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Terminology: nanomaterials and nanoparticles

 ISO definition of nanomaterial (2015)

International Organisation 
for Standardization

(ISO/TS 80004:2015)

‘nanoparticle’:  nano-object with 

all external dimensions in the 

nanoscale where the lengths of 

the longest and the shortest axes 

of the nano-object do not differ 

significantly

‘nano-object’:  discrete piece of 

material with one, two or three external 

dimensions in the nanoscale

‘nanoscale’:  length range 

approximately from 1 nm to 100 nm

nanomaterial

nanostructured material
internal structure or surface 

structure in the nanoscale

nano-object
any external dimension in 

the nanoscale

Based on the percentage of particles with one or more 

external dimensions in the size range 1-100 nm

European Commission’s definition of nanomaterial 

for legislative and policy purposes in the EU

Characterization of size and size distribution 

is essential

Particle size distribution

100



Nanotechnologies: nano-enabled functions/performances

 Nanotechnology: Application of scientific knowledge to manipulate and control matter in the

nanoscale in order to make use of size- and structure-dependent properties and phenomena

distinct from those associated with larger sizes of the same material

 A number of nanotechnology applications in all industrial sectors are emerging since

management of characteristics such as material size, shape, morphology, enable the

improvement or development of new process and product properties

Functions/performances of interest in the food sector



Nanotechnology applications in the food sector

Agricultural production

Food processing

Packaging & storage

e.g. nanopesticides, other nanosized agrochemicals

e.g. nanosized additives, nanoencapsulates, 

nutritional supplments

e.g. nanocomposites, nano-coatings 

and other food contact materials

 Authorisation required for whatever application in the food sector: EFSA evaluates possible

health risks

Situation today in the EU

 Some nanosized additives authorised for use in plastic food contact materials

 The new Novel food Regulation gives the rules for the use nano-ingredients in food (since 2018)

 No nanosized additives authorised for use in food, but some «older» additives have been found

to be partially in nanoform e.g. TiO2 (E171) and especially SiO2 (E551) (both under EFSA re-

evaluation)



Nanotechnology applications in the food sector

According to the different use 

scenarios, nanomaterials - or the 

chemicals resulting from their 

degradation/dissolution (if any) -

might be found in food…

as residues

Agricultural production

Food processing

Packaging & storage

as intentionally added substances

Is there any risk?

What are the (potential) 

hazards of ENMs?

Other exposure routes

(e.g. for operators using nano-

agrochemicals, incl. feeds)

There is potential for 

consumers’ dietary exposure

due to migration from packaging



Protein corona

Surface properties and the 

existence of any surface coating

critically affect uptake and fate in 

the body after absoprtion

Fate in human body and potential hazards of NMs absorbed in the GI tract

Smaller particles generally 

absorbed more readily and 

faster than larger ones (greater 

uptake of NPs compared to 

respective microparticles)

SIZE

SURFACE 

PROPERTIES

Nanoparticles may

cross biological barriers:

BBB, Blood–testis barrier, Placenta

SOLUBILITY

• Some NMs have a certain

degree of solubility

• Dissolution (=loss of the particulate 

nature) is often invoked to imply 

lower risk

• Few materials, however, are 

readily soluble and while 

dissolving, smaller (potentially 

more toxic) particles are generated



Fate in human body and potential hazards of NMs absorbed in the GI tract

Oberdörster et al (2007)
Nanotoxicology 1:2

MORPHOLOGY

SIZE

SURFACE 

PROPERTIES

SOLUBILITY



Other potential effects: changes of absorption/nutrient profile in the body



Challenges of NM  characterization in support of risk assessment

 Development and harmonization of analytical methods and tools in support of
nanomaterial risk assessment is a challenging task

 Comprehensive physicochemical characterization (size, size distribution, morphology,
surface properties, dissolution, etc.) is required for the nanomaterial:

• as manufactured (in the pristine state)

• as delivered for use in food/feed products

• as present in the food/feed matrix

• as used in toxicity testing

• as present in biological fluids and tissues

Guidance on risk assessment concerning potential risks arising from

applications of nanoscience and nanotechnologies to food and feed

(April 2011)



A major area of research:

 Analytical determination of ENMs (pristine, in food, in biological tissues) 

Challenges of NM  characterization in support of risk assessment

State-of-the-art techniques NM characterization facility

Food Nanosafety Team @ ISS
Department of Food Safety and Veterinary Public Health



 In vitro studies, incl. assessment of ENM modification/ 
degradation/dissolution after ingestion (simulated GI digestion)

Other areas of research:

Italian National Health Institute: what we do

Food Nanosafety Team @ ISS
Department of Food Safety and Veterinary Public Health

Generation of new data to support risk assessment of ENMs in food by the National 
Authority and the EFSA* * EFSA Scientific Network for Risk Assessment 

of Nanotechnologies in Food and Feed

 In vivo oral toxicity studies
(ADME/biodistribution, repeated dose toxicity, focus on effects on 
endocrine/development/reproductive system)





National conferences

“Nanotechnologies and nanomaterials in 

the food sector and their safety 

assessment”

 1st: September 2013

 2nd: April 2016

Under the patronage of the Ministry of Health

With the participation of representatives of EFSA 

and the European Commission (JRC, Ispra)

Novel methods 

for NM 

characterization



Nano-silver (Ag)

 Silver nanoparticles, proposed as antimicrobial agents in food-related applications,
depending on the coating/stabilizing agent may partially dissolve in the GI tract

The major issues included chemical identification an d characterisation of silver E 174 (e.g. quantity of 

nanoparticles and release of ionic silver) and similar information on the material used in the available 

toxicity studies. Therefore, the Panel concluded that the relevance of the available toxicological studies 

to the safety evaluation of silver as a food additive E 174 could not be established. 

 However local effects, including alteration of the mucosa-associated microbiota and
modulation of the gut-associated immune response, are of concern

 If particles are absorbed through the intestinal wall, their bioavailability to cells is
inversely related to their size; once inside the cells, toxicity appears to be mediated by
the intracellular release of silver ions

 Increasing oral silver exposure (no matter if NPs or ions) appears problematic because of
potential neurotoxicity even at very low exposure levels

 Re-evaluation of silver as food additive (E174) @ EFSA: it may be partially nanosized,
insufficient data for risk assessment (data on size distribution & Ag ions release lacking)



Toxicity of 

nano-Ag vs. 

ionic Ag in vivo



 Different and generally higher bioaccessibility in terms of

• Gastrointestinal absorption

 Different and presumptively greater interaction with cellular components

(organelles, molecules) up to – possibly – the DNA

 Different biodistribution in the body (e.g. different toxicokinetic parameters and

different target organs)

Summary of tox issues: NMs compared to ‘traditional’ chemicals

• Ability to cross biological barriers (blood–brain barrier, blood–testis barrier, placenta)

 Uncertainties on the forms and half-life in the different tissues (What form?

Particles? Their assemblies? Dissolving particles and all the intermediate species

between nanoparticulate forms and soluble counterparts?)



 Approaching the safety assessment of products of nanotechnology is a challenge,
since new concepts and tools for safety assessment of nanomaterials are needed

 One main challenge in the risk assessment of nanotechnologies is the fact that
nanomaterials with apparently slightly differences in physicochemical properties
may pose significantly different hazards and risks

 Improvement/adaptation of analytical methods and toxicity testing approaches is
needed. Novel risk assessment approaches (e.g. internal dose) should be considered

 At present, the knowledge on the relationships between physicochemical properties
and nanomaterials effects is limited

 Physico-chemical properties are critical to point out the toxicological hazards of
specific nanomaterials

Conclusions

Thank you for your attention


