It is difficult to predict accurately the long-tertnends of nanotechnology within the agriculturd an

food industry. Nearby trends will favor those naubinologies and application of those NPs that are
readily available, for example applications usiagorscale metals, polymers, silica and commonly
applied encapsulates. Furthermore, trends in applyanotechnology in food are likely to be drivgn b
social priority areas to large-value commercigbablic sector markets such as human health,
agriculture and environment (DEFRA 2005).

Within agriculture, precision farming has beenrglalesired goal, making use of smart sensing system
for early warning of e.g. moisture changes, bub alsnodelivery systems for pesticides that are table
respond to different conditions. First exampleswth applications have been found in the database
search (see question 3). Within food industry nedean the application of NP in packaging materials
aimed at developing smart packages will continudex®elopment to couple sensing systems to radio
frequency identification technology (and thus limipackaging and logistic processes) can be fanesee
While costs of these systems are currently the mhaiwback, fusions of nanotechnology and
electronics should make these transponders ch@dpaoforum 2006).

The consumer products databases mention also gsoidhat aim at improving the nutritional value of
food products. An example is biofortification aimito reach the most vulnerable, rural poor.
Nanotechnology may enhance trace element deliw.(Zimmerman, inaugural speech WUR, 2007).
A next step, that is currently under researchhésdevelopment of functional or interactive footts (
demand” foods), containing nutrients which will r@mdormant in the body and deliver nutrients to
cells only when needed. A key element is the useabencapsulates (or nanocontainers) in food to
deliver nutrients. Products like this, containiranoencapsulates loaded with nutrients or bioactive
compounds, will help to enjoy food but still maiimt&or example a healthy and or low calorie diet.
These novel applications will contribute to theerof foods in preventive healthcare (Kampers 2007).
There is a development of lowering the boundares/een the food and cosmetical domain or between
food and pharma, where for example both food asthetic industries are developing methods to
deliver vitamins to the skin (Nanoforum 2006).

Knowledge gaps

Technological developments and applications of namotechnologies and nanoparticles in food will
continue. As stated undguestion Jegularly updated quality-checked databases angbfvalue to
obtain a realistic view on products on the market.

Most agricultural and food applications of nanoteadbgy will be subjected to some form of approval
process before a marketing authorization. The aagqgaf the current regulatory framework has been
reviewed and will be discussed undeestion 5The general problems identified there will also be
relevant for future developments of nanotechnolegy, whether food processed at nano-scale should
be considered as novel foods. Integration or disapgmce of boundaries between types of application
(cosmetics, medicines and food) will result in plolesaggregated exposure of NPs, consequently this
has to be considered in the safety assessmentof NP
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5 Which regulatory frameworks might be involved?

The EU’s approach to nanotechnology is ‘safe, iratagl and responsible’ [Eva Hellsten in a Green
Week session on ‘Future Scenarios for Human Healththe Environment’, June 13. 2007]. To that end
the EU has commissioned the Scientific Committe&mrerging and Newly-ldentified Health Risks
(SCENIHR) to make an inventory to check whetheratachnologies are already covered by other
community legislation, thus defining the legislativamework, considering both implementation and
enforcement tools for this specific framework. Hswconcluded that the EU regulatory framework
covered in principle also nanotechnologies. TheltH&aouncil of the Netherlands considered thate“th
best course of action would be to modify existiagd and rules as and when developments within the
fields of nanoscience and nanotechnologies renddr measures necessary”
(HealthCouncilNetherlands 2006 ). However, it soatlear that implementation of the legal framework
remains difficult because of scientific knowledggg and fast-evolving market for products.

In this report the most important regulatory frarmeks for the authorization of compounds to be used

in food have been reviewed:

* The European General Food Regulation (EC/178/2002)

* Novel food [and novel food ingredients] Regulat{&C/258/97)

* Food additives, enzymes and flavorings (89/10784Z36/EC; 94/35/EC; 95/2/EC and their
amendments).

* Food enrichments regulation (EC/1925/2006)

* Food supplements directive (2002/46/EC)

* Food contact materials (EC/1935/2004)

« And regulations and directives on pesticides andrireary drugs.

Knowledge gaps

Authorization procedures, legislation, guidelinag guidance documents describe how and which
toxicity tests should be performed. Adjustmenttegfslation, guidelines and guidance documents
concerning the testing of nanoparticles (NPs) efdhbstance are considered to be necessary. In
particular requirements on information of the phgsthemical parameters, e.g. particle size, perticl
form, surface properties and other propertiesriat have impact on the toxicity of the substance,
should be included. Furthermore, appropriate dosteics to use in the hazard characterization and
consumer exposure assessments should be devébgm@round document; section 5: Review of food
related legislation related to nanotechnology indd

Methodological changes in (OECD) safety test pro®may be required to account for toxicity
mechanisms of NPs not found in 'normal sized' matefThresholds or limits already set may be not
appropriate for nanosized variants of the particsildostances.

The review of the regulatory framework demonstrabed the impact of considering nano-sized
materials as 'new substances' should be invedligdte substance in its conventional form has been
evaluated, re-evaluation of the nano-sized form bwpecessary. One should be aware, that each new
nano-sized form of a certain chemical probablytbdse considered as a separate new compound, as
long as size-effects relationships are not estadadigor that compound. This underscores the need fo
taking into account the effect of particle sizecliing distribution of the size) in toxicologicstudies
(see question 7).

The Novel Food Regulation (EC/258/97) can be velgvant for nanotechnology in food. This
regulation addresses 'production processes nardiyused' making it is likely to assume that this
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regulation covers also nanotechnology because obivelty. It is not clear whether the use of NPs i
foods that are already on the market makes thesbsfoovel' and thus require authorization.
Furthermore the term ‘substantial equivalent’ isdduced. The regulation says that when certaid foo
components are 'substantial equivalent' to theiventional counterparts they can be treated irsémee
manner as their counterparts. Only the 'equivalémy to be proven. It is likely that some engieder
NPs will be 'equivalent’. The Novel Food Regulatismnder revision at this moment, clearly an
opportunity to sort out nanotechnology relatedesgbackground document; section 5.2 : Novel food
and novel food ingredients)

Figure 1. depicts how knowledge gaps affect regulatory &aarks and safety requirements.

Adaptation of regulatory
. framework is hampered

Scientific rationale for
adaptations needed.

Continuation of process,

Which data
must be
requested?

Knowledge gaps learning from studies

presented in dossiers

No new data provided
to learn from.

Safety requirements
in dossiers
not clear fo producers

Research issues/ Potential impact of research

« In-depth analysis of relevant regulatory frameworksguidance document and technical
annexes:How adequate is the current legislative systenooul safety and novel foods regarding
nanotechnologies. This contributes to the discussioether there is a need for new legislation to
deal with the safety aspects of hanotechnologiésad or if guidelines should be adapted to new
scientific findings. It will gain insight in the &l adaptations that should be made and will
complement the opinion of SCENIHR on the appropriass of technical guidance documents for
new and existing chemicals(SCENIHR 2007). Transtatdo what their conclusions mean in
experimental settings and the relevance for fodetg@s required at the European level. It is
important for both pre- marketing safety assesasnsell as for producers to be clear on what is
required to be able to convincingly determine ety of products containing nanotechnologies
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* Legal consultation: How to interpret legal phrases of the above meetioEU regulatory
frameworks on and consequences of interpretatidegidlation. Clarification and unity of
interpretation of terminology is important for reas of transparency and common understanding
(between safety assessor, regulators and producers)
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6 Does safety testing for nanoparticles require morstudies than safety
testing for conventional chemical compounds?

Engineered nanoparticles (NPs) can have novelstindt (toxicological) properties that are attrisdito

a combination of their small size, physiochemigalgerties, chemical composition and surface stractu
(Nel et al. 2006). It is the added functionalityMNi®s that makes the engineered NPs different from
natural small sized particles, but also from tleeinventional counterparts.

Logically, present safety and risk assessment requeints are based on knowledge gathered for
conventional chemicals. Also in these assessmentgstions have to be made because of knowledge
gaps. However, uncertainties in these assumptmmnesxample extrapolations from one compound to
another are approached on a sound basis of gémenaledge. For nanoparticles such a basis is lg¢kin
moreover uncertainties in the safety assessmermixpexted to be larger (Morgan 2005).

Knowledge gaps

At this stage of (lack of) knowledge of nanotoxawy it is unavoidable that risk assessors needuash m
information as possible about NPs and their appearan products. Over time it will be possible to
evaluate the data and look for the set of mosvageinformation. Discussions between product
developers, regulators and researchers can altEashgproved by accepting this as a fact. This refjue
for extra information is not to be considered asduest for extra studies. It can also imply that
conventional study approaches need to be redesigned

The lack of the most optimal dose metrics is anmgda of a situation where at this moment it id stil
necessary to gather data on a broad range of @thg$iemical properties. This will hopefully in fuéu
lead to the determination of the set of most retedata requirements.

The kinetics of nanoparticles may be different careg to conventional chemicals. When there is
evidence for uptake, distribution of nanopartigdbsuld be studied more extensively when compared to
their conventional counterparts. Of special impactaare those parts of the body that are normally
protected by barriers like the blood-brain-barged placenta. In addition, there are indicatioas Wery
small particles can intrude in tissues of the digedract like the salivary glands, which are not
screened in standard toxicological surveys. loiwéver not clear from which size on it would be
relevant to extend the toxicological surveys ta@eindpoints. This is discussed further urgierstion

7.

If the effects induced by NPs are in general comaplarto effects induced by equivalent conventional
substances, these will likely be observed in thécity studies performed to OECD guidelines.
However, if other effects are critical, e.g. effeoh organs or tissues that are not routinely studr
physiological disturbances that require specifimation, these effects may not be picked up by
standard toxicological testing. To date, it is kiwbwn whether the standard toxicological study
protocols (e.g. OECD) will be able to detect akaific hazards from NP. This relates to the knogéed
gaps identified undeguestion 7

It is clear that in the regulatory framework thepgensibility for the safety of the product is asgid to
the producers. There currently is a need for gudam how to approach the safety assessment of NPs,
and what information should be presented by pradutcethe regulatory agencies. To elucidate this a
close collaborations between all stakeholdersgsired.
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7 Which safety and risk assessment issues need toduklressed for
nanotechnology in food?

Discussions on safety issues of nanoparticles (BRg$nanotech products can almost entirely be
brought back to two, often intertwining, questions:

1. product related questions, e.g. which specific meaments are required in order to come to proper
insight into safety of the product.

2. fundamental scientific questions resulting in osdzhon the development of new conceptual
approaches.

Discussions on data requirements and expectedrpehce of current assays have demonstrated that it
is important to focus the question on what infoiinrais additionallyrequired to dossier requirements
for conventional chemicals. Some research agendasdmaps try to circumvent uncertainties which
are accepted in risk assessment of conventionatichés. Questions like “ari@ vitro tests applicable

for NPs” should rather be formulated as “Breitro tests equally applicable for NPs as for converion
chemicals”, as the role @f vitro test results for chemical in risk assessmenilisabject to many
uncertainties.

Another important way of focusing the discussiotoi&keep in mind what will really bring risk
assessment to a higher level. In other words, iaraa where such an enormous amount of research
guestions can be/ are raised, it is essentialfinadthose questions that represent the ‘needadawk

This approach should be leading in every kind aflroap or research agenda that is developed for the
field of potential risks of nanotechnology.

A special group of NPs that are applied in foodtheenanoencapsulates. The capsules (when applied i
food) usually are composed of soft matter, thaeiserally assumed to be of lower risk than the abov
mentioned inert particles. In case of the nanoeswdafes safety concerns are mainly related to their
function: e.g. to increase the bioavailability pesific bioactive compounds (or pesticides). What a

the effects of increased bioavailability of thesenpounds? The high internal exposure of bioactive
compounds as a result of increased bioavailalbiliy lead to toxic effects .

For risk assessment both information on exposumetisas on the (intrinsic) toxicity (hazard) of a
compound is required. Determining potential consuex@osure is first of all important to assess the
potential risk for consumers. Keeping in mind Palags quotéAlle Ding sind Gift und nichts ohn

Gift; allein die Dosis macht, das ein Ding keintGét” (All things are poison and nothing (is) without
poison; only the dose makes that a thing is nogmyisThus the dose of NPs present in food neebls to
determined. As stated earlier, engineered NPs aaa hovel toxicological properties, that are attidol

to their small size, chemical composition and stefstructure (Nel et al. 2006). Since it has nenbe
possible to establish a single dose-describingnpetrer that best describes the toxic effect, NPslgho

be characterized as completely as possible (Obstetcet al. 2005a; Powers et al. 2006; Thomas and
Sayre 2005). A further complicating factor is ttie physico-chemical characteristics of NPs arbliiig
depending on the matrix in which they are pres@tiefdorster et al. 2005a; Powers et al. 2006). Thus
urging the need to characterize NPs in the foodirm@.g.in situ).
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Knowledge gaps
The knowledge gaps cover a wide range of topicghlvre summarized on the headings below.

Physicochemical properties of NPs as applied asrgjanaterial in the product and as manifested
in the final productbackground document; section 4.1: Physicochenubatacterization of
nanoparticles)

Dose metrics in dose response relations: Sincasiniot been possible to establish a single dose-

describing parameter that best describes the pedsttcity, NPs should be characterized as

completely as possible (Oberdorster et al. 2006aegls et al. 2006; Thomas and Sayre 2005). It is
likely that mass is not the good metric (SCENIHR@P As long as it is not known which metrics
should be used to describe the dose, toxicity tedithave to be analyzed case by case using

different dose-describing parameters. It is theeefmportant for risk assessors to have access to a

clear description of the analytical methods thatenesed to determine the physicochemical

properties of the respective NP, to the (raw) expental data and a sound description of the
statistical procedure used to analyze the (lsakground document; section 4.1: Physicochemical
characterization of nanoparticles)

Assessment of exposure:

o For exposure assessment of nanoscale deliverynsyst@ded with bioactive compounds or
bioactive compounds themselves in nanoscale fotinag both the amount of bioactive
compounds at nanoscale or within the capsules hasvthe free form in the food matrix has to
be determined. For this, the analytical isolatietection and characterization procedures need
to be designed to meet these requirem@aatskground document; section 4.1: Physicochemical
characterization of nanopatrticles).

0 The presence of NP in the food matrix might resuibhcrease bioavailability of substances
normally present in the fogthackground document; section 4.4: Exposure assa#3m

0 A prerequisite for an exposure assessment is tiabitiy of the concentration data. The
amount and type of NPs, the type of nanodelivesgesy loaded with bioactive compounds and
the amount of bioactive compound in the free fraads to be determined in the food matrix as
consumed. It will not always be feasible to measinemicals and NPs in the food matrix in the
consumable form. However, the default or databaseetl processing factors that are being
used for determination of exposure assessmentrafal@chemicals when the exact effect of
processing is unknown, (e.g. pesticides (JMPR@) nat (yet) available for NRackground
document; section 4.4: Exposure assessmieatkground document; section 4.5: Risk
assessment)

Internal exposure: Experimental data so far inditaat novel characteristics of NPs (e.g. size,

surface charge, functionalized groups) are likelinfluence the absorption, metabolism,

distribution and excretion (ADME) (Ballou et al.( des Rieux et al. 2006; Florence 2005; Jani et

al. 1990; Roszek et al. 2005; Singh et al. 2008yR$ present in food. Not much is known of the
relationship between these physical-chemical charatics and the behavior of NPs in the body

(background document; section 4.2: Toxicokinetisayfoparticles)

Adverse effects: Knowledge on the potential toyicit NPs is limited. Several studies suggest that

NPs may have a deviating toxicity profile when camgal to their conventional chemical analogues

(Donaldson et al. 2001; Nel et al. 2006; Oberdomstal. 2005a). As mentioned earlier, the question

arises whether this different toxicity of NPs candbserved in the standard battery of toxicitystest

used in protocol toxicology. It is thought that standard battery will suffice, but special attentis
requested fofbackground document; section 4.3: Toxicodynamigcsaoparticles).

o0 Neurotoxicity, as results from ADME studies clearly indicatet tiame NPs can pass natural
barriers like the blood-brain barrier (Borm et2006; Silva 2007)
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0 Reprotoxicity, as transfer of NPs across the placenta cannotdbeded, which could lead to
embryotoxicity as a result of exposure to NPs (Rajo et al. 2005). Data addressing the
distribution of NPs to the reproductive cells is y&t, unavailable. In addition, no clear data
showing the distribution of NPs in the fetus araikable (Tran et al. 2005)

0 Mutagenicity, as there are indications that on the cellularl|éhariers such as cell membranes
do not constitute obstacles for NPs. However, tadth implications of such possible
interactions are still unknown (Kabanov 2006)UBA8R Recently, SCENIHR (SCENIHR
2007) concluded that there is a clear need fodatddin vitro assays for NP evaluation,
including assays with meaningful endpoints for derigity tests(background document;
section 4.3.6)

0 Allergenicity (or sensitization). Even for conventional chemicals much is unknowrthen
induction of food allergy and the type of expostgguired to induce such responses. In the case
of NPs this becomes extra prominent for two reasleinst of all it is the possible adjuvant
activity of NPs that introduces additional uncertgai And secondly, because of the actively
charged surfaces of NPs it can absorb biomole@adédkey pass through the Gl tract (Govers et
al. 1994)(background document; section 4.3.7)

» Setting health based guidance valueJhe last step in the hazard characterizationeséiting of
health-based guidance values such as acceptabjendakes for food additives and pesticide
residues. Reference points (e.g. the no-observeerseteffect-level or benchmark-dose-level) for
the critical effect of a substance form the stgrfiint of the risk assessment. This is a general
approach for all substances either being in a aaisreal form or at a nano-sized scale. It is
however still unknown how limit values derived féP’s can be compared to those of equivalent
conventional chemicals, due to ongoing discusstondose metricfbackground document; section
4.5: Risk Assessment).

* Guidance values are based on toxicological styzbef®rmed with NPs with a given bioavailability.
NPs are often introduced to enhance the bioavétiabf either themselves or of bioactive
compounds loaded into them or they may affect fitake of other nutrients (or contaminants)
present in the food. If by some means the bioabitithais changed (increased), this may affect the
outcome of the toxicity studies and thus the cal@d guidance values. Extrapolation of a health-
based guidance value between formulations witkedfit bioavailability might not be possible.
Ultimately, this might require setting of separhéalth-based guidance values depending on the
formulation(background document; section 4.5: Risk Assessment)

Research issues / potential impact of research
When resolved the formulated research issues slerelase the reliability of the current safety and
risk assessment of NP in food even within a 5 peaiod.
- The knowledge gained will help regulators to @adbp regulatory framework properly.
- Development of analytical methods in combinatidtih knowledge on toxicity will be essential
for upholders
- Reduction of present uncertainties will help &gngthe public’s trust for this technology and its
products.
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» Physicochemical properties and stability in the prduct matrix:

(0]

At present there is a vast array of analytical mémhes to characterize NPs (Oberdorster et al.
2005a; Powers et al. 2006; Thomas and Sayre 200 the physicochemical
characterization requires a well-equipped laboyatdterature on isolation of NPs from
biological or food matrices is scarce as is thexditure on in situ detection methods. Every
dilution, extraction or cleaning procedure may etfftae appearance of the NPs and result in an
incorrect measurement of the NP in the matrix. Rcby this will have great impact on the
safety assessment of NPs. It may lead to both-fadséive or false-negative conclusions
regarding potential exposure to NPs.

Therefore research should focus on methods thatldeeofin situ detection and

characterization of NPs, and that are relativelilg@erformed with apparatuses that are
currently present at laboratories suited for daeadf chemicals in food. Ideally, isolation and
characterization methods should be developed,Beitar routine and low-cost analysis.

It is important to known which additional informaii regarding physicochemical properties
(more than currently presented in dossier of cotiwral chemicals) will be needed in dossiers
for an assessment of NPs in products.

A special case might be the NPs used in packagatgmals. Current migration assays for
chemicals will need to be evaluated for their vigfith measuring the migration of NPs from

the packaging material into the food.

Selecting the matrix in which the NP needs to taratterized is not an easy choice. The matrix
should reflect the potential consumer exposureN®a food product as accurately as possible.

* Dose metrics:

(0]

It has up to now not been possible to establishglesdose-describing parameter that best
describes the (toxic) effects. A pragmatic basio$eharacteristics should be developed that
describes the dose well enough, e.g. size andlskéution and/or total surface area, and is
also practically feasible with respect to analyitregiuirements. It is important to keep in mind
that a dose of NPs contains a range of sizes eftaio type of NPs. This implies that
information on mean particle size is not sufficiemtlescribe a dose properly. Moreover a
conceptual model for the most optimal unit desagha dose and based on a combination of
physics, basic chemical characteristics and toggiohl findings should be further developed.

* Internal exposure:

0

The validity of currently existingn vitro model systems for the gastrointestinal absorption
needs to be studies.

When there is evidence for gastrointestinal abgmmpif nanoparticles, distribution to a wide
range of tissues should be studied (includingitres,Ispleen, kidneys, bone marrow, lungs and
brain). Keeping in mind that generally only a féssties and organs are examined in guideline
kinetic (OECD) studies. The same holds true forube of nanoencapsulates aiming at targeted
delivery of bioactive compounds. Special attentforequired in case of (increased)
bioavailability and distribution to tissues tha¢ awormally protected by biological barriers such
as the blood-brain barrier.

Furthermore there is a need for fundamental reBear¢he absorption, distribution, metabolism
and excretion (ADME) of NPs to elucidate the driyfiorces and mechanisms behind these
processes. This would greatly facilitate the exdfafpon and modeling approaches. However, if
the current ADME studies are performed with adegjyatharacterized NPs and a wide range of
tissues are analyzed when there is evidence feersys uptake sufficient information would
become available for a reliable ADME assessment.
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(0]

Due to the potential impact on toxicological effeespecial attention needs to be paid to
observations that certain NP can cross the bloadttrarrier and the data lack on potential for
crossing the placenta.

Special attention is required for cellular kinetic®rder to better understand and predict
cellular toxicity and the validity of currently u$e vitro models.

Adverse effects:

(0]

Neurotoxicity needs to be considered carefully when there teenie for NP passage of the
blood-brain barrier. Risk assessors should be awfgressible neurological effects when
assessing toxicology experiments. Possibly, cugaitteline tests will need to be adapted to
render these tests more sensitive for neurotoféctsfof NPs.

Reprotoxicity and embryotoxicity needs to be considered carefully when there thegnie for
NP passage of the placenta. This is not only relefica inert NPs but also for bioactive
compounds that are loaded within nanoencapsulates.

Mutagenicity. Develop and validatie vitro assays for the gastero-intestinal tract. Many NPs
have in common to trigger the release of reactiygen species and cause oxidative stress by
means of interaction with the reticulo-endothedigdtem (Donaldson et al. 2007; Nel et al.
2006). Model systems for testing genotoxic potésti@uld therefore be a combination of gut
derived cell lines and cells from the reticulo-etiddial system (e.g. macrophages). Knowledge
on the use of the outcomeiafvitro assays and profiling studies for risk assessmegdsto be
developed further.

Allergenicity (or sensitization). The special role of NPs in developing food allengygds to be
studied. The possible adjuvant activity of NPsar@ngst others a reason for serious concern.
If a relation between food allergy and a NP istdighed, traceability is considered to be critical
to anticipate and exclude possible sources for poténtial allergens (Kroes et al. 2002).

Exposure assessment:

o0 Investigate whether the default or database defgvedessing factors for exposure assessment
of conventional chemical needs adaptations for NPs.

Other:

0 What is the feasibility of labeling of products.

0 Additional effort is needed for the education ofioparticle/ nanotechnologies risk assessors,
since this requires a very broad scope of expestibeeh is particularly challenging given the
rapid scientific developments in the emerging fieldcience.

0 How to communicate about potential risks.
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8 Different safety issues for pre- and postmarketingranotech products?

The survey of products containing nanoparticlesgNRdicated that a wide variety of products igla
market, especially via sales on the Internet, likaely contain nanotechnology or NPs. Part of these
product are subjected to pre-marketing safety ass&sts. This means that, depending on the regylator
framework, a dataset of standard toxicological istsidnd an assessment of health risks need to be
submitted for the application of the substanceiNf®od. In a safety assessment made prior to market
introduction of a substance it is important to &ddrthe special physicochemical features of NRPsa(fo
NP as such and the NP in the food matrix), theiirisic hazardshazard identificatioh dose-
response(effect) levels and kinetic properthezérd characterizationand potential intake levels
(exposure assessmerit) general this results in an integrated safeseasment arttie establishment of
acceptable intake levels for humaRssk characterizationand this can form the basis for the definition
of necessary maximum use levels or maximum redileds in food by risk managerRigk
management

It is clear that a wide range of products are abéd via internet, especially products in the catg@f

the food supplements and food additives. Thisgkhal market, where European consumers can
purchase products directly from everywhere aroliedatorld. It can be argued that it will be very
difficult for national authorities within the EU wirictly enforce EU regulations on this marketisTh
makes it very likely that consumers can expose fadves to products of which the safety is by no
means guaranteed. This requires a post marketk@sisessment framework to be in place.

Knowledge gaps

* Adequateness of guideline toxicological studies ansk assessment methodologyrrom the
legal requirements imposed by the application siilastance (NP) in food, toxicological studies
have to be performed and submitted to provide hidigthe possible adverse effects of NP.
Given the uncertainties identified undgrestion 7it cannot be concluded yet whether the study
protocols for existing guideline toxicological stesl will be able to detect all effects of NP.

« Adequateness pre-marketing data requirementsSince it is not known whether the current
guideline studies are adequate to detect the gessiiects of NP, it is also not possible to judge
whether the present legal data requirements aguatke (see question.7

* Availability of data on nanotechnologies containingproducts already on the market Data
on market penetration of NP containing food progiaetd the consumer use of food containing
NP is currently not at hand (see questicantl see gquestior).3

Research issues/ potential impact of research

« Adequateness of guideline toxicological studies ansk assessment methodologyMake an
more detailed overview of relevant dossier requéets, to indicate what information should
additionally (or not) be requested for NP compdcedonventional chemica(see also question
5). New or other legal requirements for pre-markesatety assessment of NP for application in
food can then be developed, guidance to produeerbe provided. Adaptation of existing or
development of new protocols for testing of toxamital effects of NPs may be a result.

« Adequateness pre-marketing data requirementsOnce more information is available on the
dose metrics, health effects of and exposure tinNdod, the adequateness of the pre-
marketing safety research should be assessed.

« Availability of data on nanotechnologies containig products already on the market The
development of an integrated database as identifieérquestion 3s important. In addition
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monitoring of consumer use of food containing NRelsvant. High quality and reliable
databases can be used to obtain a realistic viepvamucts on the market and thus used for
monitoring purposes, priority settings for post-kaing surveys and emerging risks projects.
The post-marketing surveys should provide detailémrmation on the market penetration and

type of nanotechnology applied in products.
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9 How to come to the most efficient research approach

Various research agendas and roadmaps have beéeaddiefr the domain of human health and
environmental risks of nanotechnology (OECD, (Magret al. 2006), EU, NNI, .). They were
developed on the basis of various scopes, fronoduat point of view, from a more fundamental
research point of view, from an economic pointiefw Overall they have led to more or less the same
research items, that are defined at a quite higdl [&f abstraction. Moreover, a lot of these roagsna
were developed on a scientific or on a regulataty¢p basis. To our opinion, such roadmaps are best
developed by an interaction of researchers, pofiakers/upholders, and other stakeholders. It is
important that all stakeholders have the sameigaaind, i.e. the development of ‘responsible’
nanotechnology products.

Starting points:

«  While stimulating the economic developments of nacdlenologies the safety for human health
and the environment may not be compromised.

« Safety research should contribute to the sustanddvelopment of nanotechnologies (used in
the food production chain).

« Products have already come to market, so firshtte should be paid to post-marketing risks.

* Risk assessment requirements and not fundamemrtebkogical issues should be leading in
developing roadmaps for research in the most efftoivay.

For consideration:
« Identify which areas for food in nanotechnology ianportant for the Netherlands or the EU.
The questions raised and research topics mentiamgeglobal issues.
* Identify how research efforts relating to post-naditkg risks should weigh in comparison to
pre-marketing risks.
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10 How can research issues for nanofood safety be pritised ?

What can be leading issues in prioritizing reseateims?
At this moment already a large variety of produstat the market or is expected to reach the market
within the near future. This implies that in thesfiplace:
1. research should be carried out that supports pasktating risk assessment.
2. the current regulatory framework should be adapteslich a way that products expected in the
near future are covered by a relevant regulat@méwork.

The conclusions seem to be obvious but it will &l difficult to translate this in concrete resgmar
proposals. The following research topics are careid to contribute pivotally to risk assessment of
nanotechnologies and nanoparticles in generaltamsidlso for applications in food products.

« Characterization of nanoparticle$he particles have novel properties compared to@ational
chemicals. It is important to characterize thesgerties to enable realistic estimations of
consumer exposure. But equally important, thisrimfation is needed to establish dose-response
relations in toxicology studies. Thus, analyticals need to be developed for the isolation and
characterization of nanoparticles in food and kjalal matrices.

» Dose metricsThis is a very basic issue which affects both prietation of scientific studies as well
as regulatory frameworks. It has become cleardbagés of hanoparticles and thus also limit values
for nanoparticles cannot be expressed in weigkiblume measures as is the case for conventional
chemicals. Questions arise whether nanosized [egrtié their conventional counterparts need their
own limit values.

« Effects of nanoparticle§.he kinetics of nanoparticles may be different paned to conventional
chemicals. When there is evidence for uptake,iigion of nanoparticles should be studied more
extensively when compared to their conventionahteparts. Of special importance are those parts
of the body that are normally protected by barriéesthe blood-brain-barrier and placenta.

« Definition of nanoparticlesThis is not only a formal issue for regulators &alsb very important for
discussion on prioritization of research and exgeanf study results between scientists, producers
and regulators.

« Consumer exposure to nanoparticleseeds to be studied which products containgoparticles
are on the market and which type of particles aslyand are being developed.

Specifically for applications of nanoparticles arahotechnologies in food products are the following
issues thought to be relevant:

e Oral bioavailability

* Measurement of nanoparticles in food matrices
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Health impact of nanotechnologies in food productio

Background document
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1 Introduction

The potential benefits of nanotechnology have ieeagnized by many industries, and products based
on nanotechnology or products containing nanopestidNPs) are already manufactured such as in the
field of electronics, consumer products and phagutcal industry. Achievements and discoveries in
nanotechnology are beginning to impact the food@ated industries (Chen et al. 2006a).
Nanotechnology is a new and fast emerging fielt ithablves the manufacture, processing and
application of materials that are very small iresigngineered NPs are commonly defined as materials
designed and produced to have structural featuitbsatvieast one dimension of 100 nanometers @r les
(Oberdorster et al. 2005a). NPs can be spheridalldr, irregularly shaped, or can exist in fused
aggregated or agglomerated forms. Due to noveliptlysmical properties of engineered NPs that are
attributed to their small size, chemical compositimd surface structure, NPs can have novel dndist
(toxicological) properties (Nel et al. 2006).

Within the food production nanotechnology tools ased in the entire food chain e.g. during cultvat
(agriculture), industrial processing or packagindpods. In addition nanotechnologies are beingluse
to enhance the nutritional aspects of food by me&nanoscale additives and delivery systems added
to the food. Various types of NPs can be employgkinvfood industry ranging from inert types of NPs
like nanofibers, metal and metal-oxides, quantuts {{dardman 2006) and other NPs, to delivery
systems like liposomes and other forms of nanodapgliaylor et al. 2005). Household use may
include the use of nanocoated/treated containef®dal storage or household appliances.

Generally there is good appreciation of the poéttenefits of nanotechnology for the food industry
and likely the consumer. However, not too muchniswin on safety aspects of the application of
nanotechnologies in food production and of the ipowation of NPs in food products. Not all
applications and not all NPs are alike and thug tittenot share the same hazard or risk profile. A
ranking of risks given the application and typd\&fs should be made, In its evaluation of potential
health risks of products containing nanotechnol8@ENIHR stated that “... The situation with free
nanoparticles, including agglomerates, is quiteedént. ...free nanoparticles [that] give rise to aems
over possible human health and environmental riEREENIHR 2006).

1.1 Aim of the project

The aim of the project is to identify knowledge gap the expertise needed to make reliable risk
assessments for human health risk in case of @piplicof nanotechnology in food production. Based
on this identification of knowledge gaps a prioflist of research questions will be drafted, when
resolved the answers will contribute to reduceutheertainties in safety and risk assessments ofilNPs
food products and the use of nanotechnology in fooduction within a few years. This part of the
report can be found in part A of this report.

1.2 Outline of project

Firstly, an overview of current (or in the nearuig foreseeable) applications of nanotechnology and
NPs in food production will be provided. State-bétart of applications of nanotechnology within the
following areas will be presented:

« residues of use of nanotechnologies and NPs dprivguction and processing

e packaging materials
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» food additives and nutrients

This exploratory task mainly relies on some intéoreal inventories from the Woodrow Wilson
International Center for Scholars and the Europd@motechnology Gateway to which information

from a literature search will be added.

Secondly, the safety assessment performed in &renprketing (authorization procedure) assessment of
NPs or new products containing NPs will be evaldaBpecific (dossier) requirements resulting from
the novel features of the NPs will be highlighteldwever data requirements for conventional forms of
chemicals also applicable for NPs will not be addegl. Most important knowledge gaps at each step of
the safety assessment will be identified and acewrep by a project proposal. If executed these
projects should increase the reliability of theepafissessment (e.g. hazard identification, hazard
characterization, exposure assessment and riskatkaration). Additionally some remarks on thetpos
marketing risk assessment will be provided.

Thirdly, a general overview with the Dutch pointvaéw on the legal framework of nanotechnology
application within the food area will be provided.

Results will be used to provide the risk managéhan identification of uncertainties in the cutreak
assessments.

The synthesis report gives an overview and an adwicpriority of scientific issues that needs & b
addressed in order to improve the process of pasketing risk assessment for NPs in food and in
order to gain insight in dossier requirements féshh food.

1.3 Out of scope

This project only covers health impact of applicatof nanotechnologies during food production and/o
for consumers. Potential health impact of applicatif nanotechnologies in other industries e.g.
electronics, medical and consumer products willbeoaddressed in this project.
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2 Nanotechnology - definition and applications

The Nobel Laureate Richard Feynman is suggestbd tbe first person to have the vision to see the
potential of working at the nanoscale. In a visignaresentation in 1959 titled “There’s plenty obm

at the bottom”, he postulated that being able taimdate atoms and molecules at will would open up
new avenues of technology (Feynman, 1959). Workirthe atomic level became only within reach
when key analytical tools like the scanning tunmglinicroscope were developed in the 1980s.
Advances like these and other analytical toolslduispread to be utilized in many other fields of
science. This led to the development of materiatsvéng unique properties that are dependent on thei
nanostructure c.g. size. Current research is lgadithe development of sophisticated and
heterogeneous materials and devices, based orr@asing ability to engineer in functionality akth
nanoscale (Roco 2004). In his review of the devalamt of nanotechnology Maynard emphasizes that
the benefits that have the potential to changerapdove our lives will inevitably bring with thermremw
risks that need to be identified and managed (Mia/2806).

Nanotechnology itself and its applications are mapidly growing, hundreds of claimed
nanotechnology products from enhanced materiastrehnic products and devices and pharmaceutical
products are already on the market (The NanoteolgaConsumer Inventory, 2006). It is this
broadness of application of nanotechnologies trektas it particularly difficult to discuss potentigdks

in general terms. Moreover, the broadness also sriaketechnology very sensitive for consumer
anxieties, because (negative) discussions on apiplis nanotechnologies in one sector will have its
effect on applications in another sector.

As nanotechnology is an enabling converging teamolsed in many industries a discussion on the
risks must start with a definition and a focus loa field of application.

2.1 Definitions of nanotechnologies and nanopatrticles

Nanotechnologies are enabling and converging tdogies, which means that it is not a single type of
technology used in a single field of science, bgteat variety of techniques that have only oneglin
common: the size-scale:

Nanotechnologies: The design, characterizationdpation and application of structures, devices and
systems by controlling shape and size at the natesraeale (Engineering. 2004)

The Royal Society purposely uses the plural of tesfoology, to express the diverse range (and
applications) of nanotechnology.

Other groups have included an extra criteriors ot only the small size that matters, but algo th
added novel characteristics or properties of the sustances, products and applications that makes
nanotechnologies a special group of technologies:

Nanotechnology: The understanding and control oftenaat dimensions of roughly 1 to 100
nanometers, where unique phenomena enable novitatgns (NSET, 2004)
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Nanoscience: The study of phenomena and manipnlafimaterials at atomic, molecular and
macromolecular scales, where properties differ gigantly from those at a larger scale
((Engineering. 2004)

This was reworded by Maynard (2006), in his viewmatachnologies have three things in common:

e Control — the ability to put small quantities of tigat where it is wanted.

« Ultilization — using this ability for some practicalirpose.

« Visualization — detecting where material is placeal how it is configured at the nanoscale
(Maynard 2006)

The development and application of nanoparticld®)Ns one of the results of the use of
nanotechnologies. Besides engineered NP, nangsézédles also can have a natural origin like sand
dust, ashes as a result of volcano eruption, obeahe unintended result of human activities. Exas
of the latter are ultra fine particles in diesehis (combustion). These non-engineered partiches ha
been studied extensively, especially the toxicitg tb inhalation of these patrticles.

In summary the novel (unusual) properties of ergyiee NP are attributable to their (Nel et al. 2006)
» small size: resulting in a relatively large surfageea (and distribution in sizes).
= chemical composition: purity, crystallinity, eleatic properties etc.
» surface structure: surface reactivity, surface grepinorganic or organic coatings, etc.
= solubility, shape and aggregation.

Within the food production industry it can be emged that engineered NPs are or will be applied in
packaging materials, processing aids or as foodiagl A different and in food area very important
type of NPs are delivery systems like liposomesathdr forms of nanocapsules (Taylor et al. 2005).
Encapsulation will be used in novel formulationgeéticides and veterinary drugs, or to enhance the
controlled release of food ingredients at the rglhte and the right time (Gouin 2004).

In this document the term ‘nanopatrticle’ is use@ @eneral denominator for various types of
engineered NPs that have at least one dimensitimeamanoscale, e.g. between 1 and 100 nm, and that
are ‘fixed’ or ‘free’:

* Fixed: Nanoscale patterning at the surface, or c@amposites in which NPs are permanently
embedded into a conventional matrix structure aearples of fixed NPs. The interactions of fixed
NPs with living systems is limited by the fact thia¢se NPs cannot be taken up into tissues or
individual cells. Fixed NPs can be released froairtmatrix (e.g. wear off, migration etc)

» Free: Free NPs have two (nanorods, nanowiresyee tf their dimensions in the nanoscale, and as
such are small enough to be taken up into individabs. This opens up new possibilities for
interactions between NPs and cells, which may tés@llterations in cellular signaling and cell
function.

Furtheron in this report with nanoparticles onlg tranoparticles in its free form are discussed.
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3 Applications of nanotechnologies in the food produ®n chain

Nanotechnology has the potential to impact mangetspf food and agricultural systems.
Bioavailability, food security, disease treatmeiglivery systems, new tools for molecular and ¢atlu
biology, new materials for pathogen detection aagles of the important items that are linked with
nanotechnology (Weiss et al. 2006).

3.1 Approach

In this section an overview of products made usiagotechnology or hanopatrticles (NPs) are appdied i
provided. The inventory has been made using Googlesitig the search terms ‘nano’,
‘nanotechnology’, ‘nanotubes’, ‘NPs’, ‘food’, ‘prodt’ in varying combinations. Most products have
been found via the database of consumer productkedfianotechnology project
(www.nanotechproject.ojygf the Woodrow Wilson International Center foh8tars, in the Global

New Products Databse of Mintel (www.gnpd.goand the Nanotechnology Product Directory
(www.nanoshop.cojrmand the report of nanoforum (www.nanoforum)ofighe databases and the
internet have been searched during Spring 2007.

3.2 Overview of applications

The overview of the products that are claimed tptoeluced using nanotechnologies or containing NPs
is provided in Annex 1The results are summarized in Tables 3.1 and 3.2.

The inventory clearly indicates that nanotechnasegire being used throughout all phases of food
production (Table 3.1). It is striking that it istrone type of technologies that is being useidriges

from processing techniques to the applicationnarti or encapsulate NPs into food products.

Before analyzing the results of the inventory, #e@arch needs some critical discussion. The inwgnto
is based on labeling information on the produce Thim that these products contain nanotechnology
cannot be verified from the information presenfdus also applies to the information on the presenc
and/or type of NPs applied in these products.dtlmaexpected that the claim ‘nanotechnology’ @n th
label of some products is not more than a marketisggument. On the other hand products containing
nanotechnology or NPs that are not claimed onahel$ are for that reason not included in this
inventory. The results of this inventory are thleady biased.

Types of application

The most striking observation is that nanotechriegre being used throughout all phases of food
production (Table 3.1). It is clear that it is mote type of technologies that is being used: iearfrom
nanoformulated agricultural compounds (e.g. pefi), to processing techniques and the addition of
inert or encapsulate NPs into food products. The tf application can be used as a first estimiate o
potential consumer exposure and thus as a rankingks. Nanotechnology used for the food
production without introducing (e.g. adding) naradegroducts or compounds in the food like filters
with nanopores, can be considered of low risk ierdconsumer. The use hand-held devices containing
nanotechnology or filters with nanopores to creat@odisperse solutions or to filter out
microbiological contamination are examples of gdategory of applications.
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Direct (intentional) application of NPs in food cstart early in the food chain when nanoformulation
of pesticides are applied directly on crops. Theppotential source might origin from residueNéfs
for water and solil cleaning purposes in fields dmol crops are cultured, could become available for
the consumer. Or by contamination with NPS as altre§ environmental release of NPs from
production processes.

In addition, the application of 'sensor spray€doventional materials to monitor contaminatiorhwit
micro-organisms is a direct source for NPs in faden products from the surface are consumed. While
filters with nanopores (and therefore using nartoietogy) become in direct contact with food this
application of nanotechnology is expected to havadditional safety concerns in comparison with
conventional filters. The type of material (and we# as result of use) of the filters or cleaning
products of the filters might require some attamtiout this is clearly not exclusively related &dety of
nanotechnology.

The ultimate direct consumer expose can be expedtied NPs are included into food directly (with an
e.g. antimicrobial-, enhancing bioavailability-targeted delivery function).

Indirect application of NPs in food can be expeatd@n nanotechnological devices are incorporated in
packaging materials, storage containers of foodaaion equipment. In packaging materials two
types NP can be identified. Inert particles to éase barrier or strength properties of the packagin
materials and (re)active particles. The latterdagigned to respond to environmental changes (e.g.
temperature in storage rooms), degradation prodaidtee food commodities, or contamination by
micro-organisms. NPs used in these applicationsragrate or wear-off from the materials before
consumers exposure can be expected.

Inert particles are used in the food productionrciigable 3.2) with a diverse aimed function. Exdesp
are aluminum oxide, lanthanum particles and nanes$aan powder in the process of water purification
soil cleaning. In food storage and processingesiind zink oxide NPs are handled in refrigerahoic
storage containers. Silicate NPs, nanocompositeraghesium - and zink oxide are used in food
packaging materials, while also inert particlesaessed in food commodities, like calcium,
magnesium, silver, silicate, silicium oxide and tghgold. Other applications in food commodities are
nanosized particles, regulatory peptides from glaminodroplets/- clusters and nanowater. However,
the form of abovementioned particles is usuallyngwin. Consumer exposure can be expected
following application of inert particles in the fdpwhile expected consumer exposure is low as &ng
NPS remain bound in the packaging materials dnéncbating on surfaces of packaging materials and
food preparation devices (risk of wea-off). Themeicial safety related issues are migration ofdéhes

to food and appearance (e.g. free or as large ga@g® of these NPS in the food. As stated beiore,
are the free forms of the NPS that are reasordfietys concern (SCENIHR 2006).

The other type of NPS that are encountered areahedelivery systems, of which a diversity of forms
exist (Letchford and Burt 2007; Taylor et al. 2008hen incorporated into food the delivery systems
are commonly build from peptide or lipid monomethén et al. 2006b; Graveland-Bikker and de Kruif
2006; Mozafari et al. 2006). These Nanoencapsukesased for novel pesticide formulations,
consumers exposure to residues of these partiatethas be expected. The other major application of
encapsulates are the use of delivery system fachie compounds, e.g. to increase the bioavaitiabil
of these compounds.
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While potential consumer exposure might be a usgdploach to ranking potential risks of

nanotechnology, this could also be approached &aagulatory side. Which applications are likely

adequately subjected to a regulatory frameworkvemat is the likelihood of enforcement? All

compounds that are to be used in food or expeotbéd tised in products in contact with food are

subject to pre marketing authorization proceduvisst import regulatory frameworks for the

authorization of compounds to be used in food laeeallowing:

« The European General Food Regulation (EC/178/2002)

* Novel food [and novel food ingredients] Regulat{&C/258/97)

« Food additives, enzymes, flavourings and processitig) (89/107/EC; 94/36/EC; 94/35/EC;
95/2/EC and their amendments).

¢ Food enrichments regulation (EC/1925/EC)

* Food supplements directive (2002/46/EC)

¢ Food contact materials (EC/1935/2004)

« And regulations and directives on pesticides andrireary drugs.

In general terms these regulations have safetyigioms incorporated. It is the producer’s respahsib

that their products are safe. Regulatory agenaigsss the dossiers that are submitted by applicants

The adequacy of the safety provisions and testilidpevelaborated on in the following sections.

However, it is also clear that a wide range of pats, especially the food supplements and food

additives, are available via internet.. While athghucts on the (internet) market in principle are

subjected to the above indicated regulatory frammkvtacan be argued that it will be very diffictitir

national authorities to strictly enforce this mdrkehis will necessitate a post marketing risk asseent

framework to be in place.

Table 3.1Summary of applications of nanotechnology in thedf production chain

Chain phase Application Nanotechnology Function
Agricultural Nanosensors Nanospray on food commodities Bindsalwds micro organisms
production
Hand-held devices Detection of contaminants etc.
Incorporated in packaging materials Detectiofoofl deterioration.
Pesticides Nanoemulsions, -encapsulates Incredeacy, water solubility and
crop adherence
Triggered release nanoencapsulates Triggeredl)ladease
Water purification/  Filters with nanopores Pathogen/ contaminant reinova
soil cleaning
NPs Removal or catalysation of oxidation g
contaminants
Production and Food production Nanoceramic devices Large reasiiviace area
processing of
food
Refrigerators, Incorporated nanosized particles,  Anti-bacterial coating of storage and
storage containers, mostly silver, occasionally zinc food handling devices
food preparation oxide
equipment
Conservation Food products Nanosized silver sprays Anti-bacterial action
Packaging Incorporated sensors Detection of food deterionatio
materials Monitoring storage conditions
Incorporated NPs Increasing barrier propertigength of
materials
Incorporated active NPs Oxygen scavenging, ptéveof
growth of pathogens
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Chain phase Application Nanotechnology Function

"Functional Supplements Colloidal metal NPs Claimed to enhdudesirable uptake
food’,
consumption
Delivery systems "Nanoclusters" Protecting aady@ted) delivery of
content

Nanosized/-clustered food/drinks Claimed enhanced uptake
(nutrients)

Table 3.2Summary of type of NPs and NPs applied in the jmmdiuction chain

Type of NP Application Function
Colloidal metal NPs Food additive Claimed to enleadesirable Gl-uptake
Metal NPs (Silver, ZnO) Food additive/supplement ailled enhanced uptake
Packaging materials/ storage Increase barrierepties
Food preparation devices Clean surface
Refrigerators, storage containers Anti-bacterating of storage and food handling
devices
Water purification/ soil cleaning Removal or cgsation of oxidation of contaminantg
Sprays Anti-bacterial
Nanosized nutrients /foods Food additive /suplleimen Claimed enhanced uptake
Complex nanoscale Nanosensors in packaging Detection of food detatiimm.
structures Monitoring storage conditions
Hand-held devices Detection of contaminants etc.
Incorporated active NPs (migration out of) packggin Oxygen scavenging, prevention of growth of
materials pathogens
Filters with nanopores Water purification Removatlmgens, contaminants
Equal emulsions Product design
Delivery systems Food additive / supplement Protecting and (targeted) delivery of content

(nanoencapsulates)

Pesticide Increased efficacy, water solubility anap
adherence, triggered (local) release

3.3 Description of types of nanopatrticles

3.3.1 Inert particles

A NP consists of a solid or liquid nanostructuregant in the air as an aerosol (mostly solid aiidig
phase in the air), a suspension (mostly solidguitis) or an emulsion (two liquid phases). Diffdren
characteristics of NPs are:

e particle size

» surface area per unit mass

e shape
e solubility and dissolution
e reactivity

e coagulation or aggregation state
» chemical composition
» other

As can be seen also from Table 3.3, NPs can beispheubular, irregularly (non-spherical) shaped,
can exist in fused aggregated or agglomerated forms
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Table 3.3Different types of nanostructured particles

Particle Type Description

Spherical or compact particles
Compositionally homogeneous

o
p—

High aspect ratio particles

Compositionally homogeneous

Complex non-spherical particles

Compositionally homogeneous

Compositionally heterogeneous particles

') Core-surface compositional variation

Homogeneous agglomerates
Agglomerates of a single particle class

Compositionally heterogeneous particles Distributed
compositional variation

Heterogeneous aggregates
Aggregates of diverse particle types

Multifunctional particles
Particle behavior and properties depend on funation

responses to local environment and stimuli

Active particles
Particle behavior and properties depend on external
stimuli

These characteristics are important with respepbtential risks for health or environment and
determine their fate and behavior in the envirorieinmans and other organisms.

3.3.2 Encapsulates

Nanoencapsulation involves the incorporation, gitsmm or dispersion of bioactive compounds in/at or
on small vesicles with nano (or submicron) dianseteat may protect the bioactive compounds against
degradation, improve the stability and solubilifytiee substance and therefore increase the
bioavailability and delivery to cells and tissukstthford and Burt 2007; Taylor et al. 2005). Radgc

the size of the encapsulates into the nanoscatesadpportunities related to prolonged gastroimtakt
retention time caused by bio-adhesive improvemienise mucus covering the intestinal epithelium
(Chen et al. 2006b; Medina et al. 2007). Modulatiohsurface properties (e.g. coatings or
biomolecular flags) can enable targeted delivergashpounds. The latter field of application is tgdi

of biomedical application of encapsulates.
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Nanoencapsulates may consist of a core composaued several types of compounds surrounded by
a wall or barrier (see fig 3.1. for types of deliwsystems relevant for food industry). These dasliv
systems have its roots in the pharmaceutical ingugtere often synthetic polymeric nanoencapsulates
are employed. For application of nanoencapsulatesfdod, lipid- or natural polymers-based capsules
are most often applied or studied (Chen et al. BRQG8owever, one of the main problems with these
natural polymers is the stability of the nanoenoégiss.

| nancencapsulates |
|
| |

‘ Lipid-based ‘ polymers

Natural Synthetic

A 2.g. albumin, e.qg. PLA, PLGA PCL
‘ nanohposomes ‘ gelatin, alginate,

| collagen, chitosan

‘ archasosomes ‘
| ‘ nanospheres ‘

‘ nanocochleates ‘ |

‘ nanocapsules ‘
micelles |

‘ polymersomes ‘

micelles

Figure 3.1 Classification of nanoparticulate delivery systems

Lipid-based nanoencapsulation:

The main lipid-based nanoencapsulation systemsé#rabe used in food and food supplements are
nanoliposomes, archaeosomes and nanocochleateaf@viaz al. 2006).

- Nanoliposomes are defined as bilayer lipid vesiglossessing and maintaining nanometric size sange
during storage and application. Because of thaguenproperties they can entrap, deliver and releas
both water-soluble and lipid-soluble material (Miazaet al. 2006). Liposomes may release their
contents into cells upon e.g. encountering specélitular enzymes, due to pH or thermo-sensitigity
after antigen-binding when antibody-tagged (Tagloal. 2005).

- Archaeosomes, which are liposomes made from Asaibacteria, are even more thermostable and
more resistant to oxidation, low pH, bile saltseiiical and enzymatic hydrolysis compared with
normal liposomes and therefore considered idealidates to protect antioxidants during food
processing.

- Nanocochleates have a cigar-shaped multilaydradtsre consisting of a continuous, solid, lipid
layer sheet rolled up in a spiral fashion witHditbr no internal aqueous space. Nanocochleatas hav
been used to deliver proteins, peptides and DNAdorcine and gene therapy applications. They are
resistant to degradation in the gastrointestirat{iwhich makes them ideal candidates for oraleis.
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Because of the natural composition of liposomesay appear that there are no safety concerns if
liposomes are used in food industry. However, as paanted out by Mozafari et al. (Mozafari et al.
2006), the utilization of above mentioned lipid-ed<arriers in the area of food is determined Iy th
preparation procedure, which may not involve noodfgrade solvents and detergents.

Polymer-based nanoencapsulation:

Nanoencapsulates based on polymers can be obtayrteéeé polymerization of more than one type of
monomer, typically one hydrophobic and one hydriiphso that the resulting molecule is composed of
regions that have opposite affinities for an aggesmlvent. Numerous copolymers have been
synthesized to date, generally composed of a bipatibie, biodegradable hydrophobic polymer block
covalently bounded to a biocompatible hydrophilityper block, leading to the formation of micelles,
nanospheres, polymersomes and nanocapsules (KaB@@6yLetchford and Burt 2007). In figure 3.2
the delivery systems formed by amphiphilic copolysrare shown.

- Micelles are characterized by a core-shell aechiire in which the inner core is composed of the
hydrophobic regions of the amphiphilic moleculesating a cargo space for the lipophilic drug or
compound.

- Nanospheres can be defined as a solid collowligte in which drugs are dissolved, entrapped,
encapsulated, chemically bound or adsorbed todhaner matrix. However, the central core can be
become more or less solid-like depending on thelgoper composition, making if difficult to have a
clear distinction between micelles and nanospheres.

- Nanocapsules and polymersomes are colloidal-siasicular systems in which the drug is confined
within a cavity surrounded by a polymer membraneaating. If the core is an oily liquid and the
surrounding polymer a single layer the vesicleefemred as a nanocapsule; these system have found
utility in delivery of hydrophobic compound. If tleere of the vesicle is an aqueous phase and the
surrounding coating is a polymer bilayer, the pé#etis referred to as a polymersome. These vesictes
analogous to liposomes and find utility in delivefyencapsulation of water-soluble compound, but
they differ from liposomes in that the externabér is composed of amphiphilic copolymers. Vapiati
in composition, molecular geometry and relative oraer lengths results in various physicochemical
properties and morphologies of the resulting nanapsulates (Letchford and Burt 2007).
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Characleristics
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Figure 3.2: Nanoparticulate drug delivery systems formed byplaiphilic copolymers and their general
characteristics. Taken from (Letchford and Burt 200

In food industry food-grade polymers have to bézatil. For instance, polyethylene glycol (PEG) is
generally used as a hydrophilic polymer block ia thrmation of nanoencapsulates (Letchford and
Burt, 2007) and generally recognized as safe. Mae@rotein-based nanoencapsulates are partigularl
interesting because they are relatively easy tpggeeand can form complexes with polysaccharides,
lipids or other biopolymers and a wide variety afrients can be incorporated (Chen et al. 2006b).
Natural polymers used for the formulation of naetivitry systems are albumin (protein), gelatin
(protein), alginate (saccharide), collagen (prgtethitosan (saccharide) (des Rieux et al. 20068)tha
milk protein alpha-lactalbumin (Graveland-Bikkerdashe Kruif 2006).
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4 Scientific data for risk assessment of nanopartiek in food

4.1 Physicochemical characterization of nanoparticlesstability in the food
matrix and availability of analytical tools

Engineered nanoparticles (NPs) encompass many fdimey can be made bottom up, through
assembling molecules into NPs, or derived top dbywdown sizing conventional substances. A
complete and accurate characterization of NPs @dister et al. 2005a; Powers et al. 2006) is an
essential part of both understanding the possibhetits as well as the potential toxicity of NPs in
biological systems (Royal Society, 2004). Wherbascharacterization of chemicals is usually
relatively straightforward (e.g. composition, pyyjtcharacterization of NPs in biological matrices
more complex (Powers et al. 2007). The novel ptogseof NPs are primarily associated with their
small size.

There is a commonly used definition which states:

“Engineered NPs materials are designed and produoeahve structural features with at least
one dimension of 100 nanometers or less (Oberdoesta. 2005a)”

Nanotechnology involves the manufacture, procesaimtapplication of materials that are in the size
range of 100 nanometers or less. The size limiig lsace been chosen on an the basis of physico-
chemically relevant properties, but have howevetox@ological basis at all.
In international fora like Scientific Committee &merging and Newly-Identified Health Risks
(SCENIHR) and the International Organization faartardization (ISO) discussions on definition are
high on the agendas. International consensus efirdttbn will have its impact on regulatory
frameworks. At this moment discussions seem to iledlde direction of defining the upper size liroft
a NP is aspproximatelyl00 nm, which is not strict enough for applicatiomegulatory frameworks.
It is however important to realize that the sizeymat be the only relevant descriptor of a dosiPB$
e.g to explain these novel properties of NPs. Qtharacteristics that need to be considered ardéMu
et al. 2001; Oberdorster et al. 2005a; Powers. &086):

= sjze and size distribution,

* agglomeration state

= shape and other morphological features (e.g. dhystyg porosity, and surface roughness),

= chemical composition,

= solubility,

= total surface area,

= surface chemistry

= surface charge (zeta potential)
Toxicity testing of NPs requires that in the end&loespons relationships can be described, either f
in vivo or in vitro tests. As already mentioned ebothe conventional approach on the basis of imass
describing the dose of a compound will not hold EBHR Opinion, 2007). However up till now it has
not been possible to establish a single alternabse-describing parameter that describes theatuse
the observed dose response relations in toxicabtpsts well. This leads to a general recommeodati
that NPs used for (toxicological) studies shoulatbaracterized as completely as possible (Obekrtorst
et al. 2005a) (Powers et al. 2006) (Thomas andeS2305).
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This leads to a general recommendation that NR$ fas€toxicological) studies should be
characterized as completely as possible (Oberdattd. 2005a; Powers et al. 2006; Thomas andeSayr
2005). For a comparison of studies and determitliegaccuracy of the methods used in different
laboratories, it is important to assess the pregisf analytical (screening) methods, lab-to-labaten
and effects of method development (Kroes et al2200his is not only important for the safety
evaluation but it is also important to be able tdel NP properties silico in the future (e.g. QSAR)
(Powers et al. 2007).

It might however not be possible to fully charaiziethe NPs. In an attempt to give some guidance on
prioritization of characterization of NPs Oberdérsind coworkers (Oberdorster et al. 2005a) prapose
three criteria: "the context within which a matéisabeing evaluated, the importance of measuring a
specific parameter within that context, and thesiteifity of measuring the parameter within a specif
context". Part of this information is currently pemted in the relevant dossier parts, but it iardieat
more information should be requested.

Physicochemical characterization of NPs is impdrtarpe able to explain observed effects in test
systems. Characterization of NP as-produced wiliole useful baseline data of the NPs. But for
toxicity studies and (consumer) exposure assessihéntrucial that this characterization is penfied

in the matrix containing the NPs as administereid$b systems (or consumer) (Oberdorster et al.
2005a). It is clear that the functionalities of thes (e.g. particle size, size distribution, pdtdnt
agglomeration and surface charge), can changdfarafit biological matrices (Powers et al. 2006),
depending on compounds that are present in thexnaaitd thermodynamic conditions (Borm and
Kreyling 2004). In addition NP interactions wittetmatrix can change as a result of dilution
(Oberdorster et al. 2005a). In practice this mehatthe appearance of a NP can be expected tgehan
following sample processing (e.g. freeze - thasley, heating, dilution). A special case is NP
incorporation in packaging materials. The rate @ration of NPs from packaging materials is not
known a priori. The migration of heavy metals frbindegradable starch/clay nanocomposite films to
be used as packaging materials, was shown to benalifAvella et al. 2005). It is not clear however
whether the results from this study are applicablgeneral. Furthermore the adequacy of current
migration tests and cut off migration limits neede considered. And for a thorough safety evaduati
the NPs will also have to be characterized aftgration into the food matrix.

At present there is a vast array of analytical mémples to characterize NPs. The mean size and wfdth
distribution (polydispersity index) of nanosuspensiis typically determined by photon correlation
spectroscopy (PCS). The measurement range oktthsigue is limited to approximately 3 nm-3um.
Therefore, additional laser diffractometry (LD) vih measuring range of approximately 0.05 —80 um is
used to detect any presence of particles in theomieter range or aggregates of NPs (Muller et al.
2001). Analysis by the Coulter counter techniquegiabsolute data (i.e. absolute number of pasticle
per volume unit for the different size classes).

Other methods to determine the size distributioNiB$ are light scattering, differential mobility
analysis, time of flight mass spectroscopy (TOF-Mfiicroscopy and surface area measurements
(Powers et al. 2006).

Particle charge is generally measured by electngdmand typically expressed as electrophoretic
mobility [(um/S)/(V/cm)] or converted to the zetatpntial (mV) (Muller et al. 2001; Powers et al.
2006).
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The crystalline structure of a nanosuspension eamsBessed by differential scanning calorimetry
(DSC) (Muller et al. 2001) polarized optical miccopy and scanning electron microscopy (Avella et al
2005).

For determining hydrophilicity/ hydrophobicity (iragant characteristic affecting the in vivo organ
distribution (after i.v. injection) can be determéhwith hydrophobic interaction chromatography (HIC
(Luck et al. 1997).

NPs are often coated with proteins in order to tyoitlie surface characteristics (e.g. to increase
adhesion to the gut wall, (Muller et al. 2001)).@asive and quantitative composition of protein
absorption patterns can be analyzed by 2-D PAGHe®ldar composition and structure of the surface
of NPs can be determined by electron spectrosampghiemical analysis (ESCA), X-ray photoelectron
spectroscopy (XPS) and secondary ion mass spegpp$8IMS), or a technique called matrix assisted
laser desorption ionization microscopy/mycroscdpgwers et al. 2006).

For inert NPs the surface area is important, becausraction between NPs and the biological matrix
typically take place at the particle’s surface.f&ce area of these type of NPs is normally measured
through gas adsorption using the Braunauer, EmanetfTeller (BET) method or other theoretical
approaches. These measurements are difficult lndical matrices (Powers et al. 2006).

In general, all these techniques require a wellimzpd laboratory and were developed for
characterization of NPs during the production pHassimple matrices), water (buffer) or in the air
Literature on validated methods for the characiion of NPs in biological or food matrices is s@ar

4.1.1 In vitro testing

The development of routine analytical techniquedte characterization of NPs might be very difficu

to achieve. A completely different approach carheedetermination of the presence of NPs by means
of effect screening in analogy with screening apphes used for complex mixtures of chemicals and
products derived from genetically modified orgargésmfood. In this approach the presence of NPs can
be “detected” focusing on biomarkers of exposureffact of developed assay systems. ifhétro

assays could then be used in a first tier of dietectf NPs in food. However, suspected samples Vehou
have to be further characterized by means of analytechniques.

4.1.2 Summary / interpretation physicochemical charaz@ion

Complete information on relevant physicochemicalpgrties of engineered NPs is considered to be
essential for proper risk assessment. This infaonas required for development and confirmation of
theoretical approaches of dose metrics. First ilweill be possible to evaluate and compare theltss
of toxicity studies in a proper way.

The size limit in the present definition of NPsisl arbitrary due to lack of knowledge on the
relationship between particle size, kinetics aridat$. It is thus not known whether the size-raoige
interest is exactly at 100 nm or below or abovéne@iise, it will be relevant to explore the legal
feasibility of avoiding arbitrary size limits, irder to handle the consequences of scientific
uncertainties in a more pragmatic way. Such knoggead not easily derived. The definition should
therefore first be treated in a pragmatic way.

It has become clear that the size will not be thlg descriptor of a dose e.g not be the only fatdor
explain these novel properties. Total surface argaumber of particles are also considered to be
relevant descriptors. In practice NPs in food will’er a certain range of sizes (distribution) dred t
particles will have a variety of shapes. Theseisgaes already imply that doses cannot be descoibed
a weight or volume basis, but it is also to sintplassume that a one dimensional parameter like
surface area can be a good substitute.Probablyifactrial units, taking into account all relevant
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parameters will need to be developed. .As statedeabt will be challenging to combine these
parameters to one relevant dose descriptor.

Dose response relations in toxicity tests will heovbe analyzed case by case using different dose-
describing parameters. Furthermore, since the ifumatities of the NPs (e.g. particle size, size
distribution, potential agglomeration and surfalarge), can change in different biological matrjcgs
as a result of dilution, it is crucial for toxicistudies and (consumer) exposure assessment ¢hat th
physicochemical characterization is performed ertratrix containing the NPs as administered to test
systems (or consumers) (Oberdorster et al. 2005a).

Regarding the present knowledge on toxicity of NFis important for risk assessors to have actess
clear description of the analytical methods thatenesed to determine the physicochemical properties
of the respective NP, to have access to the (rapgramental data and a sound description of the
statistical procedure used to analyze the datay Beh a reliable assessment of the NPs can be
performed and only then the results of the safe$gssment can be used to model NP properties in
silico (Powers et al. 2007), or compare resulté wibse of non-nano counterparts.

Future research should focus on methods that éeeofin situ detection and characterization of NPs
and that are preferably relatively easily performatth apparatuses that are currently present at
laboratories suited for detection of chemicalsood. Ideally, isolation and characterization metod
should be developed, suitable for routine and lost@nalysis.

The use of in vitro effect assays might be considers the first tier for gaining insight in potanti
presence and toxicity of NPs in certain productghis approach the presence of NPs can be “detecte
focusing on biomarkers of exposure or effect ofdlieped test systems. Their application might bg les
time-consuming and expensive on one hand, but@otter hand the results of these types of assays
are only to be used in a qualitative or semi-quatitie way.

Several international working groups, like ISO ainel EU Scientific Committee on Emerging and
Newly Identified Health Risks (SCENIHR) are considg definitions of nanotechnologies and NPs
that both adequately describe the novel natureRs &hd are applicable in regulatory frameworks. A
generally accepted definition of NPs is essentinkbfl stakeholders, i.e. regulators, producers and
researchers.

Knowledge on dose-describing parameters will beoirtgmt imput for these discussions. A proper dose
metrics will help researchers to compare studyltesind will help regulators to formulate limit vals.

It will also enable risk assessors to compare amsbine exposure and hazard information and
conclude on the likelihood of health risks.

4.2 Toxicokinetics of nanoparticles

The potential toxicity of NPs is determined by thekicokinetic (Figure 4.1) and toxicodynamic
behaviour, i.e. the absorption (uptake), metabo(isimtransformation), distribution (allocation) and
excretion (elimination) characteristics in combioatwith the interaction of the substance with ¢drg
sites and the subsequent reactions leading to seleffiects. Since NPs show remarkable structural
diversity (such as tubes, dots, wires, fibres apmbuales) with each structure exhibiting its own
individual characteristics (Ballou et al. 2004; Rels et al. 2005; Singh et al. 2006) it is reascm &l
assume that these deviations in properties mayttediferent toxicokinetic and toxicodynamic effec
When compared to their macrosized counterpartsaabscale materials have physical, chemical,
optical, electrical, catalytical and mechanicalgadies that may differ fundamentally leading to a
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different distribution pattern (Preining 1998). th@rmore, the relative large surface area compared
the volume of NPs can make them more reactive ltrger particles, which may increase the potential
toxicity. Although scientific knowledge on the pot&l toxicity of NPs is limited, several studies
suggest that NPs may have a different toxicity ifgefhen compared to their larger counterparts
(Donaldson et al. 2001; Oberdorster et al. 2005a).

Analysis of the available literature of toxicokiiostof NPs of various nature and type (in drugedfo
non-food products) demonstrated that no generallgsions on Absorption, Distribution, Metabolism
and Excretion (ADME) for NPs can be drawn. As stdiefore, study results from various studies can
hardly be compared due to a lack of proper doseicaetnd characterization of the NPs applied in the
studies. No coherent set of studies regardartpintypes of NPs appeared even to be available.

EXTERNAL Medical intervention ] ’ Inhalatory exposure ] ’ Oral exposure l [ Dermal exposure l
EXPOSURE
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A . _
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Figure 4.1 The ADME processes (absorption, distribution,abetism and excretion) of NPs in the
human body. The internal exposure is the part®gttternal dose that reaches the systemic cironlati
The black lines represent confirmed routes for Nifs,dashed lines represent hypothetical routes. Th
transport rates and retention times for the indigatrocesses are largely unknown. (Other organs are
e.g. spleen, heart, reproductive organs. Modifietchf(Oberdorster et al. 2005b).

4.2.1  Absorption

Following oral uptake, NPs as well as nanoencapssitaave to pass the gastrointestinal epithelium
before they enter the liver and subsequently tisgesyic circulation. This epithelium primarily costs
of enterocytes, representing the majority of tHescgoblet cells and M-cells. The latter are laoad in
the Peyer’s Patches. In theory, particles can dtasspithelium by two main routes: paracellular
(between the cells, through the tight junctiong) eranscellular (through the cells). The rate afipke
uptake via one of abovementioned routes is depgratirthe properties of the nanoparticle or
nanoencapsulate (e.g. size, hydrophobicity, surtheege or surface coating).

The first uptake route of nanoparticals or nancagsalates is the paracellular route (Figure 4.8 T
total area of the paracellular route has been tegdo range from 0.01% (Pappenheimer and Reiss,
1987 in (Salamat-Miller and Johnston)) to 0.1% (&led, 1991 in (Salamat-Miller and Johnston),
corresponding to a surface area of 200 to 200 8alamat-Miller and Johnston 2005). Cells of the
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gastrointestinal epithelium are tightly connecte@#ch other by means of tight junctions. However
there is body of evidence that is indicating tihat intestinal epithelium is permeable to large giret
and polypetides (Salamat-Miller and Johnston 200%)s become clear that the permeability of the
tight junctions can be modulated; some polymersazdms expanders of the tight junctions thereby
introducing a port of entry for many particles asllvas an entrance for toxins, bacteria and
immunogens (Salamat-Miller and Johnston 2005). eee it is not fully known whether these effects
are reversible and hence if the opening of thailzlbarrier is transient (Salamat-Miller and Jdbns
2005).

The other uptake route is the transcellular ronte@describes the process by which particles aentak
up at the apical side of the intestinal epithilibgnendocytocis, transported through the entrocgmes
subsequently released at the basolateral sideeahthstinal epithilium. It is generally acknowledly
that nanoparticle (50nm — 20 um) translocation grilm occurs in the Peyer's Patches via the M-cells
and to a lesser extent via the enterocytes. Thdrewever evidence that the particle uptake and
transportation via enterocytes cannot be neglgétpthhamian et al. 1987; Carr et al. 1996; des Rieu
et al. 2006; Florence 2005; Hillery et al. 1994 eiet al. 2004; Jani et al. 1990)(Figure 4.2), iogabf
the nanoparticle with e.g. lectins will stimulat#erocytes to endocytose the NP (Russell-Jonds et a
1999).

Initially it was assumed that the Peyer’s Patchésdt discriminate strongly in the type and siz¢he
absorbed particles. Later it has been shown thdiffad characteristics, such as patrticle size, the
surface charge of particles, attachment of ligawdsating with surfactants, influences the uptake
particles by the gastrointestinal tract (Hoet eR@D4). Small polystyrene NPs appeared to be more
easily absorbed compared to larger particles (Detsali 1996; Jani et al. 1990). In addition, cledrg
particles exhibited poor oral bioavailability thghuelectrostatic repulsion and mucus entrapment
compared to non-ionic hydrophobic particles(Floeeh®97; Florence 2005; Hoet et al. 2004; Hussain
et al. 2001).

Specific for the M-cells is the transepithelial ioedar transport with little or none of the endaxsed
material directed to lysosomes. It is not cleawvkat extent endocytosed materials are degraded or
processed during transepithelial transport (Krabbkhand Neutra 2000). Endocytosed intact
encapsulates or NPs might thus enter both the ldaddymphoid circulation (Gabor et al. 2004)A
special aspect of nanoencapsulates is their iriterawith membranes of epithelial cells. For ingtan
(synthetic) polymers have been shown to interatit eharged groups of membrane proteins. That may
affect cell signaling processes involved in inflaation, differentiation, proliferation and apoptgsis
interfering with normal cell function (Kabanov 2Q0®8oreover, synthetic polycationic polymers
caused nanoscale hole formation in lipid bilaydisaang the diffusion of molecules in and out. At
higher concentrations the polymers even causedantizd membrane damage resulting in cell death
(Hong et al. 2006).
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Figure 4.2: Transport mechanisms for NPs (Modified from (dé=ul et al. 2006)). 1 = Passive
diffusion, 2 = Paracellular transport, 3 = Trangysdoy M-Cells, and 4 = Transcytosis by enterocytes
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4.2.2 Distribution

After the absorption process of NPs by the varjparss of entry, the systemic circulation can distte
them towards all organs and tissues in the bodyu(Ei4.1). Several studies have shown distribugfon
of NPs (including @ fullerenes, **"Technetium-labeled carbon Nfridium NP, **Carbon NP and
colloidal gold NP) to a variety of target organsluding liver, spleen, kidneys, bone marrow, lsing
and brain (Borm et al. 2006; Hillyer and AlbreclBi02; Ji et al. 2006; Nemmar et al. 2002; Oberdorste
and Utell 2002).

4.2.2.1 Distribution following oral exposure

Oral uptake (gavage) of polystyrene spheres oéuifft sizes (50 nm to 3 micron) in female Sprague
Dawley rats resulted in a size dependent systeisighition of the NPs. About 7% (50 nm) and 4%
(200 nm), was found in the liver, spleen, blood bode marrow. Particles larger than 100 nm did not
reach the bone marrow and those larger than 30@em absent from blood. No particles were
detected in heart or lung tissue (Hoet et al. 2064j et al. 1990).

Hillyer and Albrecht showed that after oral admiragon of metallic colloidal gold NPs of decreasin
size (58, 28, 10 and 4 nm) to mice an increasddlaliion to other organs was observed. The sntalles
particle (4 nm) administered orally resulted inirereased presence of gold particles in kidnegrJiv
spleen, lungs and even the brain. The biggestca(B8 nm) tested was detected almost solely énsid
the gastrointestinal tract (Hillyer and Albrech02(. As to be expected, this suggests that both the
absorption and distribution of this type of NPsiize dependent (Hillyer and Albrecht 2001; Jarilet
1990).
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4.2.2.2 Systemic circulation

When NPs or nano-encapsulates reach the systemigation, the particles can, potentially, interact
with plasma-proteins, coagulation factors, plateéaid red and white blood cells. This interact®n i
depended on the surface chemistry of the part&ie ahown by Nemmar et al. (Nemmar et al. 2002).
In this study, carboxylate-polysterene, amine-pelyene and unmodified polystyrene (60nm) particles
revealed distinct tendency to induce thrombis fdaiomeafter intravenous and intratracheal
administration in hamsters. In addition, the bigdad NPs to plasma components may have a
substantial effect on their distribution and exioret For instance, the hydrophobic surfaces of
nanospheres are highly susceptible to opsonizatidiclearance by the reticuloendothelial system,
resulting in sequestering of the particles withigams such as the liver and spleen (Letchford ant B
2007).

Several different NPs (gold and titanium oxide) dn&een identified inside human red blood cells
(Rothen-Rutishauser et al. 2006) Interestinglyg tallular uptake of NPs did not involve endocydasi
phagocytosis (Geiser et al. 2005) since erythracgitenot have phagocytotic receptors (Rothen-
Rutishauser et al. 2006). This suggests that Néalae to cross the cell membrane by processes othe
than phagocytosis and endocytosis. Diffusion, treemabrane channels, adhesive interactions or other,
undefined, transmembrane processes might play poriant role in this cellular uptake. The
intracellular NPs of this type appeared to be membrane bound and might have direct access to the
intracellular proteins, organelles and DNA of tkedl,ovhich might imply enhanced toxic potential
(Geiser et al. 2005).

Depending on the physico-chemical properties ofidm@oencapsulates, they can be internalized and
release their content in the cytoplasma or rendarct for cellular uptake. Poly (D,L-lactide-
coglycolide) NPs showed efficient endocytosis (Ranyand Labhasetwar 2003). In addition,
nanoencapsulates in lipsomes can also enter thieyctision of the liposome with the cell membrane
(Ulrich 2002). It needs to be further explored wihet effect of encapsulates including compoundsis
membrane integrity and cell function.

4.2.2.3 Trans-placental distribution

Data addressing the distribution of NPs to theadpctive cells is, as yet, unavailable. In addition
clear data is available identifying the distributiof NPs in the fetus. An in vivo study in which
pregnant mice were intraperitoneally injected veittuble C60 fullerenes indicated transfer into the
embryo via trans-placental passage of the matétaad flow (Tsuchiya et al. 1996). However, a direc
passage from the peritoneal cavity into the uteawsd not be excluded.. Nevertheless, reproductive
toxicity, including excretion via breast milk, neseskerious attention as this is an important iseueigk
assessment.

4.2.2.4 Distribution to the brain

NPs may enter the brain by two different mechanisrhe first process involves a transsynaptic
transport of NPs through the olfactory epithelitsider et al. 2006; Oberdorster et al. 2005a). The
second pathway involves a direct passage of thelgathrough the Blood Brain Barrier (BBB). This
physiological barrier controls the passage of sarxsts from the blood into the central nervous gyste
The permeability of this barrier is highly restedtto molecules which are either lipophillic, aetiv
transported or are small soluble molecules (< 580 Dhis barrier may therefore represent a strict
defense mechanism from blood borne particle exgodat limits the distribution of NPs to the brain.
However, evidence exists that distribution to tharbmight occur for some NPs, since low
concentrations of gold were found in the brainradial administration of gold (4-58 nm) NPs (Hiltye
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and Albrecht 2001). It is suggested that the serfaea of NPs is important in blood-brain integatd
need consideration as to their role in brain tayiand brain distribution (Borm et al. 2006). Moveg
specific coating of NPs and nanoencapsulates terdad to create the possibility for the developmen
of nanosized drug delivery systems to enable Spddifod brain barrier crossing and distributiorthie
brain (Silva 2007).

4.2.3 Metabolism

Once NPs are absorbed by the gastrointestinal treate particles will be transported directlyte t

liver via the portal vein. The liver is able toigety remove compounds from blood. At this moment
there is no evidence that this “first pass eff@tsb plays a role for any type of NPs. In gendhad, first
pass effect can be considered as an eliminatiomamégm of the parent compound. For that reason oral
bioavailability (fraction of the dose administergtich reaches the systemic circulation) often vgdo
than the fraction absorbed from the intestinal InmA study in rats showed a rapid elimination of
polystyrene NP (50 nm) following single intraven@asninistration. These particles distributed
predominantly in the hepatocytes and Kupffer dellthe liver. Twenty four hours after intravenous
administration. 4% of the dose was excreted viditli@ry route (Ogawara et al. 1999; Ogawara K.
1999).

Studies on metabolism of NPs have not been reptrtegfar. It is unlikely that inert NPs such asdgo
and silver particles, fullerenes and carbon naredpban be metabolized effectively by enzymesen th
body. However, it could be hypothesized that spebdlPs with functionalized groups can be
metabolized. For instance, the protein cap of atfanalized quantum dot could be cleaved by
proteases ((Hardman 2006). Then the metallic cbgaantum dots (and other metal oxides) could be
bound by metallothionein and excreted. These engypresent in liver and kidney, can bind metal and
restore the cellular metal homeostasis (Coyle.&2(f12). In addition, NP drug delivery systems
consisting of liposomes are able to fuse with cedmbranes. The intracellularly released drug cbeld
metabolised according to the normal metabolismvpayhdescribed for the conventionally formulated
drugs.

Borm (Borm et al. 2006) posed several mechanismsliimination of NPs. Free particles are likely to
be removed from the circulation via phagocyticc@ll the reticulendothelial system and hence will
accumulate in organs such as liver and spleencdhsequence of nanoparticle uptake by macrophages
is not yet known, there is evidence that it mamstate the production of proinflammatory cytokirses
was shown in alveolar macrophages (Brown et al2p@8d then affect the functioning of e.g. thedive

4.2.4  Excretion

An absorbed NP in the systemic circulation canxmeeted by various routes. They can be distributed
to the liver, taken up by hepatocytes and excrigtdde bile to the gastrointestinal tract. Another
possible elimination route for NPs could be reh@harance. Indeed, this latter route has been fomnd
clear fullerenes and single walled carbon nanot(®@$¢CNT) from the body (Rajagopalan et al. 1996;
Singh et al. 2006). The plasma half-lives followintravenous injection in rats have been determined
for several NPs (C60; C82; SWCNT) (Cagle et al.%t¥ajagopalan et al. 1996; Singh et al. 2006).
Interestingly, the study with C82 fullerenes sugeges prolonged circulation time compared to th® C6
Since, the fullerenes used in these studies hdfezatit functionalized groups it was suggested timat
only size but also the chemical properties of Nfisience its excretion (Sayes et al. 2004)

A size dependent excretion has also been suggdstéile. After intravenous administration in rats,
polystyrene NPs were taken up by the liver and egibsntly excreted in the bile. These particlesdiarg
(50 nm) were phagocytosed by Kupffercells partlg partly taken up by the hepatocytes, whereas
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polystyrene microparticles (500 nm) were taken rggdpminantly by the non-parenchymal cells
(Kupffercells and endothelial cells) (Ogawara etl899).

4.2.5 Summary /interpretation of ADME

Taken together, the toxicokinetic properties of N&sthe Absorption, Distribution, Metabolism and
Excretion (ADME) processes seem to depend strooglyhe size of the particles as well as on the
charge, additional functionalized groups and otiwrel physico-chemical properties. Thus no general
conclusions on ADME processes for NPs can be draiws.was to be expected because NPs cannot be
considered as one sort of compound. Exposure wiiksnes and organs might for that reason become
higher than following an equivalent dose of thevantional chemicals form (Preining 1998). As stated
before, study results from various studies canlizdrd compared due to a lack of proper dose metrics
and characterization of the NPs applied in the isgjdwhich hampers to establish a relationship
between physicochemical properties and kinetic Wiehdas is more or less the case for conventional
chemicals). No coherent set of studies regardartpintypes of NPs appeared even to be available.
Animal studies have indicated nanoparticle absonptiirough the intestine and subsequent distributio
to several target organs (including the liver, sple&kidneys, bone marrow, lungs and brain). Dubéo
potential impact on toxicological effects, speeitiention needs to be paid to observations thaesom
NPs are capable of crossing biological barrierd iscthe blood-brain barrier and the placenta. Atso
cellular level, barriers such as cell membranesataconstitute obstacles for some tested NPs. The
excretion of NPs (metabolic and elimination proes$semain poorly understood.

For nanoencapsulates (including its contents) iteilslition and elimination is thought to be infheed

by the interaction with the reticuloendothelial tgys, which is composed of phagocytic cells in the

liver, spleen and lymph nodes. These nanoencapsulay end up in liver and/or spleen, which may be
different from the target organ for the conventidoam of the (non encapsulated) compound.
Moreover, they may end up in different cell orgégshnd/or persist there for a longer period. Also,
compounds that are normally prevented from enteaimgrgan by a specific barrier may now enter this
organ when presented as a hanoencapsulate. This opehe possibility of specific drug targeting to
organs and cells which would otherwise not be ¢t affectively.

Since the effects of particle size, charge, coadimg) other phycisochemical properties on the kineti
behavior of NPs and nanoencapsulates are unknogmeat detail, future research should focus on
determination of the specific kinetic parametersd processes such as the half-live and elimination
(metabolism and excretion) routes in several sgefilso the distribution of the particles to target
organs and the transplacental and blood-braindygressage should be studied in more detail torensu
safe application of nanoparticle containing consupneducts. As validated toxicokinetic data of more
NPs will become available, more reliable extrapotato other exposure scenarios than applied in the
study will become possible in the (near) future.
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4.3 Toxicodynamics of nanoparticles

Most information on the potential toxicity of NPsavailable from inhalation toxicity studies in iauails
and humans. For the use of NPs in food, howevat,exposure is the most important route of
exposure. The following paragraphs give an ovenoéthe available information on the toxicity of
NPs after oral exposure and if not available, &smther exposure routes. It should be kept indmin
that results are often obtained for only one type size of NPs. Extrapolation from one type of N#s
another, or from one size to another is on theshafgpresent knowledge still impossible. At this
moment there is too few data to draw conclusionsvitich type of effects are to be expected for Wwhic
type of NPs..

4.3.1  Acute and subchronic toxicity
Acute, subacute and subchronic toxicity after esgdosure have been investigated in rodents forakve
different NPs (see Table 4.1 and Annex 2).

52 RIKILT /RIVM Report 2007.014



Table 4.1: Summary table of available oral toxicity studiéN&s

Study Species Nanopatrticle Results Reference
Acute and Rats C60 polyalkyl- No mortality after doses upto (Chen et al.
subacute sulfonate 2500 mg/kg 2006¢)
toxicity

Acute toxicity  Mice Zinc (58 + 16 NP) Increased nadity, renal (Wang et al.

damage and anemia after 5 2006)
mg/kg compared to microscale
zinc (1.08 + 0.25 um)

Acute toxicity  Mice Copper (23.5 NP) Increased rality, renal, liver  (Chen et al.
and spleen damage compared t@006c¢)
micro-patrticles

Acute toxicity Mice Titanium dioxide  No increased mortality, but (Wang et al.
(25 and 80 NP) increased liver and kidney 2007)
damage compared to fine
particles (155 NP)

Acute toxicity mice Selenium Lower acute toxiotlympared (Zhang et al.
to selenite (LD50 113 compared2005)
to 15.7 mg/kg bw)

Short term Mice Selenium (20~60  Less oxidative stress, liver (Zhang et al.
toxicity NP) injury and growth retardation  2005)
compared to selenite
Subchronic Rats Selenium (20~60 Less toxic than selenite and (Jia et al. 2005)
toxicity NP) high-selenium protein
Acute and mice cationic PAMAM Three animals died after single (Duncan and
subchronic dendrimers administration of 45 mg/kg and 1zzo 2005)
toxicity liver toxicity was observed after
multiple dosing.
Acute toxicity —mice pure and N-doped No signs of distress or tissue  (Carrero-
carbon multi-walled changes. Sanchez et al.
nanotubes 2006)
Acute toxicity — mice nano-magnetic Low toxicity (Xia 2005)
ferrrofluid (LD50: >2104.8 mg/kg,

(magnetic particles maximum non-effect dose
about 19.9 NP) (EDOQ): 320 mg/mg)

The results of the available oral toxicity studigdicate that, depending on the particle size,ingand
chemical composition of the NPs, acute toxicithigh doses may occur. The main target organs appear
to be the liver and kidney, but adverse effecthéblood, heart and spleen have also been obsedveed

information on the toxicity after chronic or acliwev dose oral exposure is available.

4.3.2  Toxicity of cardiovascular system

Cardiovascular effects have been observed followihglation exposure. These effects may be caused

directly by NPs entering the blood or indirectly inflammatory reactions in the lungs (Borm et al.
2006; Tran et al. 2005). In case of a direct medmamf action, particles absorbed by the lung
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endothelium and present in the central blood catimh might have direct effects on the endothelium,
plaques and thrombogenic mechanisms (Tran et @b)28Ithough cardiovascular effects have not
been described yet after oral exposure, it mightdresidered a plausible effect of systemically laéde
particles.

In addition to the described effects on lung, li\eain and cardiovasculair system, NPs may reaeh t
heart and the bone marrow where they may affeatdhgiomyocytes and other cells of the heart
directly (Tran et al. 2005) or cause a varietyftéats on immunity and haemopoesis respectively
(Oberdorster et al. 2005a; Tran et al. 2005).

4.3.3  Toxicity of reticulo-endothelial system

As stated before the liver is important to activedgnove compounds from the blood of the portal vein
the “first pass effect”. In the gastrointestinadr phagocytotic cells are in place to also acfiveimove
particles. This reticulo-endothelial system comsidtcells (macrophages, monocytes, and specialised
endothelial cells) that have the ability to phagosg cellular debris, aged cells, pathogens araidior
substances including NPs from the blood strearthignway potential pathogens that enter the body
from the gastrointestinal tract microflora are remxd and neutralized. The consequences of
nanoparticle uptake are unknown, however, in \stumlies demonstrated the generation of
proinflammatory cytokines via reactive oxygen sps@nd calcium signaling. Oxidative stress is
known to inhibit hepatocyte function and bile fotina, while pro-inflammatory cytokines are also
associated with the pathology of liver disease.dgethe impact of NPs on the liver and reticulo-
endothelial system needs to be investigated (Barah 2006).

4.3.4  Neurotoxicity

The Blood Brain Barrier (BBB) forms a physiologidsrrier that limits the distribution of NPs frofmet
blood to the brain. NPs can, however, to some é&xeter the brain and a number of pathologies,
including hypertension and allergic encephalomigelitowever have been associated with increased
permeability of the BBB to NPs in experimental gstuConversely, the nanoparticle surface charge has
been shown to alter blood-brain integrity (Bornaket2006) and needs consideration as to its role in
brain toxicity and brain distribution (Borm et 2006). Moreover, specific coating of nanoencapsslat
may also enable the encapsulates to cross the BBBrter the brain (Silva 2007). In addition, a
number of pathologies, including hypertension dietgic encephalomyelitis, have been associated
with increased ability of NPs to penetrate the BBBxperimental setups.

The potential impact of NPs on human neuronal éssas yet not investigated in detail. Howevers NP
have been shown to induce the production of reactitygen species and oxidative stress has been
implicated in the pathogenesis of neurodegenerdiseases such as Parkinson's and Alzheimer's
disease. It is conceivable that the long term &fatight include a decrease in cognitive function.
Increased markers of inflammation and AB42-accutmran frontal cortex and hippocampus in
association with the presence of NPs have beerdfd\aditionally, inhalation exposure of BALB/c
mice to particulate matter showed that activatibpro-inflammatory cytokines in the brain of expdse
mice. Whether this is due to the fraction of contlmmsNPs remains to be investigated (Borm et al.
2006).

4.3.5 Reproduction toxicology

The potential of NPs to enter the blood impliesgbssibility of transfer to reproductive organs amd
transfer across the placenta leading to embrydtgxi€ujimoto et al. 2005).Data addressing the
distribution of NPs to the reproductive cells a® yet, unavailable. In addition, no clear data are
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available identifying the distribution of NPs iretfetus. There is a need to understand the toxietiks
of NPs as it relates to placenta and foetus amdiagenicity of NPs in general (Tran et al. 2005)

4.3.6  Mutagenicity

It seems that on the cellular level, barriers saloell membranes do not constitute obstacles FRa. W
great number of interactions with cell componemnésanceivable for particles penetrating into & cel
However, the health implications of such possibteractions are still unknown (UBA, 2006). During
interaction with biological tissues, various fastare important such as material composition, et
structure, bonded surface species (e.g., metaktong), surface coatings (active or passive), and
solubility, including the contribution of surfacpexies and coatings and interactions of NP witleroth
environmental factors (e.g., UV activation; (Nebet2006). Recently, SCENIHR (SCENIHR 2006)
concluded that there is a clear need for validatedtro assays for nanopatrticle evaluation, including
assays with meaningful endpoints for genotoxiéitgo important to note is that carcinogenic effects
for some particles are a consequence of inflammawioich would not be detected by “classical” assays
of genotoxicity (Donaldson et al. 2007).

4.3.7  Allergenicity (sensitization)

A further issue relevant for the exposure to NRsfood relates to the interactions of NPs with pthe
food components. For example food containing NRB &ctively charged surfaces can absorb
biomolecules as they pass through the Gl tract é@ogt al. 1994). These so called 'Trojan horses'
(Lomer et al. 2002) may transport toxins into thestinal mucosa, resulting in changed exposutikeof
cellular lining of the intestine (Borm and Kreyli2§04). It has been show that this altered pretenta
can affect the local immune response, a mechanigigested to be related to Crohn's disease (Lomer et
al. 2002). This latter mechanism might relate tegilnle (local) intolerance and/or allergenic ressesn
of NPs. In addition the surface properties (e.gtiogs) are important determinants for the active
uptake of encapsulates, but might also be a rdfas@oncern. For example lectins used for coatamgs
highly immunogenic, can be cytotoxic or induceanfimatory responses and gastrointestinal irritation
(des Rieux et al. 2006; Gabor et al. 2004).

Even for normal chemicals, risk assessors are aotgd with a lack of knowledge on the induction of
food allergy and the type of exposure requiredttuce such responses. The possible adjuvant gctivit
of NPs described above however introduces additiomzertainty. If a food allergy to a NP is
established, labeling and traceability is considéoebe critical to anticipate and exclude possible
sources for such potential allergens (Kroes €1G2).

4.3.8 Summary /interpretation of toxicology

In short, the results of the available toxicitydias indicate that acute oral exposure to largeustso
may induce toxic effects mainly in the liver andiy, but also in the blood, heart and spleen. No
information on the chronic toxicity after low doseal exposure is available (SCENIHR 2006).
Information from toxicity studies with other expeosuoutes indicate that several systemic effects on
different organ systems may occur after exposubdfRts, including the immune, inflammatory and the
cardiovascular systems. Effects on the immune aff@himatory systems may lead to oxidative stress
and/or activation of pro-inflammatory cytokinestire lungs, liver, heart and brain. Effects on the
cardiovascular system may include pro-thrombofiect$ and adverse effects on the cardiac function
(acute myocardial infarction and adverse effecttherheart rate). Furthermore, genotoxicity, and
possible carcinogenesis and teratogenicity mayrpbet no data on these latter endpoints are dlaila
yet.
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Despite all previous research done on NP, scierkifowledge on the potential toxicology of NP is
limited. NPs may have an increased toxicologicefife when compared to their conventional
counterparts. Furthermore, the question ariseshehdhie standard battery of tests in protocol
toxicology is useful for the detection of the difat toxicological profile of NP as not all effects
identified above are routinely studied in theséstes

Future research should focus on validateditro assays for nanopatrticle evaluation, including yssa
with meaningful endpoints for genotoxicity.

4.4 Exposure assessment of nanoparticles

Human beings are continuously exposed to natudhbiamtentionally produced NPs (e.g. fine dust
particles, sand dust). Exposure assessment inclbdesntire life cycle of nanomaterials from sysike
to disposal. Likely, inhalation is the most impaitteoute of exposure to these NPs. If expressed in
number of particles, per breathe ca $idlticles are inhaled, of which more than half riemsian the
lungs (Engineering. 2004). Direct oral exposurefoia to NPs is estimated to be*3@0" micro- and
NPs per person per day (mainly silicates and titaniioxide) (Lomer et al. 2004; Lomer et al. 2002).
Indirect exposure of the gastrointestinal tract aso be expected due to clearance of in the lungs
deposited NPs via the mucociliary escalator (coughip and swallowing of inhaled NPs). The
contribution of the latter exposure route to thaltamount of NPs, however, has not been quantified
In the two sections below relevant food exposurgaes will be explored followed by an analysis of
special requirements that NPs pose on the expassaessment as currently employed for normal
chemicals.

4.4.1 Data requirements and methodology

Exposure assessment is defined as the qualitaitvéoa quantitative evaluation of the likely intasde

biological, chemical or physical agents via foodvae#l as exposure from other sources if relevant

(WHO, 1997). To perform an exposure assessmeribllogving type of information is needed (Kroes

et al. 2002):

* Which substances are present in which amountgines food and/or the diet in general and what
affects their levels and characteristics, espgcibaiir biological activity?

* How much of the foods containing these substaneesansumed and what is the consumption of
potentially relevant risk groups, including highda@nequent users?

* What are the conditions and the probabilities efstoning occasionally or regularly high amounts
of such foods which at the same time contain hégkels of the substance(s) in question?

Basically, the principle of exposure assessmehtRd (via food) will be comparable to the exposure
assessment of ‘normal’ chemicals. However somecispi® require specific attention, these will be
highlighted below.

Amount of NPs present in food commodities

A central aspect of exposure assessment is therdaggion of the amount and characterization of the
NPs (or normal chemicals) present in the food aswmed (see chapter 3). Issues like food sampling
and variability within composite samples and vaoiain concentrations between samples are not
different from the exposure assessment of normainatals.
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For an exposure assessment of nanoscale delivetgnsy loaded with bioactive compounds or
bioactive compounds themselves in nanoscale fotronk both the amount of bioactive compounds
within the capsules as well as the free form inftdoel matrix has to be determined. For this, the
analytical isolation, detection and characterizapioocedures need to be designed to meet these
requirements.

The presence of NP in the food matrix might resuibcreased bioavailability of substances (both
nutrients and contaminants) normally present infdloel. This needs to be considered when the
presence of NPs in food is known.It will not alwdyesfeasible to measure chemicals and NPs in the
food matrix in the consumable form. If chemicals areasured at an early stage of the food chain,
effects of processing should be considered in axpogssessment (Kroes et al. 2002). The influehce o
processing at the stage of household preparatidikesn the exposure assessment of normal
chemicals, also important (Kroes et al. 2002) fésNHowever, the default or database derived
processing factors that are being used for detextioim of exposure assessment of normal chemicals
when the exact effect of processing is unknowm,. (@esticides (JMPR)), are not (yet) available for
NPs.

Consumption

Various sources of consumption data are curreniliged ranging from standardized food baskets used
in pre-marketing authorizations to household onvidial dietary surveys used in post-marketing
studies (Kroes et al. 2002). There are no additicrpuirements for consumption data to be able to
perform an exposure assessment for NPs that caxpgeeted to be present in a variety of products (e.
residues of nanopesticides, processing aids orgg@ul materials). The use of NPs as additive or in
special foods (novel foods or supplements) mightiire additional data on consumption of these
special foods, because this information is genefatiking in the regular consumption databasess Thi

is of course a general problem for exposure asssgsirbut more prominent in evaluating NPs because
these particles are incorporated frequently in fepplements (see chapter3).

Intake calculations

The last step in performing the exposure assesssdm integration of food consumption and amount
of chemicals or NPs present in food. Usually ontheffollowing three approaches is applied for this
integration of data: 1) point estimated; 2) simglilributions; 3) probabilistic analyses (Kroeskt
2002). In the end the consumer exposure will bepaoed to a to a toxicological reference value e.g.
tolerable daily intake, acceptable daily intakeoute reference dose or nutritional reference edike
recommended daily intake or upper safe intake $evidlese reference values are lacking for NPs and
need to be established.

4.5 Risk Assessment of nanoparticles

As with conventional chemicals, risk assessmeritheilthe basis of assessing and regulating
nanomaterials (in food) to protect human healththedenvironment.

45.1 Establishing health-based guidance values

The last step in the hazard characterization issetting of health-based guidance values such as
acceptable daily intakes (ADIs) for food additiveasd pesticide residues, and tolerable daily intakes
(TDIs). These values are based on the data fromméinstudies as indicated above. Reference points
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(e.g. the no-observed-adverse-effect-level or bmack-dose-level) for the most critical effect of a
substance forms the reference point for the riskssment. This is a general approach for all snbssa
either being in a conventional form or at a nareediscale. In the case of health-based guidancewal
some issues require special attention.

For NPs, dose-response relationships will haveetartalyzed case by case using different dose-
describing parameters. As already mentioned befloessize of NP is not the only critical factor to
explain the novel properties of NP but also theralb@umber (e.g. total surface area) may be releva
So simply using mass in dose metrics will not biicgant. However, up till now it has not been
possible to establish a single alternative doserilesg parameter that best describes the dosd¢hend
observed dose response relations in toxicologésabt

A second issue is the biological activity of NPegamt in food. The health-based guidance values are
based on toxicological studies performed with Ntk @& given bioavailability. NPs are often
introduced to enhance the bioavailability of eitttermselves, or of the bioactive compounds loaded
into them (nanoencapsulates) of to affect the wptdlother nutrients (or contaminants) presenhén t
food. If by some means the bioavailability is cheadiincreased), this may affect the outcome of the
toxicity studies and thus the calculated guidaraiaes. Extrapolation of an health-based guidance
value between formulations with different bioavhildy might not be possible. Ultimately, this migh
require setting of separate values depending ofothaulation.

4.5.2 Combining hazard and exposure

For risk assessment both information on exposuveetisas on the (intrinsic) toxicity (hazard) of a
compound is required. Determining potential consuex@osure is first of all important to assess the
potential risk for consumers. Keeping in mind Palaes quotéAlle Ding sind Gift und nichts ohn

Gift; allein die Dosis macht, das ein Ding keintGst” (All things are poison and nothing (is) without
poison; only the dose makes that a thing is nogoisThus the dose of NPs present in food neells to
determined. As stated earlier, engineered NPs aaa hovel toxicological properties, that are atitdual

to their small size, chemical composition and stefstructure (Nel et al. 2006). Since it has nenbe
possible to establish a single dose-describingnpeter that best describes the toxic effect , NBsilsh
be characterized as completely as possible (Obstetaat al. 2005a; Powers et al. 2006; Thomas and
Sayre 2005). A further complicating factor is ttta physico-chemical characteristics of NPs araliig
depending on the matrix in which they are pres@metdorster et al. 2005a; Powers et al. 2006). Thus
NPs needs to be characterised in the food matgxitesitu).

Because of these uncertainties both in hazardseses of NPs and in the exposure assessment, it is
very important for risk assessors to have acceastear description of the analytical methods tiette
used to determine the physicochemical propertiegseofespective NP, to have access to the (raw)
experimental data and a sound description of #iesttal procedure used to analyze the data. Only
then a reliable assessment of the NPs can be pexfband only then the results of the safety
assessment can be used to model NP propertidecm(§lowers et al. 2007), or compare results with
those of non-nano counterparts. Another problem peathe comparison of different particle sizes and
forms of the same compound. This problem is givelnyi the fact that proper dose metrics are still
lacking.
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5 Review of food related legislation and guidance daments related to
nanotechnology in food

Different engineered nano-scaled materials areilbberused in food products, will end up in focsl a
residues or contaminants and, are or will be usgutaducts in contact with food, this is indicated
detail in chapter 3. Examples are nanoscaled fdddiaes, micronutrients or essential elements,
residues of nanoscaled pesticides or veterinargsjir ‘intelligent’ nano-contituents of food pagikg
material. Also nanoscaled encapsulates to deliveromutrients or other food components at the trigh
sites in the body are being developed.

For most of these substances legislation alreabysefor the same materials of conventional chelsica
For 'regulated’ substances, substances that aedlowed on the market unless they have been
authorized, in general a safety assessment witt baen made before market entry. In order to cdnduc
a safety assessment sufficient toxicological hazd#mdmation should be made available by the
producers of the substances. This will also be#se for nanosubstances subject to authorization.
Another aspect is the monitoring of nanoparticBg) in the food chain. Also for the official
monitoring legislation is already existent.

In the existing legislation however, no referercenade to nanotechnology. In the next paragraghs th
legislation concerning the use of NPs in relatmifiobd, and the legislation concerning the official
monitoring will be discussed. Potential gaps inrbgulation are presented. Furthermore possible
necessary modifications in legislation with resgeatanotechnology products are given.

5.1 Methodology

In this project only overarching reviews were useg@resent an outline of regulations that are
applicable in the case of use of engineered NBs iim contact with food, and residues of or
contamination with nanomaterials of food. Espegitike review presented by Frater (Frater et aD620
and the regulatory review of the Food Standardswagef the UK (FSA March 2006) were used
intensively. The original legislative texts wereaexned only occasionally due to time and money
constraints. If European legislative texts werestited, the consolidated versions as presentedeon t
Eur-lex website were used.

5.2 Discussion of food related legislation and guidanagocuments

Most of the legislation on food in the Netherlamibased on European Directives and Regulatiorns. Th
following sections will describe briefly the regtitms and the potential gaps in the legislatioricod
when NPs are considered.

5.2.1 The General Food Law.

For the purpose of the European General Food Regul@GFL) (EC/178/2002.)) food or foodstuff
means (article 2) 'any substance or product, whetteeessed, partially processed or unprocessed,
intended to be, or reasonably expected to be iaddst humans'. The GFL therefore also applies to
food substances/products of nano-size expected ogested by humans.

According to the GFL all foods placed on the Comityumarket must be safe, or as stated in article 14
sub 1:'Food shall not be placed on the market if it isaie: Unsafe is defined amjurious to health'
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or 'unfit for human consumptiarih making an assessment of food safety articleetjdires to take into
account among others probable immediate, shortéadfor long term effects on the consumer and
subsequent generations. The GFL stipulates tigthe responsibility of ‘food business operatiars’
ensure that their foods satisfy the requirementsad law. Furthermore the food business operator
should be able to trace one step up and one step ‘doy substance intended to be, or expected,to be
incorporated into a food (article 18). To facilédataceability food should be adequately labeled or
identified (article 18 sub 4).

In paragraph 18 and article 6 of the regulatias @mphasized that in decision making, scientifik r
assessment should be central. The precautionargifle is laid down in this regulation in article 7
This article stipulates that if after assessingat@lable information a possibility of harmful efts on
health is identified but scientific uncertainty gist, risk management measures to ensure a highdév
health protection may be adopted, pending gathewirtgdeveloping further scientific information for
more comprehensive risk assessment.

Items to be considered: General Food Law

= The assessment of safety for some of the NPs thdbde used in food products will not be
possible due to a lack of knowledge on likely effeaf these NPs. A lack of data on safety of
NPs may provoke the precautionary principle. Theagament measures adopted in this case
should however be among others ‘proportionate’ sandld be reviewed within a reasonable
period of time (article 7 sub2).

= Arequirement in the GFL is that member states khmonitor to verify if the requirements of
food law are fulfilled by food business operat@si€le 17). Also the European Food Safety
Authority should, according to article 34, estdblisonitoring procedures to identify emerging
risks. The monitoring of NPs will require the dey@hent of new analytical detection and
confirmation techniques.

5.2.2 Novel food and novel food ingredients

The Novel Food Regulation (EC/258/97) concerngptheing on the European market of novel food
and novel food ingredients. Novel is defined irstRiegulation a®ot hitherto been used for human
consumption to a significant degree within the Caomity'. With 'not hitherto' May 15, 1997 is meant,
the date the regulation came into force. Only 'idaeds are regulated, furthermore the food aratifo
ingredients must fall in one or more of the follagicategories (article 1):

- food and food ingredients with a new or intenéitynmodified primary molecular structure;

- food or food ingredients consisting of or isothfeom micro-organisms, fungi or algea;

- food and food ingredients consisting of or isethfrom plants, or isolated from animals, except fo
foods and food ingredients obtained by traditigerabagating or breeding practices and having a
history of safe use;

- foods and food ingredients to which has beeniag@a production process not currently used, where
that process gives rise to significant changebkéncomposition or structure of the foods or food
ingredients which affect nutritional value, metasil or level of undesirable substances.

The Regulation does not apply to food additives ffarings, and extraction solvents used in the
production of foodstuffs, as for these substanoesost cases, other legislation applies.

Novel foods and novel food ingredients must nosen¢ a danger for the consumer, mislead the
consumer or differ from foods or food ingredientsiat they are intended to replace to such an extent
that their normal consumption would be nutritiopalilsadvantageous for the consumer (article 3).

60 RIKILT /RIVM Report 2007.014



Before a novel food or novel food ingredient isteuized a safety and nutritional assessment is made
by the member state where the novel product walcetl on the market for the first time. The quite
extensive data requirements for this assessmetdidrdown in Commission Recommendation
97/618/EC.

Items to be considered: Novel Foods

= The Novel Food regulation does not address thewssizbape of novel food ingredients. It does
however address 'production processes not curreségi' so nanotechnology as such is likely
to fall under the regulation because of its novéttis not clear if the use of NPs in foods that
are already on the market makes these foods 'raonvéthus requiring authorization. If 'old'
ingredients are marketed in future in nano-sizeth& it is not certain that this regulation will
apply.

= Article 3(4) of the regulation says that when cerfaod components are 'substantial equivalent’
to their conventional counterparts they can badrka the same manner as their counterparts.
Only the 'equivalency’ has to be proven. It isliikbat some engineered NPs will be
‘equivalent’. However article 3(4) only applieststain categories of food and food
ingredients, engineered NPs do not fall into the@aries mentioned thus far in this regulation
(the Regulation is under revision at this momenténager).

5.2.3 Food additives, enzymes, flavorings and processitg)

In the European Union food additives are not alldwebe present in food unless they are authorized
for use. According to European legislation on faoditives, consisting of a framework Directive
(89/107/EEC) and three specific Directives (94/86(Eolors), 94/35/EC (sweeteners) and 95/2/EC
(food additives other than colors and sweetenarg))their amendments, food additives may only be
authorized if there is a technological need foirthse, if they do not mislead the consumer artle§

do not present a health hazard to the consumds. aipermitted additives, the foods in which tlvan
be used and, if necessary, maximum levels of serasent in the annexes of the additive directifes
no quantitative limits are set the maximum usedafitves should still be limited by the necessay t
achieve the desired technological effepigntum sat)s Furthermore additives must comply with
specific purity criteria laid down in other direats.

So, before authorization ample information conaggrihe physico-chemical properties and toxicity of
the additive have to be provided by the produceir<is stated in Annex Il of 89/107/E@ assess the
possible harmful effects of a food additive or datives thereof, it must be subjected to appropriat
toxicological testing'The safety assessment for food additives is nayagderformed by EFSA (panel
on dietetic products, nutrition and allergies) vioeasly by the Scientific Committee on Foods (SCF).
The scope of the food additive framework Direc®82107/EC only covers enzymes used as food
additives and not the use of enzymes as proceagisgUnder 95/2/EC the use of two enzymes as food
additives are allowed: an invertase and a lysozyme.

A size restriction (‘'not less than 5 um') is, dimiw, laid down for only two authorized food atides:
microcrystalline cellulose and powdered celluldee safety reasons (96/77/EC). Form of the additive
played a role in the authorization of titaniumdubei Originally only the anatase form was authorized
The rutile (platelet) and anatases forms of titandioxide are similar chemically but differ in thei
crystalline structure and light reflectance. Thé=20ncluded in her safety assessment on the rutile
form that on the basis of a new bioavailabilitydstun which different rutile and the anatase forerav
given orally to rats, that the bioavailability dfetdifferent form was essentially the same, antthiea
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toxicological database for the anatase form woel@jplicable to either form (EFSA 2004).
Subsequently also the rutile form was named inradiive, member states should include the rutile
form in their legislation on food additives befdxpril 10 2007 ((2006/33/EC.)).

Flavoring substances are up till now regulated bgarate Directive, Council Directive 88/388/EEC.
In Directive 88/388/EEC a definition of ‘flavorinig' given. Flavorings can be derived from plant and
animal species or by chemical synthesis. The flagsrmade by chemical synthesis are subdivided in
this Directive in 'nature identical' and 'not cheatlly identical to a substance naturally presé&iat.
certain undesirable substances (like safrole, commtaiuyone) present in foodstuffs due to flavgror
food ingredients maximum levels are set for sonezified foods (Annex Il). These substances may
however not be added as such to foodstuffs or fiags, so the mass limits set here are not a pmable
The food additives Directives do not cover proaggsiids like most of the enzymes used and extractio
solvents.

In the near future the European legislation on fadditives, enzymes and flavorings will change. Use
of enzymes will be covered by the future legiskatiBroposals for Regulations on these issues (COM
(2006) 425 final, COM (2006) 428 final, COM (2008)7 final) were published July 2006, as was a
proposal for a Regulation establishing a commohai#ation procedure (COM (2006) 423 final).
Once accepted by the European Parliament and Gdhase Regulations will replace the current
Directives.

No European proposal for a Regulation or a Directim processing aids (other than enzymes) is
formulated yet.

Items to be considered: Food additives

= On new ‘nano-additives’ existing food additivesigtgtion will apply as it is likely that the
nano-additives that are being developed will fathw the definition of a food additive (article
1 of 89/107/EEC) and will be used for the sameara®.g. needs as the food additives
authorized today. As for the toxicity tests to leefprmed, as stated previously under 'hazard
characterization' (chapter 4.2 and 4.3), dose ose$fiould include information on the nano-
properties of the substance.

= ltis not clear if when an already authorized faadlitive is reformulated in nano-size this
means that it is a new additive. However all autsat food additives must according to point 4
in Annex Il be kept under continuous observatiod anust be re-evaluated whenever necessary
in the light of changing conditions of use and rsarentific information.

= |n the Directives on purity criteria for food addés properties related to particle size should be
included.

= A nano-flavor can be ‘chemically identical' to aumal flavor but have a different toxicity
profile due to properties related to its-nano-size.

= |tis likely that NPs for use in food processing being developed that fall outside the scope of
the Directives and the future Regulations

= Although particle size was evaluated when authogizivo additives, in the 'purity criteria’
Directives for food additives, size (with all itBrkensions) is not mentioned (nor size
distribution).

5.2.4 Food enrichment
A new European Regulation on the addition of vitasrand minerals and certain other substances to
food has recently been published (EC/1925/2006shdll apply from 1 July 2007. In Annex | and
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Annex Il of this regulation vitamins and mineraém@ the forms of the vitamins and minerals) atedis
which may be added to food. The regulation requhasthe nutrient added is in a bio-available form
Purity criteria for the vitamin formulations andmaral substances in the annexes shall be adoptkd in
near future. Addition to non-processed food andladtic beverages is prohibited. If a vitamin or
mineral is added it is obligatory to provide fortnition labeling. The regulation aims to harmonilze
market of supplemented foods in the EU and to ptatensumers from ingesting quantities of vitamins,
minerals and other substances that could harmahkhhof the consumer. Most remarks in the next
paragraph on food supplements (that are not cdpes) are also applicable here. A difference howeve
is that in EC/1925/2006 monitoring is mentioned,fenitoring nano-sized nutrients added to food
analytical methods need to be developed that cavide information on the size of nutrients present.

5.2.5 Food supplements

Directive 2002/46/EC aims to harmonize the rulesfarketing food supplements in the EU. A food
supplement is defined as (article Bood supplements' means foodstuffs the purposdich is to
supplement the normal diet and which are conceettraburces of nutrients and other substances with
nutritional or physiological effect, alone or inmmdination, marketed in dose forms, namely formh suc
as capsules, pastilles, tablets, pills and otharilsir forms, sachets of powder, ampoules of liqdidp
suspensing bottles and other similar forms of liguand powders designed to be taken in measured
small unit quantities'

With nutrients vitamins and minerals are meanfrinex | of the directive vitamins and mineral
substances are listed which may be used in the faetave of food supplements, Annex Il contains the
forms such as thiamin hydrochloride and thiamin mibrate (vitamin B1), cyanocobalamin and
hydroxycobalamin (vitamin B12), potassium fluor@ed sodium fluoride (fluoride), and cupric
carbonate, cupric gluconate, cupric citrate, cupriphate and copper lysine complex (copper). Yurit
criteria for the substances in Annex Il will be pthal, unless purity criteria are already set irepth
Community legislation when the same substancedd t@ other purposes than covered by this
directive. Member states may ban supplements fhain tarkets that contain vitamins and minerals
not included in Annex | or in forms not includedAnnex Il (article 4sub7). They may however also
allow supplements containing vitamins and mineaald forms not listed in the annexes that were used
in one or more food supplements marketed in the@onity before 12 July 2002 and for which the
EFSA has not given an unfavorable opinion. July72®@ Commission will have prepared a report
concerning the use of substances other than visaand minerals in food supplements.

Producers of food supplements should take intowattc@hen choosing the amounts of vitamins and
minerals present in food supplements per dailyiporthe upper safe limits of vitamins and minessds
established by scientific risk assessment (takitg &account the varying degrees of sensitivity of
different consumers groups) and the intake of vilgrand minerals from other dietary sources. The
manufacturer should declare on the label of a faggplement the amount (in mg, pg) of nutrients or
other substances present, the amount per portmexgressed as a percentage of the reference value
(e.g. the recommended daily intake).

For minerals or trace elements particle size mag Beterminant of oral absorption. Rohner and
colleagues ((Rohner et al. 2007)) showed that lmgehe size FePO4 (a poorly soluble iron
compound) to nano size (10.7 NP) with a sphericatture increased its bioavailability in rats. $he
authors also mentioned studies in which it washéistaed that the acute toxicity of nanoscaled coppe
and zinc were higher than those of equivalent arsooimicro-copper and micro-zinc.
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For some essential nutrients such as vitamins andrais the gap between the recommended dose and
the toxic dose is narrow. Overdosing of minerald @at-soluble) vitamins can lead to adverse health
effects.

Items to be considered: Food supplements
= Nanosizing of especially minerals may improve tédavailability. Adjustment of amounts in
supplements should take into account the improveahailability to prevent overdosing.
= Purity criteria should include information on thizesand form of the substance
= Established maximum intakes may have to be redigiteano-sized nutrients with improved
absorption characteristics are added to food aygmtein food supplements.

5.2.6  Materials coming into contact with food

Engineered NPs to improve food packaging mateaiddeing developed. These will improve for
instance the strength or the barrier propertidh®inaterials. Also antimicrobial engineered NPi§ wi
be used in packaging to extend shelf life and imprimod safety characteristics and many othewelcti
and ‘intelligent NPs', intended to come into cohtaith food are in the pipeline.

All materials that come into contact directly odiirectly with food, including active and intelligen
NPs, are subject to EC regulation (EC/1935/20@«iive food contact materials and articles are
defined as (article 2 sub 2a)aterials and articles that are intended to ext#ma shelf-life or to
maintain or improve the condition of packaged fobDdey are designed to deliberately incorporate
components that would release or absorb substante®r from the packaged food or the environment
surrounding the food'Intelligent’ means materials and articles whiadnitor the condition of packaged
food or the environment surrounding the food (&tizsub2b). Active and intelligent materials and
articles need to be authorized (article 4 sub2)shmdild be adequately labeled (article 4 sub5-§). A
according to the Regulation the active and inteliigmaterials shall be considered as ingredients
(article 4 sub2), also the Directive on labelingamidstuffs (2000/13/EC) applies.

EC/1935/2004 requires among others that packagatgnmals and other articles coming into contact
with food under normal or foreseeable conditionss# do not transfer their constituents in quaaditi
that could endanger the consumer's health. Morgbeematerials and articles should not bring about
an unacceptable change in the composition of thé & deterioration in its organoleptic properties
(article 3 sub-abc). As of 27 October 2006 busimgesators should be able to trace their packaging
materials and articles one step up and one step @anticle 17). Here again, traceability requires
labeling or other measures to assure tracing.

The EU has adopted more specific measures foriplastterials (2002/72/EC), regenerated cellulose
(93/10/EC) and ceramics (84/500/EC). These spdtiifectives contain positive lists of substances th
may be used in food contact materials. For eadgoay of substances restrictions on the migratren a
mentioned. Maximum migration levels are expressanass of substance per mass or volume of
packaged food (.e.g. high = 5-60 mg/kg/food, lowG;05 mg/kg/food).

Migration of active and intelligent NPs into foodf§ is a likely occurrence. Depending on the
migration level of the NPs more or less safety datauld be supplied to EFSA. The safety assessment
is made by EFSA.
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Items to be considered: Food contact materials

= Expressing the migration levels in mass per mas®loimes does not take into account the
possibility of changing toxicity profiles with tHewering in size of a substance. Migration level
cuts offs in the legislation may therefore not deguate for NPs.

= Food contact materials with NPs falling in the lowgration category for which a limited
dataset is required may be authorized without ficgerfit assessment of safety for man and the
environment.

= Because of the present lack of safety data alsstherprecautionary principle may be used to
prevent NPs from being used in food contact mdteritBmember states suspect that a contact
material endangers human health they may susperapilication within its territory (article
18).

5.2.7 Other (contaminants, pesticides, veterinary drugs)

Due to the use of NPs in products like quantum dofsesticide formulations foods may become
contaminated with residues of the NPs. In de nectiens attention will be paid to the legislatiornthe
European Union concerning contaminants and residies because legislation in member states
concerning contaminants and residues in food #léwge extent based on EU directives and
regulations. The difference between 'residues*@raminants’ in EU law is that residues are dsalt

of legal use of substances during food productibereas contaminants may be present in food as the
result of their presence in the environment. THiedince however is somewhat arbitrary, like famso
older forbidden pesticides that are not used angrbat still contaminate food due to former usage.

5.2.7.1 Contaminants

EU regulation EC/1881/2006 sets maximum levelséstain contaminants in foodstuffs. Maximum
levels for contaminants are set at levels thateasonably achievable by following good agricultura
fishery and manufacturing practices. Also the redlated to the consumption of contaminated food is
taken into account. Before maximum levels are setkaassessment is made, nowadays in Europe by
the EFSA scientific panel on contaminants. Theltedia risk assessment is that maximum intake
levels by humans are established, like TolerabliéyD@akes (TDI) or (provisional) Tolerable Weekly
Intakes (pTWI). The in vitro and in vivo studiesedgo evaluate the risk of contaminants are togela
extent published in scientific literature or perfad by laboratories related to governments. Fram th
description of these studies it is sometimes haudktive the precise substance tested (sometimes no
specification of the materials tested is givenigimation concerning size, three-dimensional strect

or volume of the tested substance are always lgckin

Taking into account consumption figures and bacdkgdolevels in food, maximum levels are proposed.
The maximum levels of contaminants in food are egped as concentrations, e.g. mg substance per kg
food. The size of a substance is not includedérthineshold value. NPs however may or will have
different toxic properties than their non-nanopeticounterparts. However also for 'normally’ sized
substances thresholds can be just an estimatisafef limits. For example: cadmium (Cd) can be
present in different forms like metallic Cd (notudue), Cd-sulfide (low solubility) and Cd-chloride
(very soluble). The oral LD50s in mice for Cd-sdéfiand Cd-chloride are 1200 mg/kg bw and 94
mg/kg bw respectively (Bellinger et al. 2004).dinot easy to take into account the different prigse

of all the different Cd forms in the establishmehpTWI and limits in food. The maximum limits
established in Europe only mention ‘cadmium' magftotal cadmium' irrespective of the Cd-
containing compound present. Also for mercury (Bigdl arsenic (As) for example the limits set for
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total Hg and total As, and are not specified alfioit is known that the inorganic compounds of ¢hes
heavy metals have a vastly different toxicity peothan the organic compounds.

Items to be considered: Contaminants
= Additional safety tests may be necessary to inyat if human health limits set (like TDIs,
pTWIs etc) are still valid for nano-sized particlentaminants
= Maximum levels set today for certain contaminant®bd may be inadequate to protect the
consumer health due to increased toxicity of theorsize version of the contaminants.

5.2.7.2 Pesticides used in crops

The placing on the market of pesticides used tteptglant or products of plants is regulated by
Directive 91/414/EC. Before a substance is allomedhe market to be used as a pesticide a safety
assessment is made. Once a substance is approvdzem&ates may authorize the use of the substance
in plant protection products. The safety assessimaneant to assure that when plant pesticide mtsdu
are used correctly, no harmful effects will ocaupersons applying the pesticide, consumers or
domestic animals. Furthermore an assessment is afidlde impact on the environment. EFSA peer
reviews the assessments made. The use of pestwalesesult in residues in plant products. Maximum
Residue Levels (MRLSs) are therefore set at a levagreement with good agricultural practice (GAP)
and taking into account human health based sdfeits|(ADIs). To set MRLs data from residue trials
are evaluated. At this moment 4 EU directives doritee harmonized EU MRLs. Besides EU MRLs
member states have national MRLs for substanceBaratonized yet. In the near future there only will
be EU MRLs in one Regulation (EC/396/2005).

Items to be considered: Pesticides

= Inclusion of nano-particles in pesticides wherertbe-nano form has already been authorized
may require additional safety testing and a newae

= |n the assessment of the residue data providedebgroducer, ample consideration should be
given to the (range of ) formulations as residuenftion may be different due to the use of
nanotechnology.

= Nano-sized active constituents may have differexitity and residue profiles than the same
normal sized constituents, re-assessment of ADdSVRLs may be necessary.

5.2.7.3 \eterinary drugs

Veterinary drugs are not allowed to be used urilesg are registered. The registration for the dse o
veterinary medicinal product is granted at thearatl level. However procedures, data requiremdnts e
for registration are harmonized to a very largeeeikwvithin the EU by Directive 2001/82/EC
(2001/82/EC). Furthermore before any pharmacoldigieative substance is allowed on the EU market
for use in food producing animals, maximum resililmés (MRLs) should be established on EU level
(EEC/2377/90.). In human medicine developmentsanoaubstances to enhance efficacy of drugs or
improve diagnosis are well underway. In medicingsdufor treatment of animals NPs may also be used
in future. The use of NPs as excipients or as adonstituents to enhance efficacy may also rasult
alterations in the absorption, metabolism, distidouor excretion (ADME) of the active constitues)t(

of the drug. Plus the toxicity, pharmacological #&rapplicable, antimicrobial profile of a nano-st
active constituent may be different from the eveddanormal size variant. So, established ADIs and
MRLs may have to be revisited, or set for the naized variants of active constituents. To this eéath
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concerning the characteristics of the nano-comiisuig addition to those of the non-nano variantar
necessity. This is especially the case for naneygsulation of active constituents to improve drug
delivery at target sites. In this case also thécttyxprofile of the capsule could be of interest.

Items to be considered: Veterinary drugs

= |f a nanomaterial is incorporated in an alreadysteged veterinary medicinal product it is not
sure if the product should be re-registered. Atierns in the composition of a product should be
brought to attention of the registration authositi&n alteration in size in any of the substances
used as constituents of a veterinary drug doesesatt in a change in chemical composition.
However due to altered characteristics of nano{ttoesits compared to their non-nano
equivalents, products should not be consideregstehtally similar' without any confirming
data.

= Nano-sized active constituents may have differddV& and toxicity profiles than the same
normal sized constituents, re-assessment of ADdSVRLs may be necessary.

5.2.8 Not food related legislation - REACH

Present legislation on existing and new chemicassnces and the new Regulation on chemicals
(REACH, EC) do aim to obtain information on dangefrsubstances. Information should be supplied
by the producer and the review of the data includealnotification ensures that the substancebisléal

for supply, and that there is information to talke appropriate measures to reduce risk duringnge a
disposal. Present Directives differentiate betwedsting (this is defined as: placed on the market
before September 1981, and listed in EINECS (Ewopeventory of Existing Commercial Chemical
Substances)) substances and new substances. Baitmgents for new substances are more stringent.
The new regulation REACH introduces testing requésts not only for the new substances but also
for the ones previously called 'existing'. It istoghe producer to determine whether or not thena
substance he produced and which is on the EINISSHiould be considered as existing (no new data)
or new. In the old Directives as well as in REAUBbahe quantity of a substance produced determines
the set of data on safety that has to be provigatidoproducer. These mass triggers may not be
appropriate for nanochemicals.

Additional safety testing and evaluation of nanosiens of chemicals for which safety evaluations
were already made, is not required in the legstatin chemical substances, since the nanoscale form
does not constitute a change in the chemical sireicin describing the chemical identity (CAS nr,
EINECS nr) of substances no size-properties areldgtributions of the chemical are demanded in the
legislation. If no information on the presence &fdN\in products is passed through the chain of
production, transport, use and disposal, NPs wil gp in the environment without anyone knowing it.
If the nanomaterial turns out to be a hazardoustanbe to hold the producer responsible and tnage a
other introductions into the environment will bewdifficult. Nano-substances may eventually end up
in the food chain, and be regulated as contaminAdequate safety testing, including investigations
the fate in the environment, before use of the naterial, may prevent the entrance of harmful nano-
substances as contaminants in food (and feed).

RIKILT /RIVM Report 2007.014 67



Iltems to consider: REACH

= The adequacy of the quantity mass limits set in BRBAN relation to nanochemicals

= The addition of an indication of particle size cmeristics to the chemical name or number, to
differentiate the nano from the normal sized suixsta, and to make an additional safety
assessment for nano-varieties obligatory

= Reassessment of the human health limits set (ABL,,@tc) to include or set separate limits
for nano-scale substances if necessary

= Monitoring of exposure requires valid and suitaikthods; exposure may have to be expressed
in units other than mass, certainly for carbon mapes and NPs in the form of fibres.

5.3 Overall conclusions

1) In authorization procedures legislation, guideliaed guidance documents describe how and which

toxicity tests should be performed. For NPs itésessary to include herein that the physico-chdmica
parameters should include information on e.g. plarsize, particle form, surface properties and
other size properties that may influence the ttyxiof the substancgsee chapter 4.1Furthermore
appropriate dose metrics to use in the hazard ctesization should be developéske chapter 4.2

and 4.3) Methodological changes in safety test protocay fve required to account for toxicity
mechanisms of NPs not found in 'normal size' mali{see chapter 4.1 o assess the exposure of
the food consumer to NPs it may also be necessanyéstigate what the most appropriate dose
metric would bgsee chapter 4.4 and 4.5)

2) For all substances for which an authorization pdace including toxicity testing has already been

established before introduction onto the marketghs no need for new legislation in case of
nanosizing of the substances, however re-evaluafimanosized substances may be necessary.
Nano-sized materials should therefore always bsidered as 'new' (in all the legislation where a
difference is made between 'existing' and 'newstsuizes).

3) Adjustments of legislation, guidelines and guidadoeuments concerning the testing of the

substance are necessary, especially concerninghttséco-chemical characterization of the tested
substance.

4) Thresholds or limits set in different legislatidrat are expressed in concentrations of particular

68

substances or via percentages or weight (e.g. mamiose level of an food additive, maximum limit
for a contaminant, migration thresholds for foodte@t materials, and others) do not take into
account the difference in properties of nanosizetlreon-nanosized substances. So thresholds or
limits set already may be not appropriate for naagakvariants of the particular substances.
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Annex 1 Inventory of applications of nanotechndbgy in the food chain

6.1.1

Nanosensors
Nanotechnology applied in agriculture. Terminoldigng precision farming is used, meaning that autnoos nanosensors are applied for real-time

monitoring and early identification of plant healtlsues to take appropriate measures as earlysatf@ Use in early warning or emerging risk
approaches can be foreseen.
Sensors (including radio frequency identificatienttnology) can also be incorporated into packagiaterials (see packaging materials). Or sprayed
directly on commodities.

Product Basic element Function Illustration Oth#oiimation Reference
NanoBiolumines Contains When bound it emits http://www.agromicron.com
cence Detection luminescent a visible glow. In /BTP.htm

Spray

proteins that bind
to the surface of
Salmonella and E.
coli

addition spray
techniques are
developed to apply
these sensors in
ocean freight
containerized

shipping
BioFinger Nano and micro  Versatile, o In final developmental stage. http://www.ige.ethz.ch/pel/r
cantilevers coated inexpensive, and : Analysis based on the measurement esearch/biofinger.html
with antibodies easy-to-use e o of molecular interactions (ligand- *

diagnostic tools for
health,
enviroNPental and
other applications

Cantilever

receptor interactions) by integrated
micro- and nano-cantilever sensors.
These are based on static and
resonant cantilever arrays, which

hd contain surface-stress or mass-
sensitive elements, respectively.

Function

4 pictures in all tables of annex 1 are taken froenwebsite that is referred to in the column refeeeof this table
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6.1.2 Pesticides (delivery systems)
Nanoformulations of pesticides are marketed aneldeed. In general the aim is to increase solytititvater, increase efficacy. Research is ongting
develop encapsulates that are response to chantfesenviroNPent: e.g. humidity, pH etc.

Product Basic Form Size Function Other information Reference
element
Nanoemulsion Trinexapac- micoremulsi 100NP mix completely with water and  Registered for use in USA (some Syngenta
Primo MAXX® ethyl(cimecta onconcentrat not settle out in a spray tank states) http://www.syngentaprofessio
carb e : ; .
) nalproducts.com/to/prod/prim
o/
Controlled lambda- Quick- 25 Quick release. Registered for use W SA, Syngenta
release cyhalothrin Ee'ease - micron  Improve residual function. GermanyBrazil, France http://www.Ssyngentacropprote
ncapsulatio - ; ; ’ . -
Karate®ZEON ~neap Protection from UV India, Mexico, Indonesia ction-
United KingdomCanada us.com/prod/insecticide/Karat
e/
Controlled lambda- Encapsulatio 2.5 Also for indoor use Syngenta
release cyhalothrin n micron http://www.syngentaprofessio
Demand® CS
nalproducts.com/ppm/prod/de
mand/
Iconet™ lambda- Encapsulatio 2.5 Bednets repellent (Malaria) Syngenta
cyhalothrin— n micron http://www.syngenta.com/en
products_services/icon_page.
aspx
"gutbuster” Various - -- research on triggered-release R&D stage Syngenta
active capsules whose outer shell can http://www.syngenta.com/en
ingredients be opened only in special TP *
conditions. day in_life/microcaps.aspx
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6.1.3  Water purification/ soil cleaning

Purification of water which may be used in fooddarction can involve filtering through nanofiltensdapurification due to reaction of contaminantshwit
nano-sized metal particles. The latter method paeturn be separated in catalysation or bindimg Bioavailablity of the particles after binding is
unknown.

Product Basic Form Size Charge Function Illustration Other infation Reference
element
Nanofiltration - -- -- -- Filtering Not known Genale des Eax + Filmtec
www.nhanoforum.org
Nanofiltration Aluminium 2 NP AIO -- - Filtering Argonide
NanoCeram oxide nanofibers http://www.argonide.com/in
dex.htm
Water cleaning Lanthanum  __ - - Removing Altairno
Colloid particles phosphates and http://www.altairnano.com
arsenate
Soil cleaning Nanoscale -- -- -- Catalysing Lehigh Universisty
iron powder oxidation organic www.nanoforum.org
contaminants
Water cleaning Nanoscale - -- -- Binding and Centre for Biological and
(colloid) iron powder removing arsenic EnviroNPental Nanotechnology

www.nanoforum.org

Filter systems and other purification techniquesltaing developed by many companies (e.g. BASF,dwmicals)
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6.1.4 Food processing and storage

Mostly silver is used in processing/storage malefiar its anti-bacterial properties, with exceptiaf Zinc oxide in plastic wrapping. For Oil Freshe

nano-element is unknown.

Product Basic Function lllustration Other infation Reference
element
Nanoceramic Unknown Catalytically A flat, semi- Oil fresh
inserts for inhibiting thermal permanent, vertical
deepfryers polymerization insert, made of an . .
(molecules advanced nanoceramic http://www.oilfresh.com/
lumping together) material. Authorized
process of the by the US FDA and
frying oil certified by NSF Int'l.
Antibacterial Silver Anti-bacterial Nano Care technology
kitchen- and http://www.nanocaretech.cq
table ware

m/enyeNewslInfo.asp?id=11

~

Silver nano baby Silver
bottle and baby
mug cup

Through silver nano
poly system 99.9% of
germs are prevented
and it maintains anti-
bacteria, deodorizing
function as well as
freshness.

Baby dream

http://babydream.en.ec21.q
m/

Fresher longer Silver
Miracle food

Anti-bacterial

Patent-pending silicone
gasket locking system

Sharper Image

=

storage keeps out oxidizing air . .
containers and and antimicrobial http://www.sharperimage.cq
bags silver nanopartides in m/US/en/Ca'[a|OQ/DI‘OdUCt/Sk
the polypropylene ZNO020
material reduce the
growth of
microorganisms.
Nano plastic ZnO Anti-UV, reflecting B n SongSing Nano Technology
wrap IR, sterilizing and
anti-mould, better .
temparture ¢ http./_/www.ssnano.n(_at/ehtrr
resistance, fire /detal|lphD7DrOdUCtld:79
proof, bearing
grinding
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Nano silvertea  Silver Anti-bacterial, SongSing Nano Technology
pot getting rid of bitter
tea taste ‘ http://www.sshano.net/ehtn
/detaill.php?productid=73
Nano silver Silver Sterilization and http://www.ssnano.net/ehtr
spray deodorization /detaill.php?productid=73
Food Container  Silver Anti-bacterial A-Do Global
(NS) http://www.adox.info/?doc=
shopl/list.php&ca id=110
Nano Silver Silver Anti-bacterial A-Do Global
Cutting Board
http://www.adox.info/?doc=
shop/item.php&it_id=00012
3
Silver coatings Silver LG, Samsung, Daewoo

in refrigerators
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6.1.5 Food packaging

Smart packaging methods are developed to optinhiel-kfe and improve food safety. These systemsldide able to repair small holes, respond to
enviroNPental conditions and alert the custom#raffood is contaminated or spoiled. NPs inclugeplastic can increase barrier properties, and tesed
develop active antimicrobial and antifungal surfag@ww.nanoforum.org).

Product Basic Form Size Charge Function Illustration Other infation Reference
element
" electronic Nanosensor Sensitve to gasses Kraft Foods a.o.
tongue” (spoiling of foods) www.nanoforum.org
NanoBiolumines When bound it
cence Detection emits a visible
Spray glow. In addition
spray techniques
are developed to
apply these sensors
in ocean freight
containerized
shipping
Durethan KU2-  Silicate NPs Packaging film, BASF www.nanoforum.on
2601 barrier properties
"Aegis" nylon 6 Nanocompos Increased barrier Honeywell Speciality
ite properties www.nanoforum.org
Anitmicrobial Absorbs oxygen Kodakwww.nhanoforum.org
films from the content of
the package
Imperm Nanocompos Stonger bottles (for Voridan, Nanocor
ite containing beer) www.hanoforum.org
clay NPs
Dirt repellent e.g. 'Lotus' effect www.nanoforum.org
coatings Magnesium Antimicrobial
oxide
Zinc oxide
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6.1.6 Food commodities: Inert particles
Product Basic Form Size Charge Function lllustration Other infation Reference
element
Nano Cal/Mag Calcium and Unknown Unknown Unknown Enhanced uptake From plant origen. http://www.mag-i-
magnesium supplements cal.com/calciummagnesiun.
htm#nanocalmag
Silver 22 Silver Colloid Unknown Unknown Purifyirsmnd Solved in water, at http://www.rbclifesciences.q
conservation of concentration of 22 om/Products.aspx?ltemID=
unknown targets. ppm 30 * :
Nanoceuticals Silicate Colloid Unknown Donates  Anti-oxidant and Antioxidant by http://www.rbclifesciences.q
Microhydrin electrons reducing surface donating electrons and om/Products.aspx?ltem|D=
tension of water reducing surface 61 * :
tension of water from ==
73 to 45 dynes
Nanosilicea Siliciumdioxi  Colloid Unknown Unknown Supporting cell - http://www.neosino.com/ind
kapseln de, structure and =R ex.php?id=695
magnesium stability, and e EX.PAPACa=0Y
and calcium supporting =
physical condition.
Sovereign Silver  Silver Colloid Diameter  Unknown Supporting Concentration silver of  http://www.natural-
0.8 NP immune system 10 ppm

immunogenics.com/silver
why sovereign.php
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Utopia silver Silver Colloid Unknown Unknown Supporting = Concentration silver of  http://www.utopiasilver.com
supplements immune system 20 ppm Iproducts/silver/
advanced
colloidal silver
ASAP solutions Silver Colloid Unknown Unknown Supiing 10 ppm http://www.nanoshop.com/I
immune system Producer claims in sting/321/Engineered_silve
vitro and in vivo i i
testing of product. nanoparticle_mineral_sup
lement.html
http://www.asapsolution.co
m/
Shetec Platinum  White gold Colloid 2 NP Unknown Anti-oxidant by Print GNDP database
water reacting with free
radicals.
Biodream Silver Colloid 5-15 NP Yes, but Helpful against Unknown Unknown http://www.biodreamshop.n
colloid plus charge ‘several ilnesses’ /UserFiles/File/Colloid A5
unknown

compleet.pdf

82
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6.1.7 Food commodities: Carriers

=]

Product Basic element Size Function Other information Reference
Aguanova® Micell Diameter ! E m H‘ 100% water soluble,  http://www.nanotechproject.p
Novasol® 30 NP s b b for S|O|V|i3r|]g notr)mally rg/index.php?id=44&action=
| insolvable substances. ;
view&product id=1194
C_anola active Micell Unknown Loaded with R_eplac_es c_holesterol in http://www.nanotechproject.
ol phytosterols g'rlgviﬂfi‘nrg'ﬁgltfke . rglindex.php?id=44&action
the blood. view&product id=1019
LifePak Nano CR6- Unknown Lc_)aded Wi_th ar_1ti- Supplement ‘on http://www.pharmanex.com
demard anyiing 2" intercomiproductDetaildo?
CR6 membrane. rodld=01003610&mktld=20
31
Nanoceuticals Nanoclusters Unknown Enhancing cocoa According to the http://www.rbclifesciences.q

Chocolate Slim
Shake

(contents
unknown)

flavour and uptake
of supplemented
soy and whey
proteins.

producer, nanoclusters - om/products.aspx?ItemiD=]
are tiny particles,

100,000th the size of a 8
single grain of sand,

and are designed to

carry nutrition into

your cells.
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Nutralease Micell 30 NP Delivery system Coined fortified nano-
nano-sized self- q‘-\ ) vehicles. http://www.nutralease.com/t
assembled % -
. . f\ . l
liquid structures . - echnology.asp
(NSSL)
supplements
Solgar Nutri Micell 30 NP Enhanced uptake - http://www.nanoshop.com/I
Nano Co Q10 of Coenzym Q10 sting/59/Nano_nutritional_s
upplements.html
=
Tal- 10 I
- u?-ul:rll"
Tip Top Bread Micell Unknown Uptake of tuna oil 4 - http://www.tiptop.com.au/dr]
with omega 3 fatty gy iver.asp?page=main/produg
acids without tastin s
git. < s/bread/up+wholemeal+omie
gat+3+dha
cheese liposome Entrapment of (Mozafari et al. 2006)
proteolitic
enzymes in cheese
produktion
liposomes Facilating (Mozafari et al. 2006)
intracellular uptake
and extending the
half live of
encapsulated
antioxidants
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Archaeosome
s

Protect
antioxidants during
food processing
and show great
promise as an oral
delivery system for
bioactive agents.

Relatively
thermostable, resistant
to oxidation and
enzymatic hydrolysis,
low pH and bilesalts.

(Mozafari et al. 2006)

Nanocochleat Cigar

Delivery system

(Mozafari et al. 2006)

es shaped for hydrophobic,
amphiphylic, neg.
or pos charged
molecules and
resistant in the
gastrointestinal
tract
Liposomes Encapsulation of The disappearance rate (Bontempo et al. 2000)
[J-tocopherol after oral dose of
5,0000 U to cows of
[-tocopherol was less
when encapsulated in
liposomes bud not
significant.
Liposomes Delivery of pufa Marine lipids (Nacka et al. 2001)
Based on a by the oral route constituted an
natural attractive material for
mixture of the development of
marine lipids liposomes
chitosan sperical 100-200 Carrier in oral (Roy et al. 1999)
nm allergen-gene
immunization to
treat food allergy
cheese liposomes Entrapment of (Taylor et al. 2005)
encapsulated
proteinases and
lipases during
cheese ripening
Dairy products liposomes Fortify products (Taylor et al. 2005)

with vitamins as
well as aid in
digestion and
protection against
degradation
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Liposomes of
marine
phospholipids

Oral PUFA
supplement

(Cansell et al. 2003)

Polystyrene

spheres

50nm-
30m

Daily dose of 1.25 mg
by oral gavage to rats
50 and 100 nm
particles were
absorbed and found in
blood

Halbert 1990
Reviewed by
(Hoet et al. 2004)

86
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6.1.8 Food commodities: Other applications
Product Basic element Size Function lllustration he&dtinformation Reference
ASN advanced Nanosized Under 1 Advanced ] Nanosized creatine http://www.asn-
sports nutrition  particle pm absorption particles, isolated from nutrition.com/nano technology.htm
supplements micronized creatinine. : .
C.L.E.AN. Regulatory 0.01-0.1  Supporting To be solved in water. https://www.sportmedix.com/index.php?lang=engli
products (1-8)  peptides from NP several body sh&page=products&dlei pp=1
plants functions &
&
& LA
P
Nanotechspray Nanodroplets 87 NP Enhanced Nanodroplets are http://www.nutritionbynanotech.com/product lin
(oral dosing) uptake of produced by htm
vitamin B12 nanotechnology in the —
and other spraying system.
supplements
Artichoke Nanoclusters Unknown Supporting RBC lifsciences http://www.rbclifesciences.com/Products.aspx?lte
nanoclusters, liver function, produces several types of mID=118
Spirulina improvement NanoCeuticals. The .
nanoclusters of skin and — ‘nanoclusters’ consist of
support of total e potassium citrate,
condition. potassium carbonate,

silica, purified water,
magnesium sulfate and
sunflower oil.
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Shenzhen
Nanotea

Nanomilled tea

<100NP

Enhanced
uptake of tea
ingredients.

Nanomilled tea.

http://www.nanotechproject.org/index.php?id=44
action=view&product id=1228

www.369.com.cn/En/nanotea.htm

https://www.uknow.or.jp/be/science/seminar/nan
ech_business/simon_holland.pdf

I'&

ot

Spray for life
Vitamin
supplements

Nanodroplets

0.188 NP
and
5.42um?

Enhanced
uptake

According to producer,
Nanodroplets™ are
made by a patented
nanosuspension process,
which allows molecules
to be embedded into
micro and
Nanodroplets™ at an
average of 0.188 NP and
5.421um in size, which
are used to create stable,
uniform and highly
soluble emulsions and
dispersions.

http://www.healthplusintl.com/products.html

Nanoscale
coating

Variable

Unknown

Accurate
coating of food
products

" ;
Ulerasonic — Lt

Nozzie %

Spray
Envelope ——

Ultrasonic spraying
systems are used to
accurately put natural
anti-bacterial coats on
food products. The
process was also used
with natural oils and
various glazing and
decorating compounds.

http://www.foodgqualitynews.com/news/ng.asp?n
6650&m=2FQN518&c=ggcohokhydnruud

http://www.sono-tek.com/widetrack/index.php

Nanoceuticals
Hydracell

Nanoclusters

Unknown

Reducing
surface tension
of water.

88

Reduces the surface
tension of water from 74
dynes to 59 dynes. The
mechanism is not
mentioned.

http://www.rbclifesciences.com/Products.aspx?l
miD=142

te
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Nano Water

Waterclusters

Unknown

Enhanced
uptake of water

According to producer,
Nanowater is processed
by the Nanometer high-
energy water activator
which enhances the
activity of water
molecule clusters and
shrinks the molecule
clusters so that the
infiltration pressure is
strengthened and that the
speed of movement of
the small water molecule
clusters is increased.

http://www.nanotech.com.hk/en/first.html
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Annex 2: Summaries of available oral toxicity studes

(Chen et al. 1998)studied the acute and subacxittyoof C60 polyalkylsulfonate in rats. No moiitgl
was observed in an acute oral toxicity test witkedoup to 2500 mg/kg. After ingestion, NPs may<ros
the gut barrier and can be distributed to variogaies depending on their size. There is insufficien
evidence to determine whether NPs adversely atfiectjut or the organs they are distributed to (Btan
al., 2005; UBA, 2006).

(Wang et al. 2006)studied the acute toxicity of esgposure to nanoscale zinc powder compared to
microscale zinc powder in mice. The mice were gastestinally administered at a dose of 5 g/kg body
weight. The nanoscale zinc treated mice showed s@rere symptoms of lethargy, vomiting and
diarrhea in the beginning days than the microsziale treated mice. Deaths of two (of the ten) mice
occurred in the nanoscale zinc group after théieek of treatment due to intestinal obstructibthe
nanoscale zinc aggregation. Clinical changes amchleimical liver function tests of serum indicated
that microscale zinc powder induced more sevess lilamage than nanoscale zinc powder.
Histopathological examinations showed severe re@aalage in the nanoscale zinc treated mice, without
significant changes of blood biochemical leveldsl-element test indicated that nanoscale zinc
powder could cause severe anemia. Besides thelpgitad lesions in the liver, renal, and heartuiss
only slight stomach and intestinal inflammation viasnd in all the zinc treated mice, without
significant pathological changes in other organs.

The toxicity of copper NPs (23.5 NP) exposed toentig oral gavage was compared with that of copper
micro-particles (1dm) and cupric ions (CuClI2-2H20) (Chen et al., 2006 LD50s of 23.5 NP, 17
um copper particles and cupric ions were determindmk 413, >5000 and 110 mg/kg body weight,
respectively. The pathological examinations reweéhat kidney, liver and spleen are target organs f
nano-copper particles. These were further demdestiay measurements of the blood biochemical
indexes (BUN, Cr, TBA and ALP) reflecting the reaald hepatic functions of experimental mice.
Pathological changes and grave injuries on kidingf, and spleen were observed in mice exposed to
23.5 NP nano-copper particles (e.g., swelling uppdwindling in gap of renal glomerulus, degeneratio
and irreversibly massive necrobiosis of epithal&ls of renal proximal convoluted tubules, redgcin
karyons of epithelial cells of renal tubules, pmoi@liquid in renal tubules, purple depositiontive
proteinic liquid, the steatosis around venae céntbhepatic tissue, etc.), but they were not tbim
mice exposed to 1jifm copper particles on mass basis. In additionctyxof nanocopper is sex-
dependent: male mice exhibit more severe toxic $gmp and suffer more from nanocopper than
females after they exposed to the same mass a@flpart

Wang et al. (2007) investigated the acute orakigxbf 25, 80 NP and fine (155 NP) TiO2 particles
was investigated according to the standard proee@@ECD Guidelines, No. 420) for testing the
chemicals. No obvious acute toxicity was obsenfes a single oral exposure to 5 g/kg TiO2 parscle
However, the female mice showed higher coefficiefitéser in the nano-sized (25 and 80 NP) groups
than the fine group. The changes of serum biochemarameters (ALT/AST, LDH) and pathology
(hydropic degeneration around the central veinthedspotty necrosis of hepatocytes) of liver intida
that the hepatic injury was induced after exposoimass different-sized TiO2 patrticles. In additithve
nephrotoxicity like increased BUN level and pathpiahange of kidneys was also observed in the
experimental groups. The significant change ofresetH and alpha-HBDH in 25 and 80 NP groups
showed the myocardial damage compared with theaagroup. However, there are no abnormal
pathology changes in the heart, lung, testiclerfgyand spleen tissues. Biodistribution experiment
showed that TiO2 mainly retained in the liver, splekidneys, and lung tissues, which indicated that
TiO2 particles could be transported to other tissared organs after uptake by gastrointestinal.tract
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(Zhang et al. 2001)showed that Nano-Se had lowgedoxicity as compared with selenite in mice
(LD50: 113.0 vs. 15.7 mg/kg bw Se). However theabalability of selenite was similar in terms of
inducing seleno-enzymes in cultured cells and hil&eient rats.

Zhang et al., (2005) compared the short-term toxizi both selenite and Nano-Se in mice. An oral
dose of 2, 4 and 6 mg selenite or Nano-Se /kg bvdag was administered for consecutive 12 or 15
days. Nano-Se is less toxic than selenite in sfeont/large dose treatments as shown by ameliorated
suppression of growth, moderate redox stress,imedtbxicity (lower levels of ALT and AST).

(Jia et al. 2005)compared the subchronic toxicitiano-Se with selenite and high-selenium protein i
rats. Groups of Sprague-Dawley rats (12 males @rférhales per group) were fed diets containing
Nano-Se, selenite and highselenium protein at cdretions of 0, 2, 3, 4 and 5 ppm Se, respectively,
for 13 weeks. At the two higher doses (4 and 5 &) significant abnormal changes were found in
body weight, hematology, clinical chemistry, relatorgan weights and histopathology parameters.
However, the toxicity was more pronounced in tHersee and high-selenium protein groups than the
Nano-Se group. At the dose of 3 ppm Se, signifigaoivth inhibition and degeneration of liver cells
were found in the selenite and high-selenium pnogeoups, but not in the Nano-Se group. In
conclusion, Nano-Se is less toxic than selenitehagls-selenium protein in the 13-week rat study.

In studies with cationic PAMAM dendrimers, Duncarak ((Duncan and 1zzo 2005)) administered
generations 3, 5 and 7 to mice at doses of 2.anti®d5 mg/kg, respectively. The dendrimers were
given either as single dose or repeatedly onceek for 10 weeks. Although no behavioural changes or
weight loss was reported over a 2 h period, affemiaistration of generation 7 three animals died. |

the multiple dose study a degree of liver cell vdation was also observed during histopathology and
this would be consistent with a lysosomal storagdlem. Further studies are needed to verify these
findings (Duncan et al., 2005).

Carrero-Sanchez et al., (2006) compared the tmgiodl effects between pure carbon multiwalled
nanotubes (MWNTSs) and N-doped multiwalled carboNXCnanotubes. Different doses of tubes were
administered in various ways to mice: nasal, on&latracheal, and intraperitoneal. When MWNTs were
injected into the mice's trachea, the mice coutdgi dyspnea depending on the MWNTSs doses.
However, CNx nanotubes never caused the deathyahanse. CNx nanotubes were far more tolerated
by the mice when compared to MWNTs. Extremely highcentrations of CNx nanotubes
administrated directly into the mice's trachea ontjuced granulomatous inflammatory responses.
Importantly, all other routes of administration didt induce signs of distress or tissue changemgn
treated mouse. These results indicate that CNxtohas are less harmful than MWNTSs or SWNTSs.

(Xia 2005)studied the acute toxicology of nano-metgnferrofluid. The effective diameter of the
magnetic particles was about 19.9 NP, and the carateon of the ferrofluid was 17. 54 mg/ml. The
acute toxic reaction and the main viscera patho&gnorphology of mice were evaluated after oral,
intravenous and intraperitoneal administratiorhef mano-magnetic ferrofluid of different doses
respectively. Half lethal dose (LD50) > 2104. 8 kgg/maximum non-effect dose (EDO) = 320.
10mg/kg with oral; LDs,> 438. 50 mg/kg, EDo = 166.mg/kg with intravenous route; and LDso
>1578. 6 mg/kg, EDO = 320. 10 mg/kg with intrapmmiéal administration. Degeneration and necrosis
of viscera were not found. These results indidad the acute toxicity of nano-magnetic ferroflisd
very low.
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