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nanotechnology
Nanotechnology is an cmerging mm tidisciplinary
arca of scicntific research bused on the ability to
observe and manipulate matter at an incredibly
sumall scale. To get some idea of how small, 4 nano-
meter is one billionth of a meter—or approximately
1/100,000 the width of a human hair. In the Lust
two decades of the 20th century, techuological
breakthroughs, such as the Seanning Tunneling
Microscope (STM) and Magnetic Force Micros-
copy (MI'M), have allowed scientists and engi-
neers across multiple diseiplines to work at a nearly
molecular scale with unprecedented precision und
specificity, in the process enahl ing the production
of new types of materials with novel properties.

At this seale of matter, the properties of phys-
ics, chemistry, and biology merge. Tndeed, an

elemcnt at the nanoscale often looks and acts G
ferently from that same element at larger siness
For example, in its “natural” form titanium o
is a white substance used frequently as a pigmes
in paints or, even, to whiten skim milk. Ag &8
nanoscale, however, litaninm oxide is a clear s
stance, and seen as nselul in sunscreens that s
almost transparent but still block harmful uks
violet (UV) rays. At the nanoscale, silver acts
an anlimicrobial agent, while aluminum bee
highly unstable and even cxplosive,

Whatever their other ellects, nanomates
are exciting lo scienlists and engincers beess
they display increased bond si rength and sos
arca and exhibit notable differences in conduct
ity, clectrical resistance, and optical absorpss
These different properties allow for incred
stronger, lighter materials that are highly
tive und responsive. The most famous exa mEw
s0 far ure carbon nanostructures hased on the
called fullerenes, which can he produced s
form of a ball-—known as a buckminsterfulless
in honor of Buckminster Fuller, the famed =
tect and futurist—a sheet, or a tube. Carbes
the nanoscale exhibits amazing strength and @
ductivity, possibly idcal for a new and impress
small generation of compnter circuits Uit will
ou much less power than enrrent systems
properties may also lead to, for example, moses
vienl storage and transmission of ENcrgy.
and stronger building materials, and major b
throughs in biomedical devices designed tods
and deliver therapies to discases such as camss

There are many nanotechnology-based
cations alrcady in use and even more in F
tion. The Woodrow Wilson Center’s Projess
Emerging Nanotechnologies has identified
500 products nsing some variation of nasess
nology, with more arriving on market every
Some of the most exciting nanoenhanced @
ucts on the market today include electrons
computer devices such as a high-capacity mes
chip utilizing scmiconductors manmfactured
nanoscale; applications in solar energy (p
ies); more sensitive medical sensors [or the G
tion of disease: in sporting equipment,
of woven carbon nanotubes to make lig




high-performunce equipment for cyeling, goll, and
molor vehicles; honsehold cleaners with strong
concentration and low environmental impact: and
a wide rauge of p:’LI-:.lLIL'l": [rom socks to Lr.mr.m'.hp;lﬁll.‘
that usc the antimicrobial properties of nanosilver.
However, these consnmer products only begin
to capture the inealeulubls Pru:.]blhtu_: Lhd.l NANG-
te \_huuluxn has Lo oller, I‘|“|rl|( ul; arly in wi ays that
promise to enhance human health and. even,
extend human ]I.J[l'::'t vity, Mext gene ration nano-
medical deviees lm' o the [‘nu ential to deliver anti-
carcinogenic dr 175 direct Iy to a tumor site -.ntlnnt
harming other tissues, while new nanomaterials
form the basis for JlL_ah.L'r and stronger arlificial
_]m'zlcs. Nanoliliration syslems will |':u|'m'1'|"3:'- afford-
able, effective, and low energy means to desalinate
u‘rrlm:ru-.' microbes,
1' e I,_I"'\. ].J'rLI'I. ]_I_.\,I_[]'-"' 50 rrl(_'ll |'||, I..,.l{ an | II||I5'\ r'l'-r W 11{"1

saltwater and screen out w

in arcas where rlmug..’r and disease are severe
|1mh]r-=|n< Nanotechnology, in short, holds the
promise of transforming every material we use,
every day, with possibly m‘m]ulmrmrﬁ impacts on
our lives and societies.

LS. federal policy on nanote thuulum is bascd
om the desire to harness (the vast economic poten-
tial ol this emerging Iﬁ*hlmln-u and to ensure
American lifﬂl'll':n.—-..f]\r];r'"\\ in the globul market,
To achieve these goals, nanotechnology rescarch
and dey L'lupuu:ul (R&D} sponsored h}. the ted-
eral government is eonrdinated nnder the multia-
gency National Nanotechuology Initiative (NNT),
In 1996, based on recomme u*]qlmlm b\ [ederal
sciecnce advisers, the Bill Clinton administra
tion commissioned an interagency working group
that determined the need for an aggressive 'lnd
coordinated national strategy on nanotechnol-

ogy development. Emphasizing the potential ol

nanotechnology for innovation and national ceo-
nomic stre ]]1{1‘]1 President Clinton in January 2000
announced his intention to establish the NNLin a
speech, ”Leading to the Next Industrial Revolu-
tion.” The succceding George W, Bush adminis-
tration expanded the initiative through coactment
of the 21st Century \dlmlu_'hlu.ﬂn'f\ Research
and Development Act, passed into law with strong
hipartisan majorities by Congress in 2003. The act
has been introduced o the House for reanthoriza-
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lion in 2009, with the clear support of the new
Barack Obama administration. Such '.npllrtlmu
support [or nanolechnology rescarch and devel-
opment funding through the past decade reflects
hoth the noncontroversial nuture of current puliu
as well as the wide and diverse range of privale
and public sector institutions and companies
invested i l-&'\l]lUltllJ“ nanotechnoloy gy's potential,
Lurn:uth 5 dilferent federal AZCNCICS COm-
prisc: the NNT, ranging from research and devel-
opment offices within the Departments ol
Agriculture, Energy, and Tr: ansportation Lo re ELI]A-
L._m bodies such as the Food and Drug Adminis-
tration and the Emvironmental Protection Agency.
Primary h.n-’.hu- for nondelense-oric [1‘.\_\1 lw_-.u:
sring research comes thronugh
(NSE), while
comsiderable health-related research is funded
tthwh the National Institutes of Health (NTH),
The ]Ju_ partments of Defense and Homeland Secu-
rity also have major nanotechnology Réel) efforts

svicnee and enginee
the National Science Foundation

d:—-ﬂlrue 1 tw r]rmll we next-reneration delense tech-
m,luu._:-. Annual federal 1|1'=1r’1|.<r for nanotechnal-
ey research and development grew over time from
$464 million in 2001 to $L.5 billion in 2009, a [ig-
ure that does not include i.-x[.‘u.'uf_];ll.l res in classified
delense and intelligence Ré&D) programs.

The NNI, through the president’s National
Nanotechnology C wordinatis 1 Office, secks o sct
priorities [or and coordinate research activities
Among universities, 111<{I1.<;’r1'_'..'. amd government. As
such, the NNI effectively sets U.S. national nano-
technology policy. In this regard, it is clear that
U.5. nanotechnology policy did not emerge out
of strong public demands for action. In fact, most
citizens still know relatively littdle about nanotech-
nology. Instead, nanatechnology policy evolved
out of e carly leadership by strategically JZ_]J.‘-.il'_'LI'.-.
government and university scientisls, clected

and appointed federal policy makers, and repre

sentatives of private industry, who dl':"".l'i."d that
national government leadership—and money-

was needed to catalyze the overall nanotechnol-
ngy research and ¢ {(‘-LlUlJllh.lll cllort that would
eventually drive future economic growth and
maintain American sconomic advan tagre u.u b

mly. llu'_\ euf._{urd that coordinated and sustained
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federal funding was needed to spark the kind
ol large-s
development projects—either w ithin an academic

scale, high-risk scientific resea irch and

setting or in cooperation with private enterprisc—
that may take years to pay off and thus may be too
substantial or too uncertain for private industry to
pursue on ils own. bo, in this sense, federal nano-
technology policy is as much about U.S. economic
eompetitiveness—and national security—as it is
about technological innovation.

Congress, as the nation’s legislative baody,
always reserves the right to set prioritics for the
MM In this resard, it is notable thal Congress,
in enacting the 21st Century Nanotechnology
Research and L‘.IL'x-r_-Et:ul}n'mnf Act, mandated spe-
cifically that the NNI support the “responsible
development of nanotechnology™ and set aside a
small portion of its annual budget on research into
potential health, environmental, and salcty (EHS)
hazards of nanotechnology as well as it its broader
ethical, social, and Jelra_l implications. Congress
did so in part out of concern that research on soci-
etal impact issucs keep up with the rapid pace of
t{er.'hnu]og} dmr—h‘.-pnl:-'nt so that government could
be proactive in safeguarding public health rom

the inevitable and often unforeseen side effects of

new applications and materials, Leaders in Con-
gress and the NNI also were waorried about the
l‘unlpnria] for negative public reaction to any pos-
sihle harmful side effects or, perhaps, .:I[_’Jt‘lhl.""ll'hi‘-Tl‘s
that could spark ethical debates about the w isdom
of manipulating matter at the molecular level.
Uninformed public reactions, policy makers warn,
could harm innovation and retard human progress
itsclf, According to this view, the absence of public
understanding aboul genetically modificd organ-
isms (GMOs) in wrwnlturﬁ* during the 1990s led
to conlroversies that impeded innovations in, [
example, new drought-resistant strains of grains.
Congress has acknowledged the need for more
1]|_|}_1]j{‘ disenssion on, and education about, nano-
technology. if only to enhance public receptive-
ness to innovations as they begin to llow out of the
laboratory. -

In some ways the NNI has d].]"i."dd_‘\- proven
successful. Tt has stimulated significant private
seclor investments in narlrrdF-r-lmﬂl-'.u__n rescarch

and development, bath as a result of governmess
underwriting of the most financially rh]n TEsea
projeets in university and research ]:lh!]l'-.l’-.ﬁ-'_‘- st
tHngs as well as through programs designed to pes
vide [unding for small busincsses with interest &
nanotechnology re sscarch and development or 55
nmn-.l?.uturm_g ol nanomaterials or -L1|.'5'|'l|1[..l_.« iE
The NNI estimates that the private sector e
vear spends at least an amount comparable to 8
antmal NNI budgel to fund nanotechnology R&S
Many stale governments also have invessss
in nanotechnology initiatives lo boost their o
[uture ecomomic competitiveness and to protes
already established industry sectors. To mests
two exa mp]{":: The New York State FoundaSes
[or Science, Technology, and Tnnovation reps
that the state of New York recently decided s
invest up to $1.2 hillion dollars into RéD s
manulacluring facilities to support its WSS
established semiconduclor industry. AcconiSss

to the Massachusetts '.\éilnntei-:_-hnr_ﬂf.lg_‘-' | et

tive, Massachusetts aims to reap the bene frs ol
ils |}:'nmi1'.ent research universities and ]n'-iip.b
by investing in a mullidisciplinary R&D progess
with 4 strong [ocus on the life scicnoes and S
tional cmphases in electronics, instrnmentsSes
CROCTEY, materials and manufacturing, an
ronmental up]_r'.'a{-ulinn 5. The Project on Exess
ing Nanolechnologies found thal, taken tossties
the combination of federal and state investmesS
has ]'.ur-:nu}'.-h;rd nanotechnology R&D in s
torm in all 50 states.

The National Nanotechnology Advisory Fases
found that another measure of policy is the ommm-
her of U.S. palent applications based in s
Wity 011 n&rm!ﬁcfunnlng}. which have grown s
around 600 per year in 2001 to almast 1,500
2006. Lux Rescarch, a private firm that fr=ss
the economics of nanotechnology worldwsss
cstimates that approximately $13 billion of me
factured guuds in 2005 111{‘(:-T11t:-r;|tf'|.1 some o
of nanotechnology, and it has made a projects
that, by 2015, nanotechnology will he a $1 (il
a vear plobal industry.

Such economic promise—auno r]-:‘mht e -

b fear of id“]-.lf:-; behind—has ]'rrmuptt: TORTTE

ments throughout the world to [und their oS




panotechnology R&D activitics, with the mos
aotable ellorts made by South Korea, Germany,
the Uniled Kingdom, Japan, and China. Tn some
wavs Lhe NNI has beeome a template for other

sountries looking to capitalize on the economic

promisc of nanotechuologies, with comparable
snitiatives including Cordis, the program of the
Enropean Union (EU), and the Nuanotechnology
Hesearch Institute (NKRL) in Japan. Mamy smaller
or less affluent conntries, unable to generale
enough money or scientific talent to drive their
swn nanotcchnology sectors, have started efforts
to leverage resources in mnltistale initiatives: lor
grample, members of Mercosur, South America’s
common market, led by Brazil, Argentina, and
Mexico, have initiated an information cxchange
on nanoscience and nanotechnology.

As almost always is the case in emerging tech
sologies, Lthe scientitic breakthroughs in nano-
sechnology and the parallel excitement about the
;.-n’reulinl for revolutionary innovations in broad
wrray of seclors comes first, while recoguition of
broader and perhaps less henign societal impacts
almost always lags behind. Nanotechnology has
been no diflerent in this regard, although the gap
between innovation and recognition ol potential
barmful effects has been much shorter in the
ease of nanotechnology than for previous emerg-
e technologies, ranging [rom post—World War L1
ehemical pesticides to late 20th-century break-
shroughs in genetics. Indeed, the memories of
previous experience with the side ellects of tech
-_ﬂlugic-nl innovation led Congress to require e vi-
emmental, health, and safety research as part of
the NNT throughont.

Of particular early concern are the environ-
mental, health, and safety effects ol nanoparticles.
While some argue that nanoparticles are simply
sominon materials such as ca rbon or alamimam
g a very small size, many others affirmn that it is
8. minute size of the particles themselves that
may canse harmful side ellects when in the envi-
smment or the human body. Much uncertainty
Eemains, and il is not yet well established what, it
sy, risks exist. According to ]. Clarence Davies of
S Project on Emerging Nunolechnologies, pre-
Bminary dala show that nanoparticles can enter
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the body through inhalation, contact with the
skin, and ingestion, and they can subscouently
entor into the bloodstream and possibly cross the
barrier into the brain, with nnknown polential
impacts on the nervous system

The dilemma for government at this point is
to fashion a regulatory responsc that balances
the potential lor major technological advances—
and their attendant economic benefits—with
the need to safeguard against polential harm
for human beings or the natural environment.
To date, federal agencies have displayed vary-
ing degrees of regulatory response in devising
policies designed to wonitor and, if necessary,
regulate the production and nse of nanoma-
terials and related structures. At one level, the
National Tnstitute for Ocenpational Safety and
Health (NIOSH) conducts tests on nanotoxic-
ity and advises industry on the safe handling of
nanoparticles in the workplace. In 2008, NTOSLL
presented a strategic plan concerning workplace
safety with nanomaterials that included a broad
rescarch agenda to address knowledge gaps con
cerning workplace safety for nano ech laborato-
ries and manufacturing venucs,

Other federal regulatory agencies have begun
to address the broader potential side elleets of
nanomaterials. The Environmental Protection
Agency (EPA) has been involved in nanotech-
nology rescarch since the creation of the NNI.
A 2007 EPA intra-agency working group nano-
technology white paper led the EPA, under its
established authority under the Toxic Substances
Control Act (TSCA) of 1976, to call for the man-
datory registration of all corporations that manu-
facture carbon nanotubes (CNTs) until further
environmental. health, and safety lesting on the
toxicity of nanopa rticles is carried out. That same
VEur, 4 Food and Drug Administration (FDA) task
force on nanotechnology concluded that it wiemld
not require new nanospecific regnlations and
rules on product labeling. Even so. the task force
acknowledged, the minute size of nanoparticles
canses some concern about the FDA's capacity
to assess the hnman health risk of new products,
particularly cosmetics. On the medical side of
FDA’s jurisdiction, new types of nanomedical
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applications may erode the agency’s long-standing
distinction between “drugs.” which are subject to
strict premarket scrutiny, and medical “devices™
such as heart stents that so far do not rCguiTe simi-
lar levels of review, therely compelling alterations

in the agency’s regulatory approach, In Tespunse,
the TDA has opened manotechnology divisions in
its varivus departments to track expected break-
throughs in nano-hased drugs and devices,

The relative restraint excreised by federal regn-
lators to date has created room for cltorts at local
and stale levels to establish their ow n oversight
of nanotechnology research, manufacturing, and
production. These efforts were typically initi-
ated after expressions of public concern about the
polential harmlul effoets of nanoparticles. Tn faet,
lirst attempts at regulating nanotechnology came
from local governments concerned by the absence
of loxicology data an nanopariicles even as local
universitics and industries were cscalating their
development and production effor,

Local government actions on mannfactured
nanomaterials came in two cities with sigmilicant
research and development sectors and highly
educated residents with long histories ol active
engagement in monitoring the production of
novel technologies in their respective jurisdie-
lions. In December 2006 the city of Berkeley,
California, home to the University of Californig,
Berkeley, and close to the affilisted Lawrcnee
Livermore Nutional I.ahumror_-.-; hecame the first
local U.S. government to cnact legrislation specifi-
cally addressing nanotech nology. The ordinance,
which came in response to public concerns about
the potential environmental agd health impacts
of nanoscale materials, implements a mandatory
reporting system for all facilities in the city that
use, handle, or manufactyre nanoscale materials,
Although this ordinance does not impose specific
limitations or regulations on nanoscale materials.
it is the first deliberate government action to mo.
itor the activities of nanotech nologics with the
purpose of protecting public sutety and the health
ol the environment,

News of the Berkeley ordinance traveled
across the country. Tn January 2007, the City

Couneil of Cambridge, Massachusctts, home tu

Harvard University and the Massachusetts Tnsi
tute of Technology as well many major biotss
and pharmaceutical companies, voted to pewe
the Berkeley ordinance to determine whethes
similar regulatory action would be AP proprEss
lor the oversight of engineered nanomaterials &
Cambridge. This review was led by the Cambridss
Public Health Department, which defined s
scope of the review to focus on the threats to [
lic health and 1he salcty and protection of workess
in facilities handling or manufact uring nanosee
materials. The department created the Cambradss
Nanomaterials Ady isory Committec, composss
of a broad spectrum of Cambridge residents s
cxperls in various nano-related ficlds. Followse
a six-month analysis, the committer determins
that a new nanotechnology ordinance wonld st
be appropriate in the absence of consensus amens
scientific data on the toxicity of nanomateriss
The committee also agrecd that the city shoul
carefully monitor scientific findings on the toxies
of nanoparticles in case future action was necdss
Actions at the state level have so far been &
muled as at the federal level, though the Projess
on Emerging Nanotechnologies [oresces stases
such as California, Michigan, Massachusetss
New York, and New Jersey, all housi ng emenzme
nanoindustries, to shortly enact their own nase
related regulations. California has a noted priee
history of leadersh ip on environmental issues
Under the California Toxie Substance Contrel
Code, the state already includes nanopartiches
under its stale toxic materials Law and began les
islative efforts in 2008 to regulale the productios
and mamfacture of nanot cchnologies throush
the state’s envirommental profection apency (Cal
EPA). In April 2007, the Commonwealth of Mas
suchusetts created an interagency working group
on nanotechnology, housed in the Massaclmsetts
Department of Environmental Protection. to pais
a better understanding of the emerging field of
nanotechnologies and to foster comm unicatios
among siate rc-gulal:;nr_v agencies about any poten
tial public health and covironmental hazards, The
interagency group has foeused its early efforts
on promoting National Institule of Ocenpational
Health and Safety workplace standards for the
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safe handling of engineercd nanomaterials and on
reaching oul to nancindustries in the state.

Tuternationally, the NNT and U8, regnlatory
agencies collaborate with agencies in other coun-
tries to coordinate efforts on standardization,
eomunnication, and basic research with regurd
o nanoscicnee and nanotech nology. Nanotech-
nology is explicitly covered under the European
Union-USA Agrecment on Scientific & Techno-
logical Couperation through which the EU and
the United States work to overcome knowledge
gaps and enhance the pice of nanotechnology
rescarch and development. The couperation has
led to workshops und proposals [or joint research
funding, which, il achieved. would change the
practice wherchy Americun scientists are funded
by the U.S. government and European seientists
by the EU Commission,

As always with new social or techuological
phenomena, the possibility exists that the appli-
eations and transformations promiscd by nano-
technology will appear to have heen Exagrerated,

Despite clear advancements in nauotechnology

research and the growing number ol nanoscvience
and technology applications cutering the market, 5
sotion still lingers that the promises of nanatech-

ology arc exaggeraled and will he Lemporary—a

promising technological marvel that will pass and

Eave nanomaterials as nothing more than ordi.
mary malcrials of a very small size. If such, Proves
0 be the case, one might argue that a specific
manotechnology policy platlorm as the NNT today
might become redundant once nanotcchnology
has becowe an integrated part of mainstream

Adustrial applications and manufact uring
At another level is the long-standing debate
pver the extent of government involvement in sei-
gnce and technology and in the free murkey FENCr-
Blly. The free market (or laissez faire) perspective
prgues that market demands should drive de el-
Bpment, and that amy technology that requires
Sgnificant government subsidies in the abscnee
Bl private sector investment is a technology that
rhaps should not he developed. The opposite
few is one traditionally espoused by defenders
f government invest ments in science and tech-

ey generally, that is, povernment funding for
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early slage basic research, the kind of bindamen-
tal work that may not have immediate economic
payofl, is essential to stimulate scientific progress
and oficn leads to applications (hat were unfore

seen in the early phases of research. Insolar as
nanotechnology is concerned. private enterprise,
despite increasing investments in nanotechuology,
has not yet been able to identify sufficient eco-
nomic incentives to fully fund basic nanoscionee
and technology research and development, Goy-
ernment lunding will remain an important part of
the equation, and probably for decades to come.

The level of scientific uncertainty concerp-
ing nanowmaterials is likely to remain high, and
the rapid pace of research and na noscicnee and
technology development puts government in a
complicated position, Policy makers nalurally
seek to avoid disusters wrought by the unforcseen
side effects of any new techuology, yet the relatjve
absence of information about the potential hazards
of nanotechnology makes it cspecially difficult to
plan. Faced with acute uncertainty, policy makers
(and the gencral public) might he tempted Lo take a
conservative approach, p]el{::’l'lg restrictions on new
technologics nntil a scientifie CONSCUSUS emerges
that there is little risk from their use. Yet taking
an overly cautious approach toward ag emerging
technology might result in lost scicutific and eco-
nomic opportunities. On the other hand, letting
technological development procced without some
sense of cation may almost guarantee significant
unforeseen public health COTISCYUences,

At another level, new opportunitics offered to
mankind by emerging technologies often come
with ethical and moral complications attached.
Nanotechnology promises a wide rauge of appli
cations that may improve human health and the
gquality of life significantly. Yet. who will henefit
lrom these opportunities, and who will not? Will
the benefits of nanotechnology be enjoyed equita-
bly and improve the quality of life of all? Or will
differential access to new techmologies serve only
to reinforee existing social and economic divides
among the population? What arc the ethical issues
attached to nanomedicul technologics that may
offer dramatic extensions to human longevity?
How will a new generation of nano-hased sensing
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devices affect citizen privacy? Who will decide?
Policy makers, and citizens themselves, will need
talk openly about such, ef hical and moral coneerns,

An important element in all of this is the role of
citizens in deciding how and if gew technolngies
will affect their lives. The NNI allocates a part of
its budget on research to address such issues, for
instance, cilizen concerns aboyt nanotechnology
R&1) as seen in Berkeley and Cambridge. Such
lederally funded outreach and education effyris
inchide public information forums on nanotech-
nology possibilities and potential hazards, (he
introduction of nanoscience and technology in
school currienly, “informe)” educalion efforts
throngh a national network of local science mmse-
ums, and nanotechnology programs at colleges
and universities. Such effores are laudable in (heir
own right, argnably promoting the ideal of the
educated citizen, Skeptics wonder however, to
what extent efforts to foster public participation
will affect nanotechnology development. Tndeed,
despite significant medig coverage on nanotech-
nology, much of it funded through the NNI, the
general public remains largely uninformed and
even misinformed about nanotechnology and
its potential impacts, The question is how much
knowledge is needed to toster efflective publin
participation in decisions abont nanotechnolngy.
In some ways Lhis yuestion is simply a more tech-
nological variation on the tundamental dilemma
of democratic governmeni

Atils heart, the current debate s about whether
more knowledge abont nanotechnology’s putential
will lead citizens to develop generally favorable
views toward further development or, particularly
for those already concerned about the impacts of
technology on human health, and the environment,
more information about nanotech nology will serve
only to exacerbate fears about the future, While
the NNI has funded efforts to expand public edu-
cation about nanotechnology, information alone is
not likely to shape citizen attitudes about nano-
technology or its applications. More critical will he
the actual uses for whicl, nanolechnology is put,
who will benelit, and. finally, how well govern-
ment is able to safegnard citizens from technal-
opy-induced risks they cannot personally control.

In short, debates ahout nanotechnology are likels
to be variations on arguments that go back as
as technology itself: who hepefies. who loses, whe
decides?
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science research

science is a broad term that refers to the systemn-
atic collection of knowledge. Each time a person
sugages in scienlific activity, he or she is contrib-
ing to our understanding of the world. Much
seience is dedicated (o studying natural phenom-
sna. Termed hard or natural science. historically
this is where most scientific research has taken
place. Recently, especially in the last ceutury or

s0, individuals have also begun to study human
society. This relatively new form of scicnee is often
referred to as social svience.

Especially in modern society, goveriment is
sctually responsible for many of the scicntific
advances that take place. Throughout history, sci-
enee hus been recognized as a very important tool
that allows humans to live healthier and more com-
fortable lives, and svience has typically held a cen-
tral place iu most societics. In the United States,
many gronndbreaking achievements have heen
made by researchers who received support from
the U.S. government. For exa mple, the develop-
ment of the Taternet was la tgely funded by the U5,
government and guided by governmeuntal }1{-][L-_1.'.

However, many scicutific advances pose
aumerous risks and cthical conecrus since tecl-
:n’JEUa_I_‘.' sometimes progresscs at a ]:ic__{h rate of
speed. Oftentimes, when scientific advances do
seemn o progress too quickly, government is asked

science research 727

lo step in and cosure that basic human values are
not being ignored in the pursuit of some scientific
advance, Thus, the role of government in creating
policies related to scicntific research is cxtremely
impaortant in advanced societics,

It is this fact. namely, that where government
is responsible [or encourag; ng scicutific advances
at the same time that it is expected Lo ensure that
svience is done in an ethical way, that makes it
important to understand governmenl’s role in
developing science policy. Knowing what Foy-
ernment’s role in science policy is allows one to
cvaluate whether sovernment is behaving in an
appropriale manoer when it comes to formulati ng
seienee pnlir_-_*. .

From the time the United Siates declared its
independence from Great Britain, the issue of sci-
ence policy oceupied part of the discussion of the
new government. The issuc of government's stunce
toward science was disenssed at the Clonstitutionl
Convention in 17587, At the convenlion, the fram-
ers of the U.S. Constitution considered creating
universities that would foster the advancement
ol scientific knowledge, While no clear statemcnt
of the government's ability to establish a national
university was provided, the Constitution did
grant Congress the power to “promate the Prog-
ress of Science und useful arts . The federal
government, though, actually did very little in the
pursuit of scientific knnw]edg::- very carly in the
nation’s histary.

One ol the first and mosi w ell-known EOVEFI-
mentul scicntific efforts was the Lewis and Clark
Expedition. While it is nol vormally thought of in
this way, the expedition was primarily a scientific
one, in which Meriwether Lewis and William
Clark, bath working for the federal government
as members of the U.S. Army, led exploration of
western portions of the Uniled States from 1803
to 1806. One of the main purposes of the cxpedi-
tion was to find an all-water passage to the Pacific
Oecean. As part of this task, Lewis and Clarck were
also asked to record the geology, geography, bot-
any, and wildlife in the region. The recording and
classification of such facts contributed greatly to
the scientific knowledge of the natural world ol
the United States.




