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Nanotechnology
Science Fiction or Science Fact?

Imagine…

A material where strength

is governed by atomic

bonds…

… that can be woven into

super-strong strands and

ropes…

Nanotechnology is turning fiction to reality…

… and used to build an

elevator to space!

Single Walled Carbon

nanotubes
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Nanotechnology, Environment, Health and Safety
The Challenge

• The Environmental, Health and Safety challenge:

• Do these properties lead to new and unique health risks …?

• … or are current procedures, guidelines and regulations

sufficiently robust to protect human health & the

environment?

• Consequences of inaction:

• Loss of public confidence

• Potential acute and chronic health and environmental impact

• Societal and economic benefits not realized

Nanostructured materials and devices demonstrate new

and unique properties and behavior
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Nanotechnology development and implementation

Passive

Nanostructures

• Nanoparticles

• Nanotubes

• Nano-

composites

• Nano-coatings

• Nanostructured

materials

1st

Generation

1st Gen

2nd Gen

4th Gen

2000 2010 2020 2030 2040

Active

Nanostructures

• Electronics

• Sensors

• Targeted

drugs

• Adaptive

structures

2nd

Generation

Systems of

nanosystems

• Guided

molecular

assembly

• 3D networking

• Robotics

• Supra-

molecules

3rd

Generation

Molecular

nanosystems

• Molecules ‘by

design’

• Hierarchical

functions

• Evolutionary

systems

4th

Generation

3rd Gen

Adapted from Roco, MC (2004) AIChE J. 50 (5)
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Addressing occupational impact

Dose

Exposure

Toxicity

Risk Control Reduced risk/impact

Exposure routes

Health Effects

Characterization

Dose

Exposure

Toxicity

Risk Control Reduced risk/impact

Exposure routes

Health Effects

Characterization

Poor Good

Knowledge Level

Education
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Exposure Routes

• Ingestion

• Virtually no information available at present

• Possible exposure through food/surface contamination, or lung clearance

• Will standard OH practices minimize exposure?

• Dermal Penetration

• Very little information at present

• Evidence that sub-micrometer particles can penetrate the outer layers of

skin, but biological impact is unknown

• Ocular exposure

• No information on nanoparticle exposures

• Protective eyewear should reduce exposure

• Inhalation

• Growing body of data for incidental and engineered nanoparticles

• Indications that on a mass basis, insoluble nanoparticles are more toxic

than larger particles with similar chemistry.
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Airborne nanomaterials
Managing inhalation exposure - current knowledge

• Lung dose

• Exposure measurement

• Filter efficiency

• Engineering controls

• Exposure management systems
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Large Particles

Small Particles

Airborne Particle Behavior
5 key mechanisms

Interception Settling

Air Direction

Inertial

separation

- - - - -

+

Electrostatic

attraction

Diffusion
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Nanoparticles and nanostructured particles
The significance of particle size

10 nm 1 !m 10 !m

Deposition throughout

the respiratory system

Penetration beyond the

respiratory system

Penetration to the deep lung

Comparable surface

area/activity to discrete

particles

Comparable surface

area/activity to discrete particles

Possible dissociation to smaller

particles

Particle size is important, but so is

particle nanostructure
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Deposition models - LUDEP, ICRP
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Monitoring nanoscale aerosol exposures
Options

• Adapt current mass-based approaches

• Continuity with the past

• Sensitivity and relevance issues

• Measure size distribution

• Provides a lot of information

• Impractical in many instances

• Monitor number concentration

• Relatively simple

• Difficult to differentiate between process-related and background

aerosols

• Relevance?

• Monitor aerosol surface area concentration

• Relevant for some materials

• Is this achievable?
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Aerosol surface-area measurement
Using attachment rate

+
+

Ions

Electrometer

Charge on

Aerosol

Surface

Area
!

DC2000 CE Diffusion Charger

EcoChem

+
+

+

+

+
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Aerosol surface-area measurement
Diffusion Charger Response
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Are filters effective for airborne nanoparticles?

Single Fiber Efficiency - Theory and Experiment
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Are engineering controls effective for airborne

nanoparticles?

Air Stream

No capture

Capture

Based on the inertial behavior of airborne particles

Micro, high

inertia

Nano, negligible

inertia
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Working with Engineered Nanomaterials
Control banding - concept

For all hazard group E substances, choose control approach 4

Hazard Group E

443Large

443Medium

322Small

Hazard Group D

442Large

332Medium

211Small

Hazard Group C

331Large

221Medium

111Small

Hazard Group B

221Large

211Medium

111Small

Hazard Group A

High DustinessMedium DustinessLow DustinessAmount Used

Parameters

Hazard Group

Dustiness

Amount Used

Control Approach

1. General Ventilation

2. Engineering Control

3. Containment

4. Specialist Advice

www.ilo.org
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Working with Engineered Nanomaterials
Can Expert Control Banding be used?

A

E

D

C

B

A

EDCB

Exposure Index

Im
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Impact Index
• Bulk hazard

• Surface Area

• Surface

Activity

• Shape

• Size

Exposure Index
• ‘Dustiness’

• Amount Used

Control Approach

• General Ventilation

• Engineering Control

• Containment

• Specialist Advice

CO
NCEPTUAL

CO
NCEPTUAL
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Working with Engineered Nanomaterials
NIOSH Communications

• Nanotechnology topic page

• Strategies for working with
engineered nanomaterials

• Fact Sheet

• Raise awareness on nanotechnology
and occupational health

• Frequently Asked Questions (and
answers)

• A resource for developing
occupational hygiene strategies

• Current Intelligence Bulletin

• Engineered nanomaterials

• Summary document to accompany
the CIB
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Working with Engineered Nanomaterials
FAQs - draft outline, December 2004. Publication date: Soon!

1 AIMS AND SCOPE OF THE FAQ

2 DESCRIPTIONS AND DEFINITIONS

3 EXPOSURE TO NANOMATERIALS.
3.1 Potential Health Risk

3.2 Exposure to nanomaterials

3.3 Exposure routes

3.4 Nanoparticle behavior in the body

3.5 Toxicity and potential health risk associated with nanomaterials

3.6 Toxicity and potential health risk associated with carbon nanotubes

4 WORKING WITH ENGINEERED NANOMATERIALS
4.1 Exposure standards and regulation

4.2 Measurement and characterization

4.3 Controlling exposure to nanomaterials

4.4 Use of personal protective equipment with nanomaterials

4.5 Good working practices

5 POTENTIAL APPLICATION OF NANOTECHNOLOGY TO OCCUPATIONAL

SAFETY AND HEALTH

6 GENERAL INFORMATION
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Working with Engineered Nanomaterials
Useful questions to ask

• What is the potential for human exposure (inhalation, skin, ingestion,

eye contact etc.)?

• What is known about the magnitude of potential exposures?

• What is known about the health risk associated with the nanomaterial?

• What are the health hazards associated with the bulk material(s)?

• What material attributes may affect the hazard?

• Particle size?

• Surface Structure?

• Surface Chemistry?

• Particle shape?

• Can available information be used to estimate appropriate exposure

limits?

• How should exposures most appropriately be measured ?

• What measures can be taken to reduce exposures?
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Fostering partnerships and dialogue

• Sponsored by NIOSH

• Supported by NORA Emerging

technologies team

• Hosted by the University of

Minnesota

• October 3 - 6 2005, Minnesota

• Multi-stakeholder meeting

• www.cce.umn.edu/nanotechnology

Second International

Symposium on

Nanotechnology and

Occupational Health
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Controlling technology impact
The accepted model?

…with nanotechnology, we still have the chance to make a

difference before the train leaves the station


