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Ouﬂine of Talk

e Role of the National Nanotechnology
Coordination Office (NNCO) in the National
Nanotechnology Initiative

e Development of nanotechnology

e Potential environment, health, and safety
implications of nanotechnology - engineered
nanomaterials

e What is the NNI doing to address the EHS
Implications of engineered nanomaterials?
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" The National Nanotechnology Coordination Office

< The National Nanotechnology Coordination Office
(NNCO) was established by a Memorandum of
Understanding between DOD, DOE, NIH, DOT, EPA,
NASA, NIST, and NSF that became effective on January
15, 2001

< The NNCO is financially supported by contributed funds
from these agencies in proportion to their requested
R&D funding for nanotechnology for each respective
year -

= NNCO annual budget has remained at about 0.2% of
the requested NNI annual budget

L)
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The National Nanotechnology Coordination Office

~ % The NNCO:
= Serves as the Secretariat for the NSET Subcommittee and supports the
interagency coordination activities of the NSET

= Provides technical and administrative support to the NSET Subcommittee
and to working groups established by the NSET Subcommittee

= Chartered to serve as the point of contact on Federal nanotechnology
activities and to conduct public outreach on behalf of the NSET
Subcommittee

= Promotes transfer of the results of Federal nanotechnology R&D for
commercial use and public benefit

= Maintains and updates the NNI website

< The NNCO was established by law by the 21st Century Nanotechnology
Research and development Act (PL 108-153) - signed by the President in
December 2003. This Act established a number of new reporting and
advisory requirements to be carried out by or facilitated through the
NNCO
= Enter into an arrangement with the NRC of the National Academy of Sciences
to conduct a triennial review of the Program

= Provide technical and administrative support to the NNAP
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NNAP
(PCAST) ,

NSTC —— OSTP OoMB

CcT €S

sssns

Natlon?l Industry Liaison WG
Academies
—I Nanomanufacturing WG I

Type of organization: Type of relation:
Formal reporting

Government: EOP I Government: NSTC |

sssssss Informal reporting

I | vipiementing ||| | —— — Administrative or
contractual

*  NSET SC member departments and agencies:
CPSC; DHS; DOD; DOE; DOC (BIS, NIST, PTO, TA); DOJ; DOS; DOT; DOTreas; EPA, HHS (FDA,
NIH, NIOSH); ITC; ITIC; NASA; NRC; NSF; USDA

§ The NNCO provides support to, and works on behalf of, the NSET SC; the NNCO Director
reports to the White House Co-Chair of the CT.
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® NNCO Working Level Interactions

23 Agencies of NSET OSTP
Subcommittee

National Research Council

OMB

NNAP (PCAST)

NSET Subcommittee &

Contractors Comm. On Tech
PUb“(iNJbZ:(t)ggh NNI NNCO House of Representatives
Committee on Science
Press .
Senate Committee on
Commerce, Science and
Professional Societies & Transportation

NGOs

Working Groups and
Task Forces of NSET
Subcommittee

Congressional
Nanotechnology
Caucus

Editors, Graphical Artists,
and Printers
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e Six agencies developed 2001 NNI proposal

e Now have 23 NSET Subcommittee member
agencies + two additional agencies in NEHI WG

DOE &

NSE - @
2001 Six 2002 Seven 2003-4 Four 2005 Six New
Agencies New Agencies New Agencies Agencies
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How is the Government Investing $1B NNI Funding?

$1,082 Million is FY2005 Estimated NNI Funding

NSF - 338
DOD - 257
DOE - 210
HHS - 146
NIST - 75
NASA - 45
EPA - 5
USDA -

DOJ -

DHS - 1

Academia
~65 %

Government
Intramural

~25%

Industry ~10%

Single and Multiple
Investigators

Centers and User
Facilities

NRL, AFRL, ARL NIH,
NASA, NIST, EPA, FDA,
DOE Nat Labs

SBIR, STTR, ATP,
DOD Contracts
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Nanotechnology Development

Manipulating/ controlling

»h £ Ode\\“g 2004 - 50,000 atoms
100 nm long nanotube

1995 - 5000 atoms

1985-1990 - Computer

aided molecular design; - i\
pharmaceuticals, S\m

pesticides, proteins

Biotechnolgy

1968 - H,0 N
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ﬁExtraordinary Atomic Level Detail in STM Images

2 Rmbcd Se
NI
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What Is Nanotechnology?

<*Research and technology development
aimed to understand and control matter
at dimensions of approximately 1 - 100
nanometer - the nanoscale

<Ability to understand, create, and use
structures, devices and systems that
have fundamentally new properties and = {SSSmEhe
functions because of their nanoscale of DW Carbon Nanotube —
structure Zuo, et.al

<Ability to image, measure, model, and
manipulate matter on the nanoscale to
exploit those properties and functions

< Ability to integrate those properties and
functions into systems spanning from
nano- to macro-scopic scales

Corral of Fe Atoms — D. Eigler
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Human Hair

Dust collected 5 miles from

Courtesy of
Mt. St. Helens

Andrew Maynard

Welding fume

Respirable crystalline
silica

—— Single walled carbon
5 ™ nanotubes

B )
50 111

1 mm 100 pum 10 pum 1um 100 nm 10 nm 1 nm
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Electron in a Sphere - Quantum Size Effect

Example: for Gold m* = m,

For AE = 1.6 eV (energy for red light
emission), D ~ 1.6 nm

If m* # m,as for some semiconductors, e.g.
InSb; m* = 0.014 m,,, CdTe; m* =0.11 m;
then D ~ 114 nm and 14 nm respectively

2n°r°h’ 67°h° m
E == "~ = E,-E =———=45x10"=% D2ev
n mD mD _ m
E_=Radial energy eigenstate cammn! “ﬂﬂl 3||||Il|9 mmlel
D = Diameter of nanocrystal in meters Mallv Bﬁecls II’(IIII
m, Free electron mass more realistic models

m”  Effective electron mass in crystal nm ac(munmd mr
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BE

* Previous Graph Expanded for Smaller Particles
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Size-Tunable Gold Nanocrystal Fluorescence
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Cluster Size
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ength n
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JZheng, CZhang, RMDickson PRL Aug 2004 Vol 93
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Various Size Effects in Gold

Scanning Tunneling Micrograph of Au g ::: A 20 nm 10 nm
Clusters on Titania s —
§ 140 %
E 100 =
~ 0.0 2
: 5
(Cluster Morghology vs. Size g
@ 500 T T e i o T T
- 60 i ' Wavelength (nng I
L :
o~ &
:o z_ol‘ 0 & 20 100
(a) (b) Cluster Diameter (nm)
Electron Enhanced Surface Sites Plasmon Resonances
Quantum Size for Catalysis at ~ 3nm on Nanoshells of
Effectat < 1nm varying thickness at

~ 120nm diameter
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- Nanoscale = High Ratio of Surface Area to Vol.

Repeat 24 times

8 Cubes Side L 1 Cube
Each has Surface area 6L 2 Length of sides 2L
Total Surface Area 48 L? Surface area 24 L 2

For example, 5 cubic centimeters - about 1.7 cm per side - of
material divided 24 times will produce 1 nanometer cubes and
spread in a single layer could cover a football field
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e Dendrimers

Spherical

e Macro-molecular str

Catenane

£

STM Image
and Model of
Porphyrin

EPA Millennium Lecture Series 042505

_)- ™ SiC Flowers

s, belts ... - carbon and other

@ 0(»0

e Biomolecular structures

LA

Zn0O Tube GaN Rods

Tubular

Rotaxane

STM Image
| of DNA
4 Segment

ECTeague NNCO/NSET/NSTC



002
n||M1i




Nanoclay
Composite

Filtek™ Supreme
Universal Restorative

Tennis Racket
Five Times More
Rigid

Nanosilica Composite
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"> Nanotechnology is ‘Now’

Selected High Technology products

100 mm X 100 mm

bond area
3
E
g E
¥ E
= s E_‘
" Ti6Al4V §
_—__ =
High
Temperature,

Local heat source
43’51‘;’01”
- Hedica

QUANTUMDOT

Biocompatible
nanomaterial bone screws | |

Bone bonding in 2 weeks and

Quantum dot labeling
osseo-integration in 4 weeks

for tracking five
cellular components
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- 2005 Small Times Study of Nano “Industry”

e Nanotechnology Companies and Organizations in the United
States - headquartered in US or with major business activity
In US

e |dentified 1455 companies, organizations and agencies
complying with strict selection criteria based on the US NNI
definition of nanotechnology

e INncludes:

= Organizations providing supplies, materials, or professional
services to companies In this space

= [ndustry associations and nanotech-focused economic initiatives

e ldentified 774 companies in manufacturing, conducting R&D
INn ““nano space,” or equipment suppliers

e Producing over 600 individual products - largest number of
products are in materials and bionanotechnology category
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e Chemical reactivity of nanoscale materials greatly
different from more macroscopic form, e.g. gold

e Vastly increased surface ai Q
upwards Qf 100C | J
\
o Quantuf . mechanlcal

electror etic properties of
nanosc

e New C al forms of common chemical elements,
e.g., fullerenes, nanotubes of carbon, titanium
oxide, zinc oxide, other layered compounds
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e NNI Strategic Plan

Goal 4: Support responsible
THE NATIONAL development of
NANOTECHNOLOGY INITIATIVE nanotechnology:

STRATEGIC PLAN .
e Environmental, health and safety

implications

e Ethical, legal and other societal
issues

Program Component Area 7:
Societal Dimensions

e Environmental, health and safety
research

Developed by the Nanoscale Scnence Engmeermg
and Technology Subcommittee

e Education

Committee on Technology

National Science and Technology Council = - =

P— RO = Broad societal implications

WWW.Nano.gov
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~ Group Organized to Coordinate Nano ESH

e NSET Working Group on Nanotechnology Environment
and Health Implications (NEHI WG)

e Membership from all relevant regulatory and research
agencies, OSTP, and OMB

e Goals of Working Group:

* Provide for exchange of information among agencies that
support nanotechnology research and those responsible for
regulation related to nanoscale materials and nanotechnology-
based products

= |dentify/prioritize research needed to support regulatory
decision-making and communicate those needs to the
research agencies

e Convened in August 2003 by NNCO in coordination with
OSTP; meeting monthly since February 2004
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Topics Being Addressed by NEHI WG

e Nomenclature for identifying and delineating nanomaterials
= ANSI-Nanotechnology Standards Panel formed
= Supporting establishment of ISO Technical Committee
= EHS standards for nanotechnology a priority
e Documentation of “recommended practices™ for working with
the nanomaterials
= Documentation being developed by NIOSH & OSHA
= Q&As and “Current Intelligence Bulletin™ to be forthcoming

e Data on potential toxicity of nanomaterials

= National Toxicology Program under DHHS began study of Ti0,,
nanotubes, and quatum dots in October 2003

e Strategic plan for guiding research -

= Under development with input from regulatory and research
agencies
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EPA, NSF, USDA, DOE

% plants

soil layers

air

Personal
Protection

Emission
Source/

Inventory

Risk All Agencies
Mitigation

NIOSH, EPA, FDA, DOE
Exposure Events

Fate, transport &
transformation

All Agencies
Risk _ NIH, EPA & DOE
Characterization Toxicology
& : NIEHS, Biokinetics
Communication | | 8 S
3 NTP,
| EPA
Dose

From Mark Alper with mods
DOE Molecular Foundry—Lawrence Berkeley National Laboratory
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Instrumentation, Metrology, and Standards

“Nanotechnology Standards Panel of
the American National Standards
Institute (ANSI-NSP)

Priority Recommendations Related
to Nanotechnology Standardization
Needs

= General terminology and

nomenclature - definition of the term '

“nano’ to particle size and shape
= Metrology and characterization

= Environment, health, and safety

The ANSI-NSP

= serves as the U.S. cross-sector
coordinating body for standards in
the area of nanotechnology

= provides the forum within which
stakeholders can work cooperatively
to promote, accelerate, and
coordinate the timely development of
useful voluntary consensus standards.

ANSI-NSP UV diffraction grating - courtesy
\ - of M. Schattenburg, MIT

f - — G —

{ Zyvex Corporation

= = A s ik 1
« R % Moa &
Ty ‘ - it 3
v ¢ ¢
\& N

Nanomanipulator - Courtesy of |
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oo Recommendations for Working With

Nanomaterials

e Current data are insufficient to provide definitive
strategies for working safely with engineered
nanomaterials, they do point toward the need to
approach these materials with caution.

e Methods to control airborne nanostructured particle
exposure have not been well characterized at small
particle diameters

e Theory and limited experimental data indicate that
conventional ventilation, engineering control and
filtration approaches should be applicable to particles
a few nanometers in diameter and larger in many

cases. A.D. Maynard & E.D. Kuempel -
submitted for publication
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Status of NTP Project for Nanomaterials

e NIH / NIEHS - support of the new National Toxicology
Program, multi-year project initiated in October 2003

e Funding for these studies to be ramped up to $5M/yr
by FYOS8

= Evalute physical and toxicological properties of major classes of
nanomaterials representing a cross section of size, surface
coatings and physicochemical properties and use these as model
systems to study how nanomaterials interact with biological
systems

= Determine appropriate methods of detection, characterization
and quantification of nanoscale materials in tissues and study
how materials are absorbed, distributed, taken up and
eliminated by cells and organelles

= Studies to evaluate immunotoxicity of fullerenes and quantum
dots

= Studies of inhalation toxicology of fullerenes in laboratory
animals
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w4 Environmental, Health, and Safety:

Recent Research by NSET Subcommittee member agencies

" New NSE Centers

= Center on Molecular Function at the Nano/Bio Interface
U Pennsylvania -

Basic complex biological and physiological processes

= Center for High Rate Nanomanufacturing Northeastern U,
U Mass Lowell; U of NH; and Michigan State U

Assess the environmental impact of nanomanufacturing during
process development.

EPA - Impacts of manufactured nanomaterials on human
health and the environment
Toxicology of manufactured nanomaterials

Fate, transport, and transformation of manufactured
nanomaterials

Human exposure and bioavailability

DOD - MURI: models for toxicity of generic classes nanomaterials

EPA Millennium Lecture Series 042505
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meEos  pacent & Planned EHS Related Actions

by Requlatory Agencies

e FDA has developed a new nanotechnology website:
www.fda.gov/nanotechnology - position statement

= EXpects existing pharmotoxicity tests to be adequate for
most nanotechnology products

= As new toxicological risks are identified, new tests will be
required

e EPA plans to initiate the process for instituting a
voluntary reporting program under TSCA for
nanoengineered materials

e NIOSH, EPA, and OSHA are developing statements
by relevant offices of their agencies on positions
wrt their regulatory authorities for nanotechnology
products
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Electrical imports* 0.05

Nuclear 8.0

Hydro**2.3 2.2

Distributed
electricity 11.6

/a

U. S Energy Flow Trends - 2001

Net Primary Resource Consumption ~ 97 Quads

Figures in Quadrillion BTUs
Electric \
0.04 < aamas  pOwer E [ S
. A sactor 25,9 Electrical system
Ei!ﬁ;?-‘a*s*s, s & 37.5 energy losses Lost
3.3 ) : 4.8 energy
< ". 38 559
1847 "‘. 8.2
5.4 45 06 " Al
“Natural gas: 55 e ! Residential/
g ety N3N O B A . L B LT oo loy o] commercial
E 19.8  Cacy SIE GEe e B NS RE S S8 19.3
I e .og'.'o'n 1;'00-::.» ocn ooo 'oo ooo ooo og 'oo--é;_,a'gj':o \ 8 NI
RN Bal. no. 0.7 N | 38%
Net imports 0.3 are ‘.\
8y 0.1 S/ \ 3.4
86% K \ =
0.6 2.5 LI
HC Coal 19.7 1E>;port 0.1 9-0;;“-\‘ " 145 ' Useful
23.4 ’ & = ¢ 'ndusiria 3  ener
292 =N 10,0 |HHH 15‘2 ..... oy gy
0.5 Bal. no. 0.7 \I‘ ............
Imports
1.3 E).(lport Nonfuel |
= 6.0
U.S. petroleum
and NGPL 14.9 22534
Transpor-
tation Iz
Imports 26.7 /
K 24.9 20%
£ Bal. no. 0.3

*Net fossil-fuel electrical imports

Source: Production and end-use data from Energy Information Administration, Annual Energy Review 2001

**Includes 0.2 quads of imported hydro

***Biomass/other includes wood, waste, alcohol, geothermal, solar, and wind
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Lawrence Livermore
National Laboratory
http://eed.linl.gov/flow
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CO, Emissions in Perspective

Atmosphere 730

Global Gross Primary 3 ‘ Fossil Fuel
Production and 17 !5 * Combustion and
Respiration g o S * Industrial
™~ F 5_3“ Processes
Changing -
Lznd-Use
Sl
19

e mr r mr m ur r mr war wr

Vegetation
and Soils

2,000

Ocean Sinks in GtC; Fluxes in GtC/y

Carbon Flux Indicated by Arrows: Natural Flux = Anthropogenic Flux svosmsmss e

Source: Intergovernmental Panel on Climate Change, Climsfe Change 2001: The Scientific Basis (J.K., 2001)
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NTATVE & Exarﬁples of Nanotechnology Enabled Improvements in

Energy Transformation, Storage, Transmission, & Use

e Transformation
= High efficiency, low cost photovoltaic cells
= High efficiency, low cost thermoelectric materials and devices
= Direct photo-production of hydrogen
e Storage
= High power and energy density batteries and supercapacitors

e Transmission
= SWCNT power transmission lines
= Potentially higher capacity than best superconductors
» Long distances between power line towers
e Usage
= Lighter weight transportation vehicles - planes, trains, automobiles

* Improved efficiency and lighter weight electric motors
» Improved strength and light-weight magnets and light-weight conductors

= Higher efficiency electric lights
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. Dept. of Energy estimates that ~20% of energy

used in U.S. is for illumination

e Nanotechnology quantum dot phosphors hold
promise of more economical white light LED
lighting

e LED-based lighting could cut the electricity used
for illumination by as much as 50 percent by
2025; 2X more efficient than fluorescent

Lauren Rohwer
displays the two
solid-state light-
emitting devices
using quantum dots
her team at Sandia
National Labs has
developed.

EPA Millennium Lecture Series 042505

Large Increase in Lighting Efficiency

Capacity ~2 gigawatté

Cutting electricity
for lighting in half
would result in
energy savings
roughly equivalent
to the annual energy
production of 50
power plants
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Appllcatlon Cut Power Transmission Losses

= Single nanotube can
carry up to 20 pA

= SWNTSs could have a
packing density of
~10%%/cm?

= At 5% of capacity,
perfect nanotubes
would conduct
100 X106 A/cm?

= Reduction of losses from
7% to 6% => annual
savings of 4 X100 kwhr
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e s Applications of Nanomaterials to Improve

Efficiency of Automaobiles

Sample of companies involved:

 GM, Ford, Toyota, Mitsubishi, BMW, all tire companies:
there is no major part of car that has not yet been affected by
nanotechnology (2003)

* Ex: “Nano in Cars” consortium in Germany - 6 car manufacturers,
10 suppliers, and 26 R&D university and laboratories

SWCNT _ _ _ High -efficiency,
conductorsfor [P (e ool
lighter motors olymers absorber la ger el e

Paint  metals, filters alloys for e magnets
High energy el Nanojet injection
density 1 GPS navigation

batteries and
supercapacitors _ i
vatalytic KB aanker Nanoparticle LED Lights

convt H ; .
Thermoelectric inrubber  nanotube FE lights
conversion of waste heat

Angle sensor
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Concluding Remarks

* e The NNI has recognized the importance of and invested in EHS
R&D since its inception

e By its nature nanotechnology EHS R&D will lag the discovery of
new material properties

e NNI investment in nanotechnology EHS R&D has grown along with
the investments to advance the technology

e EXisting Federal regulatory mechanisms are in place for assessing
and reqgulating workplace, environmental, and health risks of new
technology materials

e Active efforts are underway to ensure that these regulatory
mechanisms or appropriately amended ones provide proper
coverage of nanotechnology-based materials

e Research in Federal laboratories, private industry, and academia
IS now In progress to determine how the nanotechnology-based
materials may differ from conventional ones in their implications
for public health and the environment
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... If you want to know more about the NNI

€« - -G

| ] Customize Links | | Windows | | Domestic Per Diem R... | | The Trouble \With EM ...

NATIONAL
'~ NANOTECHNOLOGY
CINITIATIVE 8%

@ http:,l',l'www.nanu:u.gu:uv,l'

Point your
browser to:

WWW.Nano.gov

EPA Awards 12 Grants on
Environmental Impacts

The LS. Environmental Protection
Agency's Mational Center fior
Environmental Research (MCER) has
recently made grants to twelve
uhiversities worth a total of §4-million to
investigate potential health and
ervironmental impacts of
nanomaterials. Six ofthe NCER grants
will investinate health effects ar
environmental impacts of manufactured
nhanomaterials. The other six grants will
examine the fate and transport of
hanomaterials in the environment.

http://www.nano.gov/NNI_
Strategic_Plan_2004.pdf

About the NNI
Manotech Facts

Government Dept/Agencies
Research

Funding Opportunities
Manotechnology Centers
Mewsroom

Education Center
Resources

Fead complete story.

| ] About Yerio - Press R... | | LM3C, LAN/MARN Sta...

multi-agency
that will be

human health, economic
5 in fundamental garch t
ena and facilitates technology

Supporting the Next Industrial Revolution

.ot - .

% A-.m

NSET Releases Strateqic Plan

The Manoscale Science,
Engineering, and Technology (MNSET)
Subcommittee ofthe Mational
Science and Technology Council's
Committee an Technology has
released its 2004 Strategic Plan for
the Federal R&D program in
nanotechnology. This repor, which
was developed with the support of
the Mational Manotechnology
Coordination Office, updates the
ariginal strategic plan ofthe Mational
Manotechnology Initiative (MM for
the next 5 to 10 years.

The document contains the vision,

B | TN N A TR T ST T

1=
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