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Develop innovative outreach and dialogue within the EU civil society on 
responsible nanotechnologies
(FP7 - NMP area, 14 Partners from 9 European countries)

Organize engagement and dialogue at the „upstream“ 
level of research policy 

Enable processes of co-creation during research and 
innovation 

Professionalize nanotechnology education and 
training

Establish an innovative program for outreach and 
communication on nanotechnologies

The NanoDiode project 
(2013-2017)

www.nanodiode.eu

Provide policy feedback to Horizon 2020.

The NanoTox project
(2012-2014)

• Project coordinator: University of Milano – AIRI amongst partners

• Scope: Assessment of the toxicological effects of chronic exposure to 
commercial nanosilver particles, focusing on the inflammatory 
(macrophages) and neuronal effects by means of in-vitro and in-vivo
(oral and topical application) experiments

A platform enabling the exchange of information on new scientific 
developments that are expected to enter the market as innovative 
products and processes.

Aims to 

give a voice to stakeholders and citizens to contribute to the 
innovation process

identify and resolve possible barriers to innovation 
along the entire value chain

bringing forward wishes, presumptions and fears 

attune R&I to societal values and needs

The User Committee



• Activities going on in Italy, both in research and industry

• Potential widespread use in consumer products

• Medium/high TRL, with some products already on the market. 

• Both safety and commercialization issues need to be addressed

• Close connection with ongoing research projects

Why an UC on Nanosilver A value chain perspective

Basic,
Applied * Development* Manu

facturing
Market/

Consumer

Supplier
subsystems

Manufacturer/
assembler

Distributors, 
Retailers

Market/
Consumer

Policy/regulation/standards

* Include research and activities on nanosafety

Supply chain network of nanotech (and nanosilver) innovation

The Safe by design approach*: 
an integrated and iterative process along the value chain (s) where 

safety and performance/functionality are weighed 
from an early stage in the research & innovation process

** adapted from Adrienne Sips et al, RIVM (NanotechItaly 2013)

A new mind set for research and innovation

An integrated an responsible approach of innovation*:

• Identifying the Go-Areas

• From Pre-conditions for innovation towards
Corridors of Innovation

• From Identifying nanomaterials of concern towards
How safe is safe enough

* Adapted from Antje Grobe, Dialog Basis (NanotechItaly 2013 and NanoDiode project)
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Key Needs and Perspective
for Safe by Design of Nanomaterials

Maria Letizia Polci

Ministry of Health

Venice, 27 November 2014
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Ministry of health & nanoregulatory framework

• promotes national and EU research projects
• REACH&sector legislations
• National health prevention plans
• Information for

• authorities
• public 

• advisory and expert panels
• development of policy and legislation in the context of 

the European Union.  
• activities under

• OECD WPMN 
• UNEP - SAICM

http://www.reach.gov.it/

http://www.salute.gov.it/
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2.   Adapt existing framework
• Risk assessment
• Risk management

nt

1. Need to know
2. Adapt existing framework
3. Do not hamper innovation
4. Enforce

nt
1. Need to know

• Use existing tools
• Develop new tools
• Promote research
• Foster cooperation with 

stakeholders

3

The framework
New technologies, novel risks, new scientific and regulatory challenges

NanotechItaly 2014                                                                  
Venice, 27 November 2014

The changing role of safety in innovation
through time 

R&D Market Safety

R&D Safety Market

Safety integrated in R&D Market

Current status

Near future

Future

N
A
N
o
R
E
G
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Accelerating
regulatory

process

Credibility
regulatory

context

ibility
latory

ntext

Scientific
answer to 
regulatory

issues

ntific
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latory

sues

Keeping pace 
with 

innovation

NANoREG: 3 themes

www.nanoreg.eu

short term 

midterm

long term 
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Keeping pace 
with 

innovation

How to combine Funtionality & Safety?

tools for linking innovation to risk formulation and risk analysis

Towards a new order where safe by design is
integrated into the manufacture of new NMs

NANoREG

6

Keeping pace with innovation

Safety integrated in R&D Market

1. Linking risk analysis into innovation

2. SbD: lessons learned from drug development testing

3. SbD: practical approach and examples

NanotechItaly 2014                                                                  
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Objectives
• Being prepared…for innovative NM
…developing a more effective foresight of the impact of new applications on 
HE health
…ensuring the earliest identification of uncertainties and associated 
concerns for emerging innovations
…contributing to the better availability of safety data before marketing.
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• SbD
creating an integrated research strategy: which tox info can 
contribute to risk prediction?
• Turning risks into business opportunities
The regulatory requirements will provide new business opportunities for 

standardisation and testing laboratories

Products:
A. A proposal to monitor innovations 

applying new manufactured NMs and their 
applications (horizon scannings) and to 
gain insight at the impact of these 
innovations on risk analysis in a 
regulatory context.

B. A first structural screening on 

possibilities to address the 
research bottlenecks raised by EHS 
researchers, but also raised by the Value 
Chain Case Studies

1. Linking risk analysis into innovation
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Steps for A

• Horizon scanning for identified relevant domanins

• EHS problem formulation
• Discuss potential impact on risk analysis
• Develop a methodology to identify and minimize risk

1. Linking risk analysis into innovation

MONITOR 
INNOVATION

IMPACT ON 
RISK ANALYSIS

M
I
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IMPACT ON RISK 
ANALYSIS

What
they
do

functionalities

What
they
are

Phy-Chem
properties

Where
they
go

Relevant env
and bio
compartment

Life 
cycle

thinking

proposed a new grouping approach 
of NMs according both their 

structure, function,
and fate, together with 

exposure assessment
prioritisation and process mapping
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Identify gaps: omissions in available techniques for risk analysis (literature, other ongoing 
initiatives, Value Chain Case Studies). 

Explore potential tools to address these omissions.

Evaluate their impact, turning identified risks into business opportunities with 
respect to cost saving and shorter time to market.

benefits of lab-on-a-chip devices for different purposes (e.g. 
biomarker detection from cancer research , detection of metals into contaminated soils, etc) 
for their application into hazard assessment and environmental exposure.

experience in other fields and liaising with industries. 
the possibility to translate these methods into a regulatory 

perspective.

Steps for B: address research bottlenecks
1. Linking risk analysis into innovation
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2. SbD: lessons learned from
drug development testing

• In early phase drug development new chemical entities are screened in parallel for their
efficacy and their potential for toxicity (High throughput testing benefit-risk
ratio’s).

• Aiming at the most optimal funtionality-efficacy-toxicity combination.
• However, full verification for drugs has to be proved by extensive in vivo testing.
• How fare such methods can be adapted for chemicals or MNMs used in consumer 

products?
• Multidisciplinary collaboration between (eco)toxicologists, in vitro specialists to 

regulatory risk assessors.  
• The output of this task can fuel discussions of alternative to animal testing for 

MNMs, but will also be important for industry to improve EHS testing strategies. 
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3. SbD: practical approach and examples

• The possibilities for precise design as starting point.
• Maximizing the benefits for functionality while posing minimal risk to human health and 

the environment. 
• Assumption: potential adverse effects can be engineered out through manipulation

of ph-chem properties while the beneficial properties are maintained.
• Insight in impact of phy-chem properties on toxicity and on functionality is crucial
• The precise design will help to simulate characteristics of the same material as present

in bulk, in a product (to be) marketed.
• Development of a decision tree based on the safe window of (eco)tox parameters. 
• Establishing relationships between certain functionalities and triggers for testing

specific (ecotoxicity) endpoints.
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To conclude
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Safe by Design of Nanomaterials requires
• collaboration between material experts and analytical chemists (functionality

and characterization) and toxicologists/risk assessors for toxicity testing and 
interpretion of the results.

• liaisons with safe nano design initiatives in order to get overview of process
hurdles that block multidisciplinary/multistakeholder collaboration as well as
getting overview of scientifically driven hurdles. 

Thank you

ml.polci-esterno@sanita.it

http://www.reach.gov.it/

http://www.salute.gov.it/
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Policy Options and Best 
Practices for Occupational 
Safety and Health (OSH) of 
Nanomaterials

Fabio Boccuni
INAIL – Research Area, 
Dept. Of Occupational  and Environmental Medicine 
Epidemiology and Hygiene
Italy

NanotechItaly 2014
User Committee Workshop: Safe by Design in Nanotech-based Products: 
the Nanosilver Case

Venice  - November 27, 2014

Nanomaterials in the workplace

Occupational exposures can occur all 
along the life cycle of a nanomaterial. 

[Schulte et al, 2010]

With the increase in production and 
use of nanomaterials comes the 
potential for increased exposure of 
workers.

[Kuempel et al, 2012; Invernizzi, 2011]

Workers often have the highest 
exposure, which may occur early in 
the development of a technology 
when hazards and risks are 
uncertain.

[Schulte et al, 2014]
Fonte: modificato da Schulte et al, 2010

Risk Management
“Will there be actions to minimize 

exposures?”

Nanotoxicology:
What do we know?

Are there “evidences”?
What tests could be 

performed?

Hazard Identification
“Is there reason to believe this 

could be harmful?”

Risk:
Hazard X Exposure?

Risk Assessment
“Is substance hazardous and will 

there be exposure?”

What does it work?
What has been used?

What can be reapplied?

OSH risk analysis of exposure to nanomaterials

Source:  modified from P.A. Schulte et al. 2014

Fostering Benefits
“When workers are protected, does the 

entire population benefit?”

What is the risk perception?
What communication?

Exposure Assessment
“Will there be exposure in real-

world conditions?”

How exposure can be 
measured?

Where is it occurring?
Metric?

The precautionary principle

Recourse to the precautionary 
principle presupposes that 

potentially dangerous effects 
deriving from a phenomenon, 
product or process have been 
identified, and that scientific 
evaluation does not allow the 

risk to be determined with 
sufficient certainty…

Source: European Commission, 2000

Source: EGE, 2005; cfr. also von Schomberg and Davies, 2010

“The precautionary principle is a dynamic tool that can follow the 
evolution of a sector and continuously verify that the acceptability 

conditions of a given innovation are fulfilled”

The lack of scientific 
information and 

knowledge concerning 
nanomaterials does 

not allow harmonized 
methodologies for risk 

analysis



International 
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Scientific 
Knowledge 

Improvement

Are International Guidelines and
Best Practices on working safely
w ith nanomaterials effectively

implemented at the workplace?

To transfer the research into practice

Effective OSH programs for nanomaterials

Basic
Research

Guidance
development

Workplace
actions

Source: Modified from Kuempel et al. 2012 Ann Occup Hyg 56(5):491--505

Development of tools 

Stakeholders consultation

White Book

Network “NanOSH Italia”

The INAIL research path

2008

2009-2011

2011-2012

2013-2014

Source:  Mirabile M, Boccuni F et al, Health Policy 2014

To update the state of the art of 
scientific knowledge

To develop a National database 
of exposure scenarios

To promote dialogue and 
integration between public 
research and enterprises

To propose recommendations 
and tools for risk assessment and 
management

Major inputs from the stakeholders
“From the White Book to the policies”

Shared proposals:

Source:  Mirabile M, Boccuni F et al, Health Policy 2014



Towards an Italian OSH Strategy

Working Document of May 26, 2013 
http://www.lavoro.gov.it/scurezzalavoro/MS/CommissionePermanente/Pages/default.aspx

…to create in the next future useful tools
for users, such as guidelines and best
practices…

Multi-parametric and Tiered Exposure 
Monitoring Strategy

TIER 0
Preliminary analysis

TIER 1
Pre-site observation

TIER 2
Simulations in lab 

conditions

TIER 3
In situ measurement 

campaigns

MATERIALS

PROCESSES

SCENARIOS

INSTRUMENTS

INSTRUMENTS

BULK ANALYSIS

DATA 
COLLECTION

Multi-parametric 
approach

Mass Electrical
Mobility

Bulk 
analysis Surface 

area

Development of 
Practical Tools 

for Risk 
Management

Integrated 
Methodology for 
Risk Assessment 
and Management

Key 
Questions

Exposure 
Scenarios 

Characterization

Multidisciplinary approach
Further information

Ing. Fabio Boccuni

INAIL – Research Area

Department of Occupational and 
Environmental Medicine, Epidemiology
and Hygiene

f.boccuni@inail.it

....Thank you for your
attention!
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Commercial Application of Nanosilver,
Results from  a study for the NanoTox project (WP5)

Italian Association for Industrial Research (AIRI)
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Silver and nanosilver

• Silver known and used for its biocidal effect since a 
long time
• About 0.2-0,5% of the global silver production  (Silver Institute, 2009)
• Application in filtration (water), disinfection in pharma and 

medical devices, textiles, polymers, etc
• Long safety and regulatory history

• Nanosilver increasingly considered to provide 
enhanced antibacterial properties
• Changes in surface area, size and other physico-chemical 

characteristics affect properties, biological activity and 
environmental fate, compared to silver 

• antimicrobial, anti-mould and anti-odour action (+ other 
structural applications, conductive inks, catalysis, ecc)

• first “public” use in washing machines (2003)

3

• «Traditional» volume NM (commodity materials) (99% of total NM)

• carbon black
• Silicon dioxide

• Other NM (1% of total NM):

• aluminium oxide
• titanium dioxide
• zinc oxide
• nanosilver
• cerium oxide
• other carbon based materials, namely CNT, Graphene

• Other NMs (such as gold and dendrimers) in R&D phase or marketed in very small 
quantities

Present estimated production of NM around 11 million tonnes, 20 to 300 tonnes/year for nanosilver

Origin: Second Regulatory Review, European Commission, Oct 2012 

Global production (estimates)
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• APPLIANCES:
hair dryers, hair straighteners, air and water filters,  vacuum cleaner, air conditioner, air humidifier. 
washing machines, steam irons. Refrigerators.

• COSMETICS & PERSONAL CARE: 
toothpaste, toothbrush, thermal brushes skin creams, soaps, deodorants, body lotions

• CLOTHING AND TEXTILES:
underwear, t-shirts, socks, towels, sport clothing , technical textiles 

• HOME & GARDEN: detergents, sanitizers, antibacterial paints
• CROSS CUTTING: keyboards, mouses, cell phones, cutlery, scissors, sprays 
• FOOD & DRINK: dietary supplements, food boxes, machines and tools for cooking
• PRODUCTS CHILDREN: blankets, cleaning wipes, feeding bootles, detergents, clothings. stuffed 

animals and other toys
• HEALTH APPLICATIONS: 

hygiene textile for hospitals settings, bandage and wound dressings, implants, catheters, etc
• NANOSILVER: producers and retailers of NM/nanosilver

Diversified range of applications:
no unique nanotech research, companies, markets, users!!

Consumer related application sectors

5

Cosmetics & Personal Care, Appliances, Clothing & Textile leading. 
HealthCare and Medical Devices likely under represented

Still limited use, but in a multitude of sectors and in mass market products

About 300-400 products (70-100 companies)  claiming the use of nanosilver worldwide 
(product inventories are internet search based  - only qualitative!)

Source:analysis of consumer products inventories (Woodrow Wilson Center, ANEC/BEUC) for the Nanotox project

Consumer related application sectors
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Korea, US and then Germany leading. China likely under represented 
(industry supplier only, info not public)

Few  products counted from Italy

Market areas (country of origin of products)

Source: analysis of consumer products inventories (Woodrow Wilson Center, ANEC/BEUC) for the Nanotox project
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Patents (consumer products)

Overal 7400 patents on nanosilver, of which 1000 patents in consumer product sectors 
(period 1980-2010 – search via key words and IPC classes) 

Source: Lem et al, Use of Nanosilver in Consumer Products, Recent Patents on Nanotechnology, 2012

Medical and 
HealthCare

40%

Cosmetics and 
Personal Care

32%

Filtration
3%

Packaging
7%

Electronics
6%

Clothing/Textile
4%

Food/beverage
4%

Household 
products

3%
Materials

1%
Top patenting countries: USA, 
Korea and China (>80% of total 
patents) +  Germany (about 4%) 
and others

Most relevant patenting activity in: Medical, Healthcare and Personal care
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Consumer products in Italy

Category Type of products in Italy
N. of

products
in Italy*

COSMETICS & 
PERSONAL CARE

skin creams, soaps, deodorants, body 
lotions 3

CLOTHING AND 
TEXTILES

underwear, t-shirts, socks, towels 2

sport clothing , technical textiles 4

APPLIANCES hair dryer, hair straighteners 3

CROSS CUTTING dietary supplements 1

HOME & GARDEN antibacterial paints 2

NANOSILVER producers and retailers of NM/nanosilver 2

* both manufacturing and retail companies

9

COMMERCIALIZATION:  
still no widespread application
difficult to distinguish use of silver or nanosilver
healthCare and pharma, textile and appliances/filtration seems more consolidated areas

SAFETY & EXPOSURE: 
long safety and regulatory history from silver
strongly depends from application and use
data still lacking for full risk assessment (hazard+ exposure), but 

no general results available, case by case evaluation 
no clear evidence of risk so far

REGULATION: 
Instruments and tools are already in place, including:
Biocidal, Cosmetics, Foods (food additives, food contact materials, labelling, food for infants/young), 
Medical devices and medicinal products

COMMUNICATION ALONG THE VALUE CHAIN: 
different level/quality depending from application/product. In some cases, very unreliable claims

Issues for Safe by design of nanosilver

How to distinguish the “reliable” products? 
Focus on applications/products with high benefit/low risk profile?

NanoDiode User Committee
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The Nanosilver Case

@ NanotechItaly 2014
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Prof. Agostino Macrì              Dr.ssa Martina Bernardif g

UNIONE NAZIONALE CONSUMATORI
agostino.macri@consumatori.it

www.sicurezzalimentare.it

The Consumers 
Point of View
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The Consumers Point of View (1/7)

Nanotechnologies consist in the use of 
materials 

chnologies consist in the
s reduced in particles from 0 to 

100 nanometers.

The e advantage is represented by the Thee advan
increase of the materials surface and in 
this way is possible a better use of their 
properties.
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The Consumers Point of View (2/7)

The fields of application are e multiple (food, 
packaging, textile, cosmetic, pharmaceutical, 
electronic, etc.) and much more are 

maceutical, 
e still to be electronic, 

explored.

Significant benefits can result from the use of 
nanomaterials:
- better and more rational al use of the available 
materials;
- potentiated d effects of the materials.

Is predictable an increase in thee use of 
nanotechnologies in 

crease in 
n many

thee us in 
y fields of human activities.
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The Consumers Point of View (3/7)

Currently nanomaterials are regulated under the e REACH. 
When nanomaterials will find specific applications, they
should be evaluated in the context of their

plications, they
r respectiveshould be eva

regulations.

Nanomaterials can bee evaluated as a food additive, as a 
drug, as a pesticide, etc.

EFSA has already dealt with eventual problems and has
defined the principles to be adopted for the 

ems an
e riskdefined the p

assessment of nanomaterials used in 
d for thee r
n foods.

These procedures are e unknown to almost all citizens not
only for nanomaterials but also for  others fields
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The Consumers Point of View (4/7)

In 2008 the European Parliament has shown worried as they believed
that legislation was 

ean Parliament 
s insufficient about nanotechnologies. 

Nanomaterials were already used in various products and adequate 
information on nanomaterials use and safety were already 
available. 

The Parliament itself demanded d more transparency, regarding the 
use of nanomaterials with an indication of their presence in the 
product s 

nomateri
s labels.

At the same time it recommended d not to slow the development of 
nanotechnologies.

In the 18.10.2011 there had been a a recommendation that defined 
more precisely what are nanomaterials and what should be the more precise
conditions of use.
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The Consumers Point of View (5/7)

A significant example is the e silver nanoparticles. They are used
for their

ficant example
r antiseptic properties for many applications (example: 

cosmetics).

These are applications that are used since long time.
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The Consumers Point of View (6/7)

Few experts until now have considered possiblee negative e effects.

The e induction of drug resistance from the use of moderate or low 
antibacterial activity substances, is a real risk.

Another real risk is the possibility of of absorbing nanoparticles when they 
get/are in contact with the skin or when they are ingested.

Even the e diffusion in the environment is to be considered, because of the 
possibility of interaction with aquatic and/or terrestrial microorganisms. 
The consequences are probably 

quatic and
y limited but they are still to be studied.

To understand more the mentioned issues, s, specificc researchh projects are to
be considered.
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The Consumers Point of View (7/7)

It is essential to o explainn to o o citizens what are the nanomaterials or 
better the nanotechnologies and the 

what are the
e benefits that may result.

The Regulation (CE) n. 1169/2011 requires that the presence of 
nanomaterials must be declared in the labels.

It is needed to explain immediately whatat problems may be
related to their application and, if it is necessary, the related to their
precautionary

applicationeir
y measures to adopt.

It is necessary too prevent that the "media" take ownership of the 
information available, exalting the few dangers and neglecting the 
many benefits.

Information should be spread byy independentnt organizations and 
probably those of

uld be spread b
of consumers might be more suitable.
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Letett s keep in touch!

agostino.macri@consumatori.it     
www.sicurezzalimentare.it 

NanoDiode User Committee

Safe by Design in Nanotech-based Products: 

The Nanosilver Case

@ NanotechItaly 2014
Venice, 27 December 2014

VENEZIA NANOTECHITALY 2014
Safe by Design in Nanotech-based Products: the Nanosilver Case

International Conference NANOTECHITALY Nov 27th  2014  : Safe by Design in Nanotech-based Products: the Nanosilver Case

Challenges and Opportunities for Challenges and Opportunities forg ppg pp
Commercialization of Nanosilver Products

Giovanni Baldi: Direttore CERICOL
COLOROBBIA CONSULTING S.r.l



Antibacterial behaviour due to the release of silver ions by the coated support.

The silver ions act on the micro-organism, destroying the cellular walls,
preventing the reproduction and stopping the metabolism.

To obtain the antibacterial or bacteriostatic effect, the silver ions must be available on the tile surface.

Nanosilver as antibacterial agent

Agg0

Agg+

Agg0 Agg0 Agg0

H2O gg
Agg+

Agg+

International Conference NANOTECHITALY Nov 27th  2014  : Safe by Design in Nanotech-based Products: the Nanosilver Case

The “nano” challenge

Surface functionalization
Reduction of materials applied (and costs)
Unaltered surface
Easiness of application
Specificity

Nanometric particles stability in liquid media (preferably water) for long time 

Possibility to apply the pristine suspension or properly formulated products 
with common industrial application techniques (spray dry, roll printing dip 
coating… 

International Conference NANOTECHITALY Nov 27th  2014  : Safe by Design in Nanotech-based Products: the Nanosilver Case

The products

SAMPLE PRODUCT CODE

nano silver

porcelain enamels IG000005

ceramic tile IG000005

stainless steel KVP000004

ceramic tile AT12_IGEA07
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porcelain enamels ceramic tile ceramic tile stainless steel

Nano-silver : Antibacterial effect

IG000005
IG000005

 KVP000004

AT12_IGEA07

PARNASOS IG000005

Applications for ceramic

Description silver nano suspension in water

Appearance yellow-brown liquid

Crystal phase Silver

Features

Concentration Ag (% w/w) 4,0 0,1

Density (g/mL) 1,0 0,1

Viscosity 20 (m Pas) 3.0 0,3

Particle size* (nM) 35 4

Particle Distribution Index < 0,3

pH 6 0,5

E-Coli reduction on ceramic nAg-treated
surfaceCeramic surfaces treated (left) and not

treated (right)
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Technical and commercial drawbacks

• Nanoparticles tend to sink into the thickness of the glaze
• Colouring effects sometimes occur
• Different supports need different application techniques

• End User resistance to modify the firing cycle
• Lack of standard methods of analysis and data reproducibility
• Lack in the knowlegde of chemical-physical mechanisms
• Unclear Regulatory framework
• Marketing strategy to be defined
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AT12_IGEA07

Description Nefeline functionalized with Ag nanoclusters

Appearance Light brown powder

Crystal phase Nefeline, Silver

Application As final salting in I firing

Features

Concentration Ag (% w/w) 8,0 0,5

Antibacterial 
behaviour(Gres)

R>1 Reduction E.Coli > 99,9%
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Polymeric glass KVP000003-4-5-6

Applications
The coating is made of silica glass polymerized at low temperature (120 - 200 C). Dip-coating on stainless steel to
prevent oxidation and to make the surface antibacterial.

Adhesion ASTM D3359 Standard Passed

Film hardness by Pencil test ASTM D3363 Passed

Heat resistance test ASTM D2485-91(2013) Passed

Food safety
Extraction test ISO 6486/1-

1999 (CE) – Cd and Pb Absent

Anti-bacterial properties

Sample INOCULE
RECOVERY 

24 h R

Rif. 37 X 105 62.3 X 106

KVP test 1 37 X 105 64.7 X 104 1.09

KVP test 2 37 X 105 89.6 X 104 1.08

Properties

New products for new applications
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Due to the collaboration with Industrie Bitossi Colorobbia has developed a new
system based on porous ceramic microsphere with a controlled release of silver Ag+

ions

Ag+
Ag+

Ag+Ag+

Water sanitization systemm-m-MNTA0001 AgPlus

New products for new applications
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Nanosilver particles enables the use of the same in very small quantities
while keeping its efficacy as a low cost antibacterial agent

The stability of Nanosilver is the WINNING KEY for its entry in the market,
together with the development of new formulations for specific applications
in different industrial areas.

The certainty effectiveness must be certified by accredited method for
each type of support.

The classification of the product in the market should be clear and assured:
INORGANIC BIOCIDE product

The regulatory framework is getting more precise as the results of the
European projects on safety will be evident and they will be aknowledged by
the competent authority.
So, it is important to encourage the active participation to the European
projects in order to focus on the various aspects of human health and
environmental impact: SANOWORK, SUN, NANOREG, MARINA

Conclusions
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Introduction

What is NANO?

Did you know nano is ancient 
Greek for the word dwarf ?

3

NanotechITALY2014, Venezia 27 novembre 2014 Anna Facibeni

Introduction

NANO is short for NANOTECHNOLOGY, the 
word itself just means really, really SMALL

create new products 
or processes 

Goal of 
nanotechnologies

control of reactions

4
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Introduction

What makes NANO so special?

When you work at the 
scale of atoms and 
molecules, the “usual” 
characteristics of 
materials change and 
“unusual” things can 
happen...

5
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Introduction

Sheet of aluminium foil keeps your sandwiches 
fresh until lunchtime 

Sheet of aluminum foil 
grinded to nanosized 
particles

EXPLOSION with air 

6
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Introduction

Lycurgus Cup

back light 

front light 

tiny particles of gold and 
silver into the glass

ht

7
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Introduction

Nature has been using nanotechnologies long
before even the Romans started taking an interest.

8
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Glossary

Nanoparticles – particles with at least one
dimension below 100 nanometers.

Nanometre – one millionth of a millimetre, a
billionth of a metre (nm).

Nanoscale – the world at the level of atoms and
molecules. Usually between 1 and 100 nm.

9
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Glossary

Nano effect – when at nanoscale, many
materials start to behave in different ways.

Nanomaterials – any materials having particles
or constituent of nanoscale dimensions.

Surface area to volume ratio – important factor
for the reactivity in chemical reactions, very large
in nanoparticles.

10
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Glossary

Increased surface area of nanostructured materials

11

NanotechITALY2014, Venezia 27 novembre 2014 Anna Facibeni

MEDICAL
Feeling better with 
nano medicine and 
healthcare

COSMETICS
AND SUNSCREENS
Creams and lotions with 
a touch of nano

PACKAGING
Wrapping things 
up in bundles of 
nanotechnology

FOOD and DRINKS
A little taste of nano in
what we eat and drink

ENERGY
Nano power in
our homes and
business

ENVIRONMENT
The various impacts 
of nano on our 
environment

Aspects and applications of nanotechnologies

COATINGS
A splash of nano-
technology can 
improve our glaze

COMPUTING
What nano can 
do for new 
technologies

12Glossary
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Glossary

Sometimes companies use the term NANO
as a fashionable way of saying their product 
is small and perhaps a bit high tech, 
regardless of whether nano is used or not.

13
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Ethical Issues

Relevant questions
difference of nanomaterial vs bulk

Interactions with the human body
skin absorption, inhalation
effect on the body / effect of the body

Interactions with the environment
accidental release, damages
disposal / recycling

Safety issues for workers and people
protection

Appropriate testing

14
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Regulations

Nanomaterials for use in textiles, cosmetics or 
food have already become the consumer reality.

Need to address nanotechnologies in a
regulatory context.

15
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Regulations

The Joint Research Centre (JRC) is the 
European Commission's in-house science service

16

NanotechITALY2014, Venezia 27 novembre 2014 Anna Facibeni

Regulations

Institute for Health and Consumer Protection 
(IHCP)

17
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Regulations

NANOhub

18
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Our technology

Why ANTIBACTERIAL TEXTILES?

– Reduction of unpleasant odors

– Treatment of infections or disease

– Protection of fibre from corrosion

mildew

20
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Our technology

Essential features 

Broad spectrum activity

Not invasive effect 

Durable properties 

Absence of toxic substances

21
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Our technology

Antibacterial Textiles Production

Addition of 
antibacterial

agents before 
extrusion

Treatments after 
extrusion

22
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Our new approach for Colloidal Synthesis

• Textile into Silver solution
• Ascorbic Acid as reducing 

agent
• Temperature max 30°C
• Presence of Sodium Citrate.

Our technology

Textile completely covered by 
silver nanoparticles

23
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Our technology 

very simple not expensive

applicable to various materials

adaptable to existing processes

low environmental impact

24Our technology

PARTNERSHIP
NanotechITALY2014, Venezia 27 novembre 2014 Anna Facibeni

Summary 25

1. Introduction

– Glossary

– Ethics

– Regulations

2. In-house technology

3. Partnership

4. Conclusion



NanotechITALY2014, Venezia 27 novembre 2014 Anna Facibeni

Companies Partnership: case A

Yarn Dyeing Factory
(Como Area)

26
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Companies Partnership: case A

Use of existing production plant

Management of costs to maintain 
profit margins

Safety at work

Environmental impact control

Problem
Company “A” needed to develop an antibacterial yarn

Challenge:

27
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Companies Partnership: case A

Feasibility Study
• Lab-scale process adjustment on yarn of 
Company “A” (e.g. 10 cm of yarn, 20 mL of volume).

• SEM characterization (Scanning Electron
Microscopy) evidence of silver nanoparticles

• In vitro testing for antibacterial activity of treated 
material OK

Results: possible success for scale-up

28
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Companies Partnership: case A 29

Scale-up to Pilot plant
• Implementation of existing process with our 
technology at Company “A” site

• Trial batches production of coated yarn (1500 m of 
yarn; 20L of volume)

• SEM characterization OK

• In vitro testing for antibacterial activity OK

• Staff training and operating procedures
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Companies Partnership: case A

Treated by
our

technology

Skeins of Spun Polyester 

Pristine

Opened
for the 
tests

30
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Companies Partnership: case A

Treated
SEM images of Yarn of Polyester

Pristine

31
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Companies Partnership: case A

SEM of treated Polyester Yarn

32

NanotechITALY2014, Venezia 27 novembre 2014 Anna Facibeni

Companies Partnership: case B

Non-woven fabric manifacturing
(Treviso Area)

33
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Companies Partnership: case B

Use of existing production plant

No wet application

Management of costs to maintain 
profit margins

Safety at work

Environmental impact control

Problem
Company “B” needed to develop an antibacterial fabric

Challenge:

34
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Companies Partnership: case B 35

Feasibility Study
• Lab-scale process modified (spray) on fabric of 
Company “B” (e.g. 20 cm2 of fabric, 20 mL of 
volume to be sprayed).

• SEM characterization (Scanning Electron
Microscopy) evidence of silver nanoparticles

• In vitro testing for antibacterial activity of treated 
material OK

Results: possible success for scale-up

NanotechITALY2014, Venezia 27 novembre 2014 Anna Facibeni

Companies Partnership: case B 36

Scale-up to Pilot plant
• Implementation of existing process with our 
technology modified for spraying at Company “B” 
site

• Trial batches production of coated yarn (1000 m2

of fabric; 60L of volume)

• SEM characterization OK

• In vitro testing for antibacterial activity OK

• Staff training and operating procedures

NanotechITALY2014, Venezia 27 novembre 2014 Anna Facibeni

37Companies Partnership: case B

Plant modified with a series of sprayers
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38Companies Partnership: case B

Pristine Treated
Non-woven fabric

NanotechITALY2014, Venezia 27 novembre 2014 Anna Facibeni

Pristine

Companies Partnership: case B

Treated

39

SEM images of Polyester
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Conclusions

• In situ grown of nanoparticles (not chemical
bond)

• Suitable for cotton, polyester, nylon, silk...

• Low temperature: applicable to quality
materials (silk, wool, and cashmere)

41
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Conclusions

Charging do-it-yourself

The resistance of the treatment to washing in 
water was tested up to ten cycles 

Insertion of silver wires in the fabric 
give greater resistance
…but causes damages (loom) and 
higher costs for the same activity. 

no damages

work in progress

good

42
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Further Development / Other Applications

polymeric pellets

air filtration

foam, automotive

43
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Conclusions

THANKS FOR YOUR 
ATTENTION

44
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Nanosilver: from lab to the market 

Laura Manodori
laura.manodori@venetonanotech.it

Our experience with TT projects and nanoAg
Case studies
#1 Nanosilver in food packaging
#2 Nanosilver in wound dressing
Key elements to promote SbD products

Market research 
and analysis

Pristine 
nanomaterial
Nanointermediate
Nano-enabled 
products

Compliance with 
the current NMs 
regulation

National databases
Labelling 
Biocidal product 
regulation

Experimental 
characterization

Antibacterial 
activity
(Nano)Ag release 
from the product
Toxicity

TT Activities

Applied research 
projects Antibacterial activity of nanoparticles 

in food packaging: 
efficacy and potential consumers’ exposure 

Kinetic Go Green  Premium

FresherLonger



Antibacterial activity of nanoparticles 
in food packaging: 

efficacy and potential consumers’ exposure 

Silver 
was not

detected in 
these boxes

Antibacterial activity of nanoparticles 
in food packaging: 

efficacy and potential consumers’ exposure 

Total Ag concentration
by ICP-MS: 

37 ± 6 g/g

Antibacterial activity of nanoparticles 
in food packaging: 

efficacy and potential consumers’ exposure 

No nanoparticles were 
detected by TEM, although 

the producer originally 
claimed that the nano silver 

was “infused into the 
product”. 

Migration from 
FresherLonger plastic bags to chicken meatball 

in real conditions: 

After 3 and 7 days @ + 5 °C
After 3 and 7 days @ + 12 °C
After 35 days @ - 18 °C

Ag concentration in chicken was always below
the limit of detection (10 ng g-1 wet weight) 
No migration occurred. 



(In the same real conditions)
Comparison between 

FresherLonger plastic bags and 
control (untreated) bags

to evaluate their 
capability to reduce bacterial growth*

No differences were found
Ag action is not effective to reduce microbial 

contamination

*in terms of  mesophilic total colony units, Enterobacteriacee and 
Pseudomonas spp. colony units

EPA Takes Action to Protect Public from an Illegal Nano
Silver Pesticide in Food Containers;
Cites NJ Company for Selling Food Containers with an
Unregistered Pesticide
Warns Large Retailers Not to Sell These Products

Release Date: 03/31/2014

Why apply nanoAg to wound dressing?

ANTISEPTIC

ANTIBIOTIC

Wide spectrum of action

NO induced resistance
SILVER

Bulk silver Ionic silver Silver Sulfadiazine

Different commercial formulations

Higher antibacterial activity

Increase in specific surface area

Slower relase of ionic silver (Ag+) 

Prolonged relase of ionic silver (Ag+) 

Silver Nanoparticles



Fig. 1 – Burn wound dressings tested: (A) 
ActicoatTM, (B) PolyMem Silver ©, (C) neat
hydrogel, (D) novel silver hydrogel

Fig. 3 – Bacterial viability (%) assessed
using the Live/Dead® BaclightTM assay, 
after exposure to different (nano)silver 
dressings.



Do SbD/efficient nanomaterials 
entail SbD/efficient nanoproducts?

Rigorous examination of  the 
advantages deriving from the
application of the nano-form 
with respect to other choices 

Thorough product properties and 
product behaviour characterization, to 
understand and communicate its safest and 
most efficient use

NanoDiode User Committee
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The Nanosilver Case
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Venice, 27 December 2014

Best Practices in the Risk Assessment 
of of f Nanosilverer, 

the e Nanotoxx Project Experience 
Cristinaa Lenardi

CIMAINa – Interdisciplinary Center for Nanostructured Materials and Interfaces, 
and Dipartimento di Fisica, Università degli Studi di Milano, Italy

, NanotechItaly2014, November 26-28 

FONDAZIONE CARIPLO CALL 

NANOTOX Project 
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Scientific case: assessment of the toxicological effects of
chronic exposure to engineered silver nanoparticles (Ag-NPs).
The study has been focused on the inflammatory and neuronal
effects by means of in-vitro and in-vivo experiments.

prepare and fully characterize a suitable size-selected
panel of commercial Ag-NPs (citrate or PVP coated),
namely 10, 40 and 100 nm

investigate the Ag-NPs bio-distribution and chronic
toxicity in mouse model as a function of the NPs size
and coating

assess the viability and inflammatory response of
astrocytes and neurons upon chronic exposure to
Ag-NPs

monitor the evolution of the national and
international legislation on the use of NPs and in
particular on Ag-NPs

Oriented objectives

Supply of a size-selected panel of commercial silver
Ag-NPs from NanoComposix Inc. (San Diego, USA)

Bare Ag-NPs
(Citrate coated)

Polymer coated Ag-NPs
(Polyvinylpyrrolidone, PVP)

10 nm – Ag-NPs
40 nm – Ag-NPs

100 nm – Ag-NPs

10 nm – PVP Ag-NPs
40 nm – PVP Ag-NPs

100 nm – PVP Ag-NPs
Comparison with the data provided by the manufacturer 

and validation of Ag-NPs for in vitro/in vivo studies 

Characterization and validation of commercial Ag-NPs

Morphological characterization:
Dynamic Light Scattering (DLS)
Single Particle Extinction and Scattering (SPES) 
Transmission Electron Microscopy (TEM)
Scanning  Transmission Electron Microscopy (STEM)

Spectroscopic characterization:
UV-visible spectroscopy (SPR)



Most of the in vitro/in vivo studies suffer from 
incomplete characterization of NPs under the exposure conditions

The comparison of the toxicity data is very difficult

Development of a practical method to assess the Ag-NPs’ fate:

- No complex procedures for sample preparation
- Facile and affordable equipments
- Capability to analyze Ag-NPs of different sizes

General protocol to characterize Ag-NPs for 
in vitro/in vivo toxicological experiments Study of the Ag-NPs fate in biological fluids

Ag-NPs
Ag-NPs in contact with proteins Protein corona and

biological/pathological effects

Adv. Drug Deliv. Rev. 64 (2012) 129–137

Understanding the
corona formation is
crucial in predicting
the Ag-NPs’ toxicity
in biosystems

Release of toxic silver ions

Ag+

Ag+

Ag+

Ag+Ag+

Ag+

Ag+ Reactive oxygen species (ROS) 
generation:
membrane damage, 
interaction with protein/DNA 
and eventually cell death

Agglomeration * Aggregation* or 

* According to Materials 2013, 6, 2295-2350

1. Cell-free medium (10% FBS) 

2. Mouse plasma

Selected biological fluids

Study of the Ag-NPs’ fate as a function of three parameters: 

- surface coating of Ag-NPs 
- Ag-NPs size  
- concentration of proteins/Ag-NPs

Summarizing Ag-NPs quality control

The DLS and TEM techniques do NOT allow a reliable
characterization of 10 nm-sized Ag-NPs and present critical points in
sample preparation

UV-Vis spectroscopy represents a reliable and affordable
technique for the characterization of Ag-NPs with different
sizes and under the exposure conditions for in vitro/in vivo
experiments

Need of systematic quality control of the NPs



In-Vitro study: CNS (astrocytes and microglia)
toxicity and inflammation
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18 h 48 h 96 h 1 week 2 weeks 3 weeks

PVP-coated NPs are internalized in a higher number than citrate-coated ones

Microglia viability is significantly affected by long term exposure

to AgNPs whereas Astrocytes are resistant to AgNP exposure

and may function as a defence system.

PVP-coated AgNPs disclose an higher toxic potential respect to

citrate AgNPs. Possibly because they are internalized and

retained into cellular compartments in an higher number.

Summarizing in-Vitro exposure

In-Vivo study Study design 



Summarizing in-Vivo exposure AIRI/ Nanotec IT role

Dip. di Fisica (Università di Milano) & Filarete

S. Argentiere
C. Cella
C. Lenardi
P. Milani
T. Sanvito

Dip. di Scienze Veterinarie
(Università di Milano) & Filarete

M. De Maglie
C. Recordati
E. Scanziani

AIRI/ Nanotec IT 

E.Mantovani
A. Porcari

Dip. Di Biotech. Mediche and Medicina Trasl. 
(Università di Milano) & Filarete

M. Matteoli
L. Passoni

Final Event in Milan (Middle of March 2015)



NanoDiode User Committee

Safe by Design in Nanotech-based Products: 

The Nanosilver Case

@ NanotechItaly 2014
Venice, 27 December 2014

TESTING STRATEGIES FOR THE TESTING STRATEGIES FOR THET
SAFETY OF NANO MATERIALS:SAFETY OF NANO MATERIALS:F
A CASE STUDY ON NANOSILVER

ISABELLA DE ANGELIS
DIPARTIMENTO AMBIENTE E CONNESSA PREVENZIONE PRIMARIA 

ISTITUTO SUPERIORE DI SANITÀ

Safe by Design in Nanotech-based Products: the Nanosilver Case
NanotechITALY2014 – 27 November 2014 

RECOMMENDATION ENVIRONMENT

RECOMMENDATION OF THE COUNCIL ON THE SAFETY 
TESTING AND ASSESSMENT OF MANUFACTURED 
NANOMATERIALS

19 September 2013 - C(2013)107 

The Recommendation notes the importance of the OECD Test
Guidelines for the Safety Testing of Chemicals, concluding that many
of the existing guidelines are also suitable for the safety assessment
of Nanomaterials

At the same time, it recognizes that some guidelines may need to be
adapted to take into account the specific properties of
Nanomaterials

Work continues at OECD to achieve that

CHARACTERIZATION

*Working Party on Manufactured Nanomaterials, ENV/CHEM/ NANO 
(2010)17/part 2

PHYSICAL CHARACTERISTICS ANALYTICAL TECHNIQUES

Size, size distribution SEM, TEM, DLS

Agglomeration/Aggregation SEM, TEM, DLS

Shape SEM,TEM
Crystal structure XRD, TEM

Surface area BET, TEM

CHEMICAL CHARACTERISTICS ANALYTICAL TECHNIQUES

Chemical Composition XPS, ICPCP-P-MS, EDX
Surface charge Zetaa-a-potential

Photovoltaic activity Spettroscopia a UVVVVV-VV-Vis
Solubility/dissolution ICPCPCP-PP-MS

For the 
characterization of 
NMs is crucial to 
use a variety of 

analytical 
techniques in 

order to obtain 
complementary 
information on 
their physico-

chemical 
properties.

Experimental data 
for risk 

assessment must 
be obtained bybe obtained by

validated methods validated metho
or protocolspp

odetho
lsls, as 

OECD Guidelines. NMs characterization have to be performed 
either 

characterizatio
er as received and after dispersion in 

biological media



DISPERSION CHARACTERISATION

NANoREG
Guidance Document 

Work in progress 

CYTOTOXICITY

TiO2 Anatase showed a dose dependent increase

of OD values probably due to particles adhesion

on the bottom of the wells and on cell monolayer.

This increase was grater than value reported in

NRU acceptance criteria ( 15%) for most of tested

concentrations.

Consequently, Neutral Red Uptake assay, in the

present experimental conditions, is not suitable

for TiO2 particles toxicity evaluation

Different nanomaterials can interact

with assay components to cause both

false positive and false negative results.

Interferences were assay specific as

well as NP specific.

It is therefore of crucial importance to

test possible interference of all studied

NPs with the selected methods prior to

evaluating cellular responses to NPs.

OD values measured in 96 well plate (without cells) 
treated with TiO2 Anatase micro/nano particles and 
processed by NRU protocol. 
Same results were obtained with Rutile and  Rutile-
Anatase crystalline structures

K.J.J.J. J. Ong, 2014



GENOTOXICITY
Genotoxicity is one of the main toxic mechanisms 

attributed to NPs, together with oxidative stress, 

inflammation, and immunotoxicity. 

Comet assay has a great sensitivity, even at very 

low dose, to highlight the induction of DNA 

damage also due to  its ability to respond to 

oxidative stress. 

In vitro o MMicronucleus s assay, in the cytokinesis 

block version, is a well validated approach (OECD 

TG487) for genotoxicity studies.  It is largely 

applied for NPs due to its ability to detect 

different mechanisms of chromosome damage. 

OECD EXPERT MEETIG on n NANO GENOTOXICITY OECD EXPE
November

ERT MEETIG onXPE
erer 2013, Ottawa, 

n ANONA onn
a,a Canada

Review of literature on NP toxicology
PubMed data base 2000-2012 (CA: comet assay; MN: 

micronucleus assay; CHA: chromosomal aberration test; 
Ames: bacterial reverse mutation assay)

Magdolenovaa Z., 2013

ADAPTATIONS S OF TG487 TO PTATIONSS OF TG487 TO O
ACCOMMODATE MNMs

Project will start in fall 2014
Expert meeting to review the existing TG 487 and identify issues that 
need to be modified to accommodate for MNs testing hold in 
October 2014

Preparation of the harmonized protocol for MNS testing in the 
micronucleus assay

Ring trial of the modified protocol for the MNs assay; selected MNS 
will be tested in at least 3 labs using the harmonized protocol for the 
micronucleus (duration at least 12 months, based on the NP tested in 
the CFE campaign)

Evaluation of the data, statistical analysis (duration at least 3-6 
months)

Final report from the ring trial and presentation of the proposal for 
amendment o TG 487 (expected in the second half of 2016)
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Aim of this project is the acquisition of data useful for implementation and

transferability of validated in vitro methods, or being validated, to safety assessment

of substances in nano form present in medical devices.

Silver nanoparticles (Ag) have strong antimicrobial properties and can therefore be

used for the coating of medical devices. Special attention is addressed to the

possibility of incorporate this type of nanoparticle in dental prostheses and surgical

instrumentation.

For this purpose a project was granted by Italian Ministry of Health (Project DGFDM-

3M64) to assess and compare the toxicity of Silver micro and nanoparticles of

different sizes using in vitro assays:

Agg 355 nmm;m; 9009 -0-2100 nmm andd 11.1.5.5-55-2--2.22..555 m

TEM  IMAGES 
A   Ag_35 showing 
particles with spherical 
shape ape 

B Ag_90-210 showing 
particles with irregular 

and rod-like shape A B

CHARACTERIZATION OF AG PARTICLES BY ELECTRON MICROSCOPY
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CYTO/GENOTOXICITY CYTO/GEN
RESULTS

Particles Neutral Red assay* Comet Assay**

48 h 3 h 24 h
AG_35 nm + + -

AG_9090-0-210 nm - - -

AG_1.5.5-5-2.5 m - - -

* Performed on BALB/3T3 cells on 24 well plates according to ICCVAM   
protocol

** Expressed as tail length moment measured on human lymphocytes

COMMENTS

Only Ag 35 NPs show a significant dose-related

cytotoxicity and a significant increase of single and double

DNA strand breaks, indicating, in the present experimental

framework, a size-dependent effect of Ag NPs

Present results, according to literature data, could support

the hypothesis that oxidative DNA damage could be a

prevalent mechanism of DNA damage induction after

treatment with silver nanoparticles of smallest «size»

NanoDiode User Committee

Safe by Design in Nanotech-based Products: 

The Nanosilver Case

@ NanotechItaly 2014
Venice, 27 December 2014


