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The U.S. must cultivate nanotechnology applications to 
solve pressing strategic problems and drive economic 
growth, but must also ensure that the health and safety of 
its citizens are not compromised. Established frameworks 
for assessing EHS risks can be applied to nanotech, but not 
enough hard data about the hazard and likely exposure of 
nanoparticles exists to make firm determinations. The U.S. 
government can speed responsible development by uniting 
splintered nanoparticle toxicology efforts, funding core 
toxicology research at two to four times today’s level, and 
eliminating regulatory ambiguity for industry. 

EHS Issues Are the Wildcard in Nanotech Development 

The U.S. needs nanotechnology applications to solve critical 
problems in fields including energy generation, electricity 
distribution, treatment of chronic diseases like cancer and 
Alzheimer’s, and environmental remediation – as well as to sustain 
the technology-based innovation that drives the U.S. economy. The 
U.S. government has responded admirably to this challenge by 
delivering ample funding for nanotech research through the 
National Science Foundation, the Department of Defense, the 
National Institutes of Health, and other agencies – as well as a culture 
of support for the commercialization of this research through 
vehicles like Small Business Innovation Research (SBIR) grants, which 
help start-up companies turn nanotech innovations into products.  

However, the U.S. also needs nanotech applications to be developed 
responsibly, ensuring the health and safety of citizens in both the 
short and long term. As awareness of nanotechnology has grown, so 
has concern over its environmental, health, and safety (EHS) risks – 
the prospect that nano-enabled products might harm workers, 
consumers, or ecosystems. The debate concentrates on nanoparticles: 
bits of matter with sub-100 nm dimensions which may either be 
miniature chunks of established materials (like Nanophase’s 
nanoscale zinc oxide, used in sunscreens), or highly ordered  
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Fig. 1: Nanotech EHS Concerns Focus on Nanoparticles and the Products that Incorporate Them 
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structures that only form at the nanoscale (like CarboLex’s single-walled carbon nanotubes, which 
may be soon used in flat-panel displays) (see Figure 1).1 

Concerns arise over these engineered nanoparticles for three reasons: 1) they are known to have 
unique physical, chemical and biological properties; 2) “incidental nanoparticles” with similar 
dimensions, formed unintentionally through processes like welding and diesel combustion, are 
already known to be harmful if inhaled, swallowed, or absorbed through the skin; and 3) early 
studies have shown cause for concern over some types of engineered nanoparticles. Many parties 
are involved in nanotech EHS debate, including corporate EHS officers, start-ups, non-governmental 
organizations (NGOs), regulatory agencies, insurers, toxicology researchers, journalists, and 
consumers (see Figure 2). 

Two Distinct, Equally Important Classes of Risk Impact Nanotech 

Two distinct classes of EHS risks will impact whether nanotechnology applications will generate 
economic growth and improve quality of life – or be abandoned: 

• Real risks. As toxicity and exposure data on nanoparticles builds, one, many, or all types could 
indeed be found harmful to people or to the environment. If many or most types of nanoparticle 
proved hazardous, nanotech commercialization would rightfully slow down or stop. 
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Fig. 2: Many Parties Are Involved in the Nanotech EHS Debate 
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Fig. 3: Applying Established Risk Analysis Methods to Nanotechnology 
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• Perceptual risks. Even if studies showed every commercially relevant nanoparticle to be 
harmless in every real-world usage scenario, public skepticism about the safety of nanoparticles 
could still build and sharply limit the use of nanoparticles in products – similar to the situation 
encountered with genetically modified organisms (GMOs) in Europe. 

Responsible development of nanotechnology – to ensure that the U.S. obtains the full benefits of 
nanotechnology applications – requires addressing both real and perceptual risks. 

The Good News on Real Risks: Established Frameworks Exist to Assess Threats 

Because engineered nanoparticles are both new and highly diverse, there’s a widespread perception 
that no acceptable methods exist for assessing their EHS risks. This isn’t true. Decades of lessons 
learned from coping with new materials from polymers to DDT have yielded well-established risk 
analysis frameworks, which can be applied to nanotechnology in a straightforward fashion. They 
generally employ four steps (see Figure 3): 
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• Step one: Identify hazard. This step answers the question “Is there reason to believe this 
substance could be harmful to people or the environment?” Many nanotech applications do not 
involve any nanoparticles at all; they employ bulk structures that have nanoscale features, which 
are unlikely to pose a novel toxicology risk. Such applications include nanolithography used to 
pattern ever-smaller features on microchips, nanoscale layers of magnetic material used to make 
new forms of memory chips, and nanoporous materials used for insulation. Identifying these 
applications that are very unlikely to be hazardous underscores the point that “nanotechnology 
does not equal nanoparticles” and effectively bounds the risk assessment domain. 

• Step two: Characterize hazard. This step answers the question “How and under what 
conditions could the substance be harmful?” There is no one-size-fits-all answer for 
“nanoparticles” as a group; answers will differ for the many different types of nanoparticles that 
have been developed, which range from those likely to be benign (e.g., nanoclay particles) to 
those deserving of greater scrutiny (e.g., fullerenes and single-walled carbon nanotubes). Even for 
a single type of nanoparticle, the level of hazard will vary by dose (even water is toxic when 
massively ingested) and route of administration (i.e., ingestion versus skin contact). 

• Step three: Assess exposure. This step answers the question “How will people and the 
environment come into contact with this substance?” Exposure assessment must factor in real-
world conditions: Kitchen cabinets are full of cleaning supplies that are deadly, but only if 
someone drinks them. It’s also important to note that most applications of nanoparticles deploy 
the particles in a fixed form in which they cannot enter the body, because they are (for example) 
cross-linked in a plastic resin or covalently bonded to a semiconductor substrate. Relatively few 
applications deploy nanoparticles in a free form – in air or liquids – in which they could be 
inhaled, be ingested, or penetrate the skin. 

The potential for exposure to nanoparticles used in a product will vary over that product’s life 
cycle, which can be broken down into three key stages (see Figure 4). First, in manufacturing, 
workers can be exposed to free nanoparticles at higher levels that at any other point of the life 
cycle, but the risks are the most straightforward to address because manufacturing lines are 
tightly controlled – many businesses already cope successfully with highly toxic substances. 
Secondly, consumers may be exposed during use, either deliberately (as in food, cosmetics, and 
pharmaceutical applications) or unintentionally. Finally, at end-of-life, the environment and 
ultimately the general population may be at risk when products containing nanoparticles are 
disposed of; here we see the most unanswered questions because little research has been 
conducted and experiments are difficult to design. 

• Step four: Characterize risk. Only when the first three steps have been completed can one make 
meaningful judgments about the EHS risks of a specific nanotechnology application. To 
conclude high risk, a hazard must exist that either workers, consumers, or the environment is 
significantly exposed to in real-world conditions.  

Based on our ongoing research on the commercialization of nanoparticles, we believe that these 
high-risk cases will be rare because the overwhelming majority of applications deploy nanoparticles  
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Fig. 4: Potential for Exposure to Nanoparticles Varies Across the Product Life Cycle 
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Factor Manufacturing Use End-of-life 

Degree of system control High Medium Low 

Time from exposure to impact Short to long Long Long 

Primarily at risk Workers Consumers  Environment 

Key form of potential nanoparticle exposure  Free nanoparticles Fixed nanoparticles Fixed nanoparticles 

Degree of regulation at life cycle stage High Medium Low 

Incentives by producers to invest in countermeasures High High Medium 

Number of individuals potentially at risk Tens to thousands Thousands to millions Millions to billions 

Opportunity for exposure to large volumes Frequent Rare Possible over time 

Unresolved questions Few Some Many 

 

in fixed form, in very small amounts, or both. With that said, action is required to identify high-risk 
applications, to ensure the safety of workers in manufacturing plants that make products based on 
any type of nanoparticle, and to gain insight into the EHS issues of nanoparticles at end-of-life. 

The Bad News on Real Risks: Scarce Hard Data Means Firms Struggle to Apply Known Frameworks 

If well-established frameworks exist to assess the EHS risks of nanoparticles, why is there a debate? 
To apply these frameworks, researchers and start-ups require hard data about hazard and exposure.  
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Fig. 5: Journal Articles on Toxicity for Nanoparticles versus Dioxins and PCBs 
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The nanotech EHS debate comes down to an absence of this data. 

Large corporations like DuPont and start-up companies like Nanotechnologies Inc. must make 
decisions now about which nanotechnology applications to invest in: They’re under pressure from 
shareholders to innovate and don’t want competitors to beat them to potentially valuable new 
products. But when they attempt to apply established risk assessment frameworks to make wise 
decisions – and decide which applications to pursue for regulatory approval – they face: 

• Data that’s insufficient to draw conclusions, but sufficient to cause concern. A search on the 
Science Citation Index as of May 21, 2005 for peer-reviewed articles about toxicity since 1991 
revealed only 503 citations for nanoparticles, compared with 2,046 and 1,437 citations 
respectively for two more conventional (and much narrower) classes of toxins: polychlorinated 
biphenyls (PCBs) and dioxins (see Figure 5).2 Of nanoparticle studies that do exist, many raise 
cause for concern: Widely-cited work by Eva Oberdörster of Southern Methodist University 
found that fullerenes damaged the brains of largemouth bass at concentrations of only 0.5 parts 
per million.3 Others, however, contradict these findings. Grigoriy Andrievsky of the Ukrainian 
Academy of Medical Sciences claimed that Oberdörster’s effects were due wholly to the solvents 
she used, not the fullerenes themselves.4  

Nanoparticle toxicity will vary widely depending on how nanoparticles enter the body, in what 
quantities, and how they’re dispersed, coated, and functionalized. As a result, it’s clear that far 
more research is required to definitively assess the toxicity of a meaningful range of nanoparticle 
types in real-world usage scenarios. To date, even conducting measurements has been difficult 
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Fig. 6: A Sample of Regulatory Regimes that Address Nanotech Applications Highlights Confusion 
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because of a lack of instrumentation and metrics to quantify nanoparticle concentration and 
mobility. For example, academic studies suggest that for nanoparticles, total surface area rather 
than total mass is most important in assessing risk – but the pioneering work at the U.S. National 
Institute for Occupational Safety and Health (NIOSH) on constructing devices to measure the 
surface area of nanoparticles in the air remains at an early stage. 

• Regulatory regimes in flux. The question of “which regulatory regime covers a given 
nanoparticle application today?” often can’t be answered (see Figure 6). For example, the EPA’s 
Toxic Substances Control Act (TSCA) requires new chemicals to be submitted for testing before 
being sold, but do carbon nanotubes count as a “new chemical” or simply a form of previously-
approved carbon?5 The answers to these questions will be determined by the working groups that 
organizations like the EPA, the FDA, and NIOSH have only recently formed. The outcome of 
these debates can’t be reliably predicted because proposed solutions vary widely, from voluntary 
reporting of toxicity data to mandatory labels that might accompany products containing 
nanoparticles.6  
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These two issues – absent data and regulatory ambiguity – are slowing nanotechnology 
commercialization in the U.S. today. Many corporate executives and venture capitalists have told us 
that they are scaling back their nanotechnology programs until they can address EHS issues with 
more confidence. In other countries where EHS issues are not prioritized as highly as in the U.S., 
nanotechnology applications have come to market much more quickly: For example, no major U.S.-
based coatings company has introduced a broad line of paints incorporating nanoparticles for 
antimicrobial, anti-UV, or self-cleaning effects, but such products are widespread in China and 
other east Asian countries. 

To be clear, Lux Research does not advocate any departure from rigorous testing and regulatory 
procedures in order to speed products to market that incorporate nanotechnology. Many past well-
intentioned technologies with unanticipated ill effects, such as asbestos, show that such a decision 
would be monumentally unwise for citizens and the economy. Instead, we recommend that the 
federal government use its resources and influence to 1) build the base of data required to conduct 
rigorous risk assessment of nanoparticle applications, and 2) promptly eliminate ambiguity about 
which regulatory procedures apply. 

Nanotech Looks Primed for Perceptual Risk 

What about perceptual risk? We suggest that U.S. corporations and start-ups developing 
nanotechnology applications have as much to lose from perceptual risk as from real ones. Real risks 
apply to specific materials and applications that can be individually addressed, but perceptual risk 
could make commercialization of any nanomaterial infeasible. Sociological research has identified 
reliable attributes of new technologies that trigger consumer concern, described in models with 
names like “fright factors” and “principal outrage components.” When rated against these factors, 
nanotech scores poorly – for example, when lined up against the eleven “fright factors” 
documented by Peter Bennett of the U.K. Department of Health, nanotech rates well on only one 
and poorly on six (see Figure 7).  

Despite the potential for perceptual risk, consumer perceptions of nanotechnology have not yet 
been set: Surveys of consumers in both the U.S. and Europe have universally found very low overall 
awareness of nanotechnology (see Figure 8). Given this, it’s astonishing that both corporations and 
start-up companies active in nanotech have done almost nothing to date to engage consumers on 
the topic. We have recommended to corporations and start-ups that the best approach to heading 
off perceptual risks involves engaging consumers honestly about nanotechnology applications by 
articulating nanotech benefits, communicating toxicology efforts, and working cooperatively with 
NGOs and other stakeholders, as DuPont has done by partnering with Environmental Defense. 

How the U.S. Government Can Help Address both Real and Perceptual Risks 

Based on our research, we believe that the U.S. government can help industry to develop 
nanotechnology applications responsibly and help consumers to make informed judgments about 
the benefits and risks of products incorporating nanotech. To do so, we feel the government should: 
 



Nanotech Environmental, Health, and Safety (EHS) Risks: Action Needed November 17, 2005   10
  
 
 

©2005 Lux Research Inc. 
Copyright strictly enforced 

Fig. 7: Nanotech Exhibits Many “Fright Factors” that Set Off Perceptual Risk 
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Threatens death, illness, or injury 
arousing particular dread Neutral 

No “nuclear threat” exists, but the possibility that exposure to 
nanoparticles could causes cancers or other conditions does 

Damages identifiable rather than 
anonymous victims Neutral 

Consumers would likely be anonymous, but factory exposure 
would affect specific individuals and likely be widely publicized 

Poorly understood by science or 
responsible agencies 

Negative 
Both researchers and regulators are plainly struggling to 
understand the possible effects of nanoparticles 

Described in contradictory statements 
from responsible sources  Negative 

Consumers are confronted with both wildly utopian and wildly 
apocalyptic visions of nanotech’s effects 

 
a. Bennett, P.; Calman, K. Risk Communication and Public Health. Oxford University Press, Oxford, 1999. 
 

• Wield influence to unite splintered toxicology research efforts. Many different initiatives to 
address nanotech EHS risks exist – from government-sponsored efforts like the EU’s Nanosafe2 
initiative, to corporate/university hybrids like the International Council on Nanotechnology 
(ICON), to programs at professional societies like the American Chemistry Council. To the extent 
that these initiatives replicate the same work, they waste scarce resources available to investigate 
real risks. To the extent that they send conflicting messages to the public, they ignite a well-
known “fright factor” for perceptual risk. 

To move nanotech EHS research forward, a clearly identified body of record is needed to 
coordinate these splintered efforts. For the sake of addressing perceptual risk, we believe a 
government-backed entity will be superior to any industry-backed one, which will almost 
certainly be perceived as having conflicted incentives. We recommend that the U.S. National 
Science Foundation, the European Commission’s Nanosciences and Nanotechnologies Unit, and  
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Fig. 8: Consumers Are Still Largely Unaware of Nanotech, but Generally Respond Positively 
 

Researcher(s) Year Description People Region Awareness Attitude Key finding 

Bainbridgea 2001 
Web-based 
survey 

3,903 U.S. n/a  58% agreed humans would benefit 
greatly from nanotech 

Gaskell, Allum & 
Staresb 2002 

Face-to-face 
survey 15,000 Europe n/a 

 29% felt nanotech would improve 
life, 53% didn’t know 

Gaskell, Ten Eyck, 
Jackson & Veltric 

2002 to 
2003 

Telephone 
survey 850 U.S. n/a  50% felt nanotech would improve 

life, 35% didn’t know 

BMRB Social 
Researchd 

2004 
Face-to-face 
survey 

1,005 U.K. Low  Of those who could define it, 68% 
thought it would improve life 

Cobb & Macoubriee 2004 
Telephone 
survey 1,536 U.S. Low  78% thought benefits would 

outweigh or be equal to risks 

Macoubrief 2004 
Face-to-face 
focus groups 152 U.S. Low  After descriptions, 80% thought 

benefits would outweigh risks 

Currall et al.g 2004 
Web-based 
survey 

4,543 U.S. n/a  
Average respondent was “quite 
positive” on a scale of 1 (extremely 
negative) to 6 (extremely positive) 

 
a. “Public attitudes toward nanotechnology.” Bainbridge, W.S. J. Nanoparticle Res. 2002, 4, 561-570. 
b. Gaskell, G.; Allum, N.; Stares, S. Europeans and Biotechnology in 2002: Eurobarometer 58.0; Methodology Institute, London School of 

Economics: London, U.K., 2003. 
c. “Imagining nanotechnology: cultural support for technological innovation in Europe and the United States.” Gaskell, G; Ten Eyck, T.; 

Jackson, J.; Veltri, G. Public Understand. Sci. 2005, 14, 81–90. 
d. BMRB. Nanotechnology: Views of the General Public; BMRB International: London, U.K., 2004. (available at www.nanotec.org.uk) 
e. “Public perceptions about nanotechnology: Risks, benefits and trust.” Cobb, M.D.; Macoubrie, J. J. Nanoparticle Res. 2004, 6, 395-405. 
f. Macoubrie, J., personal communication. Manuscript in preparation, North Carolina State University.  
g. Currall, S.C., personal communication. Manuscript in preparation, Rice University.   

 

Japan’s Ministry of Economy, Trade, and Industry join forces to establish an International 
Nanoparticle Toxicology Authority (INTA) to form a coordinating interface for today’s 
splintered efforts. 

• Accept that the government must ultimately fund fundamental toxicology research on 
nanoparticles – and allocate funding through a market-based mechanism. Large 
corporations have a keen interest in performing toxicology research on nanoparticles because 
their time horizons are long enough to incorporate negative outcomes that take decades to 
appear – and because institutional shareholders with long positions, like pension funds, hold 
them accountable. Start-ups, on the other hand, have much shorter time horizons, and thus face 
financial incentives to bury or disregard EHS issues if they threaten to compromise the  
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Fig. 9: U.S. Government Funding for Nanoparticle Toxicity Research 
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company’s near-term valuation or likelihood of an exit. Regulation must intervene to align start-
ups’ inherently short-term interests with long-term public good.  

Start-ups are generally the earliest commercial developers of new nanoparticles and also the 
parties least likely to be able to afford expensive toxicology studies. As long as these dynamics 
hold, the only way we see for nanotech commercialization to proceed rapidly while ensuring 
that toxicology studies are performed is for governments to supply the funds. Currently, 
however, not enough money is available to fund the necessary research. Only 3.7% of the $1.05 
billion U.S. National Nanotechnology Initiative  (NNI) budget for 2006 is earmarked for research 
on EHS issues, and spending on nanoparticle research at other relevant government agencies 
remains low (see Figure 9). 

We believe the U.S. government should establish a National Nanotechnology Toxicology 
Initiative (NNTI) to ensure that fundamental nanoparticle toxicology research is performed. 
With annual budgets geared as an “insurance policy” for nanotech development, the annual 
funding required in the U.S. likely lies between $100 and $200 million per year – two to four 
times today’s spending. To ensure commercial relevance, the NNTI should allocate research 
projects through a market-based mechanism based on public nanotechnology R&D funding. 
This could be linked to SBIR grants: Companies receiving funding for products that incorporate 
nanoparticles would be obligated to submit their materials for anonymous testing by the NNTI 
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as a condition of the grant. The NNTI would allocate funding for studies of different 
nanoparticles in proportion to the funding going to their development. 

To ensure that the greatest number of studies is performed without allocating resources toward 
redundant ones, the NNTI should coordinate research in an international network like the one 
previously suggested. Finally, the NNTI should also emphasize identifying ways to mitigate 
undesirable effects of nanoparticles, rather than simply identify those effects. Rice University’s 
Center for Biological and Environmental Nanotechnology, which has both identified EHS risks 
of the fullerene family of nanoparticles and identified methods of reducing those risks by 
functionalizing fullerenes, provides the best model to date. 

• Eliminate regulatory ambiguity for industry. Many individuals at regulatory agencies in the 
U.S. are diligently studying nanoparticles, but few agencies have established clear guidelines for 
how they plan to address them. Most efforts are working groups, like the one currently operating 
at the Environmental Protection Agency (EPA), which aims to establish voluntary standards in 
consensus with industry. Such programs take a great deal of time to come to decisions. We 
believe these time frames must be accelerated, and that more transparency in their decision-
making is required. 

Despite natural suspicion to the contrary, most corporations would welcome informed 
regulation of nanoparticles: “We want to have some certainty, have some clarity, and have a 
level playing field,” one EHS officer from a U.S.-based Fortune 1,000 company told us. Not only 
does knowing what the future regulatory environment will be allow companies to plan 
accordingly, but having regulations in place limits the possibility that irresponsible behavior by a 
few companies could lead to a public perception disaster for the field of nanotechnology as a 
whole. In addition, regulatory guidance will help build public trust and confidence in nanotech, 
inoculating against perceptual risk: Non-governmental organizations that have called for bans 
on nanotechnology R&D have often cited the absence of regulation as their key concern. 

We recommend that the EPA, as well as other agencies exposed to these issues including the 
FDA, NIOSH, and the Consumer Product Safety Commission (CPSC), establish and communicate 
clear plans for resolving regulatory ambiguity about applications of nanoparticles. These plans 
should describe the potential range of outcomes, the questions that will lead to choosing one 
outcome over another, the process for arriving at answers to those questions, and close-ended 
timeframes for arriving at them. We recommend setting a hard date no later than the end of 
2006 for reaching conclusions on these issues. 
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Endnotes 

                                                 
1 For a more detailed discussion of the nanotechnology EHS debate, see the May 2005 Lux Research report “A Prudent 

Approach to Nanotech Environmental, Health, and Safety Risks.” 

2 Source: Science Citation Index as of May 21, 2005; search terms “(toxici* OR toxico*) AND (X)”, where X = “dioxin*”, “PCB*”, 

or “(quantum dot OR nanopartic* OR nanotub* OR fulleren* OR nanomaterial* OR nanofib* OR nanotech* OR nanocryst* OR 

nanocomposit*)”. 

3 Source: “Manufactured Nanomaterials (Fullerenes, C60) Induce Oxidative Stress in the Brain of Juvenile Largemouth Bass” 

Oberdörster, E. Environ. Health Perspect. 2004, 112, 1058-1062. 

4 Source: “Is a Fullerene C60 Molecule Toxic?” Andrievsky, G.; Klochkov, V.; Derevyanchenko, L. Institute for Therapy of 

Ukrainian Academy of Medical Sciences, 2004, open letter (contact GVAndrievsky@yahoo.com). 

5 For more information on TSCA’s applicability to nanomaterials, see the February 14, 2005 Lux Research flash “Nanotech 

Health and Safety Regulation: It’s Already Here, with More on the Way.” 

6 Reports from insurer Swiss Re, the U.K.’s Royal Society, and the European Commission’s Community Health and Consumer 

Protection Directorate General have all stated that there is a case for mandatory labeling of products that incorporate 

nanoparticles. 
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