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ABSTRACT

Thisthesis uses materia frominterviews with faculty and graduae students
working with nanomeaterials at Brown University to examine questionsrelated to the
bendfits, liabilities, and ethical, legd, and soda implicationsof nanotechnology. Our title
reflects the claim currently being madetha in engineering materials on the nano-scale
(the prefix GhanoOdenotes 10 °) we are transforming the building-blocks of life, and
ultimately theway we adl live. Wefind that although undestanding of the benefits,
liabilities and implicationsof nanotechnology among members of the scientific
community and theundestanding of nanotechnology among members of the puldic
differ in several ways, these divergent perspectives can berecondled significantly
throughthe clarification and communication of several key conaepts prevalent in both the
scientific and sodal-scientific literature. Furthermore the dissemination of these core
conaepts can aid in thefacilitation of dialogueamong stakeholder groupsas we seek to

develop a precautionay approach to theregulation and devel opment of nanotechnology.
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|. INTRODUCTION
A. Nanotechnology: What@ At Stake

Despiteitsincreasing prominence in the scientific, regulatory, and pulic sphees,
there is till no single definition of hanotechnologyO I n essence, nanotechnology refers
to the produdion, manipulation and use of materias at the scale of 100nanometers or
less (Davies 2006;Nationd Research Coundl 2002) At this scale, materials behave
unexpectedly, exhibiting propetiesthat differ physically, chemically, and biologically
fromther larger counerpats. Althoughmuch of nanotechnology is still in the research
and development phase, nanometerials are expected to be used in awidevariety of
applicationsranging from biomedical drug ddivery to electronics, pollution remediation,
and less toxic modes of manufacturing (Baird and Vogt 2004). Many scientists and
policy-makers see nanotechnology as the wave of the future, and, as aresult, investment
in nanotechnology has continued to increase.

IntheU.S,, theNationd Nanotechnology Initiative (NNI) isafederal, interagency
research and development program coordinaing 25 agendes, induding the Food and
Drug Administration, the Department of Defense, the Nationd Science Founddion, the
Environmental Protection Agency, and the Department of Homeland Security. NNI is
scheduled to receive over $1.2 billionin the President® 2007Budgé (Nationd
Nanotechnology Initiative 2006) which is more than triple theannud investment the
initiative received in itsfirst year andwill bring the total investment in the NNI to over
$65 billionsince its establishment in 2001 Theglobd impact of produds where
nanotechnology will play aroleis expected to exceed $1 trillion by 2015(Einsedd and

Goldbeag 2004;Roco 2003.



As nanotechnology research races forward, both occupaiond and public
expoaure to potentially hamful nanopaticles will undoubedly increase (Dreher 2004).
At present, innovaionin nanotechnology applicationsis proceeding ahead of related
policy and regulation, raising concernsthat ethical, environmental, econorric, legd,
sodal, and toxicological research islagging behind (Mnyuswallaet al. 2003;Eindedd
and Goldenbeg 2004;Renn and Roco 2006) The conflicts foreseen for nanotechnology
are nearly aswideand varied as its many promises. These indudeissuesinvolving
discrepandes beween internaiond, federal, state, and agency regulations intellectud
propety conaerns and privacy issues, in addition to more traditiond health and saf ety
concerns While the Nanotechnology Environmental and Health ImplicationsWorkgroup
(NEHI) works to prioritize research regarding hurman and environmental health
implications the EPA is addressing nanotechnology with a hdistic approachN
researching bendficial applicationswhile devel oping risk assessment and management
strategies (Karluss et a. 2009.

Researchers arguethat dueto differencesin size, shape surface area, chemical
compostion, and biopeasistence, engineered nanomaterials should be assessed separately
fromther larger counterparts for environmental and human health impacts (Hoet 2004)
A beter undestanding of nanonmeterialsis aso crucial because, as Colvin (2003)
describes, the current lack of technical data on thesafety of nanometerials Qprovides
fertile ground for both nanotechnology proponents and skeptics alike to make
contradictory sweeping condusonsaboutthe safety of engineered nanopaticlesO
(p.1166) Indeed, in the current debate opinionsvary widey from the Ghano-radicalsO

who imaginetha nanotechnology will ultimately be respongble for the produdion of



couniess materials; to hano-realistsOwho focus on incremental innovaions to the
hano-skepticsOconaerned therisks that self-replicating nanometerials could pose to
humansand the environment (Wilsdon2004) Of course, there are awiderangeof
opinionsin between these postions butthefact remainstha the uncertainty surrounding
nanotechnology has |eft scientists, regulators, and the public withoutclear guidance
regarding the safety of these increasingly widespread materials.

Researchers have foundtha, dueto theuniqueability of nanometerialsto travel
vast distancesin air, water, and the human body, crudal information on nanotechnology
islacking for each step of risk assessmentN there are significant gapsin toxicological
data, exposure routes, health effects, and current and future produdion levels (Powel and
Kanarek 2006) However, extengve research on exposaure to ultrafine particles and
asbestos, both of which have many significant similarities to certain nanometerials,
provides a strong founddion for undestanding the mechanism by which theingiration
of nanopaticles can be more dangeousthan that of ther larger counterparts (Holsapple
et a. 2005;Kane2007) CarbonNanotubes (CNTSs) are of particular concern because
they already exist in the environment in soot, air pollution, and as combugion
byproduds. Furthermore, dueto ther high physca strength, flexibility, and condudivity,
CNTsare used in arangeof applicationsinduding electronics and display devices,
biomedical research, foodand agricultural produds, and sporting goods exposng both
manufacturing workers and cusomer end users to these potentially toxic materials
(Powell and Kanarek 2006; 2006H.

CNTsaso raise concern because ther longfibrousstructure is similar to tha of

asbestos, another GmiracleOmateria which was later foundto have extreme ddeterious



effects (Tsuji et a. 2006) This structural similarity suggests tha thetwo materials
might have similar mechanisms of toxicity when inpired. Indeed, several Qed flagsO
have already been raised tha seem markedly similar to conaernsregarding asbestos
expoaure. Theavailable literature suggests tha ingired CNTs have unusud toxicity
propeties when compared to larger respirable particles (Donddson et a. 200§. CNTs
seem to have a greater ability to stimulate mesynchymal cell growth than ther larger
counterparts, causng granuloma formation and fibrogenesis. Furthermore, as with
asbestos some of thetoxic effects of CNTs might be achieved throughoxidative stress
and inflammation. However, the mechanisms by which CNTs cause their ddeterious
health effects are still poolly undestood (Donddson et a. 2006)

Because of ther ubiquity and the greater number of risk assessment studies tha
have been conduded relative to other nanopaticles, CNTs can provideingghtinto the
precautionary measures that might betaken in regulating nanometerials given the current
state of scientific knowedge Of particular conaern isthethreat of exposure through
inhdation, as nanopaticles can be easily emitted and sugpended into air from both
stationary and mobile combugion sources (Biswas and Wu 2005. When inspired, larger
paticles tend to remain in the uppe respiratory airways. Althoughthis can indeed be
damaging, ultrafines pos an even larger threat dueto thar ability to travel degper into
thealveolar regionsof thelungswhere gas exchangeoccurs (Powell and Kanarek
2006b) For this reason, respiratory toxicity studies of nanopaticles have been prioritized
in evaluding the overall health implicationsof nanoneterials.

Severa animal studies on therespiratory toxicity of CNTs have aready been

conduded (Hucksko et al. 2001;Lam et al. 2004 Warhéat et al. 2004;Muller et al. 2005;



Shvedovaet a. 2005) and theavailable animal evidence suggests tha carbon
nanotubes are capable of eliciting a granulomatous inflammatory, fibrogenic respone
when inhded into thelungs(Tsuji et a. 2006. This has the potential to hold enormous
implicationsas environmental and occupaiond exposure to manufactured nanometerials
induding CNTsincreases in the near future, and should raise concernsregarding the
longterm health implicationsof theinareasing use of nanoneterialsin consumer
produds, indugry, and phamaceuticals (Drehe 2004; Powell and Kanarek 20063.

In additionto preliminary toxicology research, many cite previousbiotechnology
debaes surrounding gendically modified foods asbestos and lead in order to arguetha
precaution isimportant both in terms of environmental and human safety aswell asin
establishing postive Qpublic relationgdfor nanotechnology (Einsedd and Goldenbeg
2004;Mehta 2004;Macoubiie 2006) While some have called for outright bans until
more data has been collected, others arguetha the bendits of nanotechnology outweigh
these potential cogs, and, thus research should move forward while Qeal-time
technology assessmentOcontinues (Sweet and Strohm 2006; Baird and Vogt 2004; Royd
Sodety and Royd Academy of Engineering 2004) However, both groupsagree that in
order for nanotechnology to achieve its many promises, a better undestanding of the

toxicity of nanometerials mug be achieved.

B. TheRegulatory Status Quo: Many Agencies, Little Action

In September of 2000the Nationd Science Founddion (NSF) established the
Nationd Nanotechnology Coordinaing Office (NNCO) and determined itsrolein
monitoring potential risks of nanotechnology, induding soda and ethical issues likely to

arise with the emergent technologies (Roco 2003) NNCO is aso charged with



communicating with the public and addressing unexpected consequences tha may
arise. Furthermore, two bills for nanotechnology were subnitted in the 108" Congress
aimed at addressing the need for interdisciplinary multi-agency planning with regard to
nanotechnology. Thefirst of these bills, the 1% Century Nanotechnology R&D ActO
(S189), which recommended a five year Nationd Nanotechnology ProgranQ(now the
Nationd Nanotechnology Initiative), passed in December of 2003 The second bill, the
Nanotechnology Research and Development Act of 2003GH.R. 766), which authorized
NSF funding of multi-agency research ($424millionin FY 2006) passed in May of 2003
(Rooo 2003) However, despite thelaudeable work doneby the NNI alongwith the
Nanotechnology Environmental and Health ImplicationsWorkgroup (NEHI) in
suppoting environmental hedlth and safety research and outlining prioritization strategies
for research in thefuture, many gapsremain in bath nanatechnology regulation and risk
management, leaving the puldic, workers, and theenvironment largdy unprotected from
potentially toxic materias (Karluss et a. 2006)

Today, nanometerials aready onthe market have not been studied for
toxicological effects, nar has there been a systematic collection of information regarding
these materials (Powell and Kanarek 2006b) Renn and Roco (2006 outiined€ficitsin
current risk govenance of nanotechnology, induding: bd ow-optima measurement and
assessment of the presence and characteristics or nanoneterials in the workplace and the
environment; alack of environmental health and safety knowledge fragmented
govenmental inditutiond structure and legd authority; weak @oordinationCof safety
issues among stakeholders; limited knowledgeof sodal, ethical andlegd implications a

dearth of resources targeted at better risk govenance in R& D budges despite thefact



tha there are no published or standardized risk assessment tools; and, lastly, an

overconfidence in our ability to regulate or remediate exposures after the fact.
Asalluded to in Renn and Roco@ list of risk govanance deficits, some of the

current issues in theregulation of nanotechnology arise from corflicts and discrepandes
between federal and state agency laws (Sweet and Strohm2006. There are a number of
existent laws tha have the potential to cover nanotechnology regulation. Because of its
broad jurisdiction over chemicals defined as Gany organic or inorganic subgance of a
particular molecular identity,Osome have argued that nanometerials should be regulated
unde the Toxic Subgances Control Act (TSCA) (Davies 2006) The use of this statue
becomes significantly more complicated when attempting to deerminewhether or nat
nanometerials would fall unde TSCA criterion based on the Gignificant new useOrule
since mog nanometerials are not, in fact, new chemicals. However, thesignificant new
use rule requires that a material be produced in avolume in excess of 10,000kilograms
per year, which meansthat in orde for nanometerials to fall unde thisjurisdiction an
exemption fromthis volume requirement would be necessary (Davies 2006)
Furthermore, TSCA assumes tha an absence of knowledgeabouta chemical meanstha
there are norisks, which would, therefore, promote little actionin theface of uncertainty
(Davies 2006) TSCA isnottheonly regulationtha claims jurisdiction over
nanotechnologiesN other potentially applicable regulationsindude the Occupaiond
Safety and Health Act, theFood, Drug and Cosmetics Act, the Clean Air Act, and the
Consumer Produd Safety Act (Davies 2006) As aresult, these jurisdictiond corflicts

amongagendes are nearly as diverse and complex as the technologies themselves.



C. TheCurrent Challenge Prioritization of Risk Research

With the ever-present allure of nanotechnologiesOmany applications little of the
NNI@ increasing budge is beng used to fill in data ggpsin toxicology, epidemiology;
eco-toxicology, and occupaiond safety (Powell and Kanarek 2006b) However, if the
bendficial applicationsof nanotechnology are to berealized, both toxicological and
ethical research needsto keep up with the more heavily-funded R& D research beng done
now. Because nanometerials are so varied and widespread, oneof thefirst stepsisto
prioritize wha toxicity and risk research should bedonefirst. In November, 2006
Andrew Maynard and a nunmber of other leading nanotechnology researchers published a
plan for prioritizing risk research in thenext 15years. They began by stating that:

Asresearch leadersin our respective fields we recognize tha systematic

risk research is needed if emerging nano-indugries are to thrive. We

cannotset theinternationd research agendaon ourown, but we can

ingpire the scientific communityN induding govenment, indudry,

academia and other stakeholdersN to movein therightdirection (p.267).
Theplan outlined chdlenges and ggpsin current risk research to befilled-in in atimely
fashion so tha nanotechnology research can safely and successfully moveforward.

However, as aresult of these remaining ggpsin toxicological research, debate
continues over wha should be donein theinterim periodswhile this research isbeng
conduded. Some arguethat the precautionay principle should be applied which, as
outlined by Raffengperger and Tickner (1999, suggests that, Qvhen an activity raises
threats of harm to human health and the environment, precautionay measures should be
taken if some cause-effect relationshipsare notfully established scientificallyO(p.353

354). Such an approach would involve interim risk management actionsto restrict human

and environmental expoaures to nanometerials, aswell as arequired demondration of the



safety of nanomeaterials prior to their beng placed onthe market. However, while
proponents arguetha an application of the precautionay prindpleistheonly way to be
protective of bath public and environmental hedlth, others counter tha it could only result
in an outright ban on theintrodudion of nanotechnologies into commerce, thereby
impeding bendficial applications(Sweet and Strohm 2006)

D. Current Sodal and Ethical Implications (SEI) Research: Public
Relations or Public Participation?

Despite remaining conaernsregarding the lack of regulation of nanometerials
themselves, there have been some promising developments in the approaches being taken
to nanotechnology devel opment as compared to the early phases of previous
technological revolutions Many SEI researches have cited the debate surrounding the
use of gendically modified organisms (GMOs) as an example of an emerging technology
which posed chdlenges similar to thos of nanotechnology both in terms of scientific
uncertainties as well as difficulties in establishing postive public relations(Eindedd and
Goldbag 2004;Mehta 2004;Macoubiie 2006) The scientific and indugrial communities
involved with GMOs saw negdive public perception lead to resistance to the use of the
technology as well as a backlash with severe economic consequences (Sandler 2006)
With GMOs these scientific uncertainties and negative media portrayals were
accompanied by alack of communication regarding risk management, which led to a
feeling tha public concernswere bengignored and alack of undestanding regarding the
risks and ben€fits of the technology (Sandler 2006.

Asaresult of agenera inarease in the condderation of theimplications
assod ated with scientific and technological developments, as well as the oft-cited GMO-

andogy, academic and indudry researchers alike have developeal sodal and ethical



implicationscomponents to thar projects. Sandler and Kay (2006)describe, the
NNI Gxplicitly calls for assessment of the sodial and ethical dimensonsof the
nanotechnology revolution and public engagement regarding it, conaurrent with scientific
and technological advancesO(p.676). Thereis agrowing body of sodal and ethical
implications(SEl) literature related to the devel opment and implementation of
nanotechnologies. While much of the earlier literature was more of a predictive natureN
asking questionsrelated to the then, primarily hypothetical use of nanometerialsto
improve the human condition, SEI researchers now begin to turn ther focustoward a
very real consumer market for realized applications.

Much of theemphasisin the SEI research being conduded, however, hasfallen
uponpublic paticipaion and education, with more than a dozen studies conduded on
public perceptionsof nanotechnology as of 2006(Cobband Macoubiie 2004;Currall et
al. 2006;Berube2006) Researchers are now voicing conceernsregarding the naure of
these efforts, arguing tha too much focus has falen on education rather than dialogue
and tha pertinent ethical issues remain overlooked. Some worry tha thisfocuson public
perceptionsis aimed at developing astrong public relationsstrategy for the
implementation of nanotechnologies, and does nottake advantage of the oppatunity to
opeanly discuss the use of materials aboutwhich so little is still known.

Thisthesis seeks to add to a growing body of knowledgeregarding wha will
conditute relevant and meaningful SEI research in thefield of nanotechnology. One of
the central gods of SEI research has been to hdp ensure Qlemocratic participationOin the
development of nanotechnology research gods and regulations However, in reviewing

the SEI research being conduded it is clear tha while the public is continudly polled and



surveyed for ther opinionsregarding nanotechnology, there has been little research
of this naure involving members of the scientific community who are undoubedly
valuable voices in representative decision-making processes. Furthermore, as this thesisO
findingssuggest, this oversight will hinde meaningful dialogueamongthediversefields
of science involved in nanotechnology research, as well as amongindugry, regulatory
agendes, and the public, and, as aresult will take avay from our ability to realize the

potential of nanotechnologies in a safe and effective manne'.

[1. DATA AND METHODS

This study is part of amultidisciplinary project at Brown University funded by the
Nationd Science Founddion as part of its program on collaborative research in nanoscale
science in engineering unde the Nanosale Interdisciplinay Research Teams (NIRT)
program. This project addresses thetoxicity, biocompdaibility, and practical hedlth and
exposure risks assodated with arangeof moden nanometerias, aswell asthe sodeta
impacts of new nanometerials with a special focusonrisk perception and university
nanometerial safety. Theresearch team has prindpal investigaorsin thephysical,
biological, and sodal sciences who work with environmental, health, and safety
professionds at Brown to formulate nanometerial safety guiddines for university
research laboratories and disseminate those guiddines throughweb poging and special
training programs. Furthermore, the cross-disciplinay educationd component of this
project trainsgraduae students to have an inareased awareness of the sodetal, ethical,

and human health implicationsof new nanotechnologies.



As part of this project, environmental health, and safety (EHS) professionds
at Brown administered a survey to identify al of the labsinvolved in nano-scale research
at the University. Members of thesoda science research groupthen conduded
interviews with the 18 faculty and 21 graduae students identified. The study was
intended to be an examination of the perceptionsof the QuniverseOof researchers at our
university, and, thus inferential statistics are not presented to make claims aboutalarger
popuktion.

Interview Schedule. Interview questionswere congructed based uponreading of
sodal and ethical implications(SEl) literature relevant to nanotechnology, with
additiond inputfromthelarger environmental hedlth research group of which the SEI
team is part, and with an outside expert in SEI. The interview was then piloted with one
research participant. Two members of project team conduded thefirst two interviews
togdher in order to refinethetechniqueand give congstency to theinterview process.
Theremainde of theinterviews were conduded by two researchers between March and
December of 2006

Interviewees were asked approximately thirty questionsaboutthe sodal, ethical
and legd implicationsof nanotechnology. Theinterview schedule was comprised of five
subject areas: (1) specifics of individudsOresearch, (2) general knowledgeand attitudes
towards nanotechnology, (3) regulatory issues, (4) ethical consderations and (5) risk
assessment. Interviews typicaly lasted between a hdf-hourand an hourand fifteen
minutes.

Analysis. All interviews were taperecorded and transcribed, except for two who

refused to berecorded. Notes were recorded after each interview. Transcripts and pos-



interview notes were imported into NVivo 7, aquditative data management and

andysistool. NVivowas used to codepaternsand themesin theinterviews usngan
initial list of codes tha wereidentified following a review of thetranscripts and based on
categories of questionsused in theinterviews and on theissues of interest tha were
identified in theliterature. Data andysis was donein an iterative fashion, with additiond
readingsof thetranscripts leading to additiond codes and to recodes, as more was
learned. NVivo allows theresearcher to codeentire files with certain characteristics such
as demographic variables, then specify which value the variable mug have for thefile to
be selected in the search. NVivo uses the selection feature in combination with the code
countto congruct matrices tha can belooked at asthey are, orimported into statistical
packages such as SPSS for quantitative andyses.

Codes were divided into six major categories. (1) andogies used by interviewees,
(2) benefits and applications (3) liabilities and risks, (4) ethical implications (5)
perceptionsof public undestanding of science, and (6) discussion of the precautionary
princple. To ensure congstency, al find coding was completed by oneresearcher, and
the accuracy and congstency of coding was reviewed for several sample transcripts by
additiond members of the research team. NVivo was also used to assign GittributesOto
theinterview transcripts identifying the status (professor or graduae student), and areas
of training of the participants (toxicologists and non-toxicologists, and thos involved in
biological versusmaterial sciences) as seen bdow in Table 1. All quotestha appear in
this paper are frominterviewees, they are identified by the numbers assigned to thar

transcripts.



Table1l: Statusand Areasof Training

# of

Sources/N=39 %
Professors 18 46
Graduate Students 21 54
Toxicologists 11 28
Non-Toxicologists 28 72
Biological Sciences 12 31
Material Sciences 27 69

[11. RESULTS AND FINDINGS

A. Benefitsand Applications
Thebendits and applicationsof nanotechnology (shown in Table 2) discussed by
theinterviewees aigned closely with those projected by both the Nationd

Nanotechnology Initiative, as well asthos in themedia and populbr press.

Table 2: Benefitsand Applications

# Respondents %
Biomedical 33 85
Electronics 17 44
Materials Applications 17 44
Drug Delivery 15 38
Energy 9 23
Researchers and Industry will benefit 7 18
Optics 5 13
Catalytic Applications 4 10
Environmental 4 10
Cosmetics 3 8

" In this and other tables the number of respondents will not total to 39 as a single interviewee can refer to
multiple categories over the course of the interview.

Theemphasis fell mog heavily on biomedical applications(N=33; 85%), with 15 (38%)

of theinterviewees specifically mentioning drug delivery. Biomedica applicationswere



followed by el ectronics and materials applications both with 17 (44%) interviewees
referendng thar potential. Furthermore, al interviewees (39; 100% felt tha the bendfits
of nanotechnology could patentialy accrueto many people, as expressed both by
identifying groupssuch as @onsumers,OQomputer-users,Oor @he public in general,Oas
stakeholders in nanotechnology, as well as several statements similar to onegraduae

student® claim that Ghanotechnology is the futureO(BGS003)

B. Liabilitiesand Risks

Over the course of theinterviews, all participants (N=39), indicated some
liabilities and risks assod ated with the use of nanometerials and nanotechnology (Table
3), athoughseveral interviewees (10; 26%) felt that these risks were no different from

risks assodated with common lab practices and materials.

Table3: Liabilitiesand Risks

# of Respondents %
Human Health 35 90
Environmental 26 67
Risks are unknown or not fully understood 25 64
Abuse 13 33
Risk depends on type of NM 10 26
Risks like other risks 10 26
Technology-specific 10 26
Unknown IS the risk 10 26
Catalytic reactions 3 8
Fire and Explosion 3 8
Risk of industry going bust 2 5

Themagjority of interviewees (25; 65%) accurately indicated tha therisks and liabilities
assod ated with nanomaterials remain unknown, or are notyet fully undestood.
However, an even greater majority felt tha nanometerials could pos arisk to human
health effects (35; 90%) and theenvironment (26; 67%). Thirteen participants (33%) felt

tha there was a potential for abuse of nanotechnologies, however, this was often



mentioned in tandem with theten (26%) assertionstha these risks were not
inhaent in anything hano Obutrather, are similar to risks assodated with other
technologies.

Interviewees again echoed much of thetoxicology literature, in theten (26%)
mentionstha risks and liabilities will vary onthetype of nanomeaterial beng used. And,
thus it isunsaurprising tha ten (26%) participants dso felt tha therisks would be
technology-specific.

Interestingly, ten interviewees (26%) also argued tha thefact tha risks assodated
with nanometerials are unknown isarisk in and of itself. As onegradude student
remarked:

| do think there are risks mosgly because no one3really ever investigated

these materials, and | would be suspect of any materials whether or notitGQ

nanomeaterial or something largeif its effects hadn®been investigated

(BGS001).

A numbe of researchers also indicated specific human health effects tha may be
assodated with nanometerials. Table 4 (bdow) extends the previoustable to indude
these specific risks.

Table4: Human Health Risks

# of References %
Human Health 35 90
Inhalation and Respiratory Risk 24 62
Occupational hazards 24 62
Dermal 15 38
Chronic risk 14 36
Blood stream 6 15
Risk to consumers 6 15
Genetically transmissible 1 3

Inhdation and respiratory risks (24; 62%) were by far themos common hedlth effects
mentioned in our interviews. This was expressed both as a liability of nanomeaterialsin

gened, aswell as something to beaware of in risk management in thelaboratory.



Twenty-four (62%) participants also mentioned that there were risks assod ated
with nanomaterialsin thelab and workplace, althoughonly six (15%) mentioned tha
nanomeaterials could pose arisk to consumers.

Given thefact tha many of the promised applicationsof nanometerials, such as
treatment of central nervoussystem disorders, rest uponther oft-cited ability to easily
cross biological bariers, it was surprising to find tha only six (15%) interviewees
mentioned arisk of nanometerials getting into the blood stream (Mnyuswalla et al.
2003) Thisis especialy notable given the current discussion of nanomaterial sCability to
trand ocate from thelungsinto other parts of the body (Kane2007) As aresult of these
dispaities, we chos to examine differencesin risk perception by academic status
(graduae students vs. professors), and areas of training (material sciences vs. biological
sciences, and toxicologists vs. nontoxicologists). Althoughwe founddight differences
between the graduae students and professors, andthose involved in biological and
material sciences, thelargest differences were fourd in comparing toxicologists and norn

toxicologists (Table 5).



Table5: Toxicologistsvs. Non-Toxicologists Risks and Liabilities

Refi;(;fnce Toxi(t:;)Iogis % of Tox. Toycg:ogis % o_lf_;\:(on-
# of Sources/N=39 39 11 100 28 100
Human Health 35 11 100 24 86
Environmental 26 10 91 16 57
Risks are unknown or not fully understood 25 10 91 15 54
Disposal 14 4 36 10 36
Abuse 13 5 45 8 29
Risks like other risks 10 1 9 9 32
Technology-specific 10 3 27 7 25
Unknown IS the risk 10 5 45 5 18
Risk depends on type of NM 10 5 45 5 18
Catalytic reactions 3 1 9 2 7
Fire and Explosion 3 1 9 2 7
Risk of industry going bust 2 1 9 1 4
NT is safe 1 0 0 1 4

Toxicologists were more likely than nontoxicologists to mention both
environmental and human health risks assodated with nanometerials, with 100%(11) of
toxicologists and only 86% (24) of nontoxicologists mentioning human hedlth risks, and
91% (10) of toxicologists and only 57% (16) of non-toxicologists citing risks to the
environment as aliability of nanotechnology.

As previoudy mentioned, oneof the central arguments for taking a precautionary
approach in theregulation and application of nanomaterials is tha therisks assodated
with these materials are till unknown. Thus it is sgnificant tha while this fact was
sdlient in theinterviews with those involved in toxicology research, only dightly more
than hdf of the nontoxicologists mentioned that the liabilities assodated with
nanometerials are not yet fully undestood. This suggests tha thisis a conoept tha should
be better disseminated throughoutthe involved scientific community. In addition,

toxicologists (45%10) were more likely than nontoxicologists (18%; 5) to perceive



these unknownsasrisks. Thenotionthat risks will depend on thetype of
nanometerial being used was also more prevalent anongtoxicologists (45% and 18% of
norttoxicologists). Aswill bediscussed later, identifying differences in risks assodated
with particular nanometerials will becritical to developing these technologies in away
tha is both safe and economically successful and, thus should be emphasized and shared
across scientific disciplines. Lastly, while 329 (9) of the nontoxicologists felt that the
risks assodated with working with nanometerials were like other risks, only 9% (1) of the

toxicologists felt thisto bethe case.

C. Ethical Implications
Despite an interview schedule tha actively targeted some of theethical
implicationsof nanotechnology domnant in SEI literature, theimplicationsraised by

interviewees were markedly dissimilar (Table 6).

Table 6: Ethical | mplications

# of Sources/N=39 %
Abuses 13 33
Equity 11 28
Medical 10 26
Animal testing 9 23
Research ethics 7 18
Safety unknown 7 18
Environmental 6 15
Privacy concerns 2
Legal 1

Implicationsof environmental exposures, medical ethics, privacy concerns
equity, aswell aslegd, regulatory, and inaurance issues donminae much of the SEI
literature aroundnanotechnology, (Baird and Vogt 2004) While some of the concerns
prevaent in ourinterviews, such as abuses of nanotechnology (13; 33%), and issues

aroundhuman health and medicine (10; 28%) aligned with theliterature, many of the



concerns seen as pressing in the SEI community, were much less commonly cited.
Privacy (2; 5%) and legd (1; 3%) issues did not often arise in our interviews.
Furthermore, althoughl1 participants (29%) felt that issues of equity could be
problematic, only 2 (5%) of the participants cited equity congernsprior to our question
regarding a potential technological and econonic gap between counties with and without
certain nanotechnologies, referred to as the hano-divideOin common parlance and in the
interview schedule. Aswill bediscussed later, thisaso served as an example of an area
in which theimplicationstha arose mog often among scientists were markedly different
fromthose beng raised by members of the public in surveys conduded thusfar
(Macoubrie 2005)

In conduding our interviews, we reflected on the need to QrandateOthe notion of
ethics in multiple senses of theword. Firstly, a significant portion of the popuktion
interviewed (14; 36%) were not naive English speakers. Asaresult, 8 interviewees
(21%) were unfamiliar with the English word Gethics.*OThisis notto say tha these
individuds do not, in fact, congder ethical implicationsof nanotechnology asthey are
undestood by sodal-science researches. However, it does indicate a limited ability to
discuss such issuesin theresearch community. Furthermore, as seen in Table 7, those
familiar with the English term for ethics were more likely to discuss all areas of ethical
implicationsthan those who were unfamiliar with theword. Agan, thisislikely aresult
of English languayefluency, but has the potential to stifle meaningful dialogueamong

scientists and stakeholder groupsif it is notexplicitly acknowedged and addressed. The

! Indicated by request for clarification of theword ethics, for example, Qbn sorry, what
do you mean ethical 270(BGS003).



unfamiliarity with this term foundin these interviews is perhgpsindicative of alack
of such discussion thusfar.

Table 7: Ethical Implications Divided by Those Unfamiliar/Familiar with the Word CEthicsO

#of Swi';ﬁe;hﬁ’;sfami"ar % (# of Sources/N=8) | * ?/\(/)il:;c:tii::m"ar % (# of Sources/N=31)

N=39 8 100 31 100.0
Abuses 2 25 11 35.5
Equity 2 25 9 29.0
Medical 2 25 8 25.8
Animal testing 1 12,5 8 25.8
Safety unknown 1 12.5 6 19.4
Environmental 0 0 6 19.4
Privacy Concerns 0 0 2 6.5

Research ethics 0 0 7 22.6

Furthermore, theword GethicsOtakes on yet another meaning in the context of
many of theinterviewsN with several of the participants assodating theword with issues
of academic integrity (7; 18%), and animal testing (9; 23%). Thisis nat to arguetha
these issues are unimportant or tha they should nat fall unde the scopeof ethical
congderationsof nano-scale research enterprises, the prevalence of these issuesin the
interviews indicates a need to actively QrandateOa more broad-based nuanced notion of
ethics in convesationsamong sodal-scientists, scientists, and theregulatory community.

This need to clarify GethicsOis further suppotted by the numerousmentionsof
abuse as apotential ethical conaern. As oneprofessor described: Or ou can aways dream
up some negaivestha some evil-does could use thisfor, butif we trug thefundamental
goodof people wed aways, you know, try to bring up, to use these thingsin a postive
way. Y esh, some bad guysbuild an atomic bombQ(BP003). Althoughconcernsregarding
abuse are indeed important, thereis a dange of missing many of themore subte ethical
concernsif thisiswha is emphasized. Furthermore, the assodation of our questions

regarding ethics with Onad scientists in the back roomEbe nt over these test tubes of all



different colors and making, you know, doomsday devicesO(BGS001), as one
researcher putit, could stifle potentially beneficial conveasationsbetween soca and
research scientists. Furthermore this could promote a kind of C.P. Snow (1959 culture
divide between sciences and the humanities, or, worse, between scientists and everyone
else, especialy given thevalue of researchersOvoices in promoting new technologies.

Many of theinterviewees reflected on thenature of ethics condderationsin the
research community more broadly. Althoughnot on a quantitative level, several other
themes emerged from these convasations First, severa researchers noted tha current
ethics training courses are dominated by Qpublication and research ethicsO(BGS001), and
Qheway you train engineers and scientists to think does not by its nature ind udeethicsO
(BPO15). Furthermore, based uponboth observationsas well as comments made by some
of the paticipants, it is evident that many scientists, as people, Qlo worry aboutthese
thinggD(BPO15), however thereislittle forum for discussion of broader ethical issues
amongscientists.

Some interviewees also reflected on possible reasonsfor thelack of ethical
discussion among scientists. Funding and prestige can hinde a scientist@ ability to
condder these issuesN as onescientist said regarding consderation of discussion of risks
in the scientific community: Orhey won®give the Nobd prize for something like thatO
(BGS025). Furthermore, for many researcher's, these issues are uncomfortable or
burdensome to condderN as onegraduae student stated: CEthicsis agray area, scientists
don®like itO(BGS025. However, al researchers felt that science, at large, could bea

tool for postive sodal change



D. Analogies

Given the prevalence of andogies to previousissues of science, technology and
health in theliterature on nanotechnology, it was useful to examinethe use of andogies
in ourinterviews as away of undestanding how researchers perceived these same i ssues.
Twenty of theinterviewees (51%) employed andogies to illugdrate bendits, liabilities,
and sodal and ethical implicationssurroundng the development and use of

nanotechnology (Table 8).

Table 8: Analogies Used

# of Sourves/N=20 %
Asbestos 11 55
Stem Cells

Genome Projet

GMOs

Internet

AIDS treatment
Cigarettes

Plasticizers

Nickel in Orthopedics
Recombinant DNA
Tissue Engineering
Ultrafines
Whisker-Based Materials

Rlrlrlr]lrlr]lRr|dv]w|lw]lw]|o

Given both the common use of asbestos as an example of an environmental-health
disaster, aswell as theresearch interests of some of the primary investigators on campus
it was unaurprising that asbestos, with 11 sources (55%), was by far themog commonly
used andogy. However, in orde to best undestand the use of the other andogies
employed, we identified the QuseOof each andogy by finding theintersectionsof the
andogies, and theimplicationsthey were used to discuss divided into areas of: risks and
liabilities, ethical implications benefits and applications public undestanding of science

(PUS), and theprecautionay princple (PP) (Table 9).



Table 9: Use of Analogies

RiskAnalogies Ethical Analogies BenefitAnalogies PP Analogies PUS Analogies
Analogies-- Total 11 9 4 3 2

Asbestos
Stem Cells
GMOs
Internet

©

AIDS treatment

Genome Projet

Cigarettes

Nickel in Orthopedics

Plasticizers

Recombinant DNA

Tissue Engineering

Ultrafines

rlrlrlolr]lr]lr]o]lo]lo]lo]e
olo|lolololololr]r]lr]|r|lo]lr
olo|lr]|olelo]lolr]lolr]|o]leo]r
olo|lolr|o]lo]lo|eolr]lolr]|o]r
olo|lo]lo|lolo]lo]|olo]lolr]|o]r

Whisker-Based Materials

Andogies were used by the greatest nunber of interviewees (11; 28%) in order to discuss
risks and liabilities assodated with nanotechnology, then followed by those who used
them to discuss ethical implications(9; 23%), benefits and applications(4; 10%), the
precautionay prindple (3; 8%), and public undestanding of science (2; 5%). While
asbestos is by far themod cited andogy ovedl, it is primarily employed to discuss risks
and liabilities, whereas and ogies used to discuss broader contextud issues (ethical,
public undestanding, or precautionay approaches) were more varied.

Stem cell research emerged as thedominant andogy in discussing ethical
implications(5; 13%). Notably, stem cell research is an areain which the dominant
ethical concernsare very much tied to issues of right-to-life and bdiefs about
manipulation of biological materials, and is onein which exposure and health conaerns
are notyet consequential. Here, much of the sentiment seems to betha sodal and ethical
concernsare holding back potentially beneficia research. It is aso of note than only three
(8%) of theinterviewees used GMOs as an andogy. Thisis surprising given the
prevaence of theandogy to the European GMO backlash in the SEI literature, and the
use of thisandogy to suppot aprecautionay approach to nanotechnology research and

development. Furthemore, it serves as another example of the discontinuity between



public undestanding of technologies, and the donminant undestanding of the

implicationsof these technologies anong members of the scientific community.
E. Novdty, Continuity and Risk:

At thevery core of thefield of nanotechnology istheargument tha, at the nano-scale,
particles exhibit propetiesthat are significantly different physcally, chemically and
biologicaly fromther larger counerparts (Davies 2006) Inded, it islikely based on
these novd propetiestha several of theresearchers we interviewed felt that
nanotechnology research represented the future of science and technology on thewhole.
Wilsdon (2004) points out that in addressing ungertainties in nanotechnology risk
assessment it isimportant to identify sources of ovdty and continuity,Omeaning that in
order for nanotechnology to be effectively communicated, researchers mug be able to
identify ways in which these materials differ fromthar larger counerparts, and in what
ways they are the same.

Themes of Qhovdty and continuityOwere saient in convesationswith researchers.
While mog researchers touted applicationsbased uponnovd properties of nanomaterials,
many also expressed conaern that it would beirrationd to regulate thingson anano-scale
while ignoiing thar micro-scale counerparts. For example, in discussing the conagerns of
some environmental groupsaboutnanotechnology, one professor pointed out Qthere@]
notreally any reason | can think of why the size of those grainsbang ten nanonetersis
any different if they®e ten microns athousind times bigge'. Right?O(BP015). Another
professor echoed this sentiment with respect to ethics: Q guessif yougo fromthe
micron-scale to the nano-scale, | don®see the big difference in ethics if you show me

something tha@ micron by micron or if you show me something that@ ten nanometers



by ten nanometersO(BP010) This does notintend to suggest that these views are
notwell-founde, nor tha they contradict the promised applicationsof nanotechnology;
rather, it isintended to highlight the need to explicitly address such seeming

incongstendesin thepublic spheae.

One possible mechanism by which this might be addressed is throughdifferentiating
different types of nanopaticles and nano-based materials. Thisis beng actively
advocated in thefield of nanotoxicology (Hansen 2007)as it will becrudal in developing
applicable regulation and risk assessment. As previoudy mentionad, several interviewees
also suggested that risks and liabilities assodated with nanometerials are degpendent on
thetype of material (10; 26%) and tha ethical implicationswill be dependent on specific
technologies (10;26%). Furthermore, these issues were often cited in discussion of the
breadth and ambiguity of the wordslike Ghanometerial sOand hanotechnology O
Althoughthe god of our interview schedule was to capture arangeof respongses, many
interviewees foundit chdlenging or frudrating to identify benefits, liabilities, and
implicationsof something as broad as anotechnology O

Nearly hdf of theparticipants (18; 46%) reflected onthe need to d€fineand
differentiate between nanoneterials. Some interviewees reiterated the prevailing
toxicological view that d€iningthenovd features of nanometerials will becrudal to
developing effective risk-management strategies. One professor stated with respect to
environmental health and safety practices in thelab: OVha they have to defineisEhow
does[sic] nanometerials differ from existing chemical guiddines and how should they be
handled?20(BP006). Others felt that definitiond issues would impact public perceptions

of nanotechnology. Another professor noted:



They are nowtaking thar current materials that they®e implanting and
calling some of them nanotechnology, which it@ not nanotechnology, and
they®e using it of kind of an advertisement ploy, and | think tha@ a big
disservice to the field because it makes this definition more loose and
fuzzy and nobodyreally knows then wha nanotechnology is (BPO15).

F. ThePrecautionary Principle

Themagority of participants were unfamiliar with the precautionay prindple as
presented in our interview schedule. The precautionary prindple, inits application to
nanotechnology regulation, would mean tha there is a presumption of risk assodated
with the use of nanometerials until research demonstrates ther safety. Thisis contrasted
with the more typical approach in the United States of presuming new materialsto be
Onnocent until proven guilty,Oor rather, safe untl negative heslth effects are
demondrated. Althoughonly three interviewees (8%) thoughtthe use of the
precautionay princple would be abad approach to regulating and developing
nanotechnology in the US, and twenty-eight researchers (72%) felt tha it would bea

useful approach, there was alack of clarity asto wha such this might entail (Table 10).

Table 10: Perceptions of the Precautionary Principle

# of References %
Good approach 28 72
Halting or slowing research 16 41

15
13

Precaution only at application phase 6

Interprets as conservative approach 5

PP wrong approach 3 8
2
1

We are already using PP 5
PP too costly 3

Severa interviewees (6; 15%) felt tha the precaution would only be appropriate as
technologies move away from theoretical science and into theapplication phase, which
avoids much of thespirit of the precautionay principle which suggests taking action

early-onin the development of technologies. Three (8%) noted with respect to their



paticular research, that it was too Qheoretical Oor Gundanental Oto regulate in such
amanne. Furthe confuson existed over what research mightlooklike unde a
Qprecautionay regime.OFive (13%) interviewees interpreted the precautionay prindple
astaking agenerally cautiousapproach to research (as oneresearcher described, Gt@
aways goodto be cautiousin your researchQ) while, onthe other end of the spectrum,
oneprofessor expressed conaern that an application of the precautionay prindple would
put a stop further toxicology research. Two researchers (5%) aso felt tha we are already
usngtheprecautionary prindpleinresearch in theUS, which, again, suggests tha they
might undestand an application of the prindple to be somewhat different from modds
tha exist in thesodal-science literature.

Thebulk of theconcern regarding the precautionary princple, however, centered
aroundissues of hdting or dowingresearch (16; 41%), which has been a central issuefor
those who oppog the use of the precautionay principle. While some interviewees were
persondly concerned aboutthe effects tha such an approach would have onther
research, othersfelt tha it would bea goodapproach, buttha overall trendsin research
and economic incentives would overshadow the bendfits. As onegraduae student
reflected:

| think from a species survival level the precautionary prindple definitely

seems to be a smart approach. From an economic development and

revenuelevel it may be hindesome. It may sow down some of the

developments tha could take less time if they were conduded with less

care, with less foresight (BGS004)

Severa researchers were also aware of potential sources for the conaernsvoiced by

precautionary prindple advocates, both in terms of the GcientificOrisks of nanonmeterials

themselves, aswell asfrom amore historical perspective. One professor described what



have been referred to as Qate lessonsfrom early warninggO(European
Environmental Agency 2001):
On the other hand, it® [the use of the precautionary prindple] obvioudy
based on some fairly awful thingstha have happened in thelast 20, 30
years, or even longeN people who have rushed into thingsprematurely

have created problems. So it( hard to say tha people are necessarily
overeacting (BPO15)

G. Public Understanding of Science

Opinionswere varied as to how much the public understandsand knows about
hanotechnology®on thewhole, as well as the benefits and liabilities assod ated with

nanometerials (Table 11).

Table 8: Perceptions of Public Under standing of Science

Public: # of References %
Doesn't understand nano 24 62
Unaware because nano not at application phase 11 28
Desn't understand for lack of information 10 26

Generally uneducated about science 9 23
Aware of nano-products 6 15
Aware of some liabilities 4 10
4
3

Unaware of nano altogether 10
Aware of nano broadly 8

Aware of German recall* 2 5
* Refersto arecall of aMagic NanoObathroom cleaning product by German officials in April of 2006 as
aresult of reported respiratory problems thought to be associated with its use.

While amgjority of theinterviewees (24; 62%) fet tha the public does notundestand
nanotechnology, only four (10% felt tha the public is unavare of nanotechnology all
togaher. Interviewees identified anumber of potential sources of this lack of
undestanding. Eleven participants (18%) felt tha the public is unawvare of the bendfits or
liabilities of nano-science because much of theresearch is notyet at the application

phase. Ten participants (26%) aso identified alack of information beng openly



disseminaed (by govenment, scientists, or themedia) as a source of public
unfamiliarity. As oneprofessor stated: Q think there®E an administration that® not pro-
science, certainly not pro-biological research, and | jud think that maybe scientists
haven®donea goodenoughjob of maybe communicating to the public about
technologyQ(BP0O06)

Furthermore, severa participants (9; 23%) situaed public ignaance and
misundestanding of nanotechnologies in thebroader context of a public tha is unavare
of advances in science and technology in general. Many of them traced Gxientific
illiteracyOto alack of education, and some expressed concernsthat this may give rise to
exaggaated perceptionsof both therisks and liabilities of nanotechnologyN a concern
tha echoes both the SEI literature on the GMO-nanotechnology andogy, aswell as
indugry and govenment conaernsregarding Ghano-hyped(Berube2006) A pahology
professor explained:

| think when people don@undergtand science or hedth issuesin any

systematic or rationd way, theyd grasp onto anythingto help them

grapple with these complex things So | think tha, for example, youd

look at people@ ideas aboutsome types of health issues and diseases and

theorigin of diseases and treatment of diseases. | think because they don®

have afundamental undestanding of the sciences, they develop these very

strangeamog folk-scientific bdiefs to subditute. And | think that@ a
failure of our education and our society (BP0O1).

[V. IMPLI CATIONS

A. From Public Under standing of Science (PUS) to ScientistQUnder standing of the
Public (SUP)

Oneof the primary arguments for addressing soda and ethical implicationsof

nanotechnology early-on has been that if the public comes to assodate nanotechnology



with Qoxic riskOit will undeminethe benign bendfits of nanometerials (Colvin
2003;Mnyuswalla, Daar and Singe 2003;Einsedd and Goldbeag 2004 Sandler 2006)
Furthermore, Parr (2005)argues tha oneof thecentral lessonsto betaken fromthe GMO
andogy istha public attitudes towards technology are Ghot driven by @iskGin the
scientifically undestood sense of hazard and probabilitiesObut are, in fact, Gnuch more
aboutingitutiond and cultural responsbilitiesO(p.386). Thus it isimportant to identify
similarities and differences in how the public and scientists perceive nanotechnologies
and ther implications as well as some of the dominant perceptionsof the public3
scientific knowledgeamong members of the scientific community.

Not surprisingly, theand ogy mog interviewees used to undestand therisks and
implicationsof nanotechnology was the case of asbestosexposaure. Thisislikely tied to
the structural andogies bang drawn beween asbestosfibers and carbonnanotubesin the
current scientific literature (Huczko et a. 2001;Murr and Soto 2004;Soto et a. 2004;
Warhdt et al. 2004) in addition to theresearch interests of nanotoxicologists at Brown
University. However, references madeto asbestos by researchers were also likely tied to
theabundance of scientific evidence demondrating thetoxicity and ddeterioushealth
effects assodated with asbestos expoaure (U.S. EPA 1984;Moyer et al. 1994;Manning et
al. 2002) This may suggest tha researchers undestand implicationsand risk notin terms
of inditutiond respong, but, rather, in terms of scientific toxicology and risk assessment,
which is further suppotted by ther use of the Gisbestos and ogyCto discuss risks and
structural similarities rather than the sodal context in which these materials and
technologies exist. This can be seen in thereferences to asbestos made by onegraduae

student and a professor in ther respective interviews.



Andthen, of course, the classic example of asbestosfibers, which are notE
necessarily nanometerials, butthos are air bomee andthoe that are air
bomeareinhded and dangeous So they really need to beinvestigated
(BGS001).

They [nanonmeterials] are similar in many ways to naturally-occurring

mingals such as crystallinesilica, or asbestosfibers, and | think we realy

have to systematically study the properties of these nev materials as

they®@e devel opal to ascertain how similar or different they redly are

(BPOO1).

Members of the public have also employed the Gasbestos and ogy&to discuss
implicationsof nanotechnology. In one2005study conduded with atotal of 177
paticipantsin three U.S. cities, asbestos alongwith other past regulatory, environmental,
and human health errors, was mentioned by participantsin order to express conaerns
aboutnanotechnology (Macoubiie 2005) However, findingsof this study suggest that
much of the public concern related to asbestos centers aroundoversight processes
designal to managerisks, in addition to health effects. Addressing these apprehensons
will becruda to gaining public trug, astheasbestoslegacy is oneriddled with indugry
cover-up and regulatory inaction (Tweedde 2002) Macoubtie proposs tha some of the
public suspicion may arise from alack of information, which is further illugrated by the
use of wha sherefersto as potentially OnisleadingQandogies such as: dioxin, Agent
Orange or nudear power.

We are at a uniquemoment in the devel opment of nanotechnology. As oneof the
researchersinvolved in conduding an NSF-funded online survey of 1,800 personsin
2007 stated:

TheU.S. pulic's perception of nanotechnology is up for grabs It could

divideaongthelines of nudear power, globd warming and other

contentiousenvironmental issues absent a major public education and

engagement effort by indudry, government, civic groupsand scientists.
People who know little or nothing about'nanotechnology' ingantly react



in an emotiondly charged way to the conaept, and thar opinionsdivide
alongcultura lines asthey learn more aboutit (Dan M. Kahan, as cited in

Nanowerk 2007)

Furthermore, while public education could be valuable in the devel opment of
nanotechnology in terms of avoidinga GMO-like backlash, dialogueamong scientists,
govanment, indugry, and members of thelay-pulic will be necessary for truepublic
engagement as well as necessary regulatory foresight (Moor 2006; Sandler and Kay
2006)

Indeed, research onthe sodal and ethical implicationsof nanotechnology
continues to be conduded in both U.S. govanment and academic inditutionsto a much
greater extent than with previoustechnological developments. However, some have
expressed conaernstha some sodal and ethical implicationsresearch serves as public
relationsstrategy, rather than as afacilitator for didogue Berube (2006 says, of the SEI
efforts of the Nationd Nanotechnology Initiative: Ot doesn®@take alinguist to read the
subtext: nanotechnology will improvethe US economy, and we mug find away to
integrate it smoothly into the current econoric infrastructureOQ(p.317) Theemphasis on
education of the pulic, and lack of diadlogue@ails to appreciate thelimits of science and
indugryOand will detract from responsble and successful nanotechnology development
(Sandler 2008.

Sandler (2009 suggests tha therole of SEI research should beto hdp facilitate
this process of public engagement. Thefocusof SEI facilitation, however, should notfall
solely on trandating Qechnical Oidess to members of the public. In order for dialogueto
succeed, the public needsto communicate with the scientific and technological

community familiar with relevant ethical issues. This has led some researchers to argue



for greater discussion of SEI in science and enginesring education, and, as aresult,
hano-specificOethics courses are being taughtand actively developed. Onecourse,
which integrated ethical components with more traditiond engineering elements of the
curriculain order to avoid isolating ethical congderations was taughtby members of this
research team to graduae and undegradude students in the Spring of 2006 Two rounds
of surveys were administered to the students in the course, and thefindings suggested
tha: (1) students felt more strongly aboutethical implicationsfollowing their completion
of thecourse, (2) students felt that such a course would be hd pful to other involved
researchers, and (3) theinterdisciplinarity of the course was valuable to thos involved
(this research will bereported shortly).

While such courses are undoubédly valuable, they do not necessarily address
what we see as another potential obdacle to dialoguelN scientistsGundestanding of the
public (SUP, aplay onthe often-discussed Qoublic undestanding of science,Oor PUS).
Even in these early stages of nanotechnology development, forums for dialogueamong
stakeholder groups such as the Ghano-caf ZsOat the University of Wisconsn-Madison,
have already arisen (Citizen® Codition on Nanotechnology 2007) Forums of this sort
could hdp to identify conaernshdd by members of the public and scientific
communities, and hdp to clarify areasin which these concernsoverlap and diverge, and
point to possible sources of misundestanding and miscommunication among stakeholder
groups Furthemore, it is hopal tha such dialoguewill hdp improvenot only the public
reception of emerging nanotechnologies, butalso help to incorparate awidearray of

concernsinto policy making as these issues are addressed on theregulatory level.



It isimportant seek to identify conoepts and ideas tha could be better
communicated among stakeholder groups(induding variousscientific disciplines, and
members of the public and regulatory communities), as well as the potentia role for SEI
researchersin disseminating these concepts. As Berne (2006)points out, scientists often
fundionindde of Gomewhat cloistered communitiesO(p.35). However, as we foundin
our convesationswith researchers, Berne argues tha the intent of mog of theresearch
scientists and engineers sheinterviewed Os to contribute congsientioudy to the ethical
development of our nanotechnology futureO(p.36). Thus we hopetha by accurately
communicating key concernsand concepts amonginvolved groups the voices of
concerned researchers can be more meaningfully induded in ongoing discussions

regarding nanotechnology devel opment and regulation.

i. Scientist vs. Public Core Concerns:

It iscrudal to acknowedgetha neither GeienceOnor Qhe publicOare monolithic,
and, thus do not speak with onevoice. Yet it also truethat scientists do share a certain
backgroundof professiond training, and, thus in these discussionsthere were certain
core conaernsthat differed significantly from those beng raised by members of the
public in preliminary nano-related PUS research. As previoudy discussed, many of the
interviewees expressed the feeling that the pubiic at largeis Geientificaly illiterateQ or
unaware of research and devel oping technologies. While the perception that much of the
public has low awareness of nanotechnology at this point in time isreflected in pulic
perception research (Macoubiie 20050study fourd 54% of the public knew Gilmogt
nothing® 17% xnew somethingQand 26%knew G littleOabout nanotechnology, and

60% of the 1500survey respondents in Waldron et a.@ 2006study had never heard of



QanoON this current gap in undestanding should not beinterpreted to mean that
theinterests of the public and research communities with respect to nanotechnology are
at odds

In fact, following the NNI® Public Meeting on Research Needsin Januay 2007,
the Committee on Nanoscale Science, Engineering and Technology (NSET) released a
press statement with the headline QPublic Shares Views on Environmental, Health, and
Safety Research Needsfor Engineered Nanoscale Material sO(2007) Furthermore, when
compaing the core concernshdd by theresearchersin this study with the concerns
raised by members of the public in Macoubiie 2006@ study, they overlap significantly

(Table 12).

Table9: Scientist vs. Public Core Concerns about Nanotechnology Development (rank ordered by
most frequently reported concernsin descending order)

Scientist@ Concerns' Public@ Concerns"
¥ Human hedlth risks ¥ Trueunknowns
¥  Environmental risks ¥ Regulatory concerns
¥ Trueunknowns ¥ Human hedlth risks
¥  Risk depends on type of hanomaterials ¥ Testing and research for safety
¥  Technology-specific risks ¥  Effect on environment
¥ Abuse ¥ Food & food chain concerns
¥ Catalytic reactions ¥ Industry irresponsibility
¥ Fireand explosion ¥  Privacy
¥ Risk of slowing or halting research ¥  Military uses, international political instability
¥ Risk of theindustry going bust ¥ Playing God, messing with Mother Nature
¥  Messing with some of the building blocks of ¥  Economic access & education
life ¥  Consumer knowledge & information
¥ Regulatory concerns ¥  People centered goals for progress
¥  Equity concerns ¥ Taxpayer cost of development
¥  Fearful people stopping good
¥ Mistrust of government in general
¥ Socia upheaval & adjustment

filFrom Brown University study, N=39
"' Macoubrie 2005, N=426

Human and environmental heslth risks assodated with nanotechnologies, as well as Qrue
unknownOregarding the behavior and nature of nanometerials, were prevalent anong

scientists and members of the public. Perhgos surprisingly, conaerns of dowing research,




or, asreferred to in Macoubiie® study, Gearful people stopping good Owere
present in both groups As mentioned, regulatory issues, and those of indudry and
corporate respongbility are pressing concernsfor members of the public, but were not as
commonly broughtup in ourinterviews. Thus scientists and corporate stakeholders mus
struggle with questionstha cannotbe addressed by science alone but, rather, they mug
publicly incorporate soda and ethical concernsinto the development and regulation of
nanotechnologies in order to ensure the greater public trugt necessary for ther success
(Gaskell et a. 2005). On the other hand, scientists were more aware of differencesin
risks posed by varioustypes of nanometerias, aswell asthe potentia for risksto vary
with specific applications Disseminaing information regarding these variationsin risks
can hdp inform regulation and drive public acceptance of benign applicationsof

nanotechnology.

ii. Classification and Differentiation

As described in Maynard et a.@ proposal for nanatechnology risk govenance,
differentiating and classifying nanometerials according to their assodated risks will be
crudal for expediting theimplementation of these technologies withoutunnecessarily
exposng workers and the public to materials with negaive hedlth effects. Indeed, we
foundmany researchers, especially thos involved in toxicology, are aware of therange
of risks assodated with different nanoneterials. However, classification and
differentiation of nanometerials and their risks should not bedonebehind theclosed
doars of labsor govenment ingitutions Astoxicological research already shows, some
nanometerials are likely to have dd eterioushealth effects (Hansen 2006,unpublshed).

Thus if consumers or members of the public have no knowledgeof how these materials



differ, they are likely to bewary of beneficia applications Researchers and
regulators should work to communicate to the puldic these variationsin risk and the
QunknownsOassod ated with certain types of materials, aswell as conaepts of ovdty
and continuity. OFurthermore, such discussion could provide an oppotunity for better
communication among groupsof scientists, and to regulators, leading to safer lab
practices and more accurate interim risk management strategies. As previoudy discussed
with respect to carbonnanotubes, current evidence is suggestive of certain dd eterious
health outcomes. However, the current research aso highlights the many unknownsthat
still remain, especially with respect to what propeties of nanomaterials will berelevant
to thar toxicity. Thus actively outlining and classifying thisresearch will be beneficial to

scientists, regulators, and members of the public alike.

iii. the Precautionary Principle

It isnotlikely that the precautionay prindpleinitstruest formiswell-undestood
by members of the public nor, as seen in our study, by researchersinvolved in
nanotechnology. Traditiondly, it has been unpopuiar as aregulatory ideain the US, often
oppo®d onthegroundsof being either cogly or dowing research. However, because of
the biopesistent nature of nanomaterials, mouning toxicological evidence, andthe
lessonsfrom Oniracle material sOof the pagt, the argument for its application is
paticularly strongin theworld of nanotechnology. In fact, dueto the nature of these
materials, some leading toxicity researchers have been compdled to step out of the
boundsof traditiond research science to plead for the application of precautionin order
to avoid a potential health disaster (Muller et al. 2005; Kane 2007) Inthecondusonto a

paper on lungtoxicity of multi-walled carbonnanatubes Muller et al. (2005 p. 230 state:



(Based on these initial observations the precautionary prindple should be applied
and adequae indugrial hygiene measures implemented to minimize human exposure
during themanipulation of carbon nanotubes.O

Given theeconomic potential of nanotechnologies, as well asthear diverse
applicationsin the areas of environmental and human hedlth, it will notbeeasy for
regulators, indudry stakeholders, scientists, and members of the puldic to cometo a
congenaus with regard to how much orecautionGshould be applied as we moveforward
with nanotechnology. Furthermore, noneof these groupsare monolithic; among
scientigts, jus as among members of thepublic, there exists awiderangeof opinionsas
to wha will congitute such abdance. However, in order to initiate such adiscussion, it
iscruda tha SEl researcheasaid in clarifying the nature of the precautionary prindple
anditsimplications Some of the perceptionsof the precautionay prindpleinthe
scientific community, such asthenotiontha all toxicity research would be stopped, are
S0 extreme as to restrict any dialoguesurrounding the use of this approach without prope
clarification.

Here | highlightfour elements of the precautionay prindple: preventive action,
burden of proof, exploring alternatives, and demoaatic paticipaion, (1) asthey mightbe
implemented in a Qprecautionary approachOto nanotechnology regulation, (2) present in
ourinterviews with researchers, and (3) how these approaches and findingsmight be

integrated.

1. Preventive Action:

Taking preventive action in the management of risks assodated with

nanotechnology will require a multi-faceted approach. Clearly, such action should entail



a prioritization of toxicological research (such astha outlined by Maynard et al.
2006) Furthermore, it requires a proactive management of risks while thisresearch is
being conduded. This meansthat there should beinterim risk management based onthe
assumption tha nanometerials are indeed toxic untl further research demondrates
otherwise (Denison 2006) Interim risk management actionsshould occur both in the
workplace by completing worker training to prevent worker exposure, andin the
environment by restricting any dispersion of nanogarticles until thereis daa available on
thar environmental fate and toxicity (Denison 2006). As moreresearch is condudaed, it
isalso crudal tha researchers differentiate between classes of nanometerials so tha they
can beregulated as such, which will hdp avoid unnecessary future clean-up and
remediation cods and foger the acceptance of nanotechnologies (Biswas and Wu 2005)

Althoughthe scientists we interviewed often invoked the possibility tha afull-on
application of the precautionay princple might hinde research, they were invariably
averse to theidea of addressing risks only as an after-thoughtto technology-development.
Researchers consistently expressed the need to condud more toxicology research, and
acknowedged tha risks and liabilities of nanotechnology were, in fact, unknown.
Furthermore, severa interviewees were concerned with or had already implemented
interim risk management strategies such as those described by precautionay proponents
either to restrict exposure to workers in thelab, or prevent open release of nanonmeterials
into the environment. However, the successful implementation of preventive action will
indeed rely onthewillingness of regulators and indudry stakeholders to fundtoxicity
research and weigh the cogs of Glowing researchGagaing thoe of exposng humansand

the environment to materials with unknown effects and paying for cosly cleanup.



Furthermore, several involved scientists were open to theidea of taking time to

assess thetoxicity of materials.

2. Burden of Proof:

As previoudy mentioned, nanometerials are already beng used in anumbe of
consumer produds despite thefact tha ther safety has yet to bedemondrated. Thisis
especially troubling given the biopesistence of nanometerials. Althoughgovenment
regulatory agendes should continueto fund broad-based nanotoxicity research,
manufacturers of produds containing nanometerials should be charged with
demondrating thar safety prior to thar being placed on the market. With certain
nanotechnologies, such as drug ddivery applications, thiswill be an obviousstep for
thar respective regulatory agendes (FDA). However, safety should be demongrated for
all consumer applications This should not be taken to mean tha the use of nanomeaterials
in consumer produdsisto bebanned, but, rather that toxicity research isto be prioritized,
and tha in the absence of data the manufacturers should condud such research.

Althoughresearchers interviewed in this study were a bit more conservative, there
was an overal sentiment tha nanotechnology should be regulated by government or
indugry prior to going onthe market (even in theinterviews where precaution was
interpreted by theinterviewee as jug a cautiousapproach). For cog reasonsthis might be
an area where there is some divisiveness, but theresearchers readily agree tha safety
should certainly not be an afterthoughtto nanotechnology applications However, another
point of contention might arise from which applicationsare significant enoughto warrant
such forward-looking research. Whereas sunscreens containing titanium nanopaticles

tha are noteasily inhded, but could be easily washed off into open bodies of water may



be seen by some as worth evaluaing, othersfed that this type of produd does not
represent the Qed applicationgDof nanotechnology. Again, this GurdenOcould be more
easly aleviated and shared with prope classificationsof materials. In Hansen@ (2006
unpublshed) review of 177 studies on atotal of 393 studies, hefoundthereto bealack
of characterization of the nanopaticles studied, which makes it difficult to link specific
propeties to observed health effects, as well as hindering extrapolation of research
finding. As aresult, Hansen applies a categorization framework of nanometerialsto a
(hazard identification scheme aimed at identifying causality between inheent physcal

and chemical propeties and obgerved adverse effectsO(p.2).

3. Exploring Alternatives:

Oneof the primary claims of nanotechnology proponentsis tha nanomeaterials
will hdp usto solve a number of public health and environmental problems we face
today. Althoughthisis undoubedly an exciting passibility, this should notbe used as an
excuse to expose the public to subgances with unknown and potentialy detrimental
health effects. Furthermore, this argument ignaesthe possibility tha there mightbea
number of other less toxic ways of meeting these needs As aresult, research into
alternaive ways to achieve these gods should be promoted in both the public and private
sector. For example, there should be continued research aimed at enabling the
development of alternaive and sudainable energy sources outside of therealm of
nanotechnology (Biswas and Wu 2005)

It isnotsurprising that few researchers focused viable aternaivesto the
technologies they were involved in devel oping during our conveasations especially given

thedominant feeling of excitement and promise aroundther projects. However, some did



reflect on science@ abilities to produc alternaives. When asked aboutwhether or
not hefelt the precautionary prindple mightimpede research, oneprofessor replied: Ot
mightsow it down alittle, butE it would be agood thing. In my career |re seen things
gofromlab to indugry. It mightbea shod for hdf ayear, but people would come up
with more safe ways. They dondwant to kill their workers.Olndeed, many researchers,
induding some involved in our study, have nowturned ther attention to evaluaing
QiternativesOwithin therealm of nanotechnology. It is hopel tha studies conduded
early-onin nanotechnology development identifying relationships between the material
structure and compostion of nanometerials to thar toxicity can beused to guide

development of yreenOnanometerials (Kane 2007).

4. Democratic Participation:

Thetraditiond modds of cog-bendit andysisthat scientists have used to account
for ethicsin the development of technology do not confront the condderationsraised by
ethicists, soda scientists, and the public. As aresult, researchers who fail to accountfor
these concernsmay berisking both the success of ther grant applicationsin the present
as well as the success of thetechnologies they hope to develop in thefuture (Moor 2005)
Furthermore, traditiond modds of ethical condderation have involved the public only as
atechnology moves towardsits Qprower stage, Owhen thetechnology is already readily
available and integrated into sodety (Moor 2005. As was seen with GMOs, this late
incorporation of ethics can lead to a massive backlash with harsh econorric
consquences, especialy given that so much money had already been invested in the
development and produdion of thetechnologies. However, the early condgderation of the

ethical and sodal dimensonsof nanotechnology should not beaimed solely at avoiding



public resistance, but, rather, should acknowledgetha althoughindugry and the
scientific community bring technical and econonic expertise to the development of
technology, they cannotclaim to be expertsin thesoda and ethical elements of
technological development (Sandler 2006)

Democratic participaion in decisonssurrounding nanotechnology could, and
should, take many forms. One of thefirst stepsshould beto allow consumers to make
thar own decisionsby ingdituting a labding requirement for produds containing
nanomeaterials. Althoughit islikely that debaes over mandaory and voluntary labding
will emerge as more nanoproduds are produced, thisis a necessary step in lieu of aban
of produds withoutdemongrated safety (Mehta 2004) However, the processes of public
engagement and ddiberation should be moved @ipstreamOwithin nanotech R& D, and nat
jug occur at the stage of consumer exposure (Wilsdon2004) As Wilsdon (2009
comments, Grom focus groupsto referenda citizensJjuries to ddiberative mapping,
there are as many processes for public involvement as there are technologies to debateO
(p.21). Given the broad and expansve applicationsof nanotechnology, theforms of
democratic participaion should bejug as diverse, induding basic interne-based
doaumentation of research and information, as well as theincorparation of public opinion
onthedesirability of specific applicationsof nanotechnology (Renn and Roco 2006)
Furthermore, govanment regulatory actors should take care to provide the publc with
information onthe prindples used to test the safety of nanotechnology produds (Renn
and Rooo 2006) As Renn and Roco (2006)describe Of people have thereassurance that
public authorities take special care and attention to protect the popuktion agang

unintended consequences of this new technology, they may bewillingto invest some



more trug than today in the capacity of sodety to control risks and beaware of and
responsve to remaining unaertaintyO(p.182). Devel oping such risk communication
strategies will be chdlenging. However, it is crudal that consumers beinduded in
decision-making as they are undoubédly stakeholdersin afield with so many marketable
applications(Maynard et a. 2006)

Many scientists were indeed aware that more can and should be doneto hdp
members of thegenera public better undastand emerging technologies (in thefield of
nanotechnology and in science in geneal). And, in fact, there is agrowing body of work
suggesting tha US government, academic, and regulatory ingitutionsare beginning to
make an effort to both educate members of thepuldic, and seek outther opinionsin this
rapidly expanding field. However, QlemocraticOparticipation will require overcoming
perceptud bariersin order to foger communication among stakeholder groups

Sandler (200§ makes use of what heterms the GGMO (dis)and ogy Oto develop
four possible lessonsfor incorporation of public participaion and therole of SEI research
in thedevelopment of nanotechnology (adapted into Table 13). However, the scientists
involved with nanometerials on adaly basis possess a uniqueperspective tha should not
beforgotten in these discussions Sandler emphasizes that while elements of the Qrery
shdlowOand GhalowOlessons are being currently implemented, it is the QleepQand
Qvery deepOlessonstha will result in meaningful engagement. Thus we seek to add to
thelatter two lessonsin areas where this situaed knowedgeof researchers should be
accentuated, and, additiondly, areas where SEI research can be used bi-directiondly to

communicate and Qrand ateOboth technokcientific and sodio-cultural areas of concern.



Table 10: Lessons for Public Engagement Adapted from an article by Sandler (2006, p.60).

Public Engagement

Role of SEI Research

Thevery | ¥ Allow public to air concerns ¥  |dentify public concerns
shallow ¥ Explain and educate public about ¥ Deveop methods for public
lesson technologies, their potential, risk communication
management, and regulation ¥ Beinvolvedin public education
effort
¥ Demonstrate that those involved in
development of technologies share
SEI concerns
The ¥ Very shallow lesson, plus: ¥  Very shallow lesson, plus:
shallow ¥  Public participation in risk management ¥  Deveop mechanisms for such public
e decision-making participation
lesson ¥ Ensureregulatory capacity is capable
of enforcing resultant decisions
Thedeep | ¥ Shallow lesson, plus: ¥  Shalow lesson, plus:
lesson ¥  Provide open forums or other mechanisms | ¥  Develop public participation
through which concerns about NT can be mechanisms
collaboratively explored (i.e., inclusiveof | ¥ Facilitate and enrich this process by
public, science industry, regulatory providing expertise on identifying,
community, and SEI researchers) clarifying, articulating, and
¥ Resultswill inform risk management and evaluating SEI concerns
R&D (e.g., by setting funding priorities)
Thevery |¥ Deep lesson, plus: N ¥  Deeplesson, plus:
deep ¥ Forumsin which public@desiresfor NT, | ¥ Provide expertise on identifying,
lesson positive and negative, can be articul ated, clarifying, articulating, and
explored, and evaluated evaluating possible objectives for,
¥ Democratic process to set objectives for and constraints on nanotechnology
NT aswell asfunding priorities or research and application
congtraints
¥  Scientific community and industry, then,

can attempt to develop viable
technologies to realize these objectives
and constraints

In creating forums for collaborative exploration of concernsabout

nanotechnology, facilitators should be constiousof induding arangeof representatives

from Gcience indugry.Oln afield as diverse as nanotechnology, and as seen in these

interviews, GcienceOdoes not speak with onevoice. It will be particularly important to

ensure representation of those involved in both biological and material sciences, as well

as those conduding toxicology research. Furthermore, an effort should bemadeto

induderesearchers of varying @anks OAs foundin theinterviews, severa graduae

students were unfamiliar with GethicsOas a concept. Invaving these researchersin these




conveasations has the capacity to increase familiarity with SEI conogpts amongthis
popuktion, and emphasize theimportance of ethics in the next QyenerationCof scientists.
Additiondly, as reflected uponby many of the primary investigators we interviewed, it is
the graduae students who come into the mog intimate contact with these materials,
which gives these students particular knowledgeof thar propeties, and, furthermore,
enhances thar GtakeOin safety evaluaions

Asindicated in Sandler@ Grery de=p lessonQtechnological development and
funding should be prioritized based uponconveasationsamong stakeholder groups
However, the bijectives and congraintsOshould undego continud evaluation to avoid
unnecessarily stifling research, and, furthermore, so tha they are notperceived as
produds of a pulic-driven limitation of research within the scientific community. This
trend towardsdemocratic participation in the setting of funding priorities has the potential
to seem stifling to traditiond Gexperts.OHowever, as discussed, the concerns and hopes
of scientists and members of the public for nanotechnology are, in fact, more closly
aligne than either of these groupsmightimagine

SEI research already has an unprecedented presence in the devel opment of
nanotechnology. Thus it is worthwhile to identify more precisely how thisresearch can
contribute to discussionsof nanotechnology® development and interim regulation. As
argual by Sandler and Kay (2006) thefocusof SEI research should move beyond
education and toward enhanang dialogue This meanstha SEI research should notonly
seek to clarify SEl concernsin general, butshould target specific areas of interest tha are

the patticular focus of agiven stakeholder group or area of scientific research, aswell as
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clarifying conaepts that have multiple meaningsand can easily be Qog in trandation.O
This should indude

¥ Articulating toxicologically significant propeaties of nanoneterials induding thar
biopasistence, and ability to trandocate within the body.

¥ Differentiating between research ethics, and broader condderationsof ethical
implicationsN thiswill be especially important in communicating and evaluaing
Qethics componentsOof academic and govanment research. Furthermore, SEI
researchers should differentiate between classes of Gethical consderationgOin a
modd similar to tha of Berne (2006)who ddinestes three Qlimens ongof
hano-ethicsOin order to differentiate between concernsregarding potential
abuses of nanotechnologies, and ethical concernsregarding human and
environmental health exposures to materials with potentially dd eteriouseffects.
In Berne@ modd first dimenson ethics apply to Quiddy hed standadOsuch as
safety protocols and risk assessment (she gives primumnonnocereN @irst dono
harmQas an example of first dimengon ethics) (p.79). Second dimenson nano-
ethics are aboutcontestable moral claims, such as questionsof distribution, and,
lastly, third dimendon ethics contain the Oneta-ethical Oquestionsregarding
human life, self-hood,and bdiefs aboutexistence (p.88). Such an explicit
differentiation can hdp clarify wha it meansto address ethicsin the research and
development of nanotechnologies.

¥ Novdty, continuity, andrisk should be continuel topics of discussion asthey are
of immeasurable valueto researchers developing prope laboratory procedures,
govenment agendes seeking to prioritize future research and create interim
regulations and the public both in terms of undestanding nanotechnology as a
whole, and differentiating between classes of materialsin orde to make informed
choices as consumers.

¥ Outlining the precautionary prindple, andfacilitating discussion of its
implicationsas well as potential forms of implementation. Here, it will be
especially critical to undescore theimportance of continued toxicity research in

Qprecautionay approachesOto technology.

48



¥ Undescore theimportance of regulatory and ingitutiond contexts of developing
technologiesin fogering public trug and acceptance, in addition to areas, such as
environmental health and safety, where pulic, regulatory, and scientific concerns
coindde

¥ Unknownsand areas of uncertaintyN althoughthese are often themost
chdlenging areasto clarify, al stakeholder groupsmug collaborate to continudly
identify wha is andis notknown with respect to nanometerials and thar safety in
order to accurately evaluae the cods and bendits inheaent in choiceswe asa
sod ety make in the promotion and regulation of nanotechnologies.

Lastly, as seen in discussionswith scientists fromawidearray of fields toxicologists
possess a uniqgueknowledgeof the health effects and implicationsof the materials they
handle, and, thus thear participation should be enaured on several levels. First, as argued
by Maynard et a. (2006, a greater percentage of nano-related fundsshould bedirected
toward toxicology research in the early phases of development. Second,toxicologists and
material and biological scientists should collaborate in order to both ensure the safety of
researchers, aswell asto indudehealth and safety consgderationsin theearly oninthe
research process in order to avoid rethinking the use of materialslater on, or even cogly
recallsin the application phase. Lastly, in induding the voice of GcienceOon pands,
gpecia care should betaken to remember tha scientists, even within indvidud
disciplines, do not speak with onevoice, and, thus individuds from awidevariety of

backgroundsand disciplines shoud beinduded in such forums.

V. CONCLUSION

Theresearchersinvolved in nanotechnology are nat incorrect in portraying it as

Qhewave of thefuture.Olndeed, nanometerials have many promising applications from
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biomedical to environmental, that are already racing throughthe research and
development phases, and will move quickly onto the consumer market. However, as
noted by the scientists working onthe nano-scale, there are still many gapsin owr
knowledgeof therisks assodated with the use of engineered nanoneterials. Given the
mouning evidence for thetoxicity of certain nanomaterials, in addition to thefact tha
nanomeaterials exhibit such a great resistance to degradation and ability to travel easily
into the body and throughthe environment, a precautionay approach mug betaken in
order to both protect our health and safety as well as foger bendicial technologies. By
taking interim risk management stepsto protect workers and the environment, requiring
manufacturers to test thetoxicity of thar produds, continuing research into aternaive
ways to reach the gods of nanotechnology, and actively engaging the public in the
decision-making process, the breadth of stakeholdersinvolved in this promising field will
be able to achieve thar gods withoutthe cogly backlash of the GMO debacle, or the
health disaster of ashestos As demondrated by Maynard and his colleagues, and as
eluddated in our convasationswith thethirty-nine professors and graduae students
working with nanometerials at Brown University, leading researchersin thisfield are
committed to making nanotechnology work to the bendfit of al involved. However, in
making decisionsin theface of uncertainty, and acknowedging the limitationsof science
in making these decisionsat the early phases of technological development, SEI
researchersin thefield should be consiousof facilitating and trandating core conoepts
and conaerns among stakeholders, so that a precautiona’y approach to nanotechnology

development can be established throughmeaningful democratic participaion.
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