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� How are we exposed?
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‘Asbestos Warning’ on Nanotubes

“Carbon nanotubes, the poster child of the 
burgeoning nanotechnology industry, could 
trigger diseases similar to those caused by 
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trigger diseases similar to those caused by 
asbestos, a study suggests”

Jonathan Fildes , 2008. Science and technology repo rter, BBC News 



‘Asbestos Warning’ on Nanotubes

Nanotoxicology: The Asbestos Analogy Revisited 

Direct injection of long multiwalled carbon nanotubes 
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Direct injection of long multiwalled carbon nanotubes 
into the abdominal cavity of mice produces asbestos-

like pathogenic behaviour. What does this finding 
mean for nanotube safety?

A.B. Kane and R.H. Hurt, 2008.



‘Asbestos Warning’ on Nanotubes

“There is strong evidence that if carbon nanotubes get 
into the wrong place, they can cause mesothelioma, the 

dreadful disease. Carbon Nanotubes are as bad as 
Asbestos particles.”

“Because of the strength of the carbon nanotubes, 
they’re being used in sports equipment. Carbon 

nanotubes are seen in baseball bats, tennis racquet s, 
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nanotubes are seen in baseball bats, tennis racquet s, 
and golf clubs with this material.”

“If people can breathe it in and if they do, whethe r 
these fibers can work their way to the outer edge o f the 

lung and then cause an effect. So we should take 
emergent steps to avoid the excess use of these 

carbon nanotubes, which would be a precursor for 
mesothelioma.”



Nanotechnology
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Nanotechnology
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INTRODUCTION: DEFINITIONS

Nanoparticle :  A subclassification of ultrafine particles with 
lengths in the 2-3 dimensions greater that 0.001 � m (1 nm) 
and less than 0.1 � m (100 nm) which may or may not   
exhibit a size related intensive property.

ASTM E2456-06, 2007

� “Nano” = One billionth or 10-9
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INTRODUCTION: DEFINITIONS

Nanotechnology: The design, 
characterization, production and 
application of structures, devices and 
systems by controlling shape and size 
at the nanometer scale.

ROYAL SOCIETY/ROYAL ACADEMY OF 
ENGINEERING WORKING GROUP, 1994
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Nanotoxicology: The science of engineered   
nanodevices and nanostructures that deals with thei r 
effects in living organisms
ENVIRONMENTAL HEALTH PERSPECTIVES, 2005, 113(7): 

823 -839.



INTRODUCTION: SOURCES OF 
NANOPARTICLES

� Natural
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� Incidental

� Engineered



INTRODUCTION: NANOPARTICLE 
TECHNOLOGIES

Babolat® NS™ Drive

� Sporting equipment

� Textiles

� Cosmetics, personal care

� Electronics
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Babolat® NS™ Drive
tennis Racket

BIONOVA Cosmetics
Barney’s New York

Bike n Hike Pants
Jack Wolfskin®

� Coatings 

� Medical

� Antibacterial

iPod Nano®



INTRODUCTION: WHY SHOULD WE BE 
CONCERNED

� � Surface Area = �� Reactivity

� Virtually unknown health effects

� Eventual exposure to humans and the 
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� Eventual exposure to humans and the 
environment 

� Intentional
� Disposal
� Accidental



NANOPARTICLE CHARACTERISTICS

� Physicochemical 
properties of nanoparticles 
that may that may 
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that may that may 
influence biocompatibility

Toxicological Sciences, 
2008, 101(1): 4-21



EXPOSURE: POTENTIAL FOR RELEASE AND 
EXPOSURE TO NANOSCALE SUBSTANCES
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Exposure Pathways
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EXPOSURE: PATHWAYS
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ENVIRONMENTAL HEALTH PERSPECTIVES, 2005, 113(7): 82 3 - 839



EXPOSURE: OCCUPATIONAL

NANOSCALE PARTICLE FORM
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IMMOBILIZED OR 
ENCAPSULATED

LIQUID DUST 
(AEROSOLIZED)
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EXPOSURE: OCCUPATIONAL

Workplace Activity
� Production of Products of 
Nanotechnology
� Handling of Nanoparticles

� Liquid Media
� Gas Phase
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� Gas Phase
� Nanopowders

� Equipment Maintenance
� Cleaning of Filter



POTENTIAL HEALTH EFFECTS
KEY TOXICITY TARGETS
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RESPIRATORY SYSTEM



RESPIRATORY SYSTEM
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ENVIRONMENTAL HEALTH PERSPECTIVES, 2005, 113(7): 823-839

RESPIRATORY (1/18)



RESPIRATORY SYSTEM
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ENVIRONMENTAL HEALTH PERSPECTIVES, 2005, 113(7): 823-839

RESPIRATORY (2/18)



RESPIRATORY SYSTEM

500 nm thickIron

• 10 minutes clearance through alveolar capillary 
barrier
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Journal of Nanobiotechnology 2004, 2:12 

RESPIRATORY (3/18)

barrier

• Liver, Spleen, Kidneys, Testicles
•Toxicological Sciences.  2009 107(2): 342 - 351



RESPIRATORY SYSTEM
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NANOLETTERS, 2006, 6(6): 1121 - 1125

RESPIRATORY (4/18)



RESPIRATORY SYSTEM
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NANOLETTERS, 2006, 6(6): 1121 - 1125

RESPIRATORY (5/18)



RESPIRATORY SYSTEM
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NANOLETTERS, 2006, 6(6): 1121 - 1125

RESPIRATORY (6/18)



RESPIRATORY SYSTEM
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ENVIRONMENTAL SCIENCE AND 
TECHNOLOGY, 2005,39: 1378 - 1383

RESPIRATORY (7/18)



RESPIRATORY SYSTEM
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ENVIRONMENTAL 
SCIENCE AND 
TECHNOLOGY, 
2005,39: 1378 - 1383

RESPIRATORY (8/18)



RESPIRATORY SYSTEM
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ENVIRONMENTAL HEALTH PERSPECTIVES, 2005, 113(7): 823-839

RESPIRATORY (11/18)



RESPIRATORY SYSTEM
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Circulation 2002, 105(4): 411-441.

RESPIRATORY (12/18)



RESPIRATORY SYSTEM
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ENVIRONMENTAL HEALTH PERSPECTIVES, 2006, 114(8), 1172 - 1178

RESPIRATORY (13/18)



RESPIRATORY SYSTEM
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TOXICOLOGICAL PATHOLOGY, 2006, 34(7): 949 - 957.  

RESPIRATORY (14/18)



RESPIRATORY SYSTEM
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JOURNAL OF TOXICOLOGY AND ENVIROMENTAL HEALTH, PART A, 
2002, 65: 1531 - 1543

RESPIRATORY (15/18)



RESPIRATORY SYSTEM
� Translocation to  extrapulmonary sites

� Spleen
� Heart
� Liver
� Kidney
� Bone Marrow
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� Bone Marrow

• INHALATION TOXICOLOGY, 2004, 16, 453 - 459
• JOURNAL OF TOXICOLOGY AND ENVIRONMENTAL HEALTH, PART A, 

2002, 65: 1513 - 1530
• JOURNAL OF CONTROLLED RELEASE, 1995, 36: 39 - 46.
• AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE 

MEDICINE, 2002, 166: 1240 - 1247
• ENVIRONMENTAL HEALTH PERSPECTIVES, JULY 2005, 113(7): 823-839

RESPIRATORY (16/18)



POTENTIAL HEALTH CONCERNS
KEY TOXICITY TARGETSKEY TOXICITY TARGETS
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INTEGUMENTARY SYSTEM (SKIN)

36ENVIRONMENTAL HEALTH PERSPECTIVES, 2005, 113(7), 823 - 839. 

INTEGUMENTARY SYSTEM (1/12)



INTEGUMENTARY SYSTEM (SKIN)

� Human skin penetration of sunscreen 
nanoscale particles

� TiO2

• No penetration beyond the stratum 
corneum (SC)
ADVANCED DRUG DELIVERY REVIEWS, 2007, 54(SUPPL.1): S157 - 163.
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EXPERIMENTAL DERMATOLOGY, 2008, 17(8): 659-667.
SKIN PHARMACOLOGY AND PHYSIOLOGY, 2008, 21(3): 136-149.

� ZnO
• No penetration of ZnO through the 

epidermal membrane
SKIN PHARMACOLOGY AND PHYSIOLOGY, 2007, 20(3): 148-154

SKIN PHARMACOLOGY AND PHYSIOLOGY, 2008, 21(3): 136-149.

INTEGUMENTARY SYSTEM (3/12)



POTENTIAL HEALTH CONCERNS
KEY TOXICITY TARGETS
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GASTROINTESTINAL SYSTEM
� Inhaled Iridium 

nanoparticles are 
excreted through the 
feces

• JOURNAL OF TOXICOLOGY 
AND ENVIRONMENTAL 
HEALTH, PART A, 2002, 65: 
1513 - 1530.
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1513 - 1530.
• INHALATION TOXICOLOGY, 

2004, 16: 453 - 459.

GASTROINTESTINAL SYSTEM (1/5)



GASTROINTESTINAL SYSTEM
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JOURNAL OF PHARMACEUTICAL SCIENCES, 2001, 
90(12): 1927 - 1936

GASTROINTESTINAL SYSTEM (2/5)



GASTROINTESTINAL SYSTEM
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JOURNAL OF PHARMACEUTICAL SCIENCES, 2001, 90(12): 1927 - 1936

GASTROINTESTINAL SYSTEM (3/5)



GASTROTINTESTINAL SYSTEM

JEJUNUM

DUODENUM

NON-PATCH TISSUE PEYER’S PATCHES

Nanoparticle internalization within:

42

ILEUM

Nanoparticle internalization within:

Epithelium Lymphocytes in the 
Peyer’s patches

Lamina propria 
of the villi

PHARMACEUTICAL RESEARCH, 
2002, 19(8): 1185 - 1193

GASTROINTESTINAL SYSTEM (4/5)



GASTROINTESTINAL SYSTEM
� (CdSe)ZnS Quantum 

Dots
� QD degradation in 

gastric environment 
• Release of toxic 

Cd2+
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Cd
� Caco-2

• Cellular 
detachment

• Death

PHOTOCHEMICAL AND PHOTOBIOLOGICAL SCIENCES, 
2008, 7(6): 725-729

JOURNAL OF NANOBIOTECHNOLOGY, 2008, 6:11

GASTROINTESTINAL SYSTEM (5/5)



NIOSH Research Activities

� National Institute of Occupational Safety 
and Health (NIOSH)/Centers for Disease 
Control and Prevention (CD)

� Nanotechnology Research Center 
(NTRC)
• Established in 2004
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• Established in 2004
• NIOSH funding

–2005 - $3.0 Million (USD)
–2006 - $3.7 Million (USD)
–2007 - $4.6 Million (USD)

NIOSH Research Activities (1/5)



NIOSH
� Nanotechnology Research Center (NTRC)

� Determine whether nanoparticles and 
nanomaterials pose risks of injuries and 
illnesses for workers.

� Conduct research on applying 
nanotechnology to the prevention of work-
related injuries and illnesses.

� Promote healthy workplaces through 
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� Promote healthy workplaces through 
interventions, recommendations, and 
capacity building.

� Enhance global workplace safety and health 
through national and international 
collaborations on nanotechnology research 
and guidance.

NIOSH Research Activities (2/5)



NIOSH Research Activities
� Critical Topic Areas

� Toxicity and Internal Dose
� Risk Assessment
� Epidemiology and Surveillance
� Engineering Controls and PPE
� Measurement Methods
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� Measurement Methods
� Exposure Assessment
� Fire and Explosion Safety
� Recommendations and Guidance
� Communication and Education
� Applications

PROGRESS TOWARD SAFE NANOTECHNOLOGY IN THE 
WORKPLACE, NIOSH, JUNE 2007

NIOSH Research Activities (3/5)



NIOSH Research Activities
� Measurement Methods

� Mass Measurements

Number of Particles: 1 gram of Titania has ….

BULK 
SCALE
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Adapted from:  KEVIN AUSMAN, HTTP://CBEN.RICE.EDU

54 particles Ten Billion 
particles Ten Quadrillion

Bulk scale (1  mm) Nano Scale (1  nm)Micron scale (1  mm)

NIOSH Research Activities (4/5)



NIOSH Research Activities
� Measurement Methods

� Particle Counters
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� NTRC - Evaluating the effectiveness of these at 
measuring nanoparticle exposure in the 
workspace

MARK METHNER, CDC/NIOSH

NIOSH Research Activities (5/5)



fume

dust / mist

2,000 nm

Detection
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Detection
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http://www.nanosight.co.uk/

10 to 1,000 nm

15 to 600 nm

LM20 



Detection
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http://www.lum-gmbh.com

40 to 1,000,000 nm



Dynamic Light Scattering (DLS)
Photon Correlation Spectroscopy 
(PCS)

Detection
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http://www.pssnicomp.com

500 to 2,500,000 nm



Detection
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500 to 2,500,000 nm



Detection
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10 to 1,000,000 nm



Detection
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http://www.horibalab.com

LB-550 -
DLS

1 to 6,000 nm
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T.A.J. Kuhlbusch,  U. Rating, T. van der Zwaag, H. F issan and C. Asbach
Institute for Energy and Environmental Technology



Dynamic light scattering
Capillary Hydrodynamic Fractionation
Ultracentrifugation
Thermal Field-Flow Fractionation
Kim Williams, Colorado School of 
Mines 

Detection
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Mines 
Refractive Index
Diffusing Wave Spectroscopy 
Contact Angle Measurements
Thin Layer Wicking
Local Deformation Measurements
Confocal Laser Scanning Microscopy



Conclusions
� Nanotechnology will be the next industrial 

revolution
� Environmental fate and effects are not known
� Exposure pathways are not fully understood 

particularly with the development of new products 
and applications

� Public needs to be informed of the benefits and 
potential risks
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potential risks
� Nano-particles can be measured?

� What do you measure?
� How do you interpret the data?
� Are you measuring things that matter?


