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1885-2010: 125 years of statutory accident insuranc e
From an insurance for “hazardous 
professions” to a modern institution that 
provides insurance cover for 75 million 
people from a single source:
Prevention, rehabilitation, research

• 1881: The German social insurance 
scheme is founded by Imperial Decree.

• 1885: The first statutory accident insurance 
institutions take up their duties.

• 1925: Insurance cover is extended to 
occupational diseases.

• 1935: The “Dust Abatement Office” is 
established – the precursor of today’s IFA
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IFA measurement campaign & activities
• German statutory occupational accident insurances 

(Berufsgenossenschaften) started survey on workplaces
Execution by IFA since 1998

• Mostly occasionally produced ultrafine particles
• Since 2006 additional focus on nanoparticles

• Research:
EU projects, e.g. Nanosafe 2, NANOSH, NanoImpactNet and 
NanoDevice

• Standardization: ISO TC 229 Nanotechnology
• Stakeholder dialogue

• Advisory board of the Symposium on Nanotechnology 
and Occupational & Environmental Health

• NanoPortal: www.dguv.de/ifa/nano



23rd Sept. 2010Markus Berges, Regulating uncertainty, Nanotrust, Vienna Seite 4

Measurement of Dust

• Mass concentration
• Personal samplers
PGP-FSP – respirable
(PM 100)
PGP-GSP – inhalable
(PM 4)
• Stationary samplers
VC25 G – respirable
PM 4 F – inhalable
• Ti & Mn by total reflection X-ray 
fluorescence spectrometry (TXRF)

• + Size distribution
• Low pressure cascade impactor, Hauke
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Measurement of Aerosol

• TSI SMPS 3936L25

• number concentration

• Size distribution
• Range 14 – 673 nm

• TSI APS 3321
• Number concentration

• Size distribution

• Range 0,3 – 30 µm
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Messgeräte:

1 SMPS Partikelanzahlkonzentration 

2 APS Partikelanzahlkonzentration
3 CPC 3007 Partikelanzahlkonzentration

4 PGP

5 PGP-EA

4,5

1
3

2
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Two measurements campaigns at Umicore SA

• First evaluation at 28.-29. June 2006
• Protective Measures

• Local exhaust system
• Wearing of respiratory protection (FFP2)
• Protective clothing, when working directly with the product 

• 2nd campaign from 20. – 24. March 2007
• Further improved local exhaust system 

• 2nd campaign in course of the NANOSH project, supported by the 
European Commission grant NMP4-CT-2006-032777
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TiO2 bin filling station 



23rd Sept. 2010Markus Berges, Regulating uncertainty, Nanotrust, Vienna Seite 9

Outdoor 2006 vs. 2007
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Bin filling: normal operation, 2006 vs. 2007
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Bin filling, leakage (2006)
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TEM images of airborne particles at bin filling
(2006)

Aggregates/agglomerates with
primary particles of 25, 35, 100 nm;
sampling on filter with 200 nm holes

Primary particles of 50, 60 nm
agglomerated?
main component: Ti

100 nm

100 nm
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TEM image of airborne nanoobjects at the bin 
filling (2006)
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TEM image of airborne particles at bin filling
(2007)
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Bin filling – gravimetric samples

0.0040.019TiO2 in respirable 
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Nano ZnO , coating process

• Enclosed working area with two
processes

• Coating: pouring, mixing, bag filling

• Bag filling after drying

Seite 16
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time series SMPS and APS
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Differentiation between activity and non-activity
periods, SMPS data
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Pouring, mixing, bag filling: SMPS data

Stop LEV
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TEM grids

• Zinc oxide particles and agglomerates
down to 100 nm, small needle shaped

• No primary zinc oxide particles detected. 
Evidence of particles <100nm from SMPS 
probably due to other sources

• Many iron particles and 
agglomerates/aggregates

• Few Carbon agglomerates probably from
diesel forklift truck and titanium

• Few silicon, aluminium and sodium
particles down to 150 nm

Zinc oxide agglomerate
and aggregate

Zinc oxide particle and carbon
aggregate/agglomerate
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Statistical evidence for nanoparticles

• T-test shows significant difference between activity and non-activity 
for SMPS data >100nm (p=1.58E-11), for APS data >500nm 
(p=1.9E-10), and CPC data (p=3.3E-52)



23rd Sept. 2010Markus Berges, Regulating uncertainty, Nanotrust, Vienna Seite 23

To put things into perspective: Ultrafine Nickel 
Oxides ?
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To put things into perspective – No shift data!

Process
Total concentration in 
measurement range  

14-673 nm
particles/cm³

Maximum of 
number 

concentration
nm

Outdoor, office up to 10 000

Silicon melt 100 000 280-520

Metal grinding up to 130 000 17-170

Soldering up to 400 000 36-64

Plasma cutting up to 500 000 120-180

Bakery 50 000 to 640 000 32-109

Airport field up to 1570 000 <10

Hard soldering 54 000
up to 3 500 000

33-126

Welding 100 000
up to 40 000 000

40-600
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CNT production and handling

• Enclosed and ventilated lab 

• Production of CNT in small scale

• Emptying a tube oven and pouring
CNTs into small vessels in fume
cupboard



23rd Sept. 2010Markus Berges, Regulating uncertainty, Nanotrust, Vienna Seite 26

CNT agglomerates of material sample



23rd Sept. 2010Markus Berges, Regulating uncertainty, Nanotrust, Vienna Seite 27

Synthesis lab, SMPS number concentrations
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J. H. Han et al. Inhalation Tox. 2008, 20: 741-749

• Monitoring Multiwalled CNT Exposure in CNT Research Facility
• SMPS + APS, SEM/EDX, sampling for fibre analysis
• Before control : 173-194 MWCNTs/cm-3

With control measures: 0.018-0.05 
MWCNTs/cm-3

(fan, enclosing the furnace, compartment for blending, 
cleaning)

• STEM indicate possible exposure to MWCNTs
Before: 194 tubes/cm-3

After: 0.05 tubes/cm-3 inside encapsulation
• MWCNT dimensions: 54nm x 1,6 µm 
• Surprise: 0.56 fibers/cm-3 chrysotile
• Increase from 10 000 to 30 000 particles/cm-3 when operating 

oil pump, unimodal 300 nm
• Opening of blending equip.: increase in APS 2-4 µm
• “Conventional engineering control measures work wel l”
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Why benchmark limits ?

• There are no health based occupational exposure limits for 
nanoobjects
• Exception: Limits set by companies based on limited toxicological 

data
• One OEL for every ENP ?

• For every modification: TiO2 for sunscreen from different 
manufacturers is not the same

• (Phil Barker, The interaction of modern sunscreen formulation with 
surface coatings, Progress in Organic Coatings 62: 313:320,2008)

• How long will take? (10 years?)
• That was my question at the Nanotox in Venice, 2007 

• What do we do in the meantime?
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Why benchmark limits ?

• Seven Challenges for the Future of Occupational Safety and Health 
(JOEH, 7, D11-D18, 2010, John Howard, NIOSH)
• 4. Emerging Risks and the Need for New Ways to Assess and 

Manage Risks: 

“We are facing emerging hazards whose risk profile is still being
determined, such as nanomaterials…”

“The recognition is emerging that the mid-20th century paradigm, 
that a substance-to-substance approach to occupational health 
protection as the basis for practice is “in practice” no longer 
working.”



23rd Sept. 2010Markus Berges, Regulating uncertainty, Nanotrust, Vienna Seite 31

Why benchmark limits ?

• Possible solution generally accepted: To minimize exposure at the 
workplace
• But how low is low enough?
• Different levels with different prices tags attached 

• “Measurement without meaning is like a car without an engine”
(http://2020science.org/2009/08/29/10things/, Andrew Maynard)

• To keep in mind: Toxicological Uncertainty of a factor of 10
• View GESTIS International limit values for chemical agents

http://www.dguv.de/ifa/en/gestis/limit_values/index.jsp
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BSI PD 6699-2:2007: Guide to safe handling and dispo sal of MNM

• “Not to be regarded as a British Standard.”
• „Benchmark exposure levels“ for the selection of controls 
• Fibrous nanomaterials (aspect ratio >3:1 and length > 5 000 nm)

10 000 / m³ as assessed by scanning or transmission electron 
microscopy

• CMAR: 0.1 x WEL in mass concentration
• Insoluble NM:

0.066 x WEL in mass concentration
or 
20 000 particles/cm ³ discriminated from the ambient environmental 
particle concentration

• Soluble NM: 0.5 x WEL
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Requirements in setting benchmark levels

1. As a result of no sufficient information on hazards of a product, 
the precautionary principle shall be applied. 

2. Existing “general” exposure dust limits and exposure limits for the 
same compound in the non-nano form (currently given in mg/m3) 
cannot be exceeded. 

3. The proposed benchmark levels should not be higher than 
exposure concentrations achieved with affordable engineering 
controls

4. The proposed recommended bench mark level should permit 
simple technical monitoring. More far-reaching, complex, imaging 
study methods cannot be employed in routine operations. 

• Somewhat contradictory in itself !
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Lessons learned

• Density covers a range of one order of magnitude

• Size of nanoobjects covers a range of two orders of magnitude
• Particle number concentration should cover 5 orders of magnitude

• This is a challenge for any instrument
• The scope of any benchmark level

• include a time horizon, e.g. 8 hour shift 
• must define a size range 

• As mass concentration is still relevant in toxicology the density of 
the nanoobjects might serve as a classification criterion    
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Proposal for Benchmark levels 

• No health-based workplace limit values !
• For metal, metal oxides and other biopersistent granular 

nanomaterials
• Not for ultrafine particles

• Boundary Conditions
• Averaged over 8-hour work shift value
• Above background
• Size range 1 -100 nm

• 20 000 particles /cm³ for density greater than 6 000 kg/m³
• 40 000 particles /cm³ for density smaller than 6 000 kg/m³
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Problem: HARN (Nanotubes, Nanowires, Nanorods)

• Most prominent species for the time being: CNT
• If one would have to set a benchmark level, one might consider:

• BSI PD 6699-2:2007: 10 000 fibres/m³
• Germany: TRGS 910 

Exposure-risk-relation for asbestos: 10 000 fibres/m³

• Problem: no standardised sampling- and counting methods for 
CNT by electron microscopy
• Scope of the asbestos threshold value are free fibres in the air
• Limit of detection way higher than 10 000 fibres/m³ depending 

on diameter of the CNTs
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Problem: HARN (Nanotubes, Nanowires, Nanorods)

• Next resort: Mass concentration:
• „NASA(/NIOSH) assume that CNT hazard is the same as silica, so 

that similar regulation is suggested for CNTs.“
Carbon 2008 conference in Nagano

• Analyze residual content of catalyst in CNT,
e.g. Recommendation of 
• BMS for Baytubes CP 150: 50 µg/m³
• Nanocyl: 2 µg/m³
• Claim: They do not adhere to the fibre paradigm 

• For fibrous CNTs keep in mind:
1 µg/m³ is equivalent to about 10E9 to 10E11 fibres/m³

• Last resort: Particle number concentration: 20 000 particles/cm³
(equivalent to 20 billions/m³) ???

• Consequence: Do not use CNTs adhering to the fibre p aradigm !!!
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RIVM report on provisional nano-reference values
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NanoPortal of IFA

• Information and Advice on:
Nanoparticles at the workplace

• Recommendation for measurement

• Protective measures

• Assessment of protective measure‘s 
effectiveness

www.dguv.de/ifa/nano
Webcode: d90477
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