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What is Nanotechnology?

Nanotechnology is the understanding and
control of matter at dimensions of roughly 1 to
100 nanometers, where unique phenomena
enable novel applications.

Encompassing nanoscale science, engineering
and technology, nanotechnology involves
imaging, measuring, modeling, and
manipulating matter at this length scale.

http://nano.gov/html/facts/whatIsNano.html
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The Nanoscale

Courtesy Office of Basic Energy Sciences,
Office of Science, U.S. Department of Energy 
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What Is Nanotechnology?

Common

Public Perception

Common

Sci/Eng Perception
1st Major New

Class of 

Materials 

Since Polymers

Courtesy of Kevin Ausman



5

Size Matters

Bulk Gold = Yellow

Nanogold = Red

Properties that can change at/along the nano-scale include:
Color, reactivity, magnetism, friction, electrical conductivity…

Rose Window of
Notre Dame in Paris

(Accidental)
Nanotechnology

Unique phenomena
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Future Nano

Cancer detection and

treatment in a single

office visit

Hypospray: Nano

Inside?

Battlesuit that monitors health,

eases injury, communicates &

enhances performance

Able to leap tall

buildings in a single

bound?

Elevator that ferries satellites,

spaceships, and pieces of

space stations into space

Novel applications
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Potential Benefits are Numerous

DOE Stanford University

MIT Institute for Soldier Nanotechnologies DOE

CBEN Rice University
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Different Types of Nanomaterials

Sunscreen pigmentsSandblastingViruses

NanocapsulesIndustrial effluentsVolcanic ash

NanotubesWelding fumesMineral composites

Quantum dotsDiesel exhaustSea spray

BuckyballsCooking smokeForest fires

Human Origin
(engineered)

Human Origin
(incidental)

Naturally
Occurring

Nanotechnology

Engineered nanomaterials are very diverse with near limitless tunability
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Theme 1: 

Nanoscience at the

Wet/Dry Interface 

(Colvin)

Center for Biological and
Environmental Nanotechnology

Pd+

Theme 3: Nanoparticles for

the Environment

(Alvarez/Hughes)

Theme 2: Nanoparticles

for Medicine 

(West)

Functional
Nanoparticle

Applications and Implications
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Applications: Nanoshell “Tunability”

Drezek, West et al., Ann. Biomed. Eng., 2006; West, Drezek, et al., J. Biomed. Opt, 2005

Increasing
Core : Shell Ratio

60 nm Core Radius
20 nm Shell

60 nm Core Radius
5 nm Shell

Changing the size of
the nanoshell affects
where it absorbs light

Near-infrared
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Tumor capillary

“Leaky” endothelium

Cancerous cells

Nanoshell-based Therapeutics

Diode
Laser

820 nm

NIR light induces heating of nanoshells, destroying tumor
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Integrated Imaging and Therapy

Imaging Treatment

Tumor grown on

hind leg of mouse

Nanoshell

suspension

Drezek, West, et al., submitted to Nat. Biotech.; Drezek, West, et al., NanoLetters, 2005
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CBEN Research Highlights

Surface modifications reduce nanotube
toxicity (Colvin, West)

0.0
Tesla

0.36
Tesla6

min

A B

Nano magnets soak up poisonous arsenic
(Tomson, Colvin)

Buckyball aggregates cause pericardial
edema in zebrafish (Alvarez, Tomson, Colvin)
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Risk: Three Areas of Concern

End-of-use issues:
Ecological impacts

Worker and
laboratory safety

Direct consumer
contact

What do we know about the “implications” of nanomaterials?
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Nano Scare Story?

Magic Nano bath sealant

• Bathroom sealant allegedly created a
nanoscopic film on tiles, purported to
contain nanoparticles

• Caused over 100 cases of “intoxication”
• Multinational product recall within days of

product release
• Product name framed this event as a nano

horror story
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Prelim Hazard Data Causes Concern

CBEN Rice University

Photo: Massimo Lorenzoni

Sayes et al (2005)
NanoLetters

Derfus et al (2004). Nanoletters

Long et al (2006). ES&T www.brixham-lab.com

CdS

C60

TiO2

C60

C60

C60Nanotubes

Picture: SIMON O'DWYER
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Nanotechnology and Risk: Technical Data

Human lung and asbestosis

500 nm

Asbestos SWNT

The technical data in this field is highly complex and may
remain controversial for some time

• Overgeneralizing nanomaterial behavior (good or bad)
• Poor analogies between ultra-fine and engineered nanoparticles
• Many exposure settings (workplace, consumer …) and material types
• Poorly developed analytical tools and methods for risk assessment

?



18

How Risk Research Stacks Up

1%
NT
EHS NT ≅

%1
NT
EHS NT ≅

Publications
Source: Lux Research, ICON

US Fed Funding
Source: PEN, Wilson Center

All numbers for 2005
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Calls for More Risk Research

And many others…

How can we bring these groups together
to achieve a common goal?
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The International Council on Nanotechnology

A global perspective on the potential
risks of nanotechnology

High quality technical information
and knowledge capsules for all levels

All stakeholders communicate and
cooperate in nanotechnology EHS

Stewardship for sustainable
nanotechnology

 Experts from academia, industry,
government and non-profit organizations

 Transparent and shared governance

 Members from N. America, Europe & Asia
 International stakeholder meetings held

around the world

 World’s first publicly accessible database of
nano-EHS citations

 White papers summarizing current
knowledge on specific aspects of nano EHS

 Survey of current practices for nanomaterial
handling in the workplace

 Best practices for nanomaterials throughout
product lifecycle

Developing and communicating information regarding potential environmental and health
risks of nanotechnology thereby fostering risk reduction while maximizing societal benefit.
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ICON’s Mission

We do this by supporting activities and policies that are:

Multi-stakeholder

 International 

Unbiased

Technically based 

To develop and communicate information regarding potential
environmental and health risks of nanotechnology thereby
fostering risk reduction while maximizing societal benefit.
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ICON Meets Needs for Information

EHS Literature Database

High-quality information about nanotechnology’s

risks and benefits

Nanomaterial
Handling Survey

Public Information Portal
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More information

For more information see our websites:

http://cben.rice.edu

http://icon.rice.edu

Or contact me at:

Kristen Kulinowski

kk@rice.edu

+1.713.348.8211


