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How do the risks and beneb

those associated with other technologies such as genetically modip
biotechnology and nuclear power? And when deciding to use a specip

will consumers consider the risks, the benepb

analyses of these questions.

ecent reports indicate that over
300 nanotechnology-based
products have entered the
marketplacg and that these
products were worth over $32
billion in 2005. As the public comes into
more regular contact with applications
of nanotechnology, will its appetite
for the benefits of nanotechnology
lead to increased support for research?
Or will a fixation about the risks of
nanotechnology ,, which could be real
or imagined, health- or environment-
related , slow progress in the field?
Much of the current debate about
the future of nanotechnology correctly
focuses on the types and magnitude of
risks. In July, Andrew Maynard of the
Project on Emerging Nanotechnologies,
an initiative launched by the Woodrow
Wilson International Center for Scholars
and e Pew Charitable Trusts in 2005,
published the most comprehensive
research strategy yet for applying
physical sciences and engineering
to understand the environmental,
health and safety implications of
nanotechnologiés Maynard argued
in favour of, for example, national

short-, intermediate- and long-term
risk priorities. And last month Maynard
and other$proposed a list ofve grand
challenges ,, such as the development
of instruments to assess exposure to

ts, or both? We report the b

ts of nanotechnology, as viewed by the public, compare with

ed organisms, stem cells,
¢ nanotechnology product,
rst large-scale empirical

Research on nanotechnology must
involve innovative interdisciplinary
collaboration among researchers in
the physical sciences, engineering
and social sciences. Indeed, one of us

engineered nanomaterials in air and watefNL) recently called for a new research

» for «developing safe nanotechnologies
through sound scienceZ

As scientists and engineers work to
establish the objective facts about the
risks and benets of nanotechnology, we

paradigm to inform policy making

about emerging technologies such as
nanotechnology: ¢[W]e have come to
recognise how such things as human
dynamics and institutional behaviour can

believe it is also vital that social scientistseither enhance or impede the benefits to

contribute rigorous research on how the
public perceives risks and benmg Indeed,

society of our research achievements. All
of this can occur only by engaging the

one government legislator recently stated nationes top social scientists, including
«If | had to pick the No. 1 challenge facingpolicy experts, to work in collaboration

nanotechnology rms, itss environmental,
health, and safety regulation and the
question of public perceptionsZ
Understanding public sentiment
towards nanotechnology is pivotal
because, historically, public perceptions
and attitudes have shaped the direction
and pace of scientific activity in a
number of fields. This has been and
continues to be the case with nuclear
power, genetically modified organisms
(GMO), embryonic stem-cell research
and biotechnology. In the case of GMO,

governments taking greater responsibility negative public sentiment has had an

for interagency coordination, and more
aggressive funding for the study of

adverse effect on governmental funding
of research, especially in Eurépe
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with scientists and engineers from
many fields and diverse institutions on
multidisciplinary research efforts that
address large but well-defined national
and global problemsZ

WHAT THE PUBLICTHINKS

Although previous social science
research has studied public perceptions
of research developments in
nanotechnolog$?®, we have conducted
the first large-scale empirical effort to
(1) compare nanotechnology with other
technologies, and (2) analyse risks and
benefits of specific nanotechnology
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Figure 1 Perceived risks and benefits of nanotechnology and 43 other technologies, based on 503
responses to a national telephone survey. In the survey, 1 corresponds to very low risk or benefit and 7
corresponds to very high risk or benefit. Results showed that, at present, nanotechnology is viewed as
medium risk and moderate benefit. The acronyms are: alcoholic beverages (AB), anaesthetics (AN), air travel
(AT), automobile travel (ATT), bicycles (B), commercial aviation (CA), chemical disinfectants (CD), chemical
fertilizers (CF), chemical manufacturing plants (CM), computer display screens (CS), dichloro-diphenyl-
trichloroethane (DDT), electric power (EL), fire fighting (FF), food preservatives (FP), general aviation (GA),
herbicides (H), home appliances (HA), human genetic engineering (HE), handguns (HG), hydroelectric power
(HP), lasers (L), large construction (LC), liquid natural gas (LG), motorcycles (M), microwave ovens (MO),
motor vehicles (MV), pesticides (P), prescription antibiotics (PA), prescription drugs (PD), police work (PW),
railroad (R), radiation therapy (RT), surgery (S), stem-cell research (SC), smoking (SM), water fluoridation
(WF), X-rays (X). Figure 1 presents results from our surveys, previously unpublished literature.

applications. Specifically, we present
a method for comparing the risks and  seen as more or less risky/beneficial
benefits of nanotechnology relative to  than 43 other technologies. The list of
those of other technologies. This methodtechnologies was based on previous
can track shifts in public opinion as the research on perceptions of new
results of new research into the risks andechnologie¥, which we supplemented
benefits of nanotechnology are publishedwith several emerging technologies (for
Additionally, we call into question an example, GMO and stem-cell research).
assumption that the public thinks about Individuals were asked the following
nanotechnology applications only in question: «In general, how risky/
terms of possible risks. Although not beneficial do you consider each of the
unconcerned about risks, people engagefollowing items to be for the United
in a complex calculus whereby the risk ofStates society as a whole?Z Our results
nanotechnology is but one considerationshowed that nanotechnology was seen
How does nanotechnology compare as relatively neutral; it was perceived
with other technologies? A recent report as less risky and more beneficial than a
suggested that when assessing the number of other technologies such as
risks and benefits of nanotechnology,
people may «draw upon analogies to and human genetic engineering (Fig. 1).
past technologies, many of which may On the other hand, it was seen as more

to study whether nanotechnology was

will shift towards either the upper left
quadrant of Fig. 1 (that is, high benefit
and low risk) or the lower right-hand
quadrant (that is, low benefit and high
risk). But will the fate of nanotechnology
be determined by rumour and
supposition, as some believe has been
the case for GMO? Or will public
opinion be based on objective science
and engineering findings? Based on our
results showing that society is relatively
neutral about nanotechnology, now is the
time to educate the public aggressively
with facts about the risks and benefits of
nanotechnology. Education can prevent
opinions from becoming polarized on the
basis of misinformation. Our research
methodology provides a sscorecarde
that can track how public attitudes to
nanotechnology change over time (for
example, annually) in light of media
coverage of new research into the risks
and benefits of nanotechnology.

As an example of interdisciplinary
collaboration, we formed a partnership
with scientists and engineers at the
Center for Biological and Environmental
Nanotechnology (CBEN) at Rice
University in Houston, Texas, to create
four hypothetical nanotechnology
applications with which consumers
could plausibly come into contact: a
medical product (a drug), a skin lotion,
automobile tyres and refrigerator gas
coolant. We then used a nationwide web
survey in the United States to collect
data from 4,542 likely consumers. The
survey first presented respondents
with the following generic definition of
nanotechnology, which was developed
with our science and engineering
colleagues: *Nanotechnology involves
human-designed materials or machines
at extremely small sizes (atomic or
molecular level) that have unique
chemical, physical, electrical, or other
propertiesZ This definition was followed
by descriptions where we manipulated
the level (high or low) of the health or
environmental risks and benefits of
the four nanotechnology applications.
Respondents were then asked how likely
they would be to use such applications
on a scale that ran from 1 (extremely
unlikely to use) to 7 (extremely likely).
To validate the web study, we also
conducted telephone interviews with a

GMO, pesticides, chemical disinfectants national random sample of 501 adults

(see Methods).
Our results showed that for both the

be misleading, such as asbestos, dioxin,risky and less beneficial than solar poweweb and telephone samples, respondents

Agent Orange, or nuclear powérive vaccinations, hydroelectric power and
used a national random-digit telephone- computer display screens.

dialling survey to conduct interviews It is likely that, over time, public
with 503 individuals in the United States sentiment towards nanotechnology

154

©2006 NaturePublishing Group

did not consider the risks or benefits
of nanotechnology independently.

Rather, in a pattern that held true for
both health- and environment-related

nature nanotechnology | VOL 1 | DECEMBER 2006 | www.nature.com/naturenanotechnology




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    35.29100
    35.29100
    36.28300
    36.28300
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    8.50000
    8.50000
    8.50000
    8.50000
  ]
  /PDFXOutputIntentProfile (Europe ISO Coated FOGRA27)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (NPG PRINT PDF Job Options. PDF 1.3 Compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [666.000 855.000]
>> setpagedevice


