
  Draft Scientific Opinion for Public Consultation
 

© European Food Safety Authority, 2008 Rev 2 

DRAFT SCIENTIFIC OPINION 1 

Draft Opinion of the Scientific Committee on the Potential Risks Arising 2 
from Nanoscience and Nanotechnologies on Food and Feed Safety 3 

(Question No EFSA-Q-2007-124) 4 

Endorsed for public consultation on 14 October 2008 5 

SCIENTIFIC COMMITTEE MEMBERS 6 

Sue Barlow, Andrew Chesson, John D. Collins, Albert Flynn, Anthony Hardy, Klaus-Dieter 7 
Jany, Ada Knaap, Harry Kuiper, John Christian Larsen, Pierre Le Neindre, Jan Schans, Josef 8 
Schlatter, Vittorio Silano, Staffan Skerfving and Philippe Vannier. 9 

SUMMARY 10 

Following a request from the European Commission the European Food Safety Authority 11 
(EFSA) was asked to provide a scientific opinion on potential risks arising from nanoscience 12 
and nanotechnologies on food and feed safety. In view of the multidisciplinary nature of this 13 
subject, the task was assigned to the EFSA Scientific Committee. 14 

This opinion addresses engineered nanomaterials (ENM). Food and feed are addressed 15 
together, since the basic aspects (applications and potential impacts) are expected to be similar. 16 
This opinion is generic in nature and is in itself not a risk assessment of nanotechnologies as 17 
such or of tentative applications or possible uses thereof or of specific products. 18 

It is claimed that nanotechnologies offer a variety of possibilities for application in the food 19 
and feed area – in production/processing technology, to improve food contact materials, to 20 
monitor food quality and freshness, improved traceability and product security, modification of 21 
taste, texture, sensation, consistency, fat content, and for enhanced nutrient absorption. Food 22 
packaging makes up the largest share of current and short-term predicted markets. 23 

Formulation at the nanosize changes the physico-chemical characteristics of materials as 24 
compared to the dissolved and macroscale forms of the same substance. Their small size, high 25 
surface-to-mass ratio and surface reactivity are important properties, both for new applications 26 
and in terms of the associated potential health and environmental risks. 27 

Current uncertainties for risk assessment of nanotechnologies and its possible applications in 28 
the food and feed area arise due to presently limited information in several areas. Specific 29 
uncertainties apply to the difficulty to characterize, detect and measure ENM in food/feed and 30 
biological matrices and the limited information available in relation to aspects of toxicokinetics 31 
and toxicology. There is limited knowledge of (likely) exposure from possible applications and 32 
products in the food and feed area or of environmental impacts of such applications and 33 
products. The current usage levels of ENM in the food and feed area is unknown. The limited 34 
database on ENM assessments should be considered in the choice of appropriate uncertainty 35 
factors in the risk characterization step. 36 
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Whilst recognising these limitations, the currently used risk assessment paradigm (hazard 37 
identification, hazard characterization, exposure assessment and risk characterization) is 38 
considered applicable for ENM.  39 

Risk assessment of ENM in the food and feed area should consider the specific properties of 40 
ENM in addition to those common to the equivalent non-nanoforms. 41 

The available data on oral exposure to specific ENM and any consequent toxicity is extremely 42 
limited; the majority of the available information on toxicity of ENM is from in vitro studies or 43 
in vivo studies using other routes of exposure. 44 

Current toxicity testing approaches used for conventional materials are a suitable starting point 45 
for case-by-case risk assessment of ENMs. However, the adequacy of currently existing 46 
toxicological tests to detect all aspects of potential toxicity of ENM has yet to be established. 47 
Toxicity-testing methods may need methodological modifications. Specific uncertainties arise 48 
due to limited experience of testing ENM in currently applied standard testing protocols. There 49 
may also be additional toxic effects caused by ENM that are not readily detectable by current 50 
standard protocols. Additional endpoints not routinely addressed and pharmacological 51 
endpoints may need to be considered in addition to traditional endpoints.  52 

For hazard characterization, the relationship of any toxicity to the various dose metrics that 53 
may be used is currently discussed and several dose metrics may need to be explored in 54 
addition to mass.  55 

The different physicochemical properties of ENM compared to conventional dissolved and 56 
macroscale chemical counterparts imply that their toxicokinetic and toxicity profiles cannot be 57 
fully inferred by extrapolation from data on their equivalent non-nanoforms. Thus, the risk 58 
assessment of ENM has to be performed on a case-by-case basis. 59 

Appropriate data for risk assessment of an ENM in the food and feed area should include 60 
comprehensive identification and characterization of the ENM, information on whether it is 61 
likely to be ingested in nanoform, and, if ingested, whether it remains in nanoform at 62 
absorption. If it may be ingested in nanoform, then repeated dose toxicity studies are needed 63 
together with appropriate in vitro studies (e.g. for genotoxicity). Toxicokinetic information will 64 
be essential in designing and performing such toxicity studies. 65 

Recommendations are given at the end of the opinion. 66 

Key words: Nanotechnologies, Nanotechnology, Nanoscience, Engineered Nanomaterial, 67 
ENM, Nano, Food, Feed, Agro-chemical, Food Contact Material, Exposure, 68 
Toxicokinetics, Toxicity, Environment, Risk Assessment, Guidance 69 
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BACKGROUND AS PROVIDED BY EUROPEAN COMMISSION 116 

The prospects for applications of nanoscience and nanotechnologies to the food chain range 117 
from the almost certain (e.g., membranes, antibacterials, flavours, filters, food supplements, 118 
stabilizers) through to the probable (e.g., pathogen and contaminant sensors, environmental 119 
monitors, coupled sensing & warning devices, and remote sensing & tracking devices) to the 120 
improbable (e.g., “creating unlimited amounts of food by synthesis at the atomic level”). Some 121 
market analysts1 flag smart packaging, on demand preservatives, and interactive foods as the 122 
most promising areas. In addition, all seem to agree that the development of foods with new or 123 
modified molecular structures holds promise. Yet, the actual use and potential use of 124 
nanoscience and nanotechnologies in the food, feed, and pesticide industry still require 125 
clarification. The need for clarification also holds true for the benefits and improvements that 126 
these applications should bring about. In the USA, the Food and Drug Administration has 127 
approved products containing nanomaterials. FDA-approved products known to date include 128 
drugs, medical devices, sunscreen lotions, and pet food supplements. 129 

Various European Commission (EC) initiatives establish a framework for the Health & 130 
Consumers Protection Directorate-General action on nanotechnologies. The European Action 131 
Plan on “Nanosciences and nanotechnologies: An action plan for Europe 2005-2009” 132 
(COM(2005) 243), adopted on 7 June 2005, defines a “safe, integrated, and responsible 133 
approach” for nanotechnologies.2 The Commission adopted on 6 September 2007 a report for 134 
the European Parliament on the implementation of the Action Plan.3 Moreover, the 7th EC 135 
Framework Program for Research, Technological Development and Demonstration Activities 136 
allocates 3.5 billion euros for nanotechnologies in support to the Action Plan,4 part of which 137 
will finance research on safety. Recently, the European Group on Ethics produced an opinion 138 
on ethical issues in nanomedicine.5 The Commission adopted on 17 June 2008 a 139 
Communication on the Regulatory Aspects of Nanomaterials6, which is a legislative review on 140 
the suitability of the existing regulation for nanotechnologies. Finally, the services of the 141 
Commission are involved in international activities (OECD7, Transatlantic Dialogue, etc.). 142 

The EC’s non-food, Scientific Committee on Emerging and Newly Identified Health Risks 143 
(SCENIHR) first adopted a scientific opinion on “The appropriateness of existing 144 
methodologies to assess the potential risks associated with engineered and adventitious 145 
products of nanotechnologies” on 10 March 2006 (after public consultation).8 It subsequently 146 
adopted a scientific opinion on “The Appropriateness of the Risk Assessment methodology in 147 
accordance with the technical guidance documents for new and existing substances for 148 
assessing the risks of nanomaterials” 29 March 2007.9 149 

These opinions conclude that current risk assessment methodologies for bulk chemicals require 150 
modification in order to deal with the risks associated with nanotechnologies and in particular 151 
that existing toxicological and ecotoxicological methods may not be sufficient to address all of 152 
the issues arising from nanoparticles as size confers unique properties to nanomaterials. For 153 
example, decreased size increases the reactive surface per unit volume for nanoparticles 154 
compared to larger particles. Size also potentially reduces the effectiveness of barriers to the 155 
penetration of foreign objects into the body and to their movement within it. The opinions also 156 
                                                 
1 http://www.nanoforum.org/dateien/download.php?userid=6385071&dateinr=714&dateiorig=000714.upl&dateiname=nanotec

hnology+in+agriculture+and+food.pdf&zeitcode=31052007175920 
2 http://cordis.europa.eu/nanotechnology/actionplan.htm 
3 COM(2007) 505 final 
4 http://cordis.europa.eu/nanotechnology/src/eu_funding.htm 
5 http://ec.europa.eu/european_group_ethics/activities/docs/opinion_21_nano_en.pdf 
6 COM(2008) 366 final 
7 http://www.oecd.org/department/0,2688,en_2649_37015404_1_1_1_1_1,00.html 
8 http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_003b.pdf 
9 http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_004c.pdf 
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indicate that very little is known about the physiological responses to nanoparticles and that 157 
there are major gaps in the knowledge necessary for risk assessment.  158 

The European Commission would like to address the possible safety issues arising from 159 
nanoscience and nanotechnologies in a stepwise fashion, thereby facilitating the establishment 160 
of a roadmap for future actions in the area of food and feed safety and the environment. As a 161 
first step in this exercise, the Commission asks EFSA to prepare a scientific opinion in order to 162 
identify the needs for risk assessment, to assess the appropriateness of methods for risk 163 
assessment, and to perform an assessment of the potential risks posed by nanoscience and 164 
nanotechnologies in the above mentioned areas and assess the appropriateness of current risk 165 
assessment methods. 166 

This first opinion will allow the Commission to explore appropriate measures, assess existing 167 
legislation and determine the scope of possible further requests for scientific opinions.  168 

TERMS OF REFERENCE AS PROVIDED BY EUROPEAN COMMISSION 169 

The European Commission requests the European Food Safety Authority to produce a 170 
scientific opinion on the need for specific risk assessment approaches for 171 
technologies/processes and applications of nanoscience and nanotechnologies in the food and 172 
feed area. In support of this work, the Authority should, inter alia, take into account existing 173 
documents on the risk assessment nanotechnologies that have been prepared by scientific 174 
advisory bodies at the European level (such as the SCENIHR, the EC Joint Research Centre, 175 
and EU agencies) EU Member States, third countries and international organisations.  176 

The Authority is requested to identify the nature of the possible hazards associated with actual 177 
and foreseen applications in the food and feed area and to provide general guidance on data 178 
needed for the risk assessment of such technologies and applications.  179 
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ASSESSMENT 186 

1. Introduction to the opinion 187 

This opinion focus on engineered nanomaterials (ENM) that are deliberately introduced into 188 
the food chain. Such ENM range from food contact material, ingredients and additives, to 189 
fertilizers and pesticides that are used in the food and feed area. "Natural" nanoscale materials 190 
(e.g. micelles) will be considered if they have been deliberately used or engineered to have 191 
nanoscale properties, or used e.g. to encapsulate bioactive compounds. 192 

The opinion will exclude incidental ambient nanostructured material contamination of 193 
food/feed, resulting from anthropogenic and natural sources. ENM used for waste water or soil 194 
treatment are not considered nor is the possible impact of ENM on plant health. 195 

For the purpose of this opinion, ENM in feed will be treated in a similar way as those in food, 196 
since the impact on animals is likely to be similar to that on humans. ENM pesticides and 197 
fertilizers will be considered since they may be present as residues in food/feed plants. A 198 
second potential route of human exposure is the carry over of ENM or their residues from feed 199 
to human food.  200 

This opinion takes account of reports produced by other Scientific Committees, Member States, 201 
risk assessment agencies, (inter)national organisations and other bodies (reports are grouped in 202 
the reference list). In addition, the opinion is based upon published, peer-reviewed scientific 203 
papers and other information deemed reliable. EFSA launched a call for data through its 204 
Advisory Forum and on its website for scientific contributions on this subject from third 205 
parties; a list of all documents made available to EFSA can be found at the end of the opinion. 206 

2. Introduction to nanotechnologies in the food and feed area 207 

Nanotechnologies are a broad assemblage of processes, materials, and applications that span 208 
physical, chemical, biological, engineering and electronic sciences, with the common theme 209 
that they all involve manipulation of substances at a size range in the (lower) nanoscale. Due to 210 
the small size of ENM, new unique properties arise. Examples of such properties of ENM are 211 
increased surface area, which can affect reactivity with other materials and increased 212 
translocation across biological membranes. 213 

It is claimed that nanotechnologies offer technological advancement in food packaging and 214 
storage that enhances shelf-life of fresh foods. Nanotechnologies may also offer a range of 215 
opportunities to improve resource utilization by providing means of more efficient nutrient 216 
delivery and formulations with improved bioavailability. Nanotechnology applications for food 217 
and food packaging are relatively new, and several of the possible applications have been 218 
suggested to belong to the sub-sectors at the intersection between the food, medicines and 219 
cosmetics sectors (Chaudhry et al., 2008).  220 

Nanotechnology applications for the food sector have raised a number of safety, environmental, 221 
ethical, policy and regulatory issues. The main concerns stem from the lack of knowledge 222 
about the potential effects and impacts of nano-sized materials on human health and the 223 
environment. Consumer concerns regarding nanotechnology applications in the food sector are 224 
mainly related to safety issues and it is recognised that public expectation about the safety of 225 
products derived from new technologies may differ from those using established technologies. 226 

Surveys of public opinion in some Member States indicate that consumer opinion is not 227 
favourable to the use of nanotechnologies in food (e.g. BFR, 2008) or if nanomaterials are used 228 
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in food or food packaging, these technologies should be independently assessed for safety 229 
before they are placed the market (Which?, 2008). 230 

Terms used in the opinion 231 

In relation to risk assessment (RA) of ENM, the actual characteristics and properties of the 232 
ENM in question are the determining factors, rather than the terms used for its description. 233 
However, to describe ENM it is important to provide a few terms for a common understanding. 234 
In this opinion, the terms and definitions suggested by the SCENIHR are used, as they are 235 
considered relevant for RA (SCENIHR, 2007b). For convenience, the most relevant are 236 
described below. A glossary of additional terms is given at the end of the opinion. There is also 237 
a recent ISO publication on terminology and definitions (ISO, 2008). 238 

The prefix “nano” specifically means a measure of 10-9 units, the nature of this unit being 239 
determined by the word that follows, e.g. “nanometre” as a measure of dimension. It is, 240 
however, unrealistic, for practical purposes, to consider the prefix “nano“ to solely and 241 
precisely refer to 10-9 metres, just as it is not considered that “micro“ specifically and solely 242 
concerns something with a dimension of precisely 10-6 metres. 243 

In this opinion, nanoscale refers to a dimension of the order of 100 nm and below. Since the 244 
changes in characteristics that are seen on reducing dimensions do not occur uniquely at the 245 
100 nm size, it is important that some latitude is allowed in this definition with respect to the 246 
meaning of “the order of” and it is recognised that there will be various borderlines. Generally, 247 
we are in the order of 100 nm or less, but there are size-related effects that can appear at larger 248 
size. 249 

Engineered nanomaterial (ENM) is any material that is deliberately created such that it is 250 
composed of discrete functional and structural parts, either internally or at the surface, many of 251 
which will have one or more dimensions of the order of 100 nm or less. In this opinion 252 
nanoparticle (NP) is included in the use of the term ENM.  253 

Food and feed may contain components that have internal structures that individually could be 254 
present at the nanoscale, e.g. naturally occurring molecules, micelles or crystals. However, as 255 
said above, natural components are considered as ENM within the context of this opinion, only 256 
if they have been deliberately used or engineered to have nanoscale properties or used e.g. to 257 
encapsulate bioactive compounds. 258 

Macroscale material (i.e. bulk material) refers to a material predominantly in sizes well beyond 259 
the nanoscale, while the dissolved chemical describes a size generally smaller than the 260 
nanoscale. 261 

An agglomerate is a group of particles held together by weak forces, such as Van der Waals 262 
forces, electrostatic forces and/or surface tension. An agglomerate will normally retain a high 263 
surface-to-volume ratio.  264 

An aggregate is a group of particles held together by strong forces, such as those associated 265 
with covalent or metallic bonds. It should be noted that an aggregate may retain a high surface 266 
to volume ratio. 267 

3. Application of nanotechnologies in the food and feed area 268 

Information in this section is derived from industry, producers, marketing organisations, 269 
scientific publications, patent searches, etc. However, in many instances the claimed nanoscale 270 
character of the applications cannot be verified, as methods for detection and characterization 271 
of ENM in food and feed are not readily available (see section 4.1). Some, if not many, of the 272 
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products claimed to have been derived from nanotechnologies may in fact not be so. 273 
Conversely, other products may contain a nano-component, whose presence is not declared. In 274 
this respect it is acknowledged that the size range of microscale materials may contain a 275 
nanoscale fraction. 276 

The following five broad categories of nanotechnology applications in the food and feed sector 277 
have been described (Chaudhry et al., 2008):  278 

1. Where nanotechnology processes and materials have been employed to develop food 279 
contact materials (FCM). This category includes nanomaterial-reinforced materials 280 
(also referred to as nanocomposites), active FCM designed to have some sort of 281 
interaction with the food or environment surrounding the food, and coatings providing 282 
surfaces with nanomaterials or nanostructures.  283 

2. Where food/feed ingredients have been processed or formulated to form nanostructures. 284 
This category includes applications that involve processing food ingredients at 285 
nanoscale to form nanostructures or nano-textures to enhance taste, texture, and 286 
consistency of the foodstuffs. 287 

3. Where nano-sized, nano-encapsulated, or ENM ingredients have been used in food/feed. 288 
This category includes nanoscale ingredients, including additives (such as colorants, 289 
flavourings, preservatives) and processing aids (including nano-encapsulated enzymes) 290 
that can be produced for a variety of uses. 291 

4. Biosensors for monitoring condition of food during storage and transportation. This 292 
category includes packaging which include indicators. 293 

5. Other indirect applications of nanotechnologies in the food and feed area, such as the 294 
development of nanosized agro-chemicals, pesticides, or veterinary medicines.  295 

Whilst most nanotechnology applications for food and beverages are currently at R&D or near-296 
market stages, it has been reported that applications for food packaging are rapidly becoming a 297 
commercial reality (Chaudhry et al., 2008). Examples of currently available food contact 298 
materials include PET beer bottles with nano-clay gas-barrier, polypropylene food containers 299 
with nano-silver for antimicrobial action and nano-zinc oxide containing films for food 300 
wrapping. Market estimates for the current and short-term predicted applications suggest that 301 
nanotechnology-derived food packaging materials already make up the largest share of the 302 
overall nanofood market (Cientifica, 2006). Another report has estimated that nanotechnology-303 
derived packaging (including food packaging) will make up to 19% of the share of 304 
nanotechnology products and applications in the global consumer goods industry by 2015 305 
(Nanoposts, 2008). A contributing factor to the rapid commercial developments in the FCM 306 
area appears to be the expectation that, due to the fixed or embedded nature of ENM in plastic 307 
polymers, they are not likely to provide any significant exposure to the consumer. 308 

An inventory of nanotechnology applications currently on the global food market and 309 
associated areas is available on the internet from the Project on Emerging Nanotechnologies10. 310 
EFSA is not aware of any database providing information on nanotechnology applications or 311 
products placed on the EU market. However, many nanotechnology-derived consumer products 312 
in the food sectors can be obtained via the internet from outside EU. Based on information 313 
from EU food industry organisations, there is currently no food ready for marketing, which is 314 
produced with the use of nanotechnologies or from ENM (CIAA, 2008 (communication 315 
provided to EFSA); BLL, 2008). The current status of FCM or uses of nanotechnology 316 
processes are more uncertain and such applications may be available on the EU market.  317 

                                                 
10 http://www.nanotechproject.org/inventories/consumer/ 
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4. Prerequisite for risk assessment of ENM in food and feed  318 

Risk assessment (RA) is the evaluation of the potential for the occurrence of harmful effects on 319 
human or animal health or the environment. The traditional RA paradigm comprises four 320 
stages; hazard identification, hazard characterization, exposure assessment and risk 321 
characterization (FAO/WHO, 1995, 1997; SSC, 2000; CODEX, 2007). Health risk is defined 322 
as the combination of the probability of occurrence of harm to health and the severity of that 323 
harm. The traditional RA paradigm is considered an appropriate starting point to address the 324 
additional safety concerns that may arise due to the nanocharacteristics of ENM (SCENIHR, 325 
2006; 2007a; COT, 2005; 2007) and it is the view of the Scientific Committee that this is also 326 
appropriate in the food and feed area.  327 

The special characteristics and properties of ENM, such as the small size, surface reactivity and 328 
translocation across biological membranes, are issues that may need special considerations as 329 
well as interactions of ENM with the surrounding matrix and unexpected effects resulting from 330 
this. The need for proper identification of any particulate matter (including physico-chemical 331 
characterization) used in the food and feed sector is particularly emphasised.  332 

4.1. Physico-chemical characterization of ENM, stability in food and feed matrices, 333 
and analytical tools 334 

The physico-chemical properties of ENM make them different from either the macroscale 335 
material or dissolved chemical of the same material, which besides offering a wide range of 336 
novel application, may also give rise to altered kinetics and toxicity profiles. Several 337 
comprehensive publications on the properties of ENM have been published recently (Balbus et 338 
al., 2007; Rose et al., 2007; Simon and Joner, 2008; ICON 2008; OECD, 2008). In the 339 
following sections, characteristics are briefly reviewed with a focus on aspects of specific 340 
importance for the risk assessment of ENM in food and feed. 341 

4.1.1. Characteristics of ENM 342 

The principal physical parameters for the characterization of ENM are size (including its 343 
distribution), shape (including aspect ratios where appropriate) and the morphological sub-344 
structure of the substance. Further characteristics are chemical composition, solubility, surface 345 
area and particle concentration, surface properties (e.g. composition, charge adsorbed 346 
biomolecules) and the presence of impurities such as residual catalyst. For nanoencapsulates 347 
and for assessing the sites of distribution and/or accumulation, the lipophilicity/hydrophobicity 348 
(solubility) is an important trait. 349 

In general molecules at the surface of a material are in an energetically unstable state, not 350 
having their full quotient of covalent bonds met giving rise to increased surface reactivity. This 351 
is what leads to the interesting surface properties that are used in the food industry. Micelles, 352 
liposomes, microemulsions, etc. result from surface properties and the tendency of the 353 
constituent molecules to lower their surface energy. However, for macroscopic or microscopic 354 
materials, the proportion of the molecules in the material that are in this energetically unstable 355 
state is very low, with the majority of the molecules being in their lowest free-energy state (in 356 
the bulk), and hence it is the properties of this majority of molecules that determine the 357 
properties of the material, such as its conductance or strength. 358 

What makes ENM special is that as the size of the particles decreases, the surface area 359 
increases dramatically, until the amount of surface molecules is such that their properties 360 
dominate, and so ENM have novel properties determined by their high surface-to-volume 361 
ratios. This leads many ENM to have altered characteristics, which may be used for a range of 362 
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applications. The very high surface area of ENM has several consequences that need to be 363 
considered in risk-assessment contexts, as it makes them different from their macroscale 364 
counterparts: they have increased (surface) reactivity compared to the non-nanoscale material, 365 
since many more molecules are located at the NM surface in energetically unstable states. 366 
Almost all types of ENM catalyze reactions, mainly oxidation reactions. They may also act as 367 
nuclei in heterogeneous nucleation processes during crystallisation and recrystallisation in 368 
material sciences (and potentially with proteins).  369 

ENM undergo dynamic changes in response to their environment. The high surface energy and 370 
unstable surface forces may bring about interparticle interaction. Hence, free ENM (also 371 
referred to as primary ENM) tend to agglomerate, resulting in bigger particles (secondary 372 
ENM) which may preserve some of the ENM properties, such as high surface area and 373 
reactivity. The tendency of ENM to agglomerate can be enhanced or hindered by the 374 
modification of the surface, e.g. in the presence of chemical agents (coatings, surfactants). 375 

4.1.2. Properties of ENM in food, feed and biological tissues 376 

It can be assumed that ENM agglomerates break up under certain conditions that occur in food, 377 
feed, the gastro intestinal tract and biological tissues. ENM can react with proteins, lipids, 378 
carbohydrates, nucleic acids, ions, minerals and water in food, feed and biological tissues. The 379 
interaction with proteins is of particular interest (Lynch and Dawson, 2008). ENM may be fully 380 
surrounded by a dynamic "corona" of proteins and the ENM may affect the behaviour of the 381 
protein, and the protein that of the ENM. Hence, coating of ENM with specific proteins can 382 
influence their uptake and distribution and direct them to specific locations. The significance of 383 
this interaction for the safety and biological impact of ENM implies that detailed 384 
characterization of the ENM in the relevant biological environment is necessary. However, 385 
there are several complicating factors, such as the fact that the biomolecule corona is not a 386 
static, but rather a dynamic state, which equilibrates with the surroundings, with high 387 
abundance proteins binding initially, but being replaced gradually by lower abundance, higher 388 
affinity proteins. However, a considerable portion of the biologically relevant biomolecules 389 
(e.g. proteins) will be associated with the nanoparticles for a sufficiently long time that they are 390 
not affected by time frame of the measurement processes, the so-called “hard-corona”.  391 

4.1.3. Analytical tools for detection, quantification and characterization of ENM in food 392 
and feed matrix  393 

A number of analytical tools exist for the qualitative and quantitative characterization of 394 
pristine ENM, both the single-particle techniques and the techniques characterizing the 395 
ensemble of ENM (Powers et al., 2006; Hassellov et al., 2008; Luykx et al., 2008; Tiede et al., 396 
2008). Due to the enormous variety of ENM, there are many different ways to analyse particles 397 
and there is no “best” technique for “all” situations and therefore a combination of techniques 398 
is usually necessary. 399 

It is important to measure the ENM in the matrix, as properties of ENM may depend on the 400 
surrounding matrix. This is a much more demanding task than to analyse in simpler matrices.  401 

In the case of nanoscale metal or semiconductors containing ENM, these can be detected even 402 
in rather complex matrices like food and feed and biological tissues by means of electron 403 
microscopy (EM) coupled with chemical analytical tools. However, detection by EM is only 404 
possible if the number of ENM is sufficiently high to find a detectable number of ENM in the 405 
matrix since high magnification is required due the small size of ENM. As a result, the 406 
investigation of ENM biodistribution in organs is generally extremely time-consuming, and to 407 
date has been possible only in selected cases of radio-labelled particles. A second complication 408 
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is the fact that some ENM cannot be distinguished from naturally occurring variants of the 409 
same material; one such example is engineered nanoscale SiO2. Detection may also by 410 
hindered by interactions with solutes or cell constituents that obscure clear analytical signals. 411 

The current limited number of standardized reference materials for ENM is another limitation 412 
on precise and reproducible detection and quantification of ENM in food, feed and biological 413 
tissues. A quality control material (IRMM-304) of silica nanoparticles has recently been 414 
released from the Joint Research Centre, Institute of Reference Materials and Measurements11. 415 

A lower analytical ambition is to determine the chemical composition of the ENM, without 416 
generating information on the physical state of the ENM. Hence, the metal content of ENM can 417 
be quantified by chemical analytical tools, such as inductively-coupled mass-spectrometry ICP-418 
MS) or by radio-analysis after appropriate neutron irradiation and other tools. The limitations 419 
of chemical analysis result from artificial losses during the preparatory steps and the analytical 420 
detection limits. If ENM contain metals which also are endogenous, or are taken up with 421 
natural food (such as SiO2), it will be impossible to quantify the amount of ENM. In the case of 422 
organic ENM, detection or quantification of the chemical may be possible, where a test for the 423 
species exists, but still it will be unclear whether it is in nanoform. 424 

In summary, there are methods available to detect and analyse a number of ENM under certain 425 
conditions, but there are however no routine methods available for analysing ENM in the food 426 
and feed area.  427 

4.2. Exposure to ENM from food and feed 428 

In view of the present difficulties in detection of ENM in food and feed matrixes, knowledge 429 
regarding the present use of ENM relies on information provided by industry itself on the 430 
addition of ENM to their products. 431 

Consumers can be exposed to ENM from various sources as indicated below. However, due to 432 
the current limited availability of products with declared use of nanotechnology in the food and 433 
feed area, the exposure scenarios outlined below are describing presumed (potential) 434 
exposures. Information on the absolute and relative importance of different possible sources of 435 
exposure to ENM in food and feed is extremely limited. 436 

4.2.1. Sources of exposure 437 

Several examples of FCM with incorporated ENM have been developed. A major uncertainty 438 
is the likelihood and extent of migration of nano-components from FCM into the food. Only a 439 
few studies have investigated the possible migration of ENM from FCM which indicate that 440 
some ENM may migrate while others do not (Avella et al., 2005; FSA, 2008; EFSA, 2007). 441 
Migration is likely to be dependent on the type of ENM and FCM and no general conclusion 442 
can be drawn from the limited information currently available. 443 

There may be release of ENM (or their residues) into food/feed through wear of food/feed 444 
processing machines with coatings containing ENM. There is no information on the potential 445 
exposure to residues following the use of nanotechnology devices (filters, etc.) in the 446 
manufacturing process of food/feed.  447 

                                                 
11 http://www.irmm.jrc.be 
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Exposure from applications of nano-sized or nano-encapsulated food/feed ingredients or the 448 
incorporation of ENM due to processing of food/feed ingredients or use in food supplements 449 
has not yet been assessed. 450 

Exposure assessment from applications in feed for the target animal (e.g., food-producing 451 
species) would follow the same lines as for human exposure assessment. In order to pose a 452 
hazard for humans, ENM in feed need to be transferred to edible tissues. Currently there are no 453 
studies available on whether such transfer occurs. 454 

Residues of nano-formulated or nano particulate agro-chemicals and veterinary products are 455 
currently not likely as no nano-formulated pesticides or, fertilizers and veterinary drugs are 456 
currently commercially available in the EU. In principle, human exposure is possible by carry 457 
over from animals and crops, although there are currently no data from this route of exposure. 458 

Production and widespread use of ENM in consumer products (e.g., electronics, medicines, 459 
packaging materials) will inevitably result in environmental release of these particles over the 460 
product life-cycle (Nowack and Bucheli, 2007). ENM may theoretically also reach food crops 461 
through contamination of sewage sludge that is applied to agricultural soils. Due to a lack of 462 
information at present, the contribution of environmental disposition to oral exposure to ENM 463 
has not been estimated.  464 

In conclusion, significant consumer and animal exposure to ENM ingredients in food and feed 465 
is currently not likely within EU, though there may be exposure to nanoscale fractions within 466 
other materials. However, products are available via the Internet; this contribution to consumer 467 
exposure is not quantified. 468 

4.2.2. Estimations of dietary exposure 469 

Exposure assessment is the qualitative and/or quantitative evaluation of the likely exposure to 470 
ENM via food or feed. Basically, the principles of exposure assessment of ENM (via food and 471 
feed) will be the same as in exposure assessment of non-nanoscale substances (Kroes et al., 472 
2002). Issues like food/feed sampling and variability within composite samples and variation in 473 
concentrations between samples are not different from the exposure assessment of macroscale 474 
or dissolved chemicals. The current food consumption databases can be used. However, there is 475 
limited information on the consumption (amounts and frequency) of food supplements. 476 

A central aspect of exposure assessment is the determination of the amount and 477 
characterization of the substance present in the food or feed as consumed. In most cases, the 478 
starting point for determining the amount of ENM currently has to rely on information on the 479 
material added (primary/secondary particles etc) or that is in contact with food/feed. The initial 480 
characteristics of the added ENM can be assessed and used as an assumption in the exposure 481 
assessment, however, currently it is not possible to routinely determine ENM in situ in the food 482 
or feed matrix (see section 4.1) which increases the uncertainty in the exposure assessment.  483 

The exposure assessment of a nanoscale delivery system should in addition to the assessment 484 
of the nanocarrier system itself include assessment of the amount of encapsulated bioactive 485 
compound as well as the amount present in free form in the food. For this, the analytical 486 
isolation, detection and characterization procedures need to be designed to meet these 487 
requirements. The same approach is relevant for FCM. In both cases, due to the lack of 488 
methods to determine ENM, it might be necessary, when appropriate, to analyse the relevant 489 
chemical as such. 490 

The structure of the ENM may be changed in the food/feed production chain and during 491 
processing or storage because of their interactions with proteins, lipids and other substances 492 
present in the food/feed matrices (see section 4.1.2). Hence, if ENM are analysed at an early 493 



 Nanotechnology – Draft Scientific Opinion for Public Consultation
 

 Draft Scientific Opinion for Public Consultation 13-35 

stage of the food chain, effects of processing and storage should be considered in the exposure 494 
assessment. Also, effects of digestion of the matrix on nanoparticle characteristics need to be 495 
considered. There is currently no information available on processing effects. 496 

4.3. Toxicokinetics of ENM 497 

Toxicokinetics is the science dealing with absorption, distribution, metabolism 498 
(biotransformation) and excretion/elimination (ADME) of substances in the body. This whole 499 
cascade of events which occur following ingestion determines the internal exposure of organs 500 
to potentially toxic substances. 501 

4.3.1. Absorption 502 

Little is known regarding the behaviour and fate of ENM in the gastro intestinal (GI) tract. It is 503 
possible that they will not remain in a free form in the lumen (and hence not be available for 504 
translocation), due to transformations such as agglomeration, aggregation, adsorption or 505 
binding with other components of food, reaction with acid and digestive enzymes, etc. (see also 506 
Section 4.1.2). Adsorption studies have mostly been performed on metal and plastic ENM. 507 

Translocation of particles through the intestinal wall is a several step process, involving 508 
diffusion through the mucus lining the gut wall, contact with enterocytes or M-Cells, cellular or 509 
paracellular transport, and post-translocation events (Hoet et al., 2004). Translocation of ENM 510 
through the epithelium is depending on their physico-chemical properties, e.g. size, surface 511 
charge, lipophilicity/hydrophilicity, presence/absence of a ligand, and physiology of the 512 
intestinal tract, e.g. healthy vs. diseased state (Des Rieux et al., 2006). Under normal 513 
physiological conditions, para-cellular transport of ENM would be extremely limited, as pore 514 
size at tight junctions is between 3 and 10 Å (0.3-1.0 nm) (Des Rieux et al., 2006). 515 

Smaller particles are absorbed more readily and faster than larger ones. Absorption across the 516 
pre-epithelial mucus gel layer of rat distal colon showed that 14 nm (diameter) latex ENM 517 
cross within 2 minutes, 415 nm within 30 minutes, and 1000 nm did not cross this barrier 518 
(Szentkuti, 1997). Oral administration of gold nanoparticles (Au-NP) (58, 28, 10 and 4 nm) to 519 
mice, showed increased gastrointestinal uptake with diminishing size (Hillyer and Albrecht, 520 
2001). The amount of absorption of polystyrene ENM (50 nm) has been shown to be 34 % in 521 
rats (Jani et al., 1990). Titanium dioxide (TiO2) particles as large as 500 nm have been found to 522 
be absorbed (Jani et al., 1994).  523 

Particles may pass through the epithelial cells through transcytosis by enterocytes (as in normal 524 
digestion), transcytosis by M-Cells in Peyer´s patches (PP), or by passive diffusion. The 525 
gastrointestinal uptake rate of ENM is 2-200 times greater in PP than in enterocytes, however 526 
the PP only represent ~1% of the total intestinal surface area (Des Rieux et al., 2006). 527 
Translocation of ENM (100 nm (average tested size 116 ± 5 nm)) is 15-250 times greater than 528 
that of microparticles, which are more likely to become lodged within PP (Desai et al., 1996; 529 
Des Rieux et al., 2006).  530 

4.3.2. Distribution 531 

Upon contact with the intestinal sub-mucosal tissue, ENM can enter the capillaries, which will 532 
carry them through the portal circulation to the liver, or they enter the lymphatic system, which 533 
via the thoracic duct, empties into the systemic blood circulation. 534 

An important property of ENM is interaction with proteins (Linse et al., 2007; Lynch and 535 
Dawson, 2008). Protein adsorption to ENM may enhance membrane crossing and cellular 536 
penetration (John et al., 2001; Pante and Kann, 2002; John et al., 2003). Furthermore, 537 
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interaction with ENM may affect the tertiary structure of a protein (or enzyme), resulting in 538 
malfunctioning (Lynch et al., 2006). Such ENM-protein interactions may not be static but 539 
change over time (Cedervall et al., 2007a; Cedervall et al., 2007b). 540 

There is limited information on the distribution pattern of ENM after oral exposure. In a 28-day 541 
oral study of 60 nm silver nanoparticles (Ag-NP), the highest Ag levels occurred in the 542 
stomach, followed by kidney and liver, lungs, testes, brain and blood (Kim et al., 2008). Ag 543 
levels in the kidneys were, for all doses, twice as high in female rats as in males. The 544 
distribution is dependent upon particle size. With administration of Au-NP (58, 28, 10 and 4 545 
nm) to mice, smaller particle size resulted in increased distribution to organs (Hillyer and 546 
Albrecht, 2001). The smallest particles were found in kidney, liver, spleen, lungs and brain, 547 
while the biggest particles remained almost solely inside the GI tract. After uptake of 548 
polystyrene ENM (50 nm) about 6 % were found in the liver, spleen, blood and bone marrow 549 
(Jani et al., 1990). 550 

Preferential retention of large particles in the GI tract was also shown with 500 nm TiO2 551 
particles, which were present in PPs and the mesenteric lymph nodes (Jani et al., 1994). 552 
However, there was systemic distribution and TiO2 particles were detected in lung and 553 
peritoneal tissues, but not in heart or kidney. By chemical analysis titanium could be detected 554 
in liver, lungs, spleen, heart and kidney – however, as highlighted in section 4.1.3, chemical 555 
detection does not provide information on whether it is present in its nanoform.  556 

In the absence of information on distribution after oral exposure, data from other routes may 557 
give some knowledge on the fate of ENM reaching the systemic circulation. After a single 558 
inhalation of 15 and 80 nm iridium nanoparticles (Ir-NP), the majority were found in the lungs 559 
of the rats, from which they were predominantly cleared via the mucociliary route into the GI 560 
tract and the faeces (Kreyling et al., 2002). Minute translocation (<1%) was observed into 561 
liver, spleen, heart and brain. The translocation of the 80 nm particles was about one order of 562 
magnitude less than that of the 15 nm ones. Similar results have been reported in inhalation 563 
studies with various ENM in rat (Oberdorster et al., 2002; Takenaka et al., 2006) and in 564 
humans (Mills et al., 2006; Wiebert et al., 2006a; Wiebert et al., 2006b; Semmler-Behnke et 565 
al., 2007a).  566 

Two studies (Semmler et al., 2004; Semmler-Behnke et al., 2007a) provide the only existing 567 
data on long-term ENM biokinetics in secondary target organs over six months after a single 568 
short-term nanoparticle inhalation. Only about 1-5 % of the inhaled nanoparticles crossed the 569 
air-blood-barrier and accumulated in secondary target organs (liver, spleen, kidneys, heart and 570 
brain and the soft tissue and bone and remaining carcass). Nanoparticle concentrations 571 
remained constant over the six months period. Prolonged inhalation exposure to Au-NP (mean 572 
diameter 20 nm) in rats over a total of 15 days during 3 weeks resulted in systemic distribution 573 
(Yu et al., 2007; Kwon et al., 2008). Similar wide distribution was seen in mice administered 574 
(~ 50 nm) fluorescent magnetic nanoparticles (Yu et al., 2007; Kwon et al., 2008). 575 

When rats were intravenously injected with solutions containing various sized Au-NP (10, 50, 576 
100 and 250 nm), the distribution was found to be size-dependent, the smallest particles 577 
showing the most widespread distribution, including blood, heart, lungs, liver, spleen, kidney, 578 
thymus, brain, and reproductive organs (De Jong et al., 2008). The largest ENM were present 579 
mainly in liver and spleen. Other intravenous studies showed similar results (Hillyer and 580 
Albrecht, 2001; Niidome et al., 2006; Semmler-Behnke et al., 2007b). Coating of Au-NP with 581 
polyethylene glycol resulted in a prolonged systemic circulation compared to uncoated Au-NP 582 
(Niidome et al., 2006). For composite nanodevices (CND, dendrimeric polymers with an 583 
inorganic core; 11 and 22 nm) size is also a determining factor for distribution (Balogh et al., 584 
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2007). In addition, the positively charged CND of 5 nm showed highest uptake in the kidney, 585 
while for negatively charged and neutral CND the highest uptake was in spleen and liver.  586 

C60 fullerene appears to pass through the placental barrier, as shown after intraperitoneal 587 
administration of C60 fullerenes, solubilised with polyvinyl pyrrolidone (50 mg/kg; day 18 of 588 
gestation), with distribution throughout the embryo (Tsuchiya et al., 1996). However, Au-NP 589 
injected intravenously (2 and 40 nm) or intraperitoneally (40 nm), did not seem to penetrate the 590 
placental barrier (Sadauskas et al., 2007). In contrast, Semmler-Behnke and coworkers (2007b) 591 
found small fractions of both Au-NP (1.4 and 18 nm size) in the placenta and in foetuses 24 592 
hours after administration to pregnant rats in their 3rd trimester. 593 

4.3.3. Metabolism (biotransformation) 594 

There is no information regarding biotransformation of ENM after oral administration. The 595 
metabolism of ENM depends, among other properties, on their surface chemical composition. 596 
Polymeric ENM can be designed to be biodegradable, whereas for metal and metal oxide ENM 597 
the (partial) solubility will be of importance. The importance of the particle surface area on the 598 
dissolution kinetics was discussed for micron-sized particles (Kreyling and Scheuch, 2000); 599 
there the enhanced dissolution kinetics of metal containing particles in the acidic milieu of 600 
phagolysosomes of macrophages was reviewed compared to that within pH neutral biofluids.  601 

4.3.4. Excretion/elimination 602 

There is very limited information on the excretion of absorbed ENM. After intravenous 603 
administration of gold-composite nanodevices (5 nm) to mice, gold was excreted in both urine 604 
and faeces. A positive surface charge (compared to neutral and negative surface charge) was 605 
found to increase both urinary and faecal excretion (Balogh et al., 2007). 606 

There is little information on the rate of ENM elimination. For intravenously administered TiO2 607 
NP in rats, the highest levels were found on day 1 in all organs. TiO2 was retained in the liver 608 
for 28 days; there was a slight decrease in TiO2 levels from day 1 to days 14 and 28 in the 609 
spleen, and a return to control levels by day 14 in the lung and kidney (Fabian et al., 2008).  610 

Renal clearance of intravenously injected quantum dots (QD) in rats has been described. 611 
Surface-modified QD with a neutral coating prevented protein binding and thereby particle 612 
aggregation such that QD less than 4.5 nm size were prominently cleared by the kidneys into 613 
urine while larger QD accumulated in secondary target organs (Choi et al., 2007).  614 

The clearance of pristine and surface modified carbon single-walled nanotubes (SWNT) and 615 
carbon multi-walled nanotubes (MWNT) injected intravenously into a guinea-pig model was 616 
compared (Singh et al., 2006). The latter coating increased the hydrophilicity and the positive 617 
charge of the SWNT and MWNT and led to significantly increased dispersability in blood and 618 
to prominent excretion via urine. 619 

4.3.5. Conclusion on Toxicokinetics 620 

 Toxicokinetic studies on ENM following oral exposure have been performed mainly on 621 
metals and metal oxides (i.e. insoluble materials). For other ENM, there is very little 622 
information available at present.  623 

 In the available studies, quantification has almost always been through determination of 624 
the element in the ENM, without confirmation that the nanostructure was preserved. 625 
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 Formulation at the nanosize may modify the toxicokinetic behaviour of ENM, as 626 
compared to the macroscale form or the dissolved chemical.  627 

 Current data indicate that ENM dispersed in the food/feed matrix may undergo changes 628 
in the food/feed and/or in the GI tract, which may modify their physico-chemical 629 
properties and absorption. 630 

 ENM studied to date are absorbed to a limited extent from the GI tract. Absorption 631 
through enterocytes will go through the portal circulation to the liver. ENM can also 632 
enter via the lymph system into the thoracic duct, thus bypassing the liver. 633 

 The liver and the spleen are known to be two major organs for systemic distribution of 634 
metallic ENM. However, for certain ENM, all organs may be targets, as in all organs 635 
investigated so far, the chemical component of the ENM, or the ENM themselves, could 636 
be detected. 637 

 Smaller-sized ENM have a more widespread tissue distribution compared to larger 638 
ENM, although data following oral exposure is limited. Surface coating and charge also 639 
seem to be of importance, but these have been investigated to a lesser extent. Which 640 
other properties are important is not known at present. 641 

 There is some information that certain ENM can pass across the placenta. There is no 642 
information on whether ENM are transferred into milk. 643 

 There are only limited data on potential, long-term accumulation/persistence of ENM. 644 
However the limited data available suggest that insoluble ENM may be retained for a 645 
long time and accumulate.  646 

4.4. Toxicity of ENM 647 

4.4.1. Acute, subacute and subchronic oral toxicity to ENM 648 

In the sections below, the most important facts are summarized. Only a limited number of oral 649 
toxicity studies using ENM have been published, mostly using metals and metal oxides.  650 

Potential intracellular targets of ENM toxicity are e.g. plasma membranes, mitochondria and 651 
nucleus. The general mechanisms of injury have been shown to include e.g. lipid peroxidation, 652 
ion channel blockage, pore formation, physical disruption, oxidative stress, protein aggregation 653 
and DNA damage (ICON, 2008). There are preliminary indications of association of GI 654 
disorders with absorption of ENM. There are reports of increased uptake of ENM during GI 655 
inflammation, findings of particles in colon tissue in subjects suffering from ulcerative colitis 656 
and speculations that ENM exposure might be associated with Crohn’s disease (McMinn et al., 657 
1996; Lomer et al., 2002; Gatti et al., 2004; Hoet et al., 2004; Buzea et al., 2006). 658 

4.4.1.1. Metals 659 

Several studies report oral toxicity of 20-60 nm selenium nanoparticles (Se-NP) in rats. With 660 
single gavage dosing, sodium-selenite ions were more toxic than the Se-NP (Zhang et al., 661 
2001; Zhang et al., 2004). This was confirmed when the Se-NP were administered in feed to 662 
rats (2-5 mg/kg; appearance in the feed not defined) for 13 weeks (Jia et al., 2005). 663 

Single gavage administration to mice of copper nanoparticles (Cu-NP) with average size 23.5 664 
nm was compared to microparticle (MP)-Cu (17 µm) and Cu ions (Chen et al., 2006). The 665 
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doses were high (up to 1,080 mg/kg bw), which caused agglomeration of particles, with 666 
intestinal obstruction. The relative toxicity was ions > NP > MP. Dose-dependent pathology 667 
occurred in kidney, liver, spleen and blood (but not lung, heart, brain, testes or ovaries) in 668 
animals exposed to nanoparticles (but not in those exposed to microparticles). 669 

After single gavage administration of high doses (5 g/kg bw) of zinc as nanoparticles (58 nm) 670 
and MP (1.08 µm) to mice there was GI inflammation in both groups, in spite of attempts to 671 
avoid particle agglomeration (Wang et al., 2006). The toxicity patterns were not consistent: in 672 
some aspects, the nanoparticles were more toxic (anemia, kidneys, heart) than the MP, which 673 
seemed to be more hepatotoxic. In a later single-dose oral toxicity study of ZnO (1-5 g/kg bw) 674 
in mice, two sizes of ENM (20 and 120 nm) were compared to conventional macroscale 675 
material (Wang et al., 2008). The sizes of the ENM were checked in the gavage, and were 676 
found to average 44.8 and 187.5 nm, respectively. Again, the toxicity pattern was complex: the 677 
120 nm ENM were most toxic in stomach, liver, heart, spleen, kidneys and blood, while the 20 678 
nm ENM were similar to the toxicity of the macroscale material (except in pancreas, where 679 
they were the most toxic). However, no dose-dependency was observed. 680 

Titanium dioxide (TiO2) nanoparticles (25, 80 and 155 nm) administered as single high-dose 681 
gavage (5 g/kg bw) to mice resulted in frequent oesophagus rupture (Wang et al., 2007). The 682 
80 nm particles accumulated predominantly in the liver, the 25 and 155 nm ones accumulated 683 
primarily in spleen. Kidney, liver and heart damage was observed with all sizes, with 80 and 684 
155 nm particles producing the most pronounced effects, while blood effects (e.g. increased 685 
serum lactate dehydrogenase and alpha-hydroxybutyrate dehydrogenase levels) were most 686 
pronounced for the 25 nm particles. Administration of TiO2 particles (500 nm) by daily gavage 687 
for 10 days (12.5 mg/kg) to rats produced no pathology (Jani et al., 1994). 688 

A 28-day oral toxicity study in rats of silver nanoparticles (60 nm in doses 30, 300 and 1000 689 
mg/kg/day) showed minimal dose-dependent biochemical liver toxicity. 690 

4.4.1.2. Other ENM 691 

Only a few studies have been reported on non-metal ENM. In broiler chickens (1-42 days old) 692 
fed a diet containing nanoclay (montmorillonite nanocomposite; 10-60 nm) for 42 days, no 693 
toxicity was found (Shi et al., 2006). In a small single-dose (2 g/kg bw) rat-study of 694 
amphiphilic chitosan nanoparticles (~200 nm by scanning, 85 nm by transmission electron 695 
microscopy), no toxic effects were observed (Yoksan and Chirachanchai, 2008). When carbon 696 
MWNT (diameter <50 nm, length 450 µm) and nitrogen-doped MWNT (Nitrogen atoms 697 
embedded in the carbon network) (diameter 20-40 nm, length 100-300 µm), were administered 698 
to mice in a single oral dose (1, 2.5 and 5 mg/kg bw), no toxicity was observed (Carrero-699 
Sanchez et al., 2006). 700 

4.4.2. Toxicity from non-oral exposure to ENM and in vitro studies 701 

Some information on routes other than oral may be useful to assess oral toxicity. Data on 702 
toxicity is available from studies of inhalation and dermal exposure (SCENIHR, 2007) and 703 
some may be useful in indicating effects following oral exposure. Immune and inflammatory 704 
effects can be triggered by oxidative stress and/or production of pro-inflammatory cytokines in 705 
the lungs, liver, heart and brain (Oberdorster et al., 2005; Oberdorster et al., 2005; Borm et al., 706 
2006; Oberdorster et al., 2007). Effects of inhaled ENM on the cardiovascular system include 707 
heart rate changes, pro-thrombosis and acute myocardial infarction (Borm et al., 2006). 708 

There is a wealth of in vitro studies of ENM in human or animal cells (including on the cell 709 
nucleus) and a wide range of ENM (e.g, Ti, Ag, Zn, Mn, Se and Si), concentrations and 710 
exposure times have been studied. Typical problems in such studies have been administration 711 
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of physiologically non-relevant doses, aggregation of particles, direct exposure of the cells to 712 
the ENM, as well as the interpretation of the results. However, a common finding in the in vitro 713 
assays, independent of the ENM studied, seems to be the generation of reactive oxygen species 714 
(Donaldson and Borm, 2004; Oberdorster et al., 2005; Nel et al., 2006; Balbus et al., 2007; 715 
Chen et al., 2008; Lewinski et al., 2008). A major consequence of oxidative stress is damage to 716 
nucleic acid bases, membrane lipids and proteins. Generally these effects are observed only 717 
after exposure to high concentrations of ENM and it is difficult to know whether the effects are 718 
physiologically relevant (Lewinski et al., 2008).  719 

In vitro studies have also indicated genotoxicity and clastogenicity (Barnes et al., 2008; De 720 
Jong and Borm, 2008). Cobalt nanoparticles have been shown to induce more DNA damage 721 
than micronsized particles using human fibroblasts in tissue culture in the alkaline comet assay 722 
(Papageorgiou et al., 2007); (Colognato et al., 2008). 723 

4.4.3. Metrics for dose-response relations of ENM 724 

So far, it has not been possible to establish a single dose-describing parameter that correlates 725 
with the possible toxicity of ENM. It is likely that mass concentration alone is not a good 726 
metric, as it does not incorporate the specific characteristics of ENM (SCENIHR, 2006; 727 
SCENIHR, 2007a). Number concentration and surface area may be more appropriate. 728 
Morphology may also be important since a recent intraperitoneal study indicate that fibrous 729 
shape of some ENM might be important in determining toxicity (Poland et al., 2008). It is 730 
clearly desirable to characterize ENM as completely as possible (Oberdorster et al., 2005; 731 
Thomas and Sayre, 2005; Powers et al., 2006; OECD, 2008). 732 

4.4.4. Additional considerations 733 

Some other aspects increase the uncertainty in assessment of ENM. The presence of ENM in 734 
food might affect normal food components or contaminants. Hence, food containing ENM with 735 
actively charged surfaces can absorb proteins, lipids, nucleic acids and carbohydrates. It has 736 
been speculated that absorption of ENM is accompanied by transport of food 737 
components/molecules that are not normally absorbed and thus may create an (unwanted) port 738 
of entry ("Trojan horse" effect), and that this might change their toxicity (Lomer et al., 2002; 739 
Borm and Kreyling, 2004). If particles that pass through the epithelial cells via transcytosis by 740 
M-cells this may lead to accumulation within the Peyers Patches and subsequently a possible 741 
immune reaction. The surface properties (e.g. coatings) that increase the active uptake of 742 
encapsulates might also be a reason for concern. Thus, lectins used for coatings of nano-743 
encapsulates can be cytotoxic or induce inflammatory responses (Govers et al., 1994; Des 744 
Rieux et al., 2006).  745 

Recently, carbon nanotubes with similar characteristics to asbestos, in terms of fibre length, 746 
rigidity and persistence, were shown to induce "asbestos-like" granulomatous inflammation 747 
after intraperitoneal administration in a mouse model (Poland et al., 2008; Takagi et al., 2008), 748 
which indicates that the morphology of the ENM affects toxicity. 749 

There are microscale products (e.g. Mn and SiO2) used in the food and feed area, which, due to 750 
natural size range variation may contain a nanoscale fraction. No oral toxicity studies of such 751 
materials with a fully characterised size range have been identified. 752 

4.4.5. Conclusion on Toxicity of ENM 753 

 The understanding of the potential toxicity after oral intake of ENM is in its infancy. 754 
Only a very limited number of ENM have been studied after oral administration, mainly 755 
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metals and metal oxides. The ENM used in the toxicity studies were often characterized 756 
only to a very limited extent. 757 

 Only a narrow range of effects have been studied in the toxicity tests. 758 

 Only a few studies have compared the toxicity of nanoformulated and conventional 759 
(dissolved or macroscale) form of the same chemical species. These data are 760 
insufficient to draw general conclusions. 761 

 In only one study was the ENM administered via feed, but the ENM was not 762 
characterized in this matrix (e.g. as to formation of agglomerates). In all other studies, 763 
the ENM were administered in artificial dispersions (i.e. via gavage). 764 

 Most of the reported oral in vivo studies are on acute toxicity of ENM. Long-term 765 
studies have not been conducted. 766 

 There is no adequate information that allows conclusions on the relationship between 767 
physico-chemical properties (size, surface properties, etc.) of ENM and toxicity in vivo 768 
or in vitro.  769 

 It is generally not possible to extrapolate the potential toxicity of ENM from 770 
information on dissolved or macroscale chemicals. 771 

 Numerous in vitro studies have shown that some ENM induce oxidative stress at high 772 
concentrations. There are some data to indicate possible genotoxic and inflammatory 773 
responses in vitro. 774 

5. Environmental impact of nanotechnologies in food and feed area 775 

During production, use and disposal of ENM in the food and feed area, dispersal of ENM to the 776 
environment is likely. Possible environmental impacts are influenced by the characteristics and 777 
properties of the ENM and may be more or less pronounced depending on the specific ENM. In 778 
some instances, there is the possibility of re-entry of certain ENM as contaminants in the food 779 
and feed chain. Such contamination may arise from the traditional processes of food and feed 780 
waste disposal, e.g. via sewage, from waste incineration or leakage from landfills.  781 

Recycling processes of food packaging material containing ENM should be considered, as the 782 
process may affect the migration of the ENM in the recycled material. There may also be 783 
secondary environmental implications during disposal from possible release of antimicrobial 784 
ENM from FCM. However, there is presently only limited information available of these 785 
processes related to ENM in food and feed. 786 

6. Proposed guidance for risk assessment (RA) of ENM in food and feed area 787 

Properties of materials at nanoscale may be different from chemicals in the macroscale or 788 
dissolved forms, and existing toxicological knowledge on chemicals cannot be fully 789 
extrapolated to ENM (e.g. SCENIHR, 2007a). A number of national and international advisory 790 
committees have recommended strategies for the RA of ENM (e.g. SCENIHR, 2007a; SCCP, 791 
2007). In agreement with these, the Scientific Committee view is that the general paradigm can 792 
also be applied to the RA of ENM in the food and feed area.  793 

A difficulty at the present time in giving detailed specific risk assessment guidance is the lack 794 
of sufficient data and information, which would allow for a comprehensive understanding of 795 
potential hazards of ENM. The conventional toxicological testing methods should be used as a 796 
starting point to identify hazards from ENM. However, additional issues, specific for the 797 
properties of ENM, e.g. toxicokinetics and the possibility of additional endpoints, need to be 798 
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considered. Specific attention should also be paid to exposure assessments. A major difficulty 799 
is the lack of routine analytical methods for detection and analysis of ENM in food and feed. 800 
Hence, until a sufficient body of data is developed, RA of ENM will have to be carried out on a 801 
case-by-case basis. Current guidance documents in the food and feed area do not address ENM. 802 

The RA methods will need to be adapted and refined as the knowledge-base develops. The 803 
specific RA framework applied to substances in food and feed areas (such as in FCM, 804 
pesticides, or in the additive area) will in general still be applicable but modifications may be 805 
necessary to take account of the special properties of the ENM in these areas.  806 

A first step of the RA of ENM is the proper identification and detailed characterization of the 807 
product as used in food/feed. There is ongoing activity within OECD and ISO for the adequate 808 
characterization of ENM (OECD 2008a; b). At the present time, at least the following 809 
characteristics/parameters should be provided: size (including distribution), mass, surface area, 810 
specific surface area, number, shape, chemical composition (including impurities and 811 
processing chemicals), surface properties (e.g. coating, charge) and solubility (including 812 
hydrophilicity). For this purpose standard methodologies (including additional 813 
reference/benchmark materials) are needed.  814 

It should be emphasised that characterization of the ENM, both as manufactured or added, as 815 
well as of the ENM as present in the food/feed is desirable as it is likely that ENM will interact 816 
with food/feed components. A crucial step is to define (confirm) qualitatively and 817 
quantitatively the presence of ENM in the nanoform in the food/feed. The same applies to FCM 818 
in which it is essential to investigate the migration using a suitably sensitive method. This is 819 
closely linked to the availability of sufficiently sensitive analytical methods.  820 

As it is generally difficult at present to analyse food and feed for the presence of ENM, a 821 
conservative approach in the RA is to assume that the entire amount of ENM added to the 822 
food/feed or migrating from FCM is present in its nanoform.  823 

If it is properly demonstrated that the product as such does not contain nanomaterial, or that the 824 
ENM does not persist in the food/feed, then there is likely no exposure to ENM, and the further 825 
RA would not differ from that of a conventional chemical in the dissolved or macroscale form.  826 

Where exposure to ENM with preserved nanoscale structure can not be excluded in animals or 827 
humans, a number of points should be addressed. Based on the physico-chemical properties of 828 
the ENM, a consideration of the potential fate in the lumen of the GI tract of the ENM 829 
following ingestion should be undertaken. If evidence is present that ENM dissolve in the 830 
lumen, this may be sufficient to allow the conclusion that, if absorbed, the ENM would behave 831 
as the non-nanoform of the chemical, and the RA can be based on this However, possible local 832 
exposure and potential effects should still be considered.. If there is no information to prove the 833 
disappearance of the nanostructure, it shall be assumed that the nanoform is still present in the 834 
GI tract. 835 

If the nanostructure persists in the GI tract, there will be a need for toxicokinetic data. 836 
Information on toxicokinetics will have to rely on in vivo studies, since proposed in vitro 837 
systems have not yet been validated for extrapolation to in vivo conditions. Because of the 838 
current difficulties in analysing ENM as such in biological tissues, the toxicokinetic studies 839 
may have to rely on determination of the chemical constituent of the ENM, without knowledge 840 
of whether it is still present in nanoform. In that case, it shall be assumed that it still is present 841 
in its nanoform. The toxicokinetic studies supply important information for decisions regarding 842 
further testing regimes and assessment.  843 

For ENM which are intended to increase the bioavailability of incorporated substances (i.e. 844 
ENM carrier systems), the changes in bioavailability should be determined. A difference in 845 
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bioavailability of the incorporated substance needs to be considered when using information 846 
from the RA of that incorporated substance. In addition, a RA should be performed on the 847 
nanoscale carrier. 848 

In general, the toxicological properties of substances, including ENM, used in the food and 849 
feed area need to be assessed by in vivo assays. Guidelines for toxicity testing of conventional 850 
chemicals are available (e.g. OECD guidelines). These tests should be able to pick up toxic 851 
effects of ENM. However, experience in using these guidelines/tests with ENM is very limited 852 
and the adequacy of the existing toxicological tests to detect all aspects of potential toxicity of 853 
ENM has yet to be established. 854 

In vivo toxicology studies on food chemicals are normally conducted using admixture into the 855 
diet. For ENM, the way of administration must be considered in the context of the likely 856 
interaction of the ENM with food/feed components. This is an argument for inclusion of the 857 
testing material into food/feed for toxicology and exposure assessment. On the other hand, 858 
administration via gavage is a more well-defined mode, and may, if adequately performed, and 859 
as an initial step, represent a worst case, conservative approach. The choice of administration 860 
method should always be justified.  861 

Concerning in vitro tests, the sensitivity and validity of available assays for assessing risks of 862 
ENM exposure is uncertain, as was also concluded by SCENIHR (2007a). For some 863 
toxicological endpoints, such as mutagenicity/genotoxicity and oxidative stress, in vitro assays 864 
are available, but they have not yet been validated for ENM. They are generally suited for 865 
screening purposes and studies on mechanisms of toxicity (COT, 2005; 2007).  866 

For the risk characterization step, the strategy for ENM would not, in principle, differ from that 867 
followed for soluble chemicals or the macroscale material. However, as was also stressed by 868 
SCENIHR (2007a), the relationship of any observed toxicity to the various dose metrics that 869 
may be used is currently discussed and several dose metrics may need to be explored in 870 
addition to mass, e.g. surface area and particle concentration.  871 

Finally, the limited database on ENM assessments should be considered in the choice of 872 
appropriate uncertainty factors in the risk characterization step. 873 

OVERALL CONCLUSIONS AND RECOMMENDATIONS 874 

CONCLUSIONS12 875 

This opinion is generic in nature and is not in itself, a risk assessment of nanotechnologies as 876 
such or of tentative applications or possible uses thereof or of specific products. The possible 877 
uses of nanotechnologies and the applications in the food and feed area is varied and 878 
developing. The possible uses and applications span all the various steps and processes 879 
throughout the food chain, including production processes, agrochemicals, feed and food 880 
contact materials, and food/feed ingredients. There is as yet no overview of possible products 881 
that may be present on the EU market. The nanospecific properties and characteristics of ENM 882 
are likely to affect their toxicokinetic behaviour and toxicity profile. The guidance section 883 
indicates the general data needs and aspects to consider when performing a risk assessment of 884 
ENM.  885 

The Scientific Committee specifically concludes that;  886 

                                                 
12 It was not within the scope of this opinion to consider the whole life cycle of nanotechnology products and applications.  
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 Current uncertainties for risk assessment of nanotechnologies and their possible 887 
applications in the food and feed area arise due to presently limited information in several 888 
areas. Specific uncertainties apply to the difficulty to characterize, detect and measure 889 
ENM in food/feed and biological matrices and the limited information available in 890 
relation to aspects of toxicokinetics and toxicology. There is limited knowledge of (likely) 891 
exposure from possible applications and products in the food and feed area or of 892 
environmental impacts of such applications and products. The current usage levels of 893 
ENM in the food and feed area is unknown. The limited database on ENM assessments 894 
should be considered in the choice of appropriate uncertainty factors in the risk 895 
characterization step. 896 

 Whilst recognising these limitations, the currently used risk-assessment paradigm (hazard 897 
identification, hazard characterization, exposure assessment and risk characterization) is 898 
considered applicable for ENM.  899 

 Risk assessment of ENM in the food and feed area should consider the specific properties 900 
of ENM in addition to those common to the equivalent non-nanoforms. 901 

 The available data on oral exposure to specific ENM and any consequent toxicity is 902 
extremely limited; the majority of the available information on toxicity of ENM is from in 903 
vitro studies or in vivo studies using other routes of exposure. 904 

 Current toxicity testing approaches used for conventional materials are a suitable starting 905 
point for case-by-case RA of ENMs. However, the adequacy of currently existing 906 
toxicological tests to detect all aspects of potential toxicity of ENM has yet to be 907 
established. Toxicity-testing methods may need methodological modifications. Specific 908 
uncertainties arise due to limited experience of testing ENM in currently applied standard 909 
testing protocols. There may also be additional toxic effects caused by ENM that are not 910 
readily detectable by current standard protocols. Additional endpoints not routinely 911 
addressed and pharmacological endpoints may need to be considered in addition to 912 
traditional endpoints.  913 

 For hazard characterization, the relationship of any toxicity to the various dose metrics 914 
that may be used is currently discussed and several dose metrics may need to be explored 915 
in addition to mass.  916 

 The different physicochemical properties of ENM compared to conventional dissolved 917 
and macroscale chemical counterparts imply that their toxicokinetic and toxicity profiles 918 
cannot be fully inferred by extrapolation from data on their equivalent non-nanoforms. 919 
Thus, the risk assessment of ENM has to be performed on a case-by-case basis. 920 

 Appropriate data for risk assessment of an ENM in the food and feed area should include 921 
comprehensive identification and characterization of the ENM, information on whether it 922 
is likely to be ingested in nanoform, and, if ingested, whether it remains in nanoform at 923 
absorption. If it may be ingested in nanoform, then repeated-dose toxicity studies are 924 
needed together with appropriate in vitro studies (e.g. for genotoxicity). Toxicokinetic 925 
information will be essential in designing and performing such toxicity studies. 926 

RECOMMENDATIONS  927 

General recommendations 928 

 This opinion should be updated in the light of developments in the area and/or with new 929 
relevant data. 930 
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 When RA guidance documents in the food and feed area are reviewed, nanotechnology 931 
aspects shall be considered. 932 

Additional recommendations 933 

In relation to applications of nanotechnologies in the food/feed area it is recommended to  934 

 Monitor current and future commercial applications of ENM in the food and feed 935 
sectors and developments of nanotechnologies, especially since more complex ENM 936 
may be foreseen.  937 

In relation to the physico-chemical characterization of ENM, stability in FCM, food and feed 938 
matrices, and analytical tools it is recommended to: 939 

 Determine the effects of size of ENM on physicochemical properties, compared to those 940 
of the dissolved chemical or macroscale materials.  941 

 Investigate the interaction and stability of ENM in the presence of components in food 942 
and feed matrices, in the GI tract and biological tissues. 943 

 Develop and validate routine methods to detect, characterize and quantify ENM in 944 
FCM, food and feed matrices and in biological tissues. 945 

 Generate information on the effects of processing on the characteristics of ENM.  946 

In relation to exposure assessment of ENM it is recommended to: 947 

 Generate information on the amount and form (dispersed or aggregated) of ENM 948 
content in food and feed, and the bioavailability of the nanoform following ingestion. 949 

 Generate information on consumption of products containing ENM. 950 

 Determine migration of different ENM from FCM into food and feed. 951 

In relation to toxicokinetics and toxicity of ENM it is recommended to: 952 

 Generate information on toxicokinetic properties of ENM after oral exposure. Correlate 953 
these data with the physicochemical characteristics to see whether different ENM can 954 
be grouped. Generate information on appropriate dose metrics in relation to toxicity of 955 
ENM. 956 

 Generate information on the bioavailability from food and feed of a range of ENM and 957 
investigate potential accumulation in different organs and transport through the placenta 958 
and into milk. Also, biotransformation and excretion should be addressed. 959 

 Generate information on carry over of ENM along feed/food chain, e.g. incorporation in 960 
edible animal tissues. 961 

 Develop, improve and validate in silico, in vitro and in vivo (in particular oral) test 962 
methodologies to assess toxicity of ENM (including reliability and relevance of the test 963 
methods). 964 

 Develop understanding of the toxicity (including chronic exposure and carcinogenicity) 965 
following oral intake of a wide range of ENM for which there is likely exposure, 966 
including studies on the mechanisms of toxicity. 967 

 Develop understanding on whether ENM interact with biomolecules (e.g. enzymes), 968 
nutrients and foreign compounds (“Trojan horse effect”), and the significance of such 969 
interactions for human and animal health. 970 
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 There are substances approved for use in food and feed (e.g., MnO, SiO2), which have 971 
been claimed to also be available in nanoscale dimensions. Oral toxicity studies of these 972 
materials with a fully characterised size range should be performed. 973 

 Generate information on the efficacy of applications which claim antimicrobial activity 974 
as this may have important downstream consequences for food safety. 975 

In relation to impacts on the environment 976 

 Investigate the contribution and fate of ENM used in the agro-food sector in the 977 
environment, including re-entry of ENM into the food and feed chain.  978 
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DOCUMENTATION PROVIDED TO EFSA 979 

EFSA published a call for data on its website between 23 January and 28 March 2008. 980 
Information, via e-mail, was received from the following organisations: 981 
 982 
Bund für Lebensmittelrecht und Lebensmittelkunde e. V. (BLL) 983 
Communication of information, e-mail 31/03/2008. 984 
Sachstands- und Positionpapier Nanotechnologei Stand März-2008. Pages 1-4. 985 
Progress report and position paper Nanotechnology March 2008. Pages 1-4 986 
 987 
CIAA (Confederation of the Food and Drink Industries of the EU)  988 
Communication of information, e-mail 11/03/2008, 1 page. 989 
 990 
Environmental Defense Fund 991 
Communication of information, e-mail 2/04/2008. 992 
Nano Risk Framework, June 2007. Environmental defense – DuPont. Nano Partnership. Pages 993 
1-104.  994 
Nano Risk Framework, Executive Summary, June 2007. Pages 1-3 995 
Nano Risk Framework, Output worksheet. Pages 1-14 996 
 997 
Dr. Eric Gaffet 998 
Communication of information, e-mail 18/02/2008. Nano and alimentation/Emballage. Power 999 
point presentation. Pages 1-71. 1000 
 1001 
Dr. Antonietta Gatti 1002 
Communication of information, e-mail 30/01/2008. References to publications. 1 page. 1003 
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GLOSSARY / ABBREVIATIONS 1348 

To assure a consistent use and understanding throughout this opinion, some words of key 1349 
importance are provided below. 1350 

Glossary 1351 

Term 
 

Definition as used in the opinion 

Agglomerate 
 

A group of particles held together by weak forces such as 
van der Waals forces, some electrostatic forces and or surface 
tension. 

Aggregate  
 

A group of particles held together by strong forces such as 
those associated with covalent or metallic bonds. 

Aspect ratio A ratio describing the dimension length over dimension height 
or width. The higher the aspect ratio, the longer the material is 
in comparison to its height or width, and approaches a more 
fibre/tread like appearance. Usually denoted as L/H. 

Chyme The seimifluid mass of partly digested food that is expelled 
from the stomach into the duodenum 

Coalescence The formation of a new homogeneous entity out of two initial 
ones, e.g. after the collision of two nanoparticles  

Degradation 
 

A change in the chemical structure, physical properties or 
appearance of a material 

Engineered nanomaterial  
 

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

Nanocarrier A nanoscale structure whose purpose is to carry a second 
substance (e.g. a vitamin.) 

Nanocomposite 
 

A multi-phase material in which the majority of the dispersed 
phase components have one or more dimensions of the order of 
100 nm or less. 

Nanocrystalline material 
 

A material that is comprised of many crystals, the majority of 
which have one or more dimensions of the order of 100 nm or 
less. 

Nanomaterial Any form of a material that is composed of discrete functional 
parts, many of which have one or more dimensions of the order 
of 100 nm or less. 

Nanoparticle 
 

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

Nanoparticulate matter 
 

A substance comprising of particles, the substantial majority of 
which have three dimensions of the order of 100 nm or less. 

Nanorod (nanofibre, 
nanowire,nanowhisker) 

A discrete entity which has two dimensions that are of the order 
of 100 nm or less, and one long dimension.  
Note: Other entities such as nanofibre, nanowire, and 
nanowhisker comply with this definition, but may differ from 
each other by other characteristics (e.g. rotational symmetry, 
flexibility). In general a nanorod or nanofibre can be 
characterised by the aspect ratio. 

Nanoscale 
 

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

Nanosheet A discrete entity which has one dimension of the order of 
100nm or less and two long dimensions. 
Note: Other entities such as nanofilm and nanolayer comply 
with this definition, but may differ from each other by other 
characteristics (e.g. sheet is usually free and a layer is usually 
supported; there may be considerable differences in flexibility). 
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Nanostructure Any structure that is composed of discrete functional parts, 
either internally or at the surface, many of which have one or 
more dimensions of the order of 100 nm or less. 
Often used in a similar manner to nanostructure is the word 
‘nanomaterial’.  

Nanotube 
 

A discrete hollow entity which has two dimensions of the order 
of 100 nm or less and one long dimension. 

Solubilisation 
 

The process of dissolution. 

 1352 

Abbreviations 1353 

Term Abbreviation  
 

ADME Science dealing with absorption, distribution, metabolism and 
excretion of substances in the body 

ENM Engineered Nanomaterial  
FCM Food Contact Materials 
Nm Nanometer, 10-9 meter 
NP Nanoparticle 
WG Working Group 
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