
Theme 1: Assessment of current practice

“Nanos“: applications and perspectives? 

Michael Riediker, PD Dr.sc.nat.
Head research « Particles and Health »
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Nano hype and fear, what is real?

Science Fiction! Real Science

Self-replicating 
nanobots will 
destroy the world! Nano

MicroWikipedia.org

Cells are the smallest 
self-replicating units

(micro, not nano)
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What to retain from my talk

New materials = new hopes (and new fears) but…

The time of hype is over – now comes reality!

Fact: Nanomaterials are reality in the industry
-> We need exposure and hazard information
-> We need sound and practical risk management tools
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First Message:
Nanoparticles are REALITY in today’s industry



Switzerland, the land of Nanotechnology
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Nano-Matterhorn, created by researchers at the Swiss IBM-labs

Pires et al., Science 2010: 328 (5979), 732-735
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Over 800 nano-products on the market

Wikipedia.org

Sun blockers

+ Intransparent for UV
+ Transparent for visible light

Nano-surfaces

basf.com

Lotus effect:

Nano-structure + hydrophobic material
= Dirt and water cannot adhere

Energy systems

bmbf.bund.de
�����������	


+ High-capacity batteries
+ semi-transparent and cheap photovoltaic panels

Nano-Computing

�����	�� 
����� ���
�����

Powerful and energy-saving computers

Functionalized
textiles

�	������	�	��� Wikipedia.org

+ Self-cleaning clothes
+ Nano-silver against bacteria and odors … and more!
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Where are they in the (Swiss) industry?

Representative survey of SUVA clients ~100’000 Swiss companies

– Layered sampling strategy (20 layers)
– Letter survey (1626 letters = ~1.6%)

– Questions about: Used nano-material, 
quantities, frequency, stock, 
protections etc.

Schmid, Danuser and Riediker. JOEH, 7: 224–232
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Results of Swiss NanoInventory

A) Companies
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Schmid, Danuser and Riediker. JOEH, 7: 224–232
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Protection strategies in Swiss companies

A) Worker protection
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Second message:
We need exposure and hazard 

information
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Check exposure in industrial settings

Slide courtesy NIOSH
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Photos courtesy Heinrich Hofmann, EPFL

Check exposures in research laboratories



Elements of an exposure assessment
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“Nothing” new for nano
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Second message:
We need exposure and hazard

information
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Particle and health paradigms of the 20 th century

Particles overload 
the lungs

Particles carry 
toxic substances

Particles are 
biopersistent fibres

Local ventilation is 

often sufficient

Source capture & 

might need a mask

Enclose workspace, 

wear full protection

Welding fumes contain toxic metals, 
e.g. Chrome VI: OEL is 50 µg/m3 (e)

OEL = Occupational Exposure Limits after SUVA, 2009, PM = Particulate Matter.

Gipsum is inert. OEL is 3 mg/m3

&10 mg/m3 respirable/inhalable PM

������������	 ������
�
���	

Individual asbestos fibres are 
hazardous. OEL is 0.05 fibres*/ml


����	
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What can we learn from traffic particles?
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Effects differ between sources

-0.5 0 0.5 1

Benzene
Aldehydes

CO
Aluminum

Silicon
Sulfur

Calcium
Titanium

Chromium
Iron

Copper
Selenium
Tungsten

-0.5 0 0.5 1 -0.5 0 0.5 1 -0.5 0 0.5 1

Speed-change
trafficSoils

Mechanical
wear

(clean) fuel
combustionSource

Riediker et al, PFT 2004

+ uric acid
+ BUN, +MCV

+ vWF, - protein C
+ neutrophils, - lymphocytes

+ MCL, + SDNN, + pNN50, + ectopy Activity parameters = no confoundersActivity parameters = no confounders



Brakes release large numbers of nanoparticles
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Perrenoud, Gasser, Rothen-Rutishauser, Gehr, Riediker. IJBNN 2010



Approaches to study oxidative stress

Intrinsic ROS production 
potential of particles

Consequences of exposure in 
cells

19

Sauvain, Deslarzes, Riediker, Nanotox 2008

Test to measure consumption of 
DTT in presence of particles:

Particles differ in ROS production

A B

A549 cells and brake wear:

•ROS generated
•Occluding reduced (tight junctions?)

Gasser, Riediker et al PFT 2009
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Role of functional surface groups?

gas-phase
probe

molecule

liquid with
high vapor
pressure

vacuum line

capillary inlet

plunger

sample-
holder

orifice plate

to MS detector

reactor

particleMn+

C=O

NH2OH

C=O

OH
I N(CH3)3

Base

O=C

H
I

HCl
CF3COOH

O3

Setyan et al. Aerosol Science 40 (2009) 534 - 548
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What happens at the site of deposition?

Oxidative Stress
(Redoxcycling)

vWF, chemokines...

Chemotaxis M�

Translocation
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Update of occupational hygiene paradigms

OEL = Occupational Exposure Limits after SUVA, 2009, PM = Particulate Matter.

Particles 

overload lungs

Local ventilation 
is often sufficient

Gipsum is inert. OEL is 3 
mg/m3 &10 mg/m3

respirable/inhalable PM

������������	

Particles carry 

toxic substances

Source ventilation 
& might need a 

mask

Welding fumes contain toxic 
metals, e.g. Chrome VI: OEL 

is 50 µg/m3 (e)

������
�
���	

Particles are 

fibres

Enclose 
workspace, wear 

full protection

Individual asbestos fibres are 
hazardous. OEL is 0.05 

fibres*/ml


����	

Particles produce

toxic substances

Need to study 
assessment & 

protection!

ROS-production in A549-cells 
exposed to nano-TiO2 -
consequence for OEL? 

(Muller, Riediker et al. JRSoc 
Interface 2009)

?

Other structure 

effects?



Paradigms useful tools for daily practice
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Example: how deal with elevated background-levels
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Third Message:
We need risk management tools

(and they should be sound and practical)



New approach to Substances in Europe

REACH:

Registration
Evaluation
Authorization (and Restriction)
of CHemicals



Aims of REACH

– Protect human health and the environment from risks 
posed by chemicals

– Promote alternative test methods
– Transfer responsibility of assessing and managing 

risks to industry

Basic principle: No Data = No Market



REACH requires exposure scenarios

Register chemicals manufactured 
or imported >1 T/y

>10 T/y<10 T/y

Physicochemical 
hazard assessment

Environmental 
hazard assessment

Health hazard 
assessment

Dangerous or PBT or vPvB
Must develop exposure scenarios 

PBT = Persistent, Bioaccumulative and Toxic
vPvB = very Persistent and very Bioaccumulative

PBT or vPvB 
assessment

Discussions among researchers: 
Do we need different thresholds for nanomaterials?



Exposure Scenarios for REACH

– Prescribe ‘safe’ operating conditions and risk 
management measures for use of substance

– Must cover all ‘identified’ uses
– Must cover all life stages of a substance
– Are legally binding
– Depending on situation, may be developed by 

manufacturer, importer, or downstream user

Nanoform of existing substance is subject to REACH 
either as « new use » or as « new substance »



Development of REACH Exposure Scenarios

PREDICTED
EXPOSURE

ACCEPTABLE
RISK?

DNELs

PPE

Engineering & 

operational 

controls
The big nano-issue!
EC pushes research



Collaborate for good practice: GoodNanoGuide

Internet site on occupational practices for the safe handling of nanomaterials

http://GoodNanoGuide.org



Interacting with the GoodNanoGuide

No Registration Required

Register as a User

Register as a Provider

VIEW

COMMENT

CONTRIBUTE



Contribute & Edit using Familiar Tools

Format text
Hyperlink

Symbols
Insert picture or flash



Implementation Committee

Dr. Michael Riediker
Institute for Work and Health

Mr. Bruce Stockmeier
Argonne National Lab

Dr. Kristen Kulinowski
Rice University

Mr. Matthew Jaffe
Crowell & Moring

Dr. Mark Hoover
NIOSH

Dr. Steve Hankin
SafeNano

Ms. Ilise Feitshans
International Labour Organization

Mr. Victor Jones
NanoTechBC

Dr. Paul-Émile Boileau
IRSST

Mr. Steve Brown
Intel

Dr. Charles Geraci
NIOSH

Gary Albach
nanoAlberta
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I hope you retained from my talk

New materials = new hopes (and new fears) but…

Reality:
- Nanomaterials are reality in the industry
- We need exposure data (what metrics?)
- We need hazard identification (and the link to exposure)
- We need simple, easy, and fast risk management tools 

Goal: Profit from the good side of nano & avoid the “bad”.



Katie 
Clark 
(new
post-
doc)

Thank you!
Collaborating partners
University of North Carolina at Chapel Hill, USA 
U.S. Environmental Protection Agency, USA
Brody School of Medicine, Greenville, USA
University of Bern, CH
Ecole Polytechnique Fédérale de Lausanne, CH
Eidgenössische Technische Hochschule Zürich, CH
EMPA, CH
The NanoImpactNet – Team consisting of 24 institutions that organize activities for 1000+ members

My group

Funding sources

European Commission
7th Framework ProgrammePresentation does not 

necessarily reflect EPA policy.



36


