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| would like to thank Chairman Sherwood Boehlert, Ranking Member Bart Gordon, and the
Members of the House Committee on Science for holding this hearing on the environmentd,
hedth, and sefety (EH& S) implications associated with the devel opment of nanotechnology.

My fiameis David Rgeski, and | am the Director of the Project on Emerging
Nanotechnol ogies a the Woodrow Wilson International Center for Scholars. This
Project was created earlier this year in partnership with The Pew Charitable Trudts.

The Project on Emerging Nanotechnologiesis dedicated to helping ensure thet as
nanotechnol ogies advance, possible risks are minimized, public and consumer engagemernt
remains strong, and the potentid benefits of these new technologies areredized. The Project
collaborates with researchers, government, industry, nongovernmental organizations
(NGOs), and others concerned with the safe gpplications and utilization of nenctechnology.

Our'god isto take along-term look a nanotechnologies, to identify gagpsin the
nanotechnology information, data, and oversight processes, and to develop practical
drategies and approaches for closing those gaps. We am to provide independent, objective
information and andysis that can help inform criticad decisons affecting the devel opment,
use, and commercidization of nanctechnologies throughout the globe.

In short, both the Wilson Center and The Pew Charitable Trudts believe thereis a tremendous
opportunity with nanotechnology to "get it right.” Societies have missed this chance with
other new technologies and, by doing so, have made costly mistakes. We think
nanotechnology's promised benefits are o great that we do not believe the United States and
the rest of the world can afford to misca culate or misstep with nanotechnologies.

As the Committee knows, nanotechnology is expected to become the transformationa
technology of the 21% century. It isthe world of controlling matter at the scale of one
billionth of ameter, or around one-100,000" the width of ahuman hair. Researchersare
exploring new waysto see and build at this scale, reengineering familiar substanceslike
carbdn and gold in order to créete new materids with nove properties and functions.

Asthe Nationd Science Foundation (NSF) highlights, the ability to determine the novel
properties of materids and systems at this scale implies that nanotechnology eventudly
could impact the production of virtudly every human made object—everything from
automobiles, tires, and computer circuits to advanced medicine and tissue replacements—
and lead to the invention of products yet to be imagined. Nanotechnology will fundamentaly
restructure the technologies currently used for manufacturing, medicine, defense, energy
producti orll, environmental management, trangportation, communication, computation, and
education.

1M.C. Roco, R..S. Williamsand P. Alivisatos. Nanotechnology Research Directions. IWGN Workshop
Repon. Berlin, Germany: Springer, 2000, p. iii-iv.



NSF predicts that the world market for goods and services using nanotechnologies will
grow.to $1 trillion by 2015. Lux Research caclldes that in 2004 there were $13 billion
worth of producisin the global marketplace incorporating nanotechnology.? Others. estimate
there are dready over 700 producis on the market that are made frorn or with nanotechnology
or engineered nanomateriads. Worldwide about $9 billion annudly is being spent by
governments and the private sector on nanotechnology research and development.

/. What impacts are environmental andsafety concerns having on the development
and commercialization of nanotechnology-relatedproducis and what impaci might
(hese concerns have in thefuture?

Inthe midst of the tremendous excitement over nanotechnology that exigsin university
research laboratorios, govemment agencies, and corporate boardrooms, publicsthroughout
the world remain largely in the dark. A mgjor study, fiinded by NSF and conducted in 2004
by researchers a North Carolina State University (NCSU), found that 80-85% of the
American public has heard "littl€" or "nothing” about nanotechnology. Thisis congstent with
smilar polling resultsin Europe and Canad& Anecdotaly, some researchers believe that an
even higher percentage of the public remains uninformed about nanctechnology.

Earlier thisyear (2005), the Project on Emerging Nanotechnol ogies commissioned anew
report by Sénior Associate Jane Macoubrie, who co-authored the NCSU study in 2004. This
new report, "'Informed Public Perceptions of Nanotechnology and Trugt in Government,”
provides an in-depth look a what Americans know and do not know about nanctechnology.

It indicalesthat U.S. consumer e, when informed about nanotechnology, are eager to
know and learn more. They generdly are optimistic about nanotechnology's potentia
contribution to improve qudity of life. The key benefits the public hopes for are mgor
medical advances, particularly greetly improved trestment for cancer, Alzheimer's, and
disbetes

The Project'sreport findings track closaly with work done last year (2004) by University of
East Angliaresearcher Nick Pidgeon for Greet Britain's Royd Society. Pidgeon found there
were few among the British public who knew much about nanotechnology. Those thet did
were optimigtic that it would make life better. Study participants expressed concern about
privacy issues and about the high costs of nanotechnology research and development to the
British taxpayer. Some Britons aso feared that nanotechnol ogy

Zn > "Sizing Nanotechnology's Valué Chain." Neew York, NY Lux Reseerch, October 2004
% Miched D. Coob and Jane Macoubrie. "Public Peroealonsdmt Namtechnoloqy Risk, Bendfitsand Trug."
Raegh, NC: North Cardlina Sate University, 2004. Available at
http:/A/fww?2.chassincsu.edu/cobl/me/Dast%620arti d es%/620anda20working/620paper s Publice20Percetio
r§/0206bwt0/020l\|anoted1nol 0Ov%020-%620Ri ks %620Benef its¥620and¥a20Trust.pof.
* Jane Macoubrie. informed Public Perceptions of Nanotechnology and Trust in Government. Washington. i DC:
Woodrow Wilson Internationd Center for Scholars, 2005. Avalableat »
http:/Avwww.wil Soncenter.org/news/'docsmacoubriereportl odf.




would turn out to be a case of "scientigts trying to play God—a phrase frequently
atributed to the Prince of Walesin the press®

Thisgenerd public optimism about nanotechnology iswhat | consder the "good news™ In
the NCSU sudy, only 22 percent of the U.S. participants believed that nanotechnology's
risks would exceed its benefits. The rest anticipated nanotech's benefits would exceed risks
(40 percent), or expected risks and benefitsto be about equa (38 percant).

The"bad news' isthat both therecent Project on Emerging Nanotechnologiesreport
and lagt year'sNCSU study highlight " no" or "low" American publictrug in
government and-industry to manage any potential risksassociated with
nanotechnology. Thisisimportant because, both a home and abroad, the public'srisk
tolerance isweighed againgt a technology's direct benefit to them or to a group of people
they consder important—children, sénior citizens, the sick, the poor, and the disadvantaged.
It dsoishighly dependent on their confidence or trust in the people making decisions about
the technol ogy's devel opment, commercidization, and regulaion.

Wor s, the Project on Emerging Nanotechnologies report showed that alack of
knowledge—about nanotechnology-based producis, about possible health and
environmental implications, and about the overSght process desgned to manageany
potential risks—breedsU.S. public mistrust and suspicion. In the absence of balanced
information, people are left to speculate about the possible hedlth and environmenta
impacts of nanotechnology. Rightly or wrongly, without information, they often draw on
andogies of whet they consder past failures to effectively manage risks—like dioxin, Agent
Orange, or nuclear power.

A Nature magazine editoria described this Project report—aong with arecent UK. citizens
jury conducted by the universties of Cambridge and Newcastle—as providing governments
with some "direct public guidance on citizens interests that must be protected if
nanotechnology is to flourish." For policymakers, the "take home" messages from anurnber
of Sudiesare quite clear:

¢ Consumers want more informeation to make informed choices about
nanotechnology's use and greater citizen engagement in shaping how the
technology is devel oped.

» Thereaelow levéisof trust in government and industry to manage any risks
associated with nanotechnology. Thereislittle support for industry sdlf-
regulation or voluntary agreements. A mgority of the public believes that
mandatory government controls are necessary.

> Nanotechnoltigy: Views ofthe General Public. London, U.K.: BMRB Sodid Research, January 2004,
BMRB/45/1001-666. Available a www.nanotec.org.U.K /M arket%620Research.pdf.
""Vauefreenanotech?* Nature 437, September 22, 2005,45 M52,



» People have clear ideas about how to improve trust. They want government and
indusgtry to practice due diligence to ensure manufacturing and product safety. In
both U.S. and U K. sudies, thistrandated into strong support for research.and sefety
testing before producis go to market and afocus on better understanding long-term
effects on both people and the environment.

In my view, thereisgill timeto inform public per ceptions about nanotechnology and to
ensurethat nanotechnology isdeveloped in away that ditizens—aswel astheinsurance
industry, cor porateinvestors, NGOs, and regulatory officials—can trust. However,
with the production of nanosubstances ramping up and mor e and more nanotech-based
producis pouring into the marketplace, thiswindow isdosng fast. Industry remains
concemed about the possibility of liability for nanoproducts with unknown risksinan
uncertain regulatory environment. Coordinated education and engagement programswill be
needed, supported by both government and industry. ThesE programswill haveto be
Sructured to reach awide range of consumers, cutting across age, gender, and Socioeconomic
datus, utilizing avariety of media going beyond traditiond print, radio, television, film
towards nonttraditiona media such as blogs and multiplayer online games.

2. What aretheprimary concerns about the environmental and safety impacts of
nanotechnology based on the current understanding of nanotechnology?

Over the past 15 years, scientific data on the hedth and environmentd impacts of
nanostructured materias has been growing dowly. Three scientific reviews of the subject
recently have been written, each of which notes that while someinitia information asto
environmentd, hedlth, and safety (EH& S) implicationsis available, much more work
remainsto be donein thisérea

One overview of the subject by Glnter, Eva, and Jan Oberddrster notes thet [aboratory
sudies have shown that airbome nanoscae materids depositing in the respiratory tract can
cause an inflammatory response when inhdled.” The sméll size of engineered nanomaterials
aso makesit eeser for ther uptake into and between various cdlls, dlowing for trangport to
sendtive target Sitesin the body, including bone marrow, spleen, heart, and brain. Various
kinds of nanomaterids, including G-60 fullerenes, sngle-walled nanctubes, and quantum
dots, have been found to mobilize to mitochondriain cels, potentidly interfering with
antioxidant defenses. However, the trandocetion rates of these materias are uncertain.

In addition, Oberddrster et. al. report that there have been only afew studies looking a the
effects of engineered nanomaterias on environmenta systems. Water-borne carbon 60 was
found to lead to oxidative stress in the brains of largemouth bass, dthough the mechanisms of
action were uncertain. The bactericida properties of carbon60 in water have dso been
reported, and are being usad as potentiad new anti-microbia agents.

’ Glinter OberdScter, Eva Oberddrdter, Jan Oberddrater. "Nanotoxicology: An Emerging Discipline Evalving
for Sudiesof Ultrafme Partidles” Environmental Health Perspectives, July 2005, 113(7): 823-830.



However, such uses may have unforeseen conseguences on delicate ecosysemsif maerids
are released into the environment. Quoting the authors, "During a product's lifecyde
(manufacture, use, digposd), it is probable that nanomaterids will enter the environment, and
currently thereis no unified plan to examine ecotoxicological effects of [nanoparticles].”®

An aricie by Andrew Maynard and Eileen Kuempel® on theimpact of airbome
nanostructured particles on occupationa hedth notes that while anumber of sudies have
investigated the toxicity and exposure of ultrafine aerosols, there are currently no studieson
exposure and responso to engineered nanomateriasin humans. Nevertheless, our experience
with ultrafine agrosol particles (particles smdler than 200 nm that are typicaly a by-product
of aprocess) in the workplace has shown that inhaation of micro-and nano-sized fibersand
particles can lead to increased rates of cancer, lung disease, and adverse respiratory
symptoms.

In addition to Sze, the shape, solubility, surface chemistry, and surface &rea of ultrafine
particdesis known to ulerease inflammation and tissue damage. These are not properties that
are usudly consdered when evauating hazards and hedlth impacts. Whileit should be
emphasized that little data exigsin relation to the human health impact of these factors
for engineered nanomaterials, smilar responses can be expected and appropriate risk-
management rategieswill be needed.

Finally, arecent paper sponsored by the Internationdl Life Science Ingtitute® (ILS))
highlights a number of these points by noting that the unknowns and uncertainties
surrounding the current state of EH& S research imply that "there isa strong likelihood that
biologicd activity of nanoparticles will depend on physiochemica parameters not routingy
conddered in toxicity screening studies.” In short, the report concludes that "little knowledge
exigs regarding specific nanomaterid characterigtics which may be indicators of toxicity,"
requiring additiona investigations into the physiochemica characterization of these
meaterids and the development of accurate in vitroand in vivo testing methods.

Oveadl, acomparativo reading of these three overview aricies and other published
Sudies ducidates anumber of key points, including:

» Since engineered nanomaterids show behavior that depends on their physicd and
chemica sructure, risk assessment paradigms that have been devel oped based on
traditiond, bulk chemistry done may no longer be vdid.

8 Ginter Oberdorgter, Eva Oberddrster, Jen Oberdorster, p. 836.

® Amirew Maynard and Eilesn Kuempd. "Airbome Nanogtructured Partides and Occupationd Hedlth,”
Journal ofNanoparticde Research, 2005, forthcoming.

1 Ginter Obei4pfdter et. d. "Principies for Characterizing the Potential Human Heelth Effects frotn Exposureto
Nanomaterids Elementsof a Screening Strategy,” Partide and Fibre Toxicology, October 2005,2(8): 1-35.



 Inhded, nanometer-structured, insoluble particles can dicit agreater response in
the lungs than their mass would suggest, indicating mechanisms of action thet are
dependent on partide Size, surface area, and surface chemistry, among other
properties. However, Information is lacking on nanomaterias structure-related
behavior in the body.

* Inhded, nanometer-diameter particles may leave the lungs through nor
conventiona routes and affect other paris of the body, including targeting the
cardiovascular system, the liver, kidneys, and the brain. Next to nothing isknown
about the impact of engineered nanomaterias on these organs.

» Nanometer-diameter particles may be able to penérate through the skinin some
cases, dthough thisis gill an &rea of basic research and the chances of
penetracion gppear to be significantly greater for damaged skin. The potentid for
nanostructured particles present in cosmetics and other skin-based producisto do
harm may be low, but remains unknown.

 Virtudly nothing is known about the hazard of engineered nanometerids
ingested asafood additive or by accident.

» Although an understanding of the impact of engineered nanomaterids and neno-
enabled products on the environment through their lifetime is consdered criticd,
virtudly nothing is known & present.

Much of theresear ch undertaken ofar hasraised morequegionsthan ansvers To
date, the mgjority of research has focused on rdlatively basic engineered nanomaterids. As
nanomaterials move from simple to complex materials and on to active and multifunctiona
materias, mgjor knowledge gaps need to befilled before ussful quantitative risk assessments can
be carried out and before comprehensive, lifecycle risk management Strategies can be developed.
Astheimage below indicates, the technology is ideveloping more rapidly than our understanding
of the EH& S risks and our ability to respond with effective policy measures.



Active

Nanostructures
) Molecular
Transistors Nanosystems
Targeted drugs
Actuators Systems of .
Passive Adaptive Nanosystems Moléculas by
Nanostructures design
structures Robotics 3D Evolutionary
Coatings. networks systems
polymers Guided
ceramics* assemblers
2005 2020 2010

The current state of our
understanding of the risks and
our policy thinking

O I’The current state of the technologies

Timetine adapted from Roco. M..
National Science Foundation

3. What should bethe priority areas ofresearch on environmental and safety impacts of
nanotechnology? Who shouldfund and who should conduct that research?

A number of groups have developed, or arein the process of developing, lists ofresearch
priority &reas and questions of interest. These organizationsinclude the Nationd Indtitute for
Occupdtiona Safety and Hedlth (NIOSH)™, Environmental Defense, the Semiconductor
Research Corporation, and the Chemical Industry Vision 2020 Technology Partnership™.
Despite the diversity of these organizations, these gap andyses are generdly in broad
agreement on the areas requiiring fiirther research and development. Common themes
include: Toxicity (human and environmenta), exposure and materid rel éase/digperson,
epidemiology, measurement and characterization, control of exposure and emissons, safety
hazards, risk management models, and product Ufe cycle andysis.

1 Nationa Instituto for Occupationa Safety and Health. Srategic Plan for NIOSH Nanotechnology
Research: Filling the Knowedge Gaps. September 28, 2005. Available at

http://www.cdc.gov/niosh/topi cs/nanotech/strat planlNTRO.html.

Richard A. Denison. "A proposal toincrease federal funding of nanotechnology risk research to at least
SI00 million annualy." Washington, DC: Environmental Defense, April 2005. Available at
http:/AMmww.environmenta defense org/documents/’4442 1 OOmilauestionl.Ddf.

13 Semiconductor Research Corporation and Chemical Industry Vision 2020 Technology Partnership. "Joint
NNI-Chl CBAN and SRC CWG5 Nanotechnology Research Needs Recommendations.”




, Therealso appear sto be agreement that thefederal support for risk-rdated EH& S
resear ch hasbeen gread too thin. Asaresult, EH& Sresearch currently lacks enough
depth to adequatdy addressand provide subgtantial ansver sto many risk
management questionsthat will emergein both the near and long-term future.
Therefore, an effective, forwar d-looking, inter nationally recognized EH& Sresearch
drategy neadsto be developed to ful this gap.

A mgor barrier to developing a coherent risk-related research agenda of sufficient breadth
and depth—within government and in conjunction with the private sector—is alack of
coordination and information about the risk-related research the government is currently

supportirig.

To addressthisissue, the Project on Emerging Nanotechnologiesisin the process of
compiling a publicly accessibleinventory of gover nment-supported, risk-reated
resear ch—both domedtically and inter nationally—that isaddressngthe EH& S
implications of nanotechnology. It is our hope that thisinventory will be aussful tool for
informing future EH& S-related research srategies and policy decisions. Although not
comprehensgive, it will provide the most complete overview of current federdly fimded
research into the EH& S implications of nanotechnology to date.

Thefirg generation of thisinventory contains basic information on government-funded, risk-
related research projects, including summaries, outputs, duration, funding sources, and
budgets. The research is categorized on miitiple levéis. Thefirst layer of categorization
andyzes each research project by its relevance to the implications of nanotechnology,
whether the nanomaterials under investigation are intentionaly manufactured, incidental or
naturaly occurring, and whether the primary focusis on human hedth, environment, or
safety impacts. A second layer of categorization classfies the research according to its focus
within asmplified risk anayss framework. Findly, provisén is made for amore detailed,
third level of dassfication according to arange of searchable keywordsand phrases.

Asof early November, theinventory included atotal of 154 ongoing and completed
projectsin the United States, accounting for roughly $23 million per year of federally
funded resear ch acr oss 8 different agencies. The inventory adso currently includes 15
projects from sources around the world, including Canada, the U.K., and EU countries,
accounting for roughly $2.6 million per yesr.

Thisinventory will be made available online bn November 23" and will indude our initial
andydis of research gaps. We would like to submit our preliminary analysis of the federa®
EH& S research portfolio to this Committee and request thet the docket be held open until then,
if possble. Additionsto the inventory will be made as new information isreceived, and
researchers and research managers will be encouraged to contribute new ' or updated
information asther work progresses. The inventory is currently undergoing externa peer
Ueyiew, dong with interna checksfor accuracy.



There are a number of key advantages provided by the inventory:

» It can enable the coordination of research between disciplines, agencies, and
various stakeholders. It can also enable the coordination of research
intemationally, reducing the probability of duplicative research in different
countries.

e It will allow the government to develop an integrated set of EH& S policies that are
designed to make strategic investments based upon what work is already being
undertaken. By helping to identify where the need for further funding lies, the current
gaps in the EH& S research portfolio can be more easily addressed.

» It will satisfy the public's desire for greater transparency and disclosure of

government activities, a desire that has been voiced repeatedly in the surveys and
public perception studies discussed earlier.

» It will dlow for the government to form partnerships with industry around pre-
competitive research, as it becomes evident which exposure and toxicity issuesare of
interest to firms in the early stages of commerciaization. Joint funding for EH& S
research would be seen as a broad-based, long-term investment in nanoscale science
and technology and would greatly increase our understanding and ability to manage
potentia risks.

Preliminary analysis of the data indicates that most critical resear ch gaps are being
addressed to a certain extent. However, it is also apparent that cover age of these issues
isvery limited, patchy, and uncoor dinated. Research into exposure and hazard evaluation
isrelatively well represented in the datdbase, and there are a number of projects providing
information on nanomaterials behavior that may determine impact. Research into how to
control nanomaterials releases and exposure effectively is being undertaken, and to a lesser
extent, research into risk assessment and management methods and models.

i The éreas of research that are underrepresented by comparison are human health
effects and environmental impact, and human safety (such asfire and explosiéon
hazards). It isalso apparent that much of the current research portfolio focuses on first
gener ation engineered nanomaterials, with very little strategic research addressing
mor e complex materials currently under development. NIOSH, EPA, and NSF are
leading the research highly relevant to the environmental, health, and safety implications of
engineered nanomaterials, with DOD aso making a significant contribution. Investigator-
driven research fimded by all four agencies is dominating mission-driven research
addressing EH& S issues - raising questions over the degree to which currently funded
projects address strategic i ssues.

Evduating the number or valué of research projects addressing specific issuesin isolation
does not provi¢£ insight into research gaps and strategy limitations. However, when used



in conjunction \yith complementary informetion on research and oversight needs, it provides
apowerful tool for developing informed, focused, and long-range srategies.

Third, in addition to the need for increased fimding and coordination, our andysis 6f the
inventory dataraises ahost of moredifficult questions related to structural issues. Doesa
trained workforce exist both domestically and internationdly to undertake such novel
research’? Do governments have adequate human resources and the cooperative mechanisms
necessary to manage such an effort effectively? Is there sufficient internationa agreement
on technical definitions, metrology, and testing frameworksto collaborate and eva Uate risk-
rel ated research among many countries?

At thispoint, it iS*uncertain asto whether thisemerging policy response to concerns
over nanotechnology's EH& Simplicationswill be able to match the pace of
innovation. As developments in nanotechnology become more revolutionary,
trandformative, and discontinuous, the govemance syssem must adjust and change
accordingly. Failure to do so will perpetUiate the public's low trust in the government's
ability to manage technological risk.
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4. Are current federal and private research efforts adequate to address concerns about
environmental and safety impacts of nanotechnology? | fnot, what additional sepsare
necessary?

Our ahility to redize the promise of nanotechnology is becoming more and more linked to
go"ernance and management issues, not just science.

The country that wins the globa nanctech race will be the country that can manage a> suite of
potentid risks and chalengesinvolving pubic perception, effective oversght, and the
possihility of surprise. Understanding the environmenta and hedth risks is a necessary but
insufficient condition for success

If the god of the Nationa Nanotechnology Initiative is ultimately the creation of economic
valug, jobs and innovative products that can change people's Uves, we need alarger
perspective on the tasks ahead and, in dl probability, newer and smarter management and
govemance gpproaches that go beyond "another interagency workgroup.” Let me discussthe
risks we face as a society using a broader framework that goes beyondEH& Sissues. | will
focus on areas we need to tackle, and discuss what the federd government, dong with other
key stakeholders, might do.

Framework for Nanotechnology-Related Risks

Srudurd
Riks

- Oversight

system
«Industry
gructure

Health and Environmental Risks

From aglobd perspective, the U.S. government has responded early and comparatively wdl
to the EH& S chdlenge. As| outlined earlier, there are ggps in knowledge that must be
closed and this requires more open debate and cooperation with industry and other countries.
We.liéed to acknowledge that the fiscal congtraints we face in this country and sewhere
may limit our ability to significantly increase research dollars. Asthe andyses
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by the American Association for the Advancement of Science have indicated, U.S. ftmding

for environmental research has been fiat (in rea terms) for more than 20 years. The existence
of very red fiscal congtraints means that effective management of the EH& S research
enterprise for nanotechnologies is imperative, not optional. Every dollar, every euro or yen
matters, and must be leveraged. The United States should take the lead by putting our research
cards on the table so we can build winning hands with other countries and industry.

| grongly fed it istimeto launch an International Nanorisk Characterization Initiative
(modded roughly on the Human Cendme Project) wherewe develop prioritiesacr oss
countries, align teamsof resear cher sto addressthese priorities, and implement an

I nfor mation infragtructureto support global collabor ation.

Engaging industry in supporting pre-competitive research projectsin this portfolio will also
be necessary. The risk Characterization challenges we face today are relatively easy compared
to what will come as nanotechnology and biotechnology converge and as we bulid ever-more
complex and multifimctiona nanostructure and systems of nanostructures. We are a the
bottom of a very steep learning curve.

Per ception Risks

Recently, a number of reports from the fmancial sector have underscored the importance of
addressing and managing perception risks related to how the people perceive
nanotechnologies.** In the end, the success of nanotechnologies will depend on the public
opening its mind and pocket book and embracing nanotechnology. Thisis not a given, as we
have leamed from other technologies such as genetically engineered foods and nuclear power.
Recently, pharmaceutical companies have seen profits erode because of declining public trust
in their organizations and products. ™

Based on the public perception studies from mditiple countries, which | summarized earlier,
the public has clearly articulated their concems about nanotechnologies and what they expect
from government and industry.  To summarize this, they are asking for better due diligence
involving standardized testing (preferably by independert third partios), greater transparency,
and the disclosure of test results.

The public's willingness to tolérate risks from new technologies also is linked to the
perception of early and significant benefits. The large-scale benefits from nanoiechnology
have not yet materialized and may not for 3-10 years. For the foreseeable future, | believe
there will be little public tolerance of oversight failures or mishaps, either in the United
States or in most European countries. A mishap could rapidly chill investment and galvanize
public opposition. More civil society actors are

1 ux Research. A Prudent Approach to Nanotech Environmental, Health and Safety Risks. 2005 andInnovest
Strategic Vadué Advisors. Non-traditional Methodsfor Valuarian ofNanotechnology Producers. Introducing
the Innovest Nanotechnol ogy I ndex for the Valué Investor, 2005. http:/Avww.innovestgroup.conv.

5"Big Drug Mefcers See Sales Erode with Their Image." The New York Times. November 14,2005, p. Al. This
arricie cites arecent poli that shows only 9 percent of Americans believed that drug companies were generally
honest.




becoming aware of nanotechnologies and carefully watching both govemment and
industry response to possiblerisks.

How growing numbers of the public learn about nanotechnologies, from whom, and with
what message, may be criticd in shaping long-term popular acceptance. The U.S.
government needs a public engagement srategy, which is not the same as education.
Educating people on nanotechnology assumesthereis adéficit in their understanding.
Engagement forces usto admit that the public may have something important to say to
scientigts, industry, and policymakers and that they deserve being part of the larger
conversation about how nanatechnology develops. Engagement cannot be a public reations
campaign. As Physcig Richard Feynman once noted, "For atechnology to succeed, redlity
hasto take precedence over public rdaions”

The U.S. government, for example, should set a goal of engaging at least 3,000 citizens
and public opinion leadersaround the nation over the next year. Thiswould require
20-25 town meetings, " ligening sessons” and civic forums, but it would betimeand
money well spent and would help to raise public awarenessand public confidence.
Asociated with this effort, we aso need to establish an ongoing and scientificaly robust
mechanism to track public knowledge and dtitudes toward nanotechnology over time (on a
regular Ssx-month basis, for ingance). Let's cdi this a NanoBarometer - designed to take the
pulse of the public and to continualy monitor and help to eva Gate our public engagement
efforts.

Industiy also plays acriticd rolein shaping percepcion risks. Few companies have taked
openly about their involvement with nanotechnology, no doubt because of large uncertainties
conceming public reaction and government regulatory intentions, but this Stuation needsto
change. Inthelong run, slenceislikely to breed suspicions and mistrugt on the part of the
public.

Structural Risks

With more and more nanotech based products entering commerce, akey question iswhether
sgnificant gaps exist in our oversight sructure and how we can address these. Though
agencies have been meeting to discuss overgght and the EPA has begun developing a
voluntary program, our gpproach on the regulatory sde so far has been ad hoc and
incrementd. It is particularly worrisomethat many nanotechnology-based productsare
entering themarket in areaswith little, or no, government over sight, such as cosmetics
and consumer products. The U.S. govemment gpproach has been limited by the following:

» A focuson single statutes such as the Toxic Substances Control Act.(TSCA)
rather than taking an integrated, multi- tatute approach

A focus on products more than the facilities and processes where produccion
ooaus*:V
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» A genad lack of concern with the full lifecycle impacts of emerging
nanotechnologies (an approach recommended in the UK. Roya Society Report)™®

» Too few resources devoted to pollution prevention and the "greening” of
nanotechnology products and production processes, which could help industry
ultimately avoid potentid risks from the beginning

» Too little discusson of the resource condraints to effective oversght (for
instance,  we have the personnd and dollars in the agencies needed for
enforcement or testing?).

Mot important, \ve have not looked fonvard to consder where nanotechnology is
headjng, assuming decades-old policiesand analogiesto the pagt will help usrespond to
therisksof thefuture. Today, nanotechnology islargdy chemistry. But in avery short
time, it will be chemistry and biology, and after that we will be dedling with multifunctiond
meachines operating a the interface of classcd and quantum physics.

Many of the assimptions that governed our gpproach to chemicas regulation may no longer
hold. Because the risks of nanomaterias are poorly related to mass (and depend on other
characteridtics like surface volume, chemigtry, charge, etc.), governments and industry will
have to rethink the mass-based approaches that have higtoricaly shaped our toxicology,
regulaions, and regulatory-related monitoring systems.

We need a systemic andys's across agency satutes and programs, across agencies, and across
the intemationa landscape. This should include exigting regulations, voluntary programs,
information-based Srategies, sate and loca ordinances, and tort law. All these measures
need to be evauated not just in terms of their gpplicability to nanotechnology today, but also
interms of their efficacy in five or ten years. We need an oversight blueprint that is
proactive, trangparent, and, for industry, predictable both now and into the foreseeable future.

In 2003, the Congress asked the Nationa Academy of Sciencesto evaUate the Nationd
Nanotechnology Initiative, largely from the perspective of the science. We urgently need to
examine the govemance. Now it istimeto ask the General Accountability Officeor
National Academy of Public Adminigtration to undertake (within oneyear) asysematic
analyss of the govemance sructurefor nanotechnologies and develop a gover nment-
wide blueprint that will work not only today, but also 10 or 20 yearsfrom now. We owe
that to consumers, toworkers, and to indudry.

There are ds0 risks that arise from the structure of the nanotechnology indudtry itsdlf.
Nanotechnology will not play out in ahandful of large and well-saffed facilitieswhere
oversght and proper workforce training are relatively easy. The stientific investment
drategies of the U.S. government and dozens of other countries have been designed to
digtribute nanotechnology R& D efforts across hundreds, and eventualy thousands, of

18 Nanosdience and nanotechnologies opportunities and uncertainties. London, UK.: The Royd Society and
Royd Academy of Enginesring, July 2004. Available & hitp:/Avww.nanotec.org.U.K /finaReport.htm.
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|aboratorios globdly. These labswill in turn inclbate thousands of smdl firmsinvolved ina
Darwinian struggle to push producis to market.

Already there are 1,200 nanotech gart- ups worldwide, with more than 60 percent in the
United States. Added to the university laboratorios, we have thousands of people working at
the messy and often unpredictable interface between nove technologies and human
judgment. Assume that much of the workforce is young—gradUate and post-doctord
students, and other Generation Y types with newly minted science or engineering degrees—a
cohort of people that often tend to ignore safety protocolsin the workplace.

Thegovernment-needs” push strategies' directed at small busnesses, sart -ups, and
small labs. If someoneis running an 8-10 person nanofirm, we cannot assume they will
have significant time and resources to devote to environmenta, hedth, or safety issues. The
govemment (a federa, Sate, and loca levés) needs to knock on their doors with useful
technica and, potentidly, financia assstance. Mounting information on government
websiteswill not adequatdly addressthis problem.

Oneof the best ways of ddivering thisinformation isto use" intermediaries’ such as
professonal societiesalong with technical assstance programsat univer gtiesand in the
extenson services of the gover nment. Policymakers need to congtantly ask themsdvesthe
question, "Will this program or policy work for smal nanotech businesses?"' In addition,
large companies with the resources to address EH& S issues need to develop Srategiesto
push this know-how down their supply chainsto smdler firmsinvolved in nanotech
produccion. Government programs and policies should support and reward such supply-chain
goproaches in indudtry.

Small and médium szed flrmsalso need rdatively inexpensve and rapid methodsto
screen emer ging nanosubstances and producisfor human and ecotoxicity. The

federd government could help by supporting the development of fast-tumaround,
standardized toxicity screensthat can fit into the product development cycles of companies.
Such screening techniques hopefully would dlow environmental and human hedth problems
to beidentified early and engineered out of producis before they enter the marketplace.

Wildcards

Findly, let me say afew words about what | would characterize as"wildcard” risks such as
accidenta or intentional releases. Here, | can only comment thet | hope we are doing more
than | can presently detect. Ed Tenner, ahistorian of science a Princeton University, once
observed that thereisa"tendency of advanced technologies to promote sdlf- deception.”
Nanotechnology is not something we want to get smug or overconfident about. We could be
surprised in unpleasant ways, either by the technology itsdlf orby peop*lewho mishandle,
midabd, or misuse thetechnology. Unfortunately, we have no Department pfUnintended
Consequences in the federd government.
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An accidental reléase of engineered nanomaterialsinto the environment, while probably
not posing sgnificant risks, could be a public rdations nightmare, with a chilling effect
on global investment. For example, the chief executive of a nanotechnology company
recently was quoted in the media boasting that his company is manufacturing 50 tons of
Polyhedra Ollgomenc Slsesquioxanes (POSS ®) chemicds at its supply plant in
Mississppi.” A patently harmlessindustrial accident at thet facility unrdated to the
manufacture of these nano- sructured chemicas—firg discovered 30 years ago by Generd
Electric Co. —hasthe potential to créate unnecessary pulblic and first responder panic Smply
because of their association with atechnology thet is unfaﬂlllar and undefined to most
citizens, EH& S profo- ssonds, and government safety officias® Planning to address this gap
a thefederd, sate, community, and factory leve isessentid. | know of no emergency
response plans that have been devel oped by the federd government or locd first responders
to address such a scenario. Such an accident could occur anywhere, which means we need to
prepare globaly. We need to anticipate, plan for, and rehearse every possible scenario we can
imagne, to prepare for the unthinkable. Of specia importance is the consideration of so-
cdled "black swans," events with large impacts, incalculable probabilities,

and surprise effects.

In addition, we should assume that bad practices will occur dong with good practices as
nanotechnology evolves. Everyday, vigilant and intelligent people recognize errors around
them and can often come up with ingenious ways to correct problems. Taken one a atime,
these bad practices sedom lead to adisagter if recognized early and addressed. The chdlenge
isto develop waysfor "error correcting knowledge' to be collected, managed effectively, and
channded into solutions. One modd for thisisthe Aviation Safety Reporting System, which
collects and andyzes voluntarily submitted reports from pilots, air traffic controllers, and
others involving safety risks and incidents. The reports are used to remedy problems, better
understand emerging safety issues, and generdly edlcate people in the aviation industry
about sefety. A amilar syseminthe UK., cdled CHIRP, is designed to promote greeter
sdfety in both the aviation and maritime indudtries and is run by a charitable trug.

We Should créate a Nano Safety Reporting System wher e concer ned people working
with nanotechnologies—in labor atories, companies, or in shipping and transport
Stuations—can shar e safety issuesand concer ns. The purpose is not finger pointing but
encouraging proactive leaming. Thisinformation could be used to design educationd
materias, structure technical assgtance programs, and provide a heads up on ahodt of
possble safety issues. Again, the god is early waming of emerging risks and the reduction
of possiblewildcards.

Y7 Pat Phiblos. "Manufacture of New Carbon Nanotube Approved by EPA Under an Exemption.” Daily
Envlronmant No. 203, October 21,2005, page Al.

18 Robart T. Dixon. "Hybrid Plagtics nanomaterias Frominner molarsto outer space” Sl Times October
282002

% S Tdib, N. The Black Shan: Why Don 't We Leam that WWe Don 't Learn?, The United States Department
of tifense Highlands Forum papers, February 2004, &: hittp:/Amww.fooledlbvrandomness.comvblackswan.pdf
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Management and Coordination

Addressing the issues outlined above requires a properly resourced coordinacion fimctionand
smart management.

A recent GAO report on results-oriented govemment makesit clear thet effective federa
collaboration is key to addressing many 21 century challenges® For the most part, we have
yet to develop awinning formulafor collaboration. The Nationa Nanotechnology Initiativeis
one of the most complex interagency endeavors ever undertaken by the U.S. govemmertt,
now involving over $1 hillion per year in funding and 25 separate agencies. Thisincreasein
the number of possible partners across the govemment leads to an dmost exponentid
increase in the number of possible collaborations- of both productivo and potentidly
nonproductive natures®

The sum of 25 agency missions does not necessaxrily add up to a coherent federd drategy for
addressing risks, engaging the public, providing adequate oversght, or managing the
unexpected. It issmply the sum of the missions, or less. Asthe GAO report points out,
these missions are often not mutuadly reinforcing or can even be in conflict. "Youend up
with apatchwork of programsthat can waste funds, confuse and fristrate program customers,
and limit the overd| effectiveness of the federd effort.”
Our gpproach to socid and ethicdl issues haslargely involved an "outsourcing” modd where
the scientists do the science and "ethics' are dedlt with in sepérate indtitutions and ' centers.
Policy congderations have been dedlt with as"add-ons’ rather than being fully integrated into
the research planning process. Given the pace of development, neither one of these
goproachesislikely to provide government with adequate "early warning” and the necessary
lead time to Structure effective policies or responsesto emerging socid and ethicd issues.

Nanotechology isjudt the latest in a series of upheavdsin our scientific and industria
landscape, which is being shaped simultaneoudy by rapid and disruptive changesin &reas
such asinformation technology, biotechnology, and cognitive science. Many agencies like
FDA and EPA are grappling with the implications of the genomics revolution and are hard-
pressed to consider nanotechnologies. These agencies are stretched thin. The depth of
expertisein theindividua agencies on nanotechnology often involves only 2-3 professionds.
Agan, most of these people are scientists, not people with public policy or public
adminidration experience.

The managerid and coordinacion infrastructure in place smply does not match the enormity
and importance of the task. We need a beefed up, visible federd face for

% Gengrd Accourntahility Office (2005). Resuits-Oriented Government: Practicas That Can Help Enhance and
Sugtain Collaboration among Federd Agendies, GAO-06-15, Octaber 21,2005, Summary avalablea:
http:/AMww.geo.y/docseardVabatract. phD Aptno=GA O-06-15

%! Seer Bryan, L. & Joyce, C. (2005). "The 21" Century Organization," McKinsey Quarterly, Number 3.
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nanotechnologies sending a coherent messageto the public and indugtry. | believe that
the Nationd Nanotechnology Coordinating Office (NNCO) can hdp inthisregard, but it is
undergtaffed and under-funded by orders of magnitude. Thisis not about creatmg an
additiond bureaucracy; it is about cregting coherence and the capacity to manage a complex
enterprise.

Agan, let me erhphasize that we can succeed with the science but fail on govemance,
compromising our competitive position.

| hope these observations will be helpful to the Committee as they condder what seps might
be taken to ensure that the promise of nanotechnology can be redized.
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K ey Quegtionsfrom Different Per pectives

Scientific/Technical

Which properties or attributes of engineered nanomaterials are particularly
significant to health/environmental impacts?

Are nanomaterias capable of interacting in ways we are currently unaware of, or
targeting biological/environmenta systems we are unaware of ?

Are there classes of nanomaterials that present a greater or lesser hazard?

Can we predict chronic/long-term impacts to both humans and ecosystems?
How will risks change as nanotechnologies evolve (nanobio, nanosystems,
systems of esystems)? How will we anticipate, evalUate, and manage these risks?
What are the beneficial applications of nanotechnology to environmental and
human health problems? Can nanotechnology be devel oped so that the benefits
outweigh the risks?

How can we prevent risks posed by the pollution generated in the production of
nanomaterials and their associated products?

Palicy/Regulatory

What mechanisms work best to regulate nanotechnol ogy-based products? Have
potential chronic and long-term risks, issues, and consequences been analyzed by
policymakers and government agencies? Does sufficient expertise exist in the
government to address the EH& S implications of nanotechnology? If not, how will
we attract and retain talent? What opportunities exist for public-private and
internationa partnerships? Will our policies and programs work for small and
medium-sized enterprises? How can risk management and regulatory models be
developed which are relevant to an ever-changing technology?
How does the structure of the emerging nanotechnology industries affect their
responso to EH& S issues?
How have uncertainties and "domains of ignorance” been taken into account during
the decision-making, policymaking, and standard-setting process? Who will be
responsible, and who will be held accountable, for any unforeseen harm, ill-used, or
dangerous applications of nanotechnology? Who is responsible for collecting data on
nanotechnology industries that can inform policymaking (the Bureau of Labor
Statistics, the Census Bureau, etc.)? Are we trying to anticipate possible accidental
misuse of nanotechnologies? Who in the government should be doing this?
Isthere aneed for new legidation or a new department specifically-focused on o
nanotechnology?

Public Per cgption
o

*  Who does the public trust to handle and manage the EH& S risks?
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How isinformation rdated to nanotechnology communicated and meade available?
What mediaare mogt effective (for which age groups, for instance)? Are public
perceptions being included and used to inform debates about proposed and pending
regulations?

How will me public react in the event of an accident, mishap, or product recall?
What would the government message be?
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