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Abstract. With an increasing number of consumer’s products containing nanomaterials (NMs), 

Nanotechnology is already a reality on the market despite it may only be the emerging part of 

an iceberg. The potential exponential increase of nanotechnology uses is starting to alert major 

public bodies due to the uncertainty inherent of every emerging technology. According to the 

number of publications on safety/toxicity of NMs, major concern seems to be focused on NMs 

that may be released as free nano-objects. From a nanotechnologist point of view, major 

identified aspects on inorganic nano-objects are: i) Corrosion of metallic nano-objects, ii) 

Aggregation to sizes that trigger immune exacerbation, iii) Presence of toxic bystanders, iv) 

Biological membrane/barrier perturbation, v) Protein association & protein alteration. While 

the description of phenomena occurring at the nano-scale has not been classified yet, added to 

the contradictory studies on “unknown” samples, regulatory agencies have no clear idea on 

what should be considered “nano” or which NMs might pose a threat for health, safety or the 

environment. In addition to provide full and accessible information on new nano-product, it 

would seem advisable to plan research and innovation in a responsible and precautionary 

manner in order to be pro-active towards (responsive) NMs regulation. 

1.  Introduction 

With 1317 consumers’ products already registered on the database of the Project on Emerging 

Nanotechnology (Figure 1), and little less on European Consumers’ Organisation (Figure 2), the use 

of Nanotechnology is a reality on the market despite that number may represent only the emerging part 

of an iceberg. As every emerging technology where the balance between risks and benefits is not 

clearly identified, the exponential increase of nanotechnology entering the consumer market is starting 

to alert major Non-Governmental Organisation (NGO’s), other organization and regulatory agencies 

due to the uncertainty inherent to novelty.   

 

 

 

Nanosafe 2012: International Conferences on Safe Production and Use of Nanomaterials IOP Publishing
Journal of Physics: Conference Series 429 (2013) 012059 doi:10.1088/1742-6596/429/1/012059

Published under licence by IOP Publishing Ltd 1

mailto:Vincent.jamier@cnbss.eu


 

 

 

 

 

 

 

 

Figure 1. Worldwide 

inventory of NMs in 

consumers’ products and their 

repartition from 

www.nanotechproject.org 

 

 

 

Figure 2. European inventory 

of NMs in consumers’ 

products and their repartition 

from the European 

Consumers’ Organisation 

(www.beuc.org) in 2010. 

 

By definition, Nanotechnology is a technology that permits the manipulation of matter on an 

atomic and molecular scale, generally with materials with at least one dimension sized from 1 to 100 

nanometres. At contrary of other emerging technologies, the nanotechnology cannot be easily defined 

as an independent technology, it is a field that cover most of the technology already existing (i.e. 

Physics, Chemistry, Biology, Electronic, etc.). With a significant number of publication covering the 

safety/toxicity of NMs, it seems that a majority of the health concerns related to nanotechnology are 

focused on nano-objects, which may enter the environment via the air or water and be inhaled or 

ingested. Probably for this reason, there is much less concerns in the development of nano-electronics, 

probably because these electronic components are less likely to be in direct contact with the consumer. 

Similarly as many toxic components of electronic apparatus, the isolation of the toxic product from 

consumer’s exposure allow its safe use (or at least, risk is limited to the production -worker's H&S and 

final disposal). 

2.  Identification of major concerns 

Exposition to such nano-objects has made of importance the nanotoxicology field. It is known that, at 

contrary of their analogue “bulk” or “molecular” material, the toxicology of nano-objects could not 

only be established through the evaluation of mass composition doses (i.e. the same mass of nano-

object will not have the same toxicity depending on particle size, shape,
[1]

 surface state, stabilization 

process, etc.). Here, the major question is why a nanoparticle (NP) of gold may be different from 

another NP of gold. Now, it is becoming more and more evident that the precise determination of 

physico-chemical properties of the investigated nano-object is primordial to be further correlated with 

others
[2]

 and to understand what make a nano-object less toxic than another one. Here, we can cite 

some parameters of importance: mean size, shape (if controlled), size range, surface state, surrounding 
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coating (naked, electrostatic or steric), concentration (in solution), cristallinity. Moreover, the 

instability and short-lived evolution of NPs is also another aspect to be considered as it is common to 

any of the inorganic NPs, which may often be considered as evolving objects. This makes their 

toxicity evaluation more complex to understand. This behaviour can be principally attributed to their 

reduced size, where the surface energy is of great importance. Thus, in their search to minimize this 

energy, they have the tendency to interact with their environment and/or themselves by aggregation or 

by dissolution toward more stable phases, and engender the consequent associated concerns. 

2.1.  Corrosion of metallic nano-objects 

Following a simple physical process describes by the Gibbs-Thompson effect and the Noyes-Whitney 

equation, NPs will dissolve as their surface energy increases (and therefore their size decreases and/or 

shape evolve toward spherical forms). Due to their reduced size, high surface-to-mass ratio, high radii 

of curvature, and the corresponding low coordinated atoms at the surface, dissolution is enhanced by 

chemical reactions with its surrounding or simply themself if it is thermodynamically or kinetically 

favourable. The last is often the case happening while stocking colloidal solutions for a certain amount 

of time, morphological modifications are occurring through the physical Ostwald ripening 

phenomenon. As the concentration of ions increases moderately after the purification and, unless free 

atoms are removed from the equilibrium, the following consequences should be devised: i) ion 

concentration remains constant while the size distribution of NPs broadens, ii) NPs shape is modified 

most probably via selective etching, iii) the number of NPs decreases as the smaller ones are 

completely dissolved.  

2.2.  Aggregation to sizes that trigger immune exacerbation 

Competitively, NPs have also the tendency to aggregate following the Derjaguin and Lanadau, 

Verwey and Overbeek (DLVO) rules. It is known that the aggregabillity of NP suspensions depends 

on parameters such as the surface charge or coating and on the medium in which they are dispersed 

(i.e. highly conductive cell culture medium, physiological buffers, serum and plasma). For example, it 

has been reported that dramatic change in the state of aggregation, dispersability and charge (through 

zeta-potential measures) of NPs is occurring while transferring from a buffered aqueous solution to 

commonly used cell culture medium.
[3]

 This is even more evident while transferring nanopowder (with 

“naked” surface coating) to aqueous solutions.
[4]

 Those cases enhance the production of agglomerates 

that precipitate/deposit by weight accordingly to the Stokes Law. As NPs are destabilized in biological 

media, their special physicochemical properties are progressively/partially lost and may not be more 

consider as “nano” (neither properties nor the dynamics are any longer the same). Of course, NPs 

aggregation is a time-dependent process which may takes from a couple of second to months, and this 

has to be taken in consideration when performing biological tests, in particular in toxicological study 

attempting to investigate a particular type of NPs, ending up evaluating its micrometric aggregates 

(some time a source of confusion).  

2.3.  Presence of toxic bystanders  

Under realistic conditions, NPs will frequently come in contact with cells as a component of a 

complex mixture. While most bystander substances will not affect the interaction between NPs and 

cells, negative synergistic mechanisms may also occur, including weakening of barrier cell layers, 

changes in membrane permeability, and changes of the cell activation status by bacterial compounds. 

Those bystander substances often originate from NP formulations or from ubiquitous bacterial 

fragments that will directly stimulate immune receptors. It is therefore of interest to understand to 

what extent the presence of contaminants affects the formation of a bio-corona, and how transcription 

of key genes is affected by bystander substances. In another hand, sterilisation of NPs may not 

sufficient to eliminate the bioactive contamination where bacterial fragments by triggering the defence 

reaction by binding to pattern recognition receptors (i.e. Toll-like receptors, Nucleotide 

Oligomerization Domain receptors, etc.) and enhancing immune reactions. Controlling and 
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understanding such contamination is of key importance, as it has been shown that contamination with 

lipopolysaccharide can be fully responsible for the “inflammatory” effect of some NPs, leading to 

false positive results.
[5]

 In some cases, the association of bacterial fragments bound to NPs may also 

change the effects of each ones in unexpected synergetic ways. Therefore, two key questions should 

be addressed: i) which assays are suitable to rule out contamination with bacterial substances? ii) to 

what extent can NPs exacerbate the level of “danger” of bacterial compounds? While bacteria are 

recognized by the human innate immune system through the repetitive patterns of their moieties (i.e. 

flagellin, CpG DNA), such patterns may be disrupted by NPs (altering the capacity of bacteria to 

induce usual inflammatory reaction). Emerging from such patterns, one may ask how NPs can modify 

the current immune-stimulating effects of bacterial fragments (e.g. antigen organization influences B 

cell tolerance 
[6]

).  

2.4.  Biological membrane/barrier perturbation 

NPs may cross barriers like the cell membrane, skin and mucosal barriers in order to fully make their 

biological impact. Biological membranes have a major significance in mechanisms of toxicity both 

because of the function as a cell barrier (plasma membrane) and because they are involved in many 

important physiological mechanisms. Any disruption of the membrane's structure by NP binding will 

lead to a modification of its barrier properties and physiological processes associated with them.  It is 

important to tackle the present lack of understanding on the interaction of NP with bio-membranes and 

its mechanistic significance in NPs' bioactivity and toxicity. This interaction is fundamental to assess 

cell toxicity and translocation (transcytosis) potential.  

2.5.  Protein association & protein alteration  

For many of the previous physicochemical reactivity reasons, the surface of NPs readily interacts with 

other particles, and in particular with biological molecules, such as proteins. Proteins are the 

predominant way for communicating to the exterior (i.e. living entities or environment) of the living 

cell. While hydrophobicity and surface charge have been the factors taken in account to explain 

protein adsorption to functionalized inorganic surfaces,
[7]

 the interaction with NPs surface is greater as 

protein and NPs are in the same size range and therefore similarly distributed in solution. Those old 

concepts have been more recently grouped under the well-known name of Protein Corona formation 

(that may evolve also with time
[8]

). Major interests have been focused on this formation because the 

proteins forming the corona remain associated with nanoparticles in in vitro and in vivo exposure, 

thereby conferring their biological identity to the NP-Protein Corona complex and determining the 

interactions between NPs and the host.  Despite this association with proteins may indeed 

biocompatibilize NPs (i.e. albuminization of potentially toxic drugs, such as Abraxan©), there is the 

potential of creating a “Trojan horse” effect, enhancing the accumulation or vectorization of the toxic 

components of NPs that will slowly release their toxic cargo. Additionally, it has been postulated that 

the creation of this protein layer may trigger the depletion of specific protein; however, the amounts of 

NPs or the NP selectivity for a determined property should be much larger than the normal used NP 

concentrations and observed NP specificity.  

 

Concluding, we do know that the NPs interact with biological systems and molecules in a non-very 

specific manner and that the existing protective barriers in the body designed to avoid invasion are 

normally effective preventing NP uptake and distribution. However, if these barrier are crossed (as by 

intravenous injection), then the NPs have the ability of both, activate the immune system, leading to 

NP phagocytosis and/or inflammation, or to interfere in the biomolecular machinery what can have 

long term undesired effects or negative effects in the case of disease. The subtle but prolonged effects 

that NPs may produce after repeated and chronic exposure are still a subject of research. This 

knowledge already allow us to initially classify NPs and NP features regarding they hazard, as, for 

instance, the use of NPs that may aggregate into macroparticles, specially anisotropic, that results in 

chronic inflammation are subject of concern, as much as metallic semiconductor NPs that leaches 
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toxic ions as CdSe NPs, or NP degradation (corrosion) effects that results in the induction of 

generation of reactive oxygen species (free radicals) that have been correlated with the REDOX 

potential of the material in the NP. This knowledge, combined with strategies for reducing exposure, 

by embedding and employing the NPs embedded in solid or liquid matrices, allows for the first time 

the safety by design approach, and the most likely, materials will be classified in families depending of 

their size and morphological ranges and other properties as valence state, electronegativity and surface 

state. It is therefore expected that in the future the toxicity of a NP will be easily predicted by the 

knowledge of which NP features result in an increased toxicity at the nanoscale. For advanced and 

more complex materials, protocols to assess their potential toxicity and strategies to decrease the 

exposure and dispersabilty of those NPs will be determined.    

3.  Regulating uncertainty: a nanotechnologist approach  

Taking in consideration those scientific concerns, it is understandable that uncertainty dominates the 

field of nanotoxicology (aren’t we aiming to investigate the unknown?). By waiting a scientific clear 

answer to generate a general regulatory approach, it is evident that we may now be facing a "paralysis 

by analysis" situation.
[9]

 The description of phenomena occurring at the nanoscale has not been 

classified yet, thus while there is contradictory studies on “unknown” samples regulators agencies 

have no idea where “nano” starts or even if it exists, and have no precise strategy to address these 

issues yet (except a case by case approach).  To answer social concerns the development of 

Nanotechnology need to provide full and accessible information on new product, establish the safety 

at the first stage of nanomaterial design, attempt to restrict the risk at the production site (where safety 

monitoring is easily controllable) and control their dispersions in the environment. 

3.1.  General regulation  framework 

There are no specific regulations for nanotechnologies or NMs at EU level. Instead, the manufacture, 

use and disposal of NMs are covered, at least in principle, by a complex set of existing regulatory 

regimes: i) at a “vertical” level with regulation on Chemical Products (under REACH), pharmaceutical 

products, pesticide and biocide; Medicines and medical devices, cosmetic, novel foods, food additive, 

food contact materials and etc. ii) at a “horizontal” level with regulation related to Health and safety of 

workers and also environmental legislation (like air quality, water, waste, soil protection, IPPC, 

Seveso II) as well as with environmental liability, product liability or general product safety. 

3.1.1.  Effectiveness and Regulatory gaps. Regulatory regimes are designed (almost by definition) to 

handle regulatory concerns existing at the time of promulgation and, as a consequence, emerging 

technologies often exacerbate or create regulatory gaps.
[10]

 In other words, regulatory systems are 

badly equipped to respond to NMs. In fact, it could be seen as logical to expect that the emergence of 

nanotechnology creates regulatory gaps. For instance, the Monash Centre for Regulatory Studies
[11]

  

has reported six main types of regulatory gaps for the families of NMs and applications available or 

likely to become available in Australia before 2017: 

 the issue of whether changing the particle size of a substance creates a "new" substance; 

 regulatory triggers based on mass or volume; 

 regulatory triggers that assume knowledge of risk; 

 regulatory triggers reliant on risk assessment protocols; 

 regulations that contains exceptions for R&D; 

 regulatory triggers reliant on international or external documents that do not themselves 

address the risk of NMs. 

The appraisal as to how important those gaps are is contested: while the Commission considers that 

"current legislation covers in principle the potential health, safety and environmental risks in relation 

to NMs",
[12]

 others, like Carl Schlyter (the responsible for the European Parliament resolution on 

regulatory aspects of NMs) clearly highlighted the limitation of such system when stating that 
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“(Current) rules are about as effective in addressing nanotechnology as trying to catch plankton with 

cod fishing net”.
[13]

 

3.1.2.  Regulation explicitly “Nano”. Regardless of the assessment that the Commission or other 

institutions, organizations and scientific literature have done on the degree of adequacy of the legal 

framework, the fact is that since 2008 we have seen an increasing regulatory activity related with 

NMs: basically, nano specific Recommendations (horizontal measures) and Sectorial Regulations 

(within the above explained framework of non-specific nano regulation). The nano specific 

Recommendations are the Code of Conduct for responsible research in Nanotechnology and 

Nanoscience,
[14]

 and more recently, the Recommendation on the definition of  nanomaterial.
[15]

 On the 

Sectorial Regulation regulatory processes has been developed in different areas such as REACH 

(excluding carbon and graphite from the Annex IV),
[16]

 food, food packaging and food contact 

materials,
[17-19]

 cosmetic,
[20]

 hazardous substances in electrical and electronic equipment (postponing 

possible nano regulation at Recital 16),
[21]

 and biocides.
[22]

 Generally speaking, sectorial regulation 

identifies the need to differentiate nanomaterial from “bulk” material, the need to identify them 

(labelling) and  the need for  a case by case approach. It is therefore not surprising that the recent 

second appraisal on NMs regulation from the Commission endorses the  case by case approach.
[23, 24]

 

What remains an open question is whether the case-by-case approach is efficient and can be handled 

with the exponential increase of NMs (or discovery of already existing NMs) in the marketplace. 

3.2.  Beyond actual framework 

From a legal standpoint, the lack of scientific certitude on the possible effects of NM over  health and 

safety must be seen as a trigger for the implementation of preventive measures, economically 

reasonable, to avoid, or as a default mitigate, the potential risks associated with its use. Moreover, the 

existence of regulatory gaps and the existence of open legal concepts that imposes general legal 

obligations imply that companies no longer satisfy their obligations by complying with (non-existent 

nano-) standards, but by outlining a proactive behaviour in the context of responsive regulation.
[25]

 The 

regulators' interest in opening up the regulatory process to all stakeholders and the need for a 

regulatory framework that is flexible (adaptation to uncertainty and new scientific data) is shaping a 

new regulatory landscape for NMs where the hard law mechanisms
1
 (traditional command-and-control 

measures) will be increasingly complemented with the so called soft law mechanisms (those non 

legally binding but that might have certain indirect legal effect).
[26] 

Among those soft law mechanisms 

for NMs we can mention: mandatory/voluntary reporting schemes, Codes of Conduct, Risk 

Management Systems or Schemes and Guidelines and Standards (such as ISO, etc.). Overall, it can be 

said that voluntary measures share similar principles and actions (due respect for precaution; priority 

on safety; raise/consider stakeholder awareness; inclusive approach) and goals (build trust and 

confidence in the technology; promoting health and environmental safety; gathering information).
[27]

  

3.3.  Principles of precaution 

A precautionary approach is not only the cornerstone of responsive regulation, but also the basic 

strategy toward the use of NMs in industry, as shown in Figure 3. 

 

                                                      
1
 Following Senden, soft law mechanisms can be defined as rules of conduct that are laid down in instruments 

which have not been attributed legally binding force as such, but nevertheless may have certain (indirect) legal 

effects, and that are aimed at and may produce practical effects. 
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Figure 3. Precautionary approach in Industry
2
. 

 

3.3.1.  Safety-by-design. The integration of Safety within the design of NMs should not be limited to 

the investigation of the possible advert effect of used NMs but should be considered in the first step of 

the material design. It means to evaluate from the actual data available which nanomaterial is less 

likely to possess toxic properties with the desired final properties. In this search, it is necessary to 

cover the wide spectrum of available scientific investigation (however the polemic subject and 

judgement of the publication quality) and reduce by all mean the exposure to consumers as well as 

establishing a road guideline of the full lifecycle of the NM from cradle to grave assessment. To 

permit a such safety-by-design there is a need to stopping the “seek and try” evaluation techniques and 

start the effective and potential “bottom up design” where the properties (and principally safety 

features) could be controlled from the design of the material directly from the nano-scale as well as 

help to calibrate/understand the risk and benefit of advanced NMs. A strong inventory database of 

properties/parameters may therefore grow supported by high throughput toxicity screening of 

engineered NMs.
[28]

  

3.3.2.  “ALARA (As Low As Reasonably Achievable)” Principle and H&S. Adoption of preventive 

and protective measures similar to those used to control exposure to hazardous (principally aerosols 

one) is necessary to protect workers manipulating NMs. The main measures can be regrouped in three 

area: i) the technical measures such as substitution of substances, processes, equipment, isolation or 

enclosure of the process, local exhaust; ii) the organisational measures such as cleanness of the work 

area by using wet sweeping systems (and vacuum systems equipped with high efficiency filters), 

reduction of exposure time and limit the number of workers exposed; iii) the personal protective 

equipment such as the use of clothing chemical protective, gloves, glasses with side protection.    

 

 

                                                      
2
 With integration of the regulatory pyramid from Mantovanni, E., Porcari, A. “Hard e Soft Regulation per le 

Nanotecnolgie” 4a Conferenza Nazionale del Programma NIC. Milano 2 Decembre 2012. 

Nanosafe 2012: International Conferences on Safe Production and Use of Nanomaterials IOP Publishing
Journal of Physics: Conference Series 429 (2013) 012059 doi:10.1088/1742-6596/429/1/012059

7



 

 

 

 

 

 

4.  Conclusion  

Similarly as the two approaches on nano-object production, the bottom-up and top-down approach, 

regulation of nanotechnology needs similar processes, like we have seen in the "regulatory pyramid" 

of Figure 3. The presence and use of naturally transformed, accidental and engineered nano-objects 

(such as processed proteins, ultrafine particles and powders grinded to the nano-scale) is not new. 

Such “low tech” nanotechnology has been surrounding us or used since centuries for example 

pigmentation in cosmetics (since the pharaons time) and in ceramics processes as well as their possible 

adverse effects is well estimated allowing us to use a body of knowledge that while it has not been 

collected with a nanosafety perspective, it can be extremely helpful to frame the risks and limits of 

exposure to NPs. This is linking knowledge from microparticles toxicity (sarcoidosis, asbestosis, etc.) 

and metal compounds toxicity. 

It is important that regulatory bodies are able to cover the actual use of NPs that was unnoticed, as 

in food additives, pigments, catalysis and consumer products as talc or polymeric materials and also 

the use of next and advanced generation of new NPs which will be each time more artificial than 

already existing as natural, unintended and unnoticed ones. For that it may be needed to establish 

complex matrices of calibrated properties (mean size with low size range, shape, surface state, 

stabilization process, interaction behaviour) covering the toxicology including majors concerns 

(corrosion of metallic nano-objects, aggregation to sizes that trigger immune exacerbation, presence of 

toxic bystanders, biological membrane/barrier perturbation, protein association & protein alteration)  

of existing and foreseen upcoming NPs. Nanoinformatics, to deal with the existing and proposed  

plethora of useful NPs and their evolution in different matrices of different complexity will surely be a 

determining  tool for NP risk assessment. 

For being able to do so the regulatory system must be focused on risk (avoiding regulation based 

on hazard) and the burden of proof must be shifted from public administration to NMs producers (in 

line with a responsive regulation and following the REACH model). From the research and innovation 

stage to marketplace new strategies needs to be implemented, based on selecting those low hazard 

NMs and designing NP and NPs that minimize exposure during the whole life cycle (so responsible 

research and innovation strategies). The regulatory system, accordingly, should promote that strategy, 

but, for doing so, regulation cannot rely solely on command-and-control measures. To complement 

them, soft law mechanisms are playing and increasing important role in nanotechnology regulation. 

All stakeholders might need to analyse how they are integrating soft law mechanisms into their 

organizations and how they are shifting towards pro-active behaviour for legal compliance. 
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