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Great Science or Grey Goo?
In the spring of 2003, “Prince
Fears Grey Goo Nightmare”
banner headlines appeared
in the popular press in
Britain and elsewhere. The
Prince referred to was HRH
Prince Charles, heir to the
British throne, who was
warning about the possible
risks of nanotechnology. The
“grey goo” concerned a
David J. Vaughan
hypothetical end-of-theworld scenario in which outof-control self-replicating nanoscale robots con
sume all matter on Earth in order to build more
of themselves. The resulting mass of nanoma
chines, lacking large-scale structure, would be
goo-like. This picture has far more in common
with science fiction than with science. Indeed, a
grey goo catastrophe is the subject of the novel
Prey by Michael Crichton, bestselling author of
Jurassic Park.

already well underway (as noted in the first article
in this issue, corporate investment in nanotech
nology had already exceeded $4 billion worldwide
by 2006 and is projected to reach $3 trillion by
2015). Whether desirable or not, it is very difficult
to see how we could stop, or even slow down,
these developments.

The way forward must be to learn much more
about the behaviour of nanomaterials in the envi
ronment, in the food chain, and in living organ
isms including humans. This urgently needed
research would form the basis upon which risk to
the environment and to human health from par
ticular types of nanotechnologies could be assessed.
This, in turn, would lead to appropriate legisla
tion and regulation. Nanomaterials present new
challenges in this regard because it is not only
their chemical composition and structure, but
also their particle size that gives them their par
ticular properties (which could include toxicity
to humans or other life forms). Some work in the
evaluation of the potential tox
As scientists, our reaction to
icity of nanoparticles has already
headlines like this is often a mix
been done; much of this has
So, should we be
ture of horror and amusement,
involved collating and evaluating
concerned about
along, perhaps, with a measure of
existing information. For example,
the “dangers” of
scorn for the sensationalist nature
see reports by the UK’s Royal
of such writing. But we would do
Society and Royal Academy of
nanotechnology?
well to remember that millions
Engineering (www.nanotec.org.
The simple answer
of our fellow citizens rely on
uk), as well as (and I admit to
is “yes”, but as with
these reports for their knowledge
personal involvement here) a
of the issues associated with tech
project funded by the European
so many radical
nological development. So what
Commission (www.impart-nan
new developments,
might we learn from media phe
otox.org). The articles in this
it is not a situation
nomena like this one?
issue of Elements are also eloquent
suited to simple
testimony to the role that Earth
It is worth pointing out that Prince
scientists (sensu lato) can play in
answers.
Charles never actually used the
this task. We have the tools and
expression “grey goo”. To quote
expertise to characterise nanoma
from his comments following on
terials, and we know of numerous
from the headline news, he does “not believe that
example systems in nature – these can surely be
self-replicating robots, smaller than viruses, will
harnessed to help in tackling this formidable
one day multiply uncontrollably and devour our
challenge.
planet”. Indeed, he went on in these later remarks
to say much positive about the possible benefits
I began this editorial by talking about the popular
of nanotechnology to society. However, it comes
press, and in returning again to consider the ques
as little surprise that some journalists are happy
tion of whether we should be concerned about
to “embellish” a story in order to get the eye-catching
the impact of nanotechnology on human health,
headline – and this is something we all need to
I want to draw attention to the concept of risk.
keep in mind when engaging with the media.
Communicating this concept has always proved
difficult: people like to have “black and white”
What Prince Charles actually did draw attention
answers; to be given 100% assurance that they
to are the potential risks of nanotechnology for
could never be harmed by nanotechnology. We
human health. An uncomfortable parallel was
cannot do that – or even totally eliminate the
made with the disastrous story of the drug tha
grey goo nightmare – any more than we could
lidomide, prescribed for use by pregnant women
say that life on Earth could never be destroyed
in the nineteen sixties. The taking of this inad
by a large meteorite impact. But with a sound
equately tested pharmaceutical led to the birth
knowledge base, we can estimate the risks and
of many children with serious deformities.
take measures to reduce them to the absolute
minimum. We can then try to communicate this
So, should we be concerned about the “dangers”
information, and provide a balanced view of the
of nanotechnology? The simple answer is “yes”,
hazards of nanotechnology, comparing them, for
but as with so many radical new developments,
example, with the relatively high risks we all take
it is not a situation suited to simple answers. The
as drivers or pedestrians on our roads.
applications of nanotechnology in new materials,
electronics and healthcare, to name but a few
areas, represent an industrial revolution that is
Cont’d on page 364
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FROM THE EDITORS
THIS ISSUE
“Nano” has become a very fashionable word,
and as guest editor Mike Hochella points out
in his lead article, nanotechnology is now a
multibillion-dollar business. This issue brings
to the fore the fact that nanoparticles have
always been part of our environment, hence
the importance of studying natural nanopar
ticles and their impact on our health and
environment in order to illuminate the poten
tial impact of engineered nanoparticles. This
issue also makes clear that every crystal goes
through a “nano” phase in its growth. One
can also be awed by the fact that we are on
the verge of acquiring the technological
capability to image the structure of single
nanoparticles.

FOUR YEARS OLD!
With this issue, we close our fourth year of
publication. We have now explored 23 widely
ranging topics of relevance to our scientific
community and beyond, and the list of poten
tial topics seems to get longer and longer. This
is a reminder that we are always looking for
proposals for future topics. If you have an idea,
contact one of the principal editors. We are
now booking themes for 2010.

Among this year’s milestones are a rising
impact factor (2.23 in 2007), a print run that
has reached 13,000 copies for the last three
issues of this year, and an updated website.

OUR 2009 LINEUP
In the following two pages, we proudly present
an overview of the topics selected for 2009. All
the guest editors and authors for these issues
are hard at work already.

THANKS TO THE AUTHORS AND
GUEST EDITORS OF VOLUME 4
Once again we are indebted to a multitude of
persons who have helped Elements along, espe
cially the guest editors and authors who have
worked diligently to write at the level we are
striving for in the journal. Our thanks go to
volume 4 guest editors Jay D. Bass, James M.
Brenan, David R. Cole, Michael F. Hochella Jr.,
Calvin F. Miller, James E. Mungall, Eric H. Oelkers,
John B. Parise, David A. Wark, and Eugenia
Valsami-Jones.

Rizlan Bernier-Latmani, Stephen Blake, James
M. Brenan, Peter R. Buseck, Ken Caldeira,
Richard W. Carlson, David R. Cole, Gabriel M.
Filippelli, Guillaume Fiquet, Daniel J. Frost,
Daniel E. Giammar, Siggi R. Gislason, François
Guyot, Martin Hassellöv, Kei Hirose, Michael
F. Hochella Jr., Shaul Hurwitz, Shun-ichiro
Karato, David A. John, Thorne Lay, Baosheng
Li, Jean-Pierre Lorand, Jacob B. Lowenstern,
Ambre Luguet, David A. C. Manning, Juerg
Matter, Jean-Marc Montel, Gregory M. Morrison,
James E. Mungall, Anthony J. Naldrett, Eric H.
Oelkers, Herbert Palme, John B. Parise, Simon
A. Parsons, Jill D. Pasteris, Sebastien Rauch, Mary
R. Reid, Edward S. Rubin, Maria Schönbächler,
Stephen Self, Steven B. Shirey, Stanislav V.
Sinogeikin, Jennifer A. Smith, Bradley M. Tebo,
Benny K. G. Theng, Eugenia Valsami-Jones,
Frank von der Kammer, Donald J. Weidner,
Glenn A. Waychunas, Colin J. N. Wilson,
Brigitte Wopenka, Zhengjiu Xu, Guodong Yuan,
Hengzhong Zhang, and Youzue Zhang.
Bruce Watson, Susan Stipp,
David Vaughan, and Pierrette Tremblay

We are also grateful to the authors of volume
4: Kouji Adachi, E. Eric Adams, Olivier Alard,
Olivier Bachmann, James Badro, John R. Bargar,
Jay D. Bass, Sally M. Benson, George Bergantz,
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ABOUT OUR ADVERTISERS

Finally, to answer the question posed in
the headline to this editorial, I do believe
that great (nanogeo)science is being done,
as the following articles attest. As for our
being turned into grey goo, I would put
the risks of that at around a zillion to one
against – but we certainly do need rig
orous studies of the environmental and
health risks of nanotechnology.

Elements could not balance its budget without the level of advertising income it currently
enjoys, so we acknowledge the companies and groups that regularly advertise with us.
In turn, we offer excellent value and a very targeted audience to our advertisers.
Deserving special mention are RockWare and Excalibur, both regular advertisers since
our inaugural issue and continuing in 2009. Next are Rigaku and Meiji, both of which
have advertised since volume 1, number 2.

David J. Vaughan
david.vaughan@manchester.ac.uk

Wa n t e d

T

he Hudson Institute of Mineralogy, a notfor-profit organization chartered by the
Board of Regents of the State University of
New York, is seeking used analytical equipment, thin sections, and mineral specimens
for its descriptive mineralogical laboratory
and educational programs. We are dedicated to classical mineralogical research,
preservation of mineral specimens, and
educational outreach to primary and secondary school teachers and students. If your
institution is upgrading its analytical equipment, we want your used, working devices.
Further, if you are disposing of minerals,
thin sections, or similar geological artifacts,
let us put them to good use; æsthetics are
unimportant, labels are! Please contact:

The Hudson Institute
of Mineralogy

The following lists all advertisers since volume 1, number 1
Activation Laboratories, Advanced Energy Consortium, American Geophysical Union,
Australian Scientific Instruments, Bayerisches Geoinstitut, Blackwell Publishing, Bruker
AXS, Cambridge University Press, CAMECA, Canadian Light Source, College of Microscopy,
CrystalMaker, CZEN, Elsevier, Environmental Isotope Lab, Excalibur, Gemological
Institute of America, Granit Publishing, Horiba Yvon Jobin, International Kimberlite
Conference, IWA Publishing, JEOL, JKtech Pty, Materials Data (MDI), Meiji Techno
America, MIT Press, NewWave Research, PANalytical, Rigaku, Rockware, Schlumberger
Water Resources, SGS Lakefield Research, SmartElements, Society for General Microbiology,
Springer, Terra Publishing, Thermo Fisher Scientific, Wiley and Sons, University of
Michigan.

The following institutions have advertised job postings:
Carleton University, National Science Fondation, Laurentian University, Pacific Northwest,
National Laboratory, Stony Brook University, Rensselaer Polytechnic Institute, Rigaku,
Texas A & M, University of Bayreuth, University of Buffalo, University of Calgary,
University of Delaware, University of Manitoba, University of British Columbia, University
of New Brunswick, University of Michigan, University of Wyoming, Vanderbilt University,
Washington University.

PO Box 2012 • Peekskill, NY 10566-2012

www.hudsonmineralogy.org
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