vironmental
-« Human Health

[ _ Fditors Jamie R. Lead and Emma Smith
|
|




Environmental and
Human Health
Impacts of
Nanotechnology

Edited by
JAMIE R. LEAD
School of Geography, Earth and Environmental Sciences,
University of Birmingham, UK
EMMA SMITH

Department of Biological and Chemical Sciences,
The University of Wndles Barbados
&\\

LI

E2010002288

FWILEY

A John Wiley and Sond, Ltd., Publication



This edition first published 2009
© 2009 Blackwell Publishing Ltd

Registered office

John Wiley & Sons, Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, United Kingdom.
For details of our global editorial offices, for customer services and for information about how to apply for
permission to reuse the copyright material in this book please see our website at www.wiley.com.

The right of the author to be identified as the author of this work has been asserted in accordance with the
Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in
any form or by any means, electronic, mechanical, photocopying, recording or otherwise, except as permitted by the
UK Copyright, Designs and Patents Act 1988, without the prior permission of the publisher.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may not be
available in electronic books.

Designations used by companies to distinguish their products are often claimed as trademarks. All brand names and
product names used in this book are trade names, service marks, trademarks or registered trademarks of their
respective owners. The publisher is not associated with any product or vendor mentioned in this book.

This publication is designed to provide accurate and authoritative information in regard to the subject matter
covered. It is sold on the understanding that the publisher is not engaged in rendering professional services. If
professional advice or other expert assistance is required, the services of a competent professional should be sought.

The publisher and the author make no representations or warranties with respect to the accuracy or completeness
of the contents of this work and specifically disclaim all warranties, including without limitation any implied
warranties of fitness for a particular purpose. This work is sold with the understanding that the publisher is not
engaged in rendering professional services. The advice and strategies contained herein may not be suitable for every
situation. In view of ongoing research, equipment modifications, changes in governmental regulations, and the
constant flow of information relating to the use of experimental reagents, equipment, and devices, the reader is
urged to review and evaluate the information provided in the package insert or instructions for each chemical, piece
of equipment, reagent, or device for, among other things, any changes in the instructions or indication of usage and
for added warnings and precautions. The fact that an organization or Website is referred to in this work as a citation
and/or a potential source of further information does not mean that the author or the publisher endorses the
information the organization or Website may provide or recommendations it may make. Further, readers should be
aware that Internet Websites listed in this work may have changed or disappeared between when this work was
written and when it is read. No warranty may be created or extended by any promotional statements for this work.
Neither the publisher nor the author shall be liable for any damages arising herefrom.

Cover photo courtesy of Dr. Ralf Kaegi, Swiss Federal Institude of Aquatic Science and Technology (Eawag)

Library of Congress Cataloging-in-Publication Data

Environmental and human health impacts of nanotechnology / edited by Jamie R. Lead and Emma Smith.
p. cm.
Includes bibliographical references and index.
ISBN 978-1-4051-7634-7
1. Nanoparticles—Environonmental aspects. 2. Nanoparticles—Toxicology. 3. Nanostructured materials—

Environmental aspects. 4. Nanostructured materials—Health aspects. 5. Nanotechnology—Environmental
aspects. 6. Nanotechnology—Health aspects. L Lead,Jamie R. II. Smith, Emma (Emma L.)

TD196.N36E58 2009

620".5—dc22

2009009688
ISBN 978-1-4051-7634-7 (H/B)
A catalogue record for this book is available from the British Library.

Set in 10 on 12 pt Times by SNP Best-set Typesetter Ltd., Hong Kong
Printed and bound in Great Britain by CPI Antony Rowe, Chippenham, Wiltshire



Environmental and Human Health
Impacts of Nanotechnology



Preface

Manufactured nanoparticles (NPs) are usually defined as materials purposefully
produced by human activity and which have at least one dimension between 1 and
100nm. It is important to distinguish NPs by source; the main other NPs are
incidental: that is produced indirectly by human activities including fossil fuel
combustion, and natural: that is produced by processes such as chemical hydrolysis,
weathering and microbial action. Other size-based definitions of NPs exist and
there are a wide variety of material types which fall within this definition.
Nanoscience, which is the science dealing with nanoscale materials, can be seen as
simply a subset of traditional colloids science. Nevertheless, a large number of novel
processes occur below this size due to effects such as exponential increases in spe-
cific surface area and surface energy, quantum effects such as quantum confinement
(where wave functions are constrained by the small particle size) and under-
coordination of bonds at the particle surface. Processes which occur in this size
range are thus different in many ways to traditional colloid chemistry and, in
general, the differences become more pronounced at smaller sizes.

The current interest in nanotechnology is due to these novel properties and their
exploitation in industrial processes and consumer products. Huge and exponen-
tially growing research and development funding from government and private
sources has been spent to better develop and exploit these potential uses and NPs
are now used widely. Silver NPs are currently used as bacteriocides in cosmetics,
fabrics, medical and health-related products and elsewhere. Titanium dioxide NPs
are used in sunscreens (along with zinc oxide) and self cleaning surfaces, where
they have a photocatalytic effect on organic matter due to the production of reac-
tive oxygen species (ROS) and because of this titania is also used as a bacteriocide.
Cerium dioxide is widely used as an additive to diesel to improve fuel efficiency. A
wide range of other materials such as carbon nanotubes, fullerenes, gold, iron, iron
oxide and more exotic species are being developed and used.

The extent of the applications and the possibility of unusual and unknown ‘nano’
effects has led to concern about their environmental and human health effects in
the scientific community and equal concern in industry and from regulators and
policy makers. A major driver for this in some quarters is undoubtedly the example
of genetically modified organisms. The extensive public backlash has made the
future of that technology quite uncertain and there has been a different approach
in nanotechnology to openness and acknowledgement of the risks and a
commitment to reducing these risks. Public response to nanoscience and
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nanotechnology is currently limited by a lack of knowledge and wider impact but
is generally positive with benefits expected in health, energy and the environment
to name a few. Nevertheless, it is quite feasible that this attitude will change, par-
ticularly in view of developments in next generation nanomaterials, including self-
organisation and self-assembly and the increasingly researched interface between
‘bio’ and ‘nano’.

There are considerable benefits to be gained from the exploitation of nanosci-
ence but current research tells us that there are indeed potential hazards in this
area. It is incumbent on the relevant communities to ensure that NPs and other
nanomaterials are used appropriately and designed and tested to be of minimal
hazard and that exposure is not widespread; risk needs to be minimised and seen
to be minimised to allow the full benefits of nanoscience and nanotechnology to
be derived.

Understanding the behaviour and impacts of nanotechnology in the environment
and in human health is a daunting task and many questions remain to be answered:
how do we measure concentrations of NPs in complex biological and environmen-
tal media?; what are the concentrations in environmental media and in organisms?;
what are the correct metrics of measurement (mass or number concentrations for
instance)?; what are the sources to the environment and humans?; what are the
environmental transport pathways and ultimate sinks of NPs?; are NPs bioavailable
and are they subject to bioaccumulation and biomagnification?; how do NPs dis-
tribute in the sub-cellular, organ and body environments?; how are transport,
bioavailability and effects related to NP physico-chemical structure? Although a
substantial amount of research is being performed, the research spending on the
risks of nanotechnology and the health and safety and environmental implications
is still tiny in comparison to its development and exploitation. This balance is
unlikely to change enormously but there are good arguments to say that this should
happen and change should come quickly. The questions above and related ques-
tions remain unanswered in the main and the purpose of this volume is to collate
and discuss our current knowledge and point to future areas of research which are
required.

We would like to acknowledge and thank a number of people and institutions
which made this book possible. The UK Natural Environment Research Council
(NERC) provided funding via a Knowledge Transfer Network entitled Engineered
nanoparticles in the natural aquatic environment (Nanonet), which enabled all
authors and editors to convene for a two-day workshop to discuss the issues and
finalise the chapters. We would like to thank the chapter authors for their efforts
and their timely submissions, and the patience and help of the publishing team
which was essential to the editors.

Jamie Lead
Emma Smith

March 2009
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