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In fond memory of my dog—QD,
for his amazing sensing capability,
risk assessment methodology,
survival skills—all executed with
a great sense of dignity and humor






Disclaimer

THIS book is presented solely for educational and information pur-
poses. The editor and publisher are not offering it as legal and/or
other professional services advice. While best efforts have been used in
preparing this book, the editor and publisher make no representations or
warranties of any kind and assume no liabilities of any kind with respect
to the accuracy or completeness of the contents. Chapters for this book
were solicited from authors in support of the book. The views expressed
in individual chapters may not necessarily represent the views of the edi-
tor, his employer, and supporting agencies/institutions/organizations. The
texts are edited only to an extent that it conveys meaning succinctly and
clearly without altering the meaning. The figures and schematics pro-
vided by authors are included “as is” unless a specific request to seek
copyright release was asked by the authors. In terms of risk assessment
and possible health related consequences, this book is not intended as a
substitute for the medical advice of physicians. Neither the author nor the
publisher shall be held liable or responsible to any person or entity with
respect to any loss or incidental or consequential damages caused, or al-
leged to have been caused, directly or indirectly, by the information con-
tained herein. You should seek the services of a competent professional.
Furthermore, the information outlined in this book is meant to supple-
ment, not replace it. The authors and publisher advise readers to take full
responsibility for their safety and know their limits and do not take risks
beyond their level of experience, aptitude, training, and comfort level.
Although the editor and publisher have made every effort to ensure that
the information in this book was correct at press time, the author and pub-
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lisher do not assume and hereby disclaim any liability to any party for any
loss, damage, or disruption caused by errors or omissions, whether such
errors or omissions result from negligence, accident, or any other cause.



Preface

ICROCOSM to macrocosm, eco-design, eco-efficiency, eco-friend-

ly, green-cities, zero carbon foot print, environmentally friendly
systems, and the triple bottom line are the vernacular of a sustainable
future. On one hand enhanced use of technology and information, and
modern amenities simplify our lives and are considered positive out-
comes for a society, while on the other hand, these practices increase
demands on essential services. Optimal use, reuse, recycling, and dis-
carding require a modified way of living that promotes sustainable out-
comes. Since human beings and natural resources must co-exist, it is
quintessential to transform the technology savvy outlook to assure fu-
ture sustainability. These fundamental transformations necessitate that
sustainability must be considered as an integral part of our routine as we
design and develop the systems and the latest technologies that enable
our current way of life.

The concepts of sustainability and life-cycle analysis are intercon-
nected, yet challenging to delineate. This book on “Life Cycle Analysis
of Nanoparticles—Risk, Assessment, and Sustainability” was original-
ly aimed to cover the life-cycle analysis of engineered nanomaterials
in products currently in use and how future trends in enhanced use of
nanomaterials will impact the research and commercial production. It
became evident that the details of the full life-cycle, i.e. cradle-to-grave
trans-configuration of a product will not be evident without additional
information, such as mathematical modelling of constituent materials,
components and products, dispersion assessment with sophisticated
sensors, and environmental impact. It is a representative problem,
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widely recognized as “The Collingridge dilemma’, i.e. there is always
a trade-off between knowing the impact of a given technology and the
ease of influencing its social and innovation trajectories. Sustainability
can be achieved only through analysis, supplemented by technologies
such as minimization, risk reduction, and recycling.

The concept of “Life-ycle Thinking™ entails a holistic approach to
the product, process or service under consideration and comprises in-
ventory of all the inputs, outputs and impacts at each stage of the life-
cycle. This being the basis, this book assumes that to be considered sus-
tainable, nanomaterials must be subject to life-cycle analysis. However,
due to the complexities of applying a full life-cycle analysis (LCA)
to a spectrum of nanomaterials, including a dearth of mathematical
models, this book focuses on introducing selected life-cycle concepts
and showing how they are applied to nanomaterials. This book intro-
duces the life-cycle concept in the framework of risk, assessment, and
characterization that will be extended in subsequent versions to include
details of the raw materials, material production, manufacturing, distri-
bution, use and end-of-life treatment. Furthermore, since sustainability
requires considerations of design beyond the traditional way points of
view, there is always a need to provide a balanced analysis of how a
sustainable vision may be attained, since sustainability is considered as
*“a relative” term. The chapters are designed to systematically describe
how nanomaterials, system design, environment, and professional ap-
proaches and ethics address this concept from a designer’s perspective.
Examining present and future issues facing practitioners, the book pro-
vides a necessary context for sustainable development design from a
system design perspectives.

The text starts with basic definitions of sustainability and locates
them in the framework of nanomaterials. It then presents the basic life-
cycle concept, such as assessment, characterization, and risk analysis
as these relate to engineered nanomaterials and nanoparticles, with the
goal of showing how these tools can contribute to a view of nanoma-
terials as sustainable. Models, environmental fate and societal issues
are considered. Further chapters describe the real and perceived risks
of nanomaterials and how these are measured, followed by chapters on
advanced sensors. Deployment of multi-analyte and real-time sensing
devices and sensor networks can provide more accurate data for more
realistic exposure information, thereby enabling better and more holis-
tic environmental assessments. More robust and accurate environmen-
tal assessments will in turn yield more accurate analyses and improved
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evaluation of potential impacts. Since sustainability is linked to design,
the book presents how nanomaterials and their proper, i.e., ethical, use
are viewed from a design perspective. The approach looks broadly over
the entire life cycle of a compound, product or process to consider both
direct and indirect effects.

This book delineates the ideas and principles that form at the very
foundation of the topic of assessing risk of a disruptive technology. The
use of nanotechnology has provided many pathways towards a sustain-
able future in terms of lightweight, biodegradable, and biocompatible
materials providing many useful applications. Notwithstanding ben-
efits, the unknown interaction of these nanoparticles with humans at
the cellular level remains a topic of debate. This further leads to a va-
riety of codes of conduct and associated ethics, and a critical analysis
employing existing published codes and the practices that stem from
them. It takes a practical approach, discussing applied ethics, and relies
upon an understanding of the moral reasoning that supports the ideas
and professionalism and an ethical standard of care. Drawing on the
author’s experience as an engineer and scientist engaged in strategic
transformative technologies, this book provides a discussion of the un-
derlying reasoning and approach involved in the challenges confronted
by contemporary design professionals. This information can then be
distilled into sustainable practices in the future for eco-friendly design
in support of green infrastructure and sustainable future.

The purpose of this book is to provide knowledge for engineers, sci-
entists, designers, researchers, and students who are involved in LCA
studies, sustainability and green-design. The book starts out with basic
definitions and concepts of sustainability in the framework of nanoma-
terials. The book then introduces the concept of LCA by way of nano-
materials, its modeling and examples in environmental settings. Further
chapters describe actual and perceived risk of nanomaterials followed
by chapters describing risk characterization by way of advanced sen-
sors. The book then concludes with selected chapters describing ap-
plications of nanomaterials from a sustainability standpoint. To keep
the scope to the point and concise, only selected chapters are presented
here and it is anticipated that the subsequent volumes will have a further
discussions adding to the full spectrum of techniques and applications.

ASHOK VASEASHTA
Washington, D.C., Herndon, VA
and Northfield, VT USA
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