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Foreword

Andrew D. Maynard

Back in 2001, T had the privilege of visiting Richard Smalley’s laboratory at
Rice University. I was working with a team measuring the airborne release of
single walled carbon nanotubes as they were produced and handled. The
work led to some of the first published data on possible inhalation exposures
to nanotubes, but my abiding memories of that visit are of Rick’s over-
whelming enthusiasm for this innovative new material, and a rather relaxed
attitude among his research team to prevent exposure. Wipe your finger along
any surface in the lab it seemed, and it would come away black.

Carbon nanotubes epitomize the tension between realizing the promise of
emerging engineered nanomaterials and avoiding possible new risks. Carbon
nanotubes are quite unlike anything else we have had in our materials
construction set—strong, lightweight, highly conductive of heat and elec-
tricity, and able to be combined with other materials in innovative new ways.
They have uses as wide ranging as better batteries to stronger materials and
transparent conductors to anti-radiation sickness drugs. Yet there are hints
that they could be uniquely harmful to humans and the environment if they
get to the wrong place, in the wrong form. Successful and much-needed
carbon nanotube-based applications will depend on identifying and
managing these possible risks.

Carbon nanotubes are just one of countless new engineered nano-
materials being developed though. And while the tension between benefits
and risks may not be as pronounced in many cases, using these new mate-
rials successfully will still depend on understanding how to handle them
safely.

In Nanotechnology Environmental Health and Safety: Risks, Perspectives
and Management, Matthew Hull and Diana Bowman have succeeded in
bringing together a strong cast of authors with a variety of perspectives to
shed light on uncertainties currently being faced by an expanding nano-
material community. By outlining the issues confronting researchers and
manufacturers, as well as some of the nascent risk management options
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available, they have produced a practical resource for anyone grappling with
the challenge of using engineered nanomaterials as safely as possible.

Following that first visit to Richard Smalley’s lab, there was a marked
change in attitudes. Enthusiasm for the potential uses of carbon nanotubes
remained unabated. But work practices were tightened up beyond all recog-
nition. Using knowledge on possible risks together with advice on good
hygiene practices, the team successfully slashed the chances of potentially
harmful exposures occurring.

My sense is that this book is set to have the same impact, but on a broader
audience. It won't tell you everything you need to know on how to use
engineered nanomaterials safely—that would be an impossible task, given all
that we still don’t know. But it will help researchers, producers, and users of
these materials take steps toward significantly reducing the chances of harm
occurring.

Andrew D. Maynard
July 12, 2009

Foreword
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Series Editor’s Preface

Whereas, formerly, societies stumbled upon their consensuses seemingly
through a series of accidents with much backtracking, in our present glob-
alized society we feel that they should be reached through a much more
rational process, informed by reliable and comprehensive knowledge. This
book has been assembled very much in that spirit of promoting such rational
decision-making. The object of discussion is the impact, focusing on health
and safety aspects, of nanotechnology on the human environment. Uniquely,
it combines technological aspects (i.e., the toxicology of nano objects) with
issues of regulation (i.e., legal aspects, covering both the USA and the
European Union) and management of the risks. As is customary in the series,
there is a strong emphasis on practical matters rooted in reality—for
example, the book includes several case studies in the section on risk
management.

The authors point out that in some situations current knowledge is too
scanty to be able to make a fully rational decision. Indeed, with a technology
as new as nanotechnology, this situation is rather common. Individual
inventors and companies will nevertheless press ahead, without waiting for
the rationally designed regulatory framework to be in place. This somewhat
chaotic reality must be encompassed in any practically useful risk assess-
ment, making it a much more complex matter than in well-established
industries.

It is sobering, even alarming, to realize that although Strabo the Greek
and Pliny the Elder documented the health dangers arising through contact
with asbestos about 2000 years ago, this knowledge was not sufficient to
prevent the ghastly diseases resulting from exposure to amphibole asbestos
that became such a prominent part of occupational medicine in the latter part
of the twentieth century. In fact, formal risk assessment is a relatively new
area, the first one being carried out by the US Environmental Protection
Agency in 1975. This inability, or unwillingness, to learn from knowledge
accumulated in the past intrudes, seemingly irrationally, into the orderly



vision of the knowledge-based economy. Before the invention of printing,
knowledge was indeed a rare commodity that could only be shared with
difficulty. Nowadays, in principle at least one can conveniently access a vast
quantity of scientific and technical literature from a desktop computer,
thanks to the World Wide Web. Yet, paradoxically, citation patterns in the
primary research literature increasingly provide evidence that researchers
read less, and are generally less aware of past and even contemporary
knowledge. This problem will also need to be addressed, if it is not to become
a real barrier to the responsible development and use of advanced technology
in the twenty-first century.

As the authors point out, the overarching question is how to maximize
the benefits of nanotechnology while minimizing the risks. The contribu-
tions in this book provide a wealth of information and analysis that will be of
immense value to companies, government departments, and other organi-
zations involved in insurance, developing regulatory and legal frameworks,
and in guarding their workforces against undue hazards. It will also serve as
an important milestone in the further development of the theoretical basis of
the subject.

Jeremy Ramsden
September 2009

Series Editors Preface
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Preface

Matthew S. Hull, Diana M. Bowman and Steffi Friedrichs

Risk is a reality. And while innovative management frameworks, policies,
protective strategies, and regulation can do much to reduce the risks asso-
ciated with certain products or activities, seldom can they eliminate those
risks entirely. Technological advancements in a modern age, ranging from the
introduction of the automobile through to, for example, biotechnology and
the comforts that accompany them, are no different. Such advancements
come pre-packaged with their own unique set of risks and trade-offs.

Indeed, progress has never been a bargain; you have to pay for it.! Exactly
how much we are willing to “pay” for progress—new technologies and the
products derived from them—is usually established through risk tolerance
thresholds that materialize through society’s perceptions (factual or other-
wise) of the technology. While this will vary over time and between juris-
dictions, it will nevertheless involve a complex interplay between social
attitudes and culture, economics, politics, history and science. What is
acceptable to some in terms of risk may not therefore be acceptable to all.

Some thresholds, usually those that have developed over time and with
input from practical experience or hard data, can be quite clear and well
established. Such thresholds readily lend themselves to translation into
legislative instruments, regulations (state or non-state based), or standards.
Other thresholds, however, particularly those still in their formative stages,
can be remarkably amorphous and dynamic. In these latter situations, there
is simply too little information available to fully assess the actual risks or
even the benefits to society, and the decision of whether or not to proceed is
likely to become increasingly clouded and complex.

It is the inseparable nature of risk and reward that underlies the current
debate surrounding the emergence of nanotechnologies. And it is the manner
in which stakeholders in different jurisdictions have risen to address this
issue that motivates the present work. The aim of this book is to provide

! Quote from ‘Inherit the Wind’, 1960, Stanley Kramer Productions.
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readers with a snapshot of perspectives on the potential environmental
health and safety (EHS) risk, posed by some facets of the technology and risk
management strategies from individuals who have helped shape the evolving
nanotechnology EHS landscape.

According to an oft-cited definition, nanotechnology is the study of
phenomena governed by novel properties arising from the diminutive size of
an object, which includes at least one dimension of 1-100 nm (National
Nanotechnology Initiative, 2001). For reference, the common flu virus is
40 nm in diameter, while the width of a human hair is typically more than
a thousand times larger. From nano-scale size and control arise extraordinary
new properties not found at other size scales; for example, carbon nanotubes
(a cylindrical shape with a diameter of up to 100 nm, and a lengths of up to
several microns) possess tensile strength many times that of steel, but with
only a fraction of the weight; nanoscale titanium particles offer novel photo-
catalytic properties; and nanoscale quantum dots possess tunable fluorescent
properties attributable to quantum confinement effects.

Over the last two decades, and during a period that many would suggest
represents only its infancy, the field of nanotechnology has spurred some of
the most exciting advancements in science, engineering, and manufacturing
since the industrial revolution. According to some commentators we are in
the midst of a ‘Nano Revolution’ (see, for example, Merkle, 2000; Drexler,
Peterson and Pergamit, 2003; Sparrow, 2008). This so-called [r]evolution has
‘erupted’ or ‘evolved’—depending on one’s view—from the development of
new instruments and the subsequent convergence of enhanced capabilities to
visualize and manipulate materials at the molecular scale with large-scale
investment by the public and private sectors on nanotechnology initiatives.

Given the current rate of progress, it is difficult to predict precisely what
nanotechnology-enabled innovations will emerge in the years ahead.
However, as evidenced by talk of space elevators (Appell, 2002; Pugno, 2006)
and Crichton’s (2002) shape-shifting nanoassemblers, the absence of a clear
development trajectory certainly has not stifled imaginations. For curious
readers seeking a more pragmatic perspective on forthcoming nanotechnol-
ogies, Roco (2004) has described four distinct generations of nanotechnology-
enabled structures and devices whose emergence coincides to some degree
with the acquisition of the scientific and engineering capabilities necessary to
actually produce them. Of course, technology is disruptive by nature and
sometimes imaginations rule the day!

Amidst the excitement over undeniable progress in nanoscale science and
engineering, one fact remains: in the past, society has been taught some cruel
and lasting lessons by the promise of new technologies. Such lessons have
been comparatively frequent and hard-learned for new classes of chemicals or
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materials and examples abound in recent history: while extremely effective
at controlling insect-borne disease, DDT and similar pesticides had unin-
tended negative effects on reproduction of avian predators; although regarded
as exceptional coolants and aerosol propellants, chlorofluorocarbons (CFCs)
have been linked to depletion of the earth’s protective ozone layer; and finally,
while once hailed as a miracle mineral of natural origin, with applications
in myriad products ranging from building materials to automotive products,
asbestos—as discussed by Mullins in his chapter — has become synonymous
with a legacy of chronic respiratory disease and class-action litigation.

What is perhaps most interesting about these cases is that they are all
relatively recent and their effects are still rippling through society. Unlike
previous generations, it would appear that modern society has been condi-
tioned to question not only the acute risks of emerging technologies, but also
those potential risks that may lie just beyond the grasp of current scientific
understanding. We have become highly sensitized to the societal risks of new
technologies, and while this new-found sensitivity is accompanied rightly or
wrongly by a degree of cynicism, it also fosters a level of techno-trepidation
that can be put to good use to usher in advancements in science and engi-
neering in a safe and responsible manner.

It would be unbalanced, however, to consider in this discussion only those
examples or aspects of technologies that had unintended negative conse-
quences on society. Just as the past century has highlighted the potential
dangers of new technologies, they have also demonstrated technology’s
extraordinary utility in overcoming many of humankind’s greatest chal-
lenges. DDT, for example, has been credited with saving millions of lives in
developing countries ravaged by malaria. Such facts cannot be ignored. But
what if those lives could be saved without potentially catastrophic conse-
quences to ecosystems? What if advanced materials could be created without
compromising the health of millions of workers who manufacture them?
These are the questions that must be considered when weighing the potential
benefits and risks of any new technology.

As remarkable as recent advancements in nanotechnology have been, the
world’s proactive engagement of emerging nanotechnology EHS risks—both
known and unknown—has been remarkable in its own right. Internationally,
governments have included in national nanotechnology research initiatives
language specifically mandating funding of risk-related research. While the
adequacy, effectiveness, and legitimacy of many of these activities have been
questioned (see, for example, Powell and Colin, 2008; Friends of the Earth
Australia, 2009), they nevertheless represent a dramatic shift from the
development-focused paradigm of the past. Along with government-led
programs, a number of corporations, non-profit organizations and academic



research institutions have developed their own nanotechnology-specific risk
management initiatives. While not completely altruistic in nature, some of
these initiatives demonstrate industry’s recognition of the fact that when it
comes to the risks of new technologies and products, a sound business case
can be made for behaving proactively rather than reactively. Trade organiza-
tions, international standards committees, and professional services
providers have also weighed in on the nanotechnology EHS debate, expressing
both concerns about risk and potential measures to mitigate them.

Nanotechnologies are no longer confined to the laboratory, and
industrial-scale nanomanufacturing is a commercial reality around the globe.
In Africa, the South African Nanotechnology Initiative (SANi) (2009)
includes efforts to synthesize nanoscale particles for applications in solar
cells, catalysis, fuel cells, and composite materials. In Asia, companies are
now manufacturing multi-ton quantities of carbonaceous fullerenes and
nanoscale silver particles. Firms in Australia manufacture nanotechnology-
enabled products ranging from metal oxide nanoparticle sunscreens to highly
branched, nanoscale materials known as dendrimers. In North America and
the European Union, a diverse and robust nanomanufacturing industry has
emerged, with the capability of producing anything from semiconducting
quantum dots to multi-ton quantities of metallic oxide nanoparticles and
carbon nanotubes. And in South America, an extensive network of govern-
ment and industry supported nanotechnology research centers has emerged,
along with strong nanotechnology-focused collaborations with international
partners in India, Africa, and the European Union.

To conclude, the question before us is this: How do we extract and ensure
the benefits of nanotechnology, while minimizing potential and often ill-
defined risks! The chapters that follow consider this question through the
experiences of representatives from academia, trade unions, Fortune 500
corporations, entrepreneurs, insurers, nanotechnology facility managers, and
experts in product liability and environmental law. The result, we trust, is
a balanced discussion of the emerging nanotechnology EHS landscape,
coupled with practical strategies developed to manage these risks in nano-
technology facilities of varying size and complexity.
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