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Nanotechnologies

(Science) fact or (Science) fiction ?

?

Nanotechnologies @ Nanomaterials

Risks related to nanomaterials are generally
not applicable to nanotechnology products
like nanoelectronics !!

Nanotechnology in medical applications - State-of-the-art / Risks
RIVM reports 265001 001 / 002 , 2005 - www.rivm.nl

601785 003, 2009
EU ObservatoryNANO - www.observatorynano.eu/project/

EC N&ET WG http://ec.europa.eu/enterprise/medical_devices/net/net_en.htm
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Why are we concerned?

Nature water DNA virus erythrocyte
molecule

Nanometres

Nanotechnology nanopore, dendrimer, cantilevers, lab-on-a-chip
nanoshell, fullerene, microneedles
nanotube, nanowire,
nanocrystalls

Nanomaterials can have sizes similar to structures at subcellular level

and (theoretically) can reach and interact with such structures.
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Risk assessment

« Safety evaluation
- Characterisation of substance / material

- Hazard identification
» Dose response effect (no effect level)

- ExXposure assessment

* Dose, route

e What Is risk?
- Combination of likelyhood of occurrence of harm to health and
the severity of that harm
- No exposure >>>>> No risk

* Risk benefit analysis
- no effect level
- effective treatment dose
- Clinical benefit
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Why is safety evaluation and risk assessment of
nanomaterials so difficult?

 Diversity of nanomaterials (inorganic, organic, coated,...)
 Solubllity, agglomeration/aggregation (stability, size distribution)
« Matrix (interactions, effects on size, digestion)

» Quality of available nanomaterials (polydispersity, purity,
concentration)

» Test protocols (dispersion, reproducibility, comparability)
» Choice & preparation of test medium (concentration, solvents)

Many factors with
varying effects !

Knowledge gaps !
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For safety evaluation, characterisation is essential

What do we want / need to know for nanomaterials?

* Chemical composition
 Size, Size distribution

 Mass

o Surface area

* Agglomeration / aggregation Crystal form
Rutile TiO,

 Crystallinity
 Solubility /degradability
e Coatings
» Surface charge
» Specific physicochemical characteristics

- why is this specific nanomaterial used?
e Shape

Crystal form
""""" Anatase TiO,
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Not only mass of nanomaterials important:

size, size distribution, number, aggregation/agglomeration and
surface area

All: 1x1cm size | number Total
Surface
area
1cm |1 6 cm2
1 mm | 1000 60 cm?2
1um |1x210%2 6.000cm?
1nm |1 x 1024 60.000.000 cm?
(600km?)

Increase in surface area >> increase in surface activity,
but also increase in possible contact with cells and tissues
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Effect of nanoparticle size on tissue distribution
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De Jong et al., Biomaterials, 2008
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Effect of shape: Issue of nanofibres/nanotubes

CNT versus asbestos

Donaldson et al., Particle and Fibre Toxicology, 2010



Nanofibres, the MWCNT issue

There are different types of MWCNT
“when a fibre has characteristics of brown/blue asbestos
(rigid, non degradable, length >20 um, ...)
it behaves like brown/blue asbestos” (Poland et al., 2008)

Lesson is NOT:

MWCNT behave like asbestos, BUT........
......... when producing and using MWCNT
or any fibre like nanomaterial
Check for these specific characteristics
(rigidity, degradability, fibre length)

|

Perform proper safety evaluation to exclude this specific hazard
associated with a certain types of fibres.
Including extensive characterization.
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Nanoparticles do not exist as single particle entity,
they adsorbe things, e.g. proteins

What do we know

- Protein corona is important for
biological interactions

- Corona is not static, proteins get on
and off

What do we not know
- Dependence on nanomaterial?
- Dependence on size?
- Dependence on ...?

Implications for interpretation of testing

EU FP6 project Nanolnteract,

courtesy of Prof Kenneth Dawson, UCD, Dublin, Ireland
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Nanosilver — what causes toxic effects?
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Summary - toxicological risk assessment

» EXposure assessment — dose, route
- NOTE: not all nanotechnology means exposure to nanomaterials

e Toxicokinetics — absorption, distribution, metabolism, excretion
- Dependent on size, shape, material, etc...

* Physico-chemical and toxicological properties of nanomaterials
(and surfaces) different from bulk material — parameters?

- What value is border/turning point for toxic behaviour?
* Not all nanomaterial formulations are toxic
* Many factors with varying effects

!

e Evaluation of products: case by case in ]
their final composition/nanoformulation !
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Nanotechnologies — risks

e Balance patient safety - availability of innovation
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Different disciplines need to work together In
risk assessment of converging technologies

Environment

e Kinetics

/
A

Risk Assessment Analytical
chemistry

Toxicology /L k

Medical technology

Biotechnology

Thank you for your attention
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