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The Private Dimension in the
Regulation of Nanotechnologies:
Developments in the Industrial

Chemicals Sector

Dr. Diana M. Bowman* and Dr. George Gilligan**

ABSTRACT

This Article examines the rise of self-regulation for na-
notechnologies with particular attention to the initiatives within
the industrial chemical sector. These initiatives may be viewed as
a window into the evolution of nanotechnologies more broadly.
The commercialization of nanotechnology-based products has
taken place against a backdrop of regulators and risk assessors
attempting to evaluate the adequacy of conventional risk assess-
ment paradigms. These assessments aim to predict the potential
risks of engineered nanoparticles (ENPs), including bio-persis-
tent ENPs, which have increasingly found their way into a range
of consumer products including, for example, personal care prod-
ucts. Such products have emerged despite concerns over the lack
of risk assessment data. Notwithstanding current gaps in knowl-
edge, one leading scientific commentator has stated that "there
has been enough [research into risks] to reasonably conclude that
there are some applications that will present problems."1 In ad-
dition, our focus on this sector is due not only to the industry's
earlier success with the Responsible Care program, but also to
the transatlantic regulatory divergence that has recently occurred
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with the implementation of the REACH Regulation in the Euro-
pean Union.2

The industrial chemicals sector therefore presents an interest-
ing case study in how different countries and regulatory cultures
choose to approach similar problems of adequately regulating
under existing regimes, and more challengingly, future na-
notechnology-based products and processes. This is a crucial is-
sue because the limited number of government and independent
regulatory reviews that have been undertaken in the United
Kingdom, the European Union, the United States and Australia
suggest that, while for the most part these products and applica-
tions will fall under existing instruments, some gaps or weak-
nesses do exist. Recognition of current limitations in science and
law has acted as a catalyst for industry to develop their own re-
sponses to ensure the responsible development of nanotechnolo-
gies. These proactive initiatives have included the development
and implementation of risk governance and risk management
frameworks, in addition to both individual and collective codes
of conduct. Importantly, they do not seek to replace current reg-
ulatory requirements, but rather supplement them where the or-
ganisations perceive regulatory gaps. However, the vital
question remains: can citizens and governments rely on the pri-
vate sector to adequately regulate their own behaviour as they
seek to maximise returns from their investments?

Drawing on these issues, this Article argues that credibility,
transparency, independent oversight, and sanctions are pivotal
components to any effective self-regulatory scheme and that they
should be core elements of regulatory solutions and instruments
being developed and utilised by the private sector.

I. INTRODUCTION ....................................... 79
II. REGULATORY MODELS AND

NANOTECHNOLOGIES ................................. 84
III. THE EVOLUTION OF REGULATION FOR

NANOTECHNOLOGIES ................................. 89

2. For an analysis of the REACH regime, see generally Daniel A. Farber, Five
Regulatory Lessons from REACH (UC Berkeley Pub. Law & Legal Theory Re-
search Paper Series, Paper No. 1301306, 2008), available at http://papers.ssrn.com/
sol3/papers.cfm?abstractid= 1301306. See also EUROPEAN COMMISSION, ENv' r Di-
R(EIORA'Ii4 GIN., REACH IN Biuiii (2007) http://ec.europa.eu/environment/chemi-
cals/reach/pdf/2007 02_reach in brief.pdf; Anna Gergely, Regulation of
Nanotechnology - within REACH?, NANO Now, Feb. 2007, at 44.
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I.

INTRODUCTION

Most aspects of contemporary life are affected by regulation to
a greater or lesser degree. Regulation influences how people and
societies eat, drink, travel, work, play and interrelate generally.
This is true for less developed as well as advanced economies.
The strategic importance of regulation in daily life is increasing
rapidly in all countries around the world as the effects of global-
isation and dynamic technological development grow in their ex-
tent and intensity, and national economies and societies become
more interconnected and interdependent.

Regulation has a ubiquitous effect on and in societies around
the globe, and it is into this "Brave New Regulatory World" that
nanotechnologies are entering. It is quite possible that the im-
pacts of nanotechnologies may also have ubiquitous effects as
this century develops. The technology promises to have a signifi-
cant impact across all industry sectors, with some commentators
suggesting that advancements are "likely to be at least as great as
that of the Industrial Revolution."' 3 While the nanotechnology
"label" has emerged relatively recently, this heterogeneous fam-
ily of technologies has already engendered a high degree of en-
thusiasm from both the public and private sectors alike, along
with attendant lofty expectations.

The strategic importance of nanotechnologies in the short-to-
medium term has prompted government and industry alike to in-

vest heavily in research and development (R&D) programs. A
recent article by Andrew Maynard and David Rejeski of the Pro-
ject on Emerging Nanotechnologies provides an insight into the
current level of nanotech-funding around the world, with the au-
thors noting that global public and private spending on R&D-
related activities was in the vicinity of $18 billion U.S. dollars per
year.4 This can be compared to the levels of global funding in
2004, which Lux Research estimated to be in the ball-park of $10

3. Fredrick A. Fiedler & Glenn H. Reynolds, Legal Problems of Nanotechnology:
An Overview, 3 S. CAL. INTrERlsc. L.J. 593, 595 (1994).

4. Andrew Maynard & David Rejeski, Too Small to Overlook, 460 NATURE 174
(2009).
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billion U.S. dollars per year, with the greatest proportion of this
funding being provided by the public sector at that time.5 While
both figures are somewhat speculative, the rapid increase in in-
vestment in R&D activates-some $8 billion U.S. dollars over
five years-is suggestive of the increasing perceived importance
of the technology to both the private and public sectors.

Against this backdrop, it has been suggested that since 2005
private sector investment has equaled and subsequently sur-
passed that of the public sector. As this Article discusses, private
sector actors have also have been prominent in the development
of regulatory initiatives relating to nanotechnologies.

Based on global R&D activities, it is not surprising that the
number of nanotechnology-based products has been purported
to have increased dramatically over the last three or four years. 6

With engineered nanoparticles (ENPs) having already been in-
corporated into product categories ranging from cosmetics to
therapeutic goods, paints, construction materials and food con-
tact materials, the number of people already involved in the
manufacture or transportation of ENPs, as well as those actively
utilising these products is likely to be significant at this time. In-
dustry experts have hypothesised that this trend will accelerate
over the coming decade as the technologies mature, developers
see new commercialisation opportunities, and consumer demand
increases for new or improved products across industry sectors.7

Predicted human and environmental benefits associated with
many of the anticipated products are broad and include, for ex-
ample, a so-called paradigm shift for the health care sector
through nano-medicines. 8

5. Nanotechnology: Where Does the U.S. Stand?: Hearing Before the Subcomm.
on Research of the H. Comm. on Sci., 109th Cong. 5 (2005).

6. See, e.g., The Project on Emerging Nanotechnologies Consumer Products Page,
http://www.nanotechproject.org/inventories/consumer/ (last visited Aug. 4, 2010).

7. See, e.g., Mihail C. Roco & William S. Bainbridge, Societal Implications of Na-
noscience and Nanotechnology: Maximizing Human Benefit, 7 J. NANOPARTci.i Rv-
SEARCH 1 (2005); Lux RF-SEAICiI, Tiiw NANOTI cii Ri7.PORT 2004: INVES'TME'NT
OVERVIEW AND MARKE' RESiEARCH FOR NANOTnECiiNOLOGy (3d ed. 2004); CiFN-
TIFICA, HALF WAY TO rlHi Tiui.IIO¢N Doi.ILAR MARKET ? A CRITICAi. RIVIEW OF
rIu_ DwiIusiON OF NANOTECIHNOI.OGIES (2007); CIIENTIFICA, T -, NANO-

TICIINOLO(iY OPFORTIUNrrY Ri.:oPrr (3d ed. 2008).
8. EUR. SC ENCE. FOUND., NANOMEDICINE (2005). See also Mauro Ferrari, Can-

cer Nanotechnology: Opportunities and Challenges, 5 NATURME Ri.vii:ws CANCIR
161 (2005); S.K. Sahoo, S. Parveen & J.J. Panda, The Present and Future of Na-
notechnology in Human Health Care, 3 NANOMI-DI[CINFE: NANOIEC(iINOiO;Y, B.o l.-
O(Y & Mie.. 20 (2007); Moein S. Moghimi, Christy A. Hunter & Clifford J. Murray,
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Notwithstanding these benefits, there is increasing concern
among members of the scientific community that the very
properties that make ENPs attractive from a product and invest-
ment point of view may have the potential to give rise to unin-
tended health and safety consequences.9 For example, studies
have shown that under specific experimentation parameters, cer-
tain types of carbon nanotubes display toxic and pathogenic be-
haviour.' 0 Importantly however, the authors of.these studies
have, along with other commentators, noted a number of caveats

.in relation to these findings." The Royal Commission on Envi-

Nanomedicine: Current Status and Future Prospects, 19 J. OF THE FIE1)ERATION OF

AM. SOCIETIES FOR EXPERIMINTAI BioLOcy 311 (2005).
9. See, e.g., THE RoYAL SOC'Y AND ROYAL ACAD. OF ENGINEERING, NANOS-

CIENCE AND NANOTFCIINOIOGIES: OPI'ORTUNITIE'S AND UNCERTAINTIES (2004),
available at http://www.nanotec.org.uk/finalReport.htm; Maria C. Powell & Marty S.
Kanarek, Nanomaterial Health Effects - Part 1: Background and Current Knowledge,
105 Wis. MED J. 16 (2006); Maria C. Powell & Marty S. Kanarek, Nanomaterial
Health Effects - Part 2: Uncertainties and Recommendations for the Future, 105 Wis.
ME) J. 18 (2006); Andrew D. Maynard et al., Safe Handling of Nanotechnology, 444
Nature 267 (2006); Andrew D. Maynard, Nanotechnology: The Next Big Thing, or
Much Ado About Nothing?, 51 ANN. OF Occ. HyG. 1 (2007); ROYAL COMMISSION
ON ENVTL. POLLUTION, NovEl MATERIALS IN "Iu ENVIRONMENT: TIlE CASE OF

NANOTECNOLOGY (2008); SCIENTUIC COMM. ON CONSUM-IR PIODUCIFS, OPINION

ON SAFETY O1 NANOMAT1RIAIS IN COSMEIIC PRODUCTS (2007); EuR. Fool) &
SAFETY AUTH., SCIENTIIIC OPINION: T-L POTENTIAi. RISKS ARISING FROM NANOS-

CIENCE AND NANOTECIINOLOGIES ON Fool) AND FEI) SAFElY - SCI.NTIIIC OPIN-

ION OF THE SCIENTIFIC COMMI'ITE (QuEsTION No. EFSA-Q-2007-124A) (2009);
Karinne Ludlow, One Size Fits All? Australian Regulation of Nanoparticle Exposure
in the Workplace, 15 J.L. & MEI). 136 (2007) (arguing that occupational exposure is
"likely to be the most serious and immediate environmental, health and safety con-
cern raised by nanomaterials").

10. See, e.g., Robert F. Service, Nanotubes: The Next Asbestos?, 281 ScI. 941
(1998); Craig A. Poland et al., Carbon Nanotubes Introduced into the Abdominal
Cavity of Mice Show Asbestos like Pathogenicity in a Pilot Study, 3 NATURE NA-
.NOTECIINOI.ooY 423 (2008); FIIENDS OF THE EARTH AUSTRALIA & FRIENDS OP

TIlE EARTH U.S., NANOMATERIAI-S, SUNSCR INS AN1) COSMETICS: SMALL INGREDI-

ENTS, BIG RISKS (2006); Ken Donaldson et al., Carbon Nanotubes: A Review of
Their Properties in Relation to Pulmonary Toxicplogy and Workplace Safety, 92 Tox-
ICOLOGY SCIENCES 5 (2006); Gunter Oberdorster, Vicki Stone & Ken Donaldson,
Toxicology of Nanoparticles: A Historical Perspective, I NANO'rOXICO.OGY 2 (2007);
Ludlow, supra id.; Swiss RIE, NANOTECIINOLOGY: SMALL MATI-ER, MANY
UNKNOWNS (2004); Atsuya Takagi et al., Induction of Mesothelioma in p53+/- Mouse
by Intraperitoneal Application of Multi-wall Carbon Nanotubes, 33 J. 01 TOXICO-
LOGICAL SCIENCES 105 (2008).

11. See, e.g., Agnes B. Kane & Robert H. Hurt, The Asbestos Analogy Revisited, 3
NAT'URE NANOTCHNOLOGY 378 (2008) (Kane and Hurt who have noted that the
studies are very specific, and as such, the findings cannot be extrapolated so as to be
applied to all types of CNTs); John C. Monica, Jr. & John C. Monica, A Nano-
Mesothelioma False Alarm, 5 NANOTECHNOLOGY L. & Bus. 319 (2008) (Monica and
Monica have also stated that such studies are not necessarily representative of real
world human exposure scenarios).
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ronmental Pollution acknowledged, for example, that there are
plausible concerns relating to the potential toxicity of some ENPs
under certain conditions and consequently have called for di-
rected research programs to address these uncertainties.12

Even where adverse results have been demonstrated and re-
ported, the authors of such studies have commented on the need
for "further research". 3 and cautioned against the generalisation
or extrapolation of researching findings from one specific type of
ENP to other nanoscale particles.1 4 Such statements have done
little to placate the growing anxiety being voiced by some stake-
holders including Friends of the Earth Australia 15 and the Inter-
national Center for Technology Assessment 16 over the potential
risks posed by certain aspects of nanotechnologies. A number of
recent high profile reports and peer-reviewed articles within the
scientific literature have not significantly lessened these
concerns.17

For the most part, however, it has been suggested that when
ENPs are fixed or embedded into solid matrices or materials, the
particles are unlikely to present a toxicological hazard to either
humans or the environment because in this state they are unable
to interact with biological systems and cause harm. 8 The major-
ity of consumer products will incorporate fixed ENPs, and conse-
quently pose little concern at this time. By contrast, free ENPs
(i.e., those not within a matrix) have greater mobility and may
interact with biological systems and processes and impact on
human and environmental safety. Exposure to free ENPs ap-
pears most likely during the manufacturing and production of

12. ROYAL COMMISSION ON ENVTI. POLLUTION, supra note 9, at 32-52.
13. Eva Oberdorster, Manufactured Nanomaterials (Fullerenes, C60) Induce Oxi-

dative Stress in the Brain of Juvenile Largemouth Bass, 112 ENVWi. HFAILTI! PER-
SPECr-IVES 1058, 1058-1062 (2004); POLAND, supra note 10, at 423.

14. Nancy A. Monteiro-Riviere & Alfred 0. Inman, Challenges for Assessing Car-
bon Nanomaterial Toxicity to the Skin, 44 CARION 1070 (2006); Kane & Hurt, supra
note 11, at 379.

15. FIENDS OF TIlE EARTII AUSTRALIA, MOUNTING EvI)llNCIh TIIAT CARBON
NANOTUBES MAY Bl1 THE NiJw AsnI:STOS (2008); FRIENDS OF TU: EARTII, supra
note 10; RYir. SENJEN & IAN I.UMINATO, NANO & BiocU)AL. SIU.VER (2009).

16. INw'l CFN-r. FOR TECIi. ASSESSMENTI, CITIZEN PETI.ION ro TiIe UNITED
STATI'S Fool) ANr) Dizu; AI)MINISTRATION (2006); INT'L CEiNT. FOR TECH. AssEiSs-
MENT, GRouiPs DEMAND EPA STOP SALE oF- 200+ POTENTIALI.Y DANGlEROuS
NANO-SnlVER PRODUCrs (2008).

17. See, e.g., Oberdorster, supra note 13; Carlos Medina et al., Review: Nanopar-
ticles: Pharmacological and Toxicological Significance, 150 Biurr. J. PI IARMACOI.OGY
552 (2007).

18. RoyAl. Soc'y, supra note 9, at 47.
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ENPs when in the dry form, during the handing and transporta-
tion phase (prior to the ENPs being fixed), and in certain types
of consumer products, such as cosmetics. 19 It would appear that
there is the potential for exposure to also occur upon the break
down or recycling of products containing what were initially fixed
ENPs.20

The scaling up of global manufacturing of ENPs combined
with questions over hazard and exposure has, unsurprisingly, re-
sulted in a number of commentators questioning the ability of
governments to adequately govern the technology. 21 Such con-
cerns are not unique to nanotechnologies per se, with the Royal
Commission on Environmental Pollution having eloquently re-
minded us that "the policy challenge posed by novel materials is
a specific instance of the more general dilemma of how to govern
the emergence of new technologies which, by definition, cannot
be fully characterised with respect to their potential benefits and
drawbacks". 2 2 While there appears to be a growing consensus
among stakeholders that some sort of amendments are required
to the current governance regimes, questions remain as to the
form that these changes should take, and the speed at which they
should be implemented. There is, however, much that can be
learned from the emergence of governance structures for earlier
technologies, products, or applications, especially those either in
their formative stages or which have evolved rapidly and as such,
have been difficult to regulate through traditional command and
control approaches.

This Article focuses in particular on how private sector actors
have, to date, been influential in the political economy context of
regulating nanotechnologies. Section II discusses some of the
models of regulation that have had widespread influence under
conditions of late-modern capitalism and which conceptual
lenses we feel can be useful not only in helping to deconstruct
debates about how nanotechnologies have been regulated to date

19. NSW Ljiis. COUNCIL STANDING COMM. ON SIA'i Di-v., NA-
NOTIECHNOLOGY IN NSW 39 (2008).

20. ROYAL COMMISSION ON ENVFI.. PoLLUTION, supra note 9, at 30.

21. See, e.g., ETC GROUP, NANOTI-CII PROIucr RECAll UNDERSCORES NFED

i-oil NANOTECH MORATORIUM (2006); CONSUMIR COALITION, PRINCIPLES FOR THE

OVERSIGHT OF NANOTECIINOLOGIES AND NANOMATERIALS (2007), available at

http://nanoaction.org/nanoaction/doc/nano-02-18-08.pdf; NSW, supra note 19;
COMM. ON TIE ENV'r, Pun. HEAILIH & FoOl) SAFIT'Y, EURO. PARLIAMEN', DRAF"

REPORT ON RIGULATORY AspI:I's OF. NANOMATERIALS (2008/2208(INI)) (2009).

22. ROYAL COMMISSION ON ENVTL. PO1LUriON, supra note 9, at 7.
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but also how they might be expected to be regulated into the
future. Section III examines specific regulation initiatives and
how contemporary regulatory infrastructure for nanotechnolo-
gies has evolved. Section IV focuses specifically on the industrial
chemicals sector as a case study in the emergence of na-
notechnology-specific regulation, and in particular, the roles
played by private sector actors in these processes. Section V con-
cludes the paper by 'crystal-gazing' and offers some projections,
based on earlier analysis as to how one might expect regulation
for nanotechnology-based products and process to develop.

II.
REGULATORY MODELS AND NANOTECHNOLOGIES

Regulation, as suggested by Black, "attempt[s] to alter the be-
haviour of others with the intention of producing a broadly iden-
tified outcome or outcomes. ' 23 There are a substantial number
of regulatory models which sit squarely within this broad defini-
tion of regulation, some of which can operate in some contexts in
a fairly discrete fashion, while at other times or in other contexts,
meld with other regulatory models to varying degrees.

Deconstructing which regulatory models are likely to be influ-
ential in regards to nanotechnologies-and to what extent across
jurisdictions and within the international sphere-is an inexact
science. To date, production and applications incorporating na-
notechnologies have largely been regulated under traditional
'command and control' frameworks established by state-based
instruments. These include, for example, Acts, Regulations, Di-
rectives and Government Guidelines. This long-established ap-
proach to regulation has considerable legitimacy with the public
because of their compulsory nature and the appearance of strong
accountability. Ludlow, Bowman and Kirk have suggested that,
"[c]lear and consistent state-based regulation can provide many
advantages compared with no regulation. For example, industry
might prefer this form of regulation because it provides a level
playing field and protection against short-cutting competitors. '2 4

That being said, over the last few decades there has been a
movement away from reliance on highly prescriptive forms of

23. Julia Black, Critical Reflections on Regulation, 27 AtJSTRAIAN J. LIEGAl,
Pini.. 1, 19 (2002).

24. Karinne Ludlow, Diana M. Bowman & Dwayne D. Kirk, Hitting the Mark or
Falling Short with Nanotechnology Regulation?, 27 TRENDS IN Bio-TE('ii. 615, 615
(2009).
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regulation generally, with governments preferring instead to rely
on models of self-regulation and co-regulation. This shift would
appear to be in part due to the growing awareness of the limita-
tions or weaknesses of traditional state-based regulatory ap-
proaches.2 5 Perceived limitations of command and control
regulation include an inherent lack of flexibility, significant costs
associated with implementation and oversight, the stifling of in-
novation, and being slow to respond to the various challenges
placed before it.26 The movement away from command and con-
trol regulation would also, in the words of Gunningham and
Rees, appear to be a response to "the broader problem of regula-
tory overload. '27

Levi-Faur and Comaneshter have noted that command and
control regulation is traditionally utilised by. the state when the
designers of the system "know and define the problems and the
solutions in advance, and design the rules to mandate those re-
sponses. '' 28 Information deficiencies surrounding the develop-
ment trajectory and the risks posed by nanotechnologies would
therefore appear to challenge the designers of any such legal
framework as they face the pressing current need to craft a suita-
ble solution. This limitation would appear to be widely
recognised by governments and regulatory bodies and is arguably
a significant reason as to why many cities/governmental actors
have largely resisted the temptation to enact new legislative ar-
rangements for areas of particular concern.

Against this backdrop, there are a number of regulatory mod-
els that have become increasingly prominent. These include self-
regulation and co-regulation. The Australian Office of Regula-
tory Review in its 1998 Guide to Regulation noted that "[s]elf-

25. Darren Sinclair, Self-Regulation Versus Command and Control? Beyond False
Dichotomies, 19 DINV. L. & PoL'Y. 529 (1997); Marius Aalders & Ton Wilthagen,

Moving Beyond Command-and-Control: Reflexivity in the Regulation of Occupa-

tional Safety and Health and the Environment, 19 DI2Nv. L. & PoL'Y. 415 (1997).

26: Cass R. Sunstein, Paradoxes of the Regulatory State, 57 U. CHI. L. REV. 407
(1990); Alan Moran, Tools of Environmental Policy: Market Instruments Versus
Command-and-Control, in MARKETS, THE STATE AND Il ENVIRONMENT: To-
WARDS INTEGRATION (1995); Sinclair, supra id. .; PlE'nl U-rIING, RETHINKING Busi-

NESS REGULATION: FROM SELF-REGULATION TO SOCIAl CON-rROL (2005).

27. Neil Gunningham & Joseph Rees, Industry Self-Regulation: An Institutional
Perspective, 19 DENV. L. & Poi 'Y 363, 363 (1997).

28. David Levi-Faur & Hanna Comaneshter, The Risks of Regulation and the
Regulation of Risks: The Governance of Nanotechnology, in NEW GLOBAL REGULA-
TORY FRONTIERS IN REGULATrION: THE AGE oF NANOTECIINOLOGY 149, 155

(Graeme Hodge, Diana Bowman & Karinne Ludlow eds., 2007).
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regulation is generally characterised by industry formulating
rules and codes of conduct, with industry solely responsible for
enforcement.. "29 Strong supporters of self-regulation see it as
flexible, informed, responsive, targeted and likely to promote
regulatory compliance.

Self-regulation is not, however, homogenous in nature. Black
has articulated seven different types of self-regulation: 30

1. Mandated-a collective group is required or designated by the
government to formulate and enforce norms within a broad
framework set by government

2. Sanctioned-the collective group formulates rules which are
then approved by the government

3. Coerced-the collective group formulates and imposes regula-
tion, but only in response to the threat of statutory regulation
("regulation in the shadow of the law")

4. Voluntary-no government involvement, direct or indirect, in
promoting or mandating self-regulation

5. Stakeholder-involvement with other groups in the regulatory
process such as NGOs or. consumer groups

6. Verified-where third parties such as auditors are responsible
for monitoring compliance, and

7. Accredited-when rules and compliance are accredited by an-
other non-governmental body such as a standards council or
other technical committee.

As with state-based regulation, models of self-regulation have
been viewed as suffering from a range of perceived limitations.
Detractors of self-regulation have, for example, labeled it as
tending to be self-interested, self-serving and lacking in sanc-
tions. It has also been suggested that self-regulation lacks the
accountability and legitimacy of government regulation.31 Gun-
ningham and Rees have also noted that in relation to self-regula-
tion "the effectiveness (or ineffectiveness) of self-regulation [can]
var[y] enormously among industries...

29. AUSTRALIAN OIFICE oF RFGUI.ATION RiFvwW, A GUIDE TO REGII.ATION

E8 (2d ed. 1998).
30. Julia Black, Decentring Regulation: Understanding the Role of Regulation and

Self-Regulation in a 'Post-Regulatory World', 54 CURRENT LEGAL. PROBS. 103
(2001).

31. See, e.g., John Braithwaite, Responsive Regulation for Australia, in BUSINESS
RFGUILATION AND AUSTRAI.IA'S Ftrriuiil 81 (Peter Grabosky & John Braithwaite
eds., 1993) (discussing the perceived limitations of self-regulation); Kernaghan Webb
& Andrew Morrison, The Legal Aspects of Voluntary Codes, in ExPI.ORING VOIUN-
TARY CODES IN TIlE MARKETI'IACI' SYMPOSIUM (David Cohen & Kernaghan Webb
eds., 1996).

32. Gunningham & Rees, supra note 27, at 370.
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Sitting at the interface of models of state-based regulation and
self-regulation is co-regulation. This model of regulation usually
refers to the situation where industry develops and administers
its own arrangements, but governments provide legislative back-
ing to enable the arrangements to be enforced. These can then
be employed to underpin the codes or standards. Interdepen-
dencies and interactions between government and social actors
are ongoing in regulatory praxis, and can be local, regional or
international. Thus, regulation is "co-produced. '' 33 Co-regula-
tion is perhaps the fastest growing model at the present time
under conditions of late-modern capitalism and globalisation, as
it has the potential to be shaped most easily to meet both state
and private actor interests. This inherent flexibility of co-regula-
tion may well result in it emerging as the most prevalent regula-
tory model with respect to nanotechnologies. However, the
more interesting issues are not simply some putative ranking of
regulatory model influence, but rather the processes by which co-
regulation and other regulatory models gain influence, and the
primary drivers in different jurisdictions and in different indus-
tries. Consideration of such issues, it would appear, sit at the
very core of the current debates regarding the regulation of, for
example, consumer products containing nanomaterials, industrial
nanomaterials and worker exposure to ENPs.

Regulation in an era of late-modern capitalism inevitably in-
volves interdependence between sophisticated and powerful pri-
vate sector actors. This dynamic is played out against a backdrop
of state participation that varies between different jurisdictions at
any time and within any individual jurisdiction at different times.
The most dominant regulatory influence under capitalism has
been that of large private corporations that pursue private sector
success but which share public characteristics with state agencies
and the communities with which they operate. As this Article
demonstrates, the short history of regulating nanotechnologies to
date shows similar influences at work. We should not be too sur-
prised by this because, as Baldwin and Cave note, in general,
"the commodity of regulation would go to those who valued it
most and producers would thus tend to be better served by regu-

33. CLAUS OFEE, CONTRADICHIONS O1" THE WELFARE STATE, STUDIES IN CON-

TEMPORARY GERMAN SOCIAL TiouGirr 310 (John Keane ed., 1984).
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lation than the (more diffused, less organized) masses of
consumers.,

34

Given the myriad of parties interested in how different facets
of nanotechnologies should be regulated and the different capac-
ities that they possess to shape regulation, we contend that a le-
gitimacy orientation possesses significant interpretative potential
for understanding the emerging regulatory praxis for na-
notechnologies. Legitimacy affects the character of power rela-
tions and can help explain systems of power, not only how power
works as an ongoing process, but also how it originates. In
Beetham's view, there are two types of legitimacy: one is a story
of developmental stages; and the other is how self-confirming
processes are at work within more settled sets of power relations
to reproduce and consolidate their legitimacy. 35 This power of
routinisation and its capacity for self-affirmation should not be
under-estimated. However, this cycle is never perfect or com-
plete, and is open to contextual influences, whether those influ-
ences reside in arenas as diverse as the domestic political sphere
or the international regulatory context. Nanotechnologies and
their associated regulatory issues will of course, by virtue of their
inherent character, feature both in domestic and multilateral con-
texts. Legitimacy is integral to any system of regulation or body
of knowledge and it can reside in positions of authority or in in-
stitutions. However, it is a complex concept involving not only
beliefs, but also legality, judicial determination, the potential for
differential interpretation, and consent, both active and passive.
As we consider how legitimacy and consent have affected the
regulation of nanotechnologies, it is important to remember that
they can be highly affected by cultural and political specifics.
Therefore, notions of legitimacy and consent can be subject to
various and sometimes competing interpretations. Perceptions
of legitimacy can be fluid in certain contexts, and on certain is-
sues, so it is helpful to think of it as a continuum of belief and
evaluation.

36

34. ROBIRT BALDWIN & MARTIN CAVE, UNDERSTANDING REGULATION: T1lE-
ORY, STRATEGY, AND PRA(ICEI 22 (1999).

35. DAVir BEi.iI.1rI1AM, Tiii LEI(TIMAI'ION ov PowI:ik 98-99 (1991).
36. Mark C. Suchman, Managing Legitimacy: Strategic and Institutional Ap-

proaches, 20 AcAD. oi, MG;MT. RI-v. 571, 571 (1995).
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III.
THE EVOLUTION OF REGULATION FOR

NANOTECHNOLOGI ES

As nanotechnologies have matured and products and process-
ing incorporating nanoscale materials have become increasingly
tangible, it would appear that so too have the concerns about
them. Whereas the focus of many of the earlier debates was on
the regulation of nanotechnologies generally, recent contribu-
tions have been more specific and have begun to differentiate
discrete areas and ENP families which may present the most sig-
nificant challenges to health and safety, and, consequently, the
regulatory regimes. As noted in Section I, the area of greatest
concern at this stage is the manufacturing, handling and transpor-
tation of free ENPs.37 The use of free ENPs within a range of
consumer products, including food and food contact materials, 38

37. See CEMENT CONCRETE & AGGREGATES AUSTRALIA, SENATE COMMUNrrY
AIFFAiRzs RIFERlENCES COMMITrI': INQUIRY INTO WORKPLACE ExPOSUREI TO

Toxic Dusr 1 (2005), http://www.aph.gov.au/Senate/committee/clacctte/com-
pleted-inquiries/2004-07/toxic dust/submissions/sub28.pdf; R.J. Aitken et al., Manu-
facture and Use of Nanomaterials: Current Status in the UK and Global Trends, 56
OCCU'AIONAI. MED. 300 (2006); CEMENT CONCIE.TE & AGGREGATES AUSTRA-

LIA, SENATE COMMUNrIY AFFAIRS REFERENCES COMMrrTEi-, WORKPLACE ExiO-

SURE To Toxic DUST 1 (2005), http:/lwww.aph.gov.ausenate/committeelclac-cttel
completed-inquiries/2004-07/toxic dust/report/report.pdf; HEALTIl ANi) SAFETY Ex-

ECUTIVE, REVIEw oi"111E ADEQUACY OF CURRENT REGULATORY REGIMES TO

SECURE EiFCrivE REGULATION oiF NANOPARTICI.ES CREATEI) BY NA-

NOTECIINOLOGY: THE REGULATIONS COVERED Iy HSE (2006), http://www.hse.
gov.uk/horizons/nanotech/regulatoryreview.pdf; Ludlow, supra note 9; NAT'L INST.
FOR OCCUPATIONAL SAFETY ANI) HEAlIHii NANOTCINOLOGY RESEARCH CT1.,

PROGizEss TOWARDS SAFE NANOTECHNOLOGY IN TIIE WORKPLACE (2007), availa-

ble at http://www.cdc.gov/niosh/docs/2007-123/pdfs/2007-123.pdf; NEw SoUTi
WALES PARLIAMENT LEGISLATIVE COUNCIl STANDING COMM. ON STATE Div.,
NANOTECHNOILOGY IN NEW SOUTH WALES (2008), available at http://www.
parliament.nsw.gov.au/Prod/parlment/committee.nsf/0/35d2e3e37 4 98a908ca2574 fl00
0301 bb/$FILE/Final%2OReport%200ct.pdf.

38. See ETC GtouP, DOWN ON T-iE FARM: TIlE IMPACT OF NANO-SCALE TEcii-

NOLOGIES ON FOOD ANiD AGRICUILTURE (2004), available at http://www.etcgroup.
orglupload/publication/80/01/etc dotfarm2OO4.pdf; MICIIAEIL R. TAYiLOR, REGULAT-

ING TIE PiROIUcTs oF NANOTI-CHNOLOGY: DoEs FDA HAVE THiE TooLS 1T

NEis? (2006), available at http:/lnanotechproject.org/filedownloadlfilesl
PEN5_FDA.pdf; GEORGIA MILLR & RYE SENJEN, OUT OF TiiE LABORATORY AND

ON TO OUR PLATE-S: NANOTECIINOLOGY IN Fool) & AGRICULTURE (2008), availa-
ble at http:l/www.foeeurope.orglactivitieslnanotechnologyDocumentsNano-food-
report.pdf; Scientific Comm., Eur. Food & Safety Auth., Scientific Opinion, The Po-
tential Risks Arising from Nanoscience and Nanotechnologies on Food and Feed
Safety, 958 EFSA J. 1 (2009), available at http:llwww.efsa.europa.eulcslBlobServer/
ScientificOpinion/sc op-ej958-nano-en,0.pdf?ssbinary=true; Parliament.uk, Call
for Evidence: Nanotechnologies and Food, http://www.parliament.uk/parliamen-
tary-committees/lords s t selectlcfenanotechfood.cfm (last visited Sept. 18, 2009);
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the use of insoluble, biopersistent ENPs within topically applied
personal care products (including cosmetics) and sunscreens, 39

and the subsequent impact of such ENPs on the environment
have similarly been identified as potential areas of concern by a
number of stakeholders,40 including those within the European
Parliament.

41

The scientific uncertainties associated with ENPs and chal-
lenges thereof in safeguarding human and environmental safety
have resulted in some commentators calling upon governments
to implement regulatory change. These calls have varied from
more modest requests at one end calling upon government to
tweak existing regulatory instruments, to the more extreme calls
for moratoriums on, for example, "the further commercial re-
lease of personal care products that contain engineered nano-

Anna Gergely, Diana Bowman & Qasim Chaudhry, Small Ingredients in a Big Pic-
ture: Regulatory Perspectives on Nanotechnologies in Foods and Food Contact Mater-
ials, in NANOTFCINOLOGIES IN Fool) (Qasim Chaudhry, Lawrence Castle &
Richard Watkins eds., 2010).

39. See GEORGIA MILLER, FRIENDS Ol1 THE, EARTII Aus-IALIA, NANOMATIERI-
AlS, SUNSCREENS AND COSMITICS: SMALL INGREI)IENITS, BiG RISKS (2006), availa-
ble at http://www.foeeurope.org/activities/nanotechnology/nanocosmetics.pdf; Nic
Fleming, Women Buying Creams Made of Tiny Particles 'Used as Guinea Pigs,' Till
DAII.Y TILEGRAPIH (London), May 5, 2006, at 6; TAYLOR, supra note 38; Diana M.
Bowman & Geert van Calster, Flawless or Fallible? A Review of the Applicability of
the European Union's Cosmetics Directive in Relation to Nano-Cosmetics, 2 STUi). IN
EIrIICS, L., & Txc-ii. 1 (2008); ANIJE GROBE, ORTWIN RENN & ALIXANDER JAE-
GERS., INTERNATIONAL RISK GOVERNANCE COUNCIL, RISK GOVIRNANCE OF NA-
NOTECIINOLOGY APPLICATIONS IN FoOD AND COSME'IS (2008), available at http://
www.irgc.org/IMG/pdf/IRGCReport-FINALForWeb.pdf; Tom Faunce et al.,
Sunscreen Safety: The Precautionary Principle, the Australian Therapeutic Goods
Administration and Nanoparticles in Sunscreens, 2 NANOETIHICs 231 (2008).

40. See Richard Owen & Michael Depledge, Nanotechnology and the Environ-
ment: Risks and Rewards, 50 MARINE POILo'lUION BUtL. 609 (2005); QASIM CIIAUD-
IIRY ET AL., FINAL REPo r: A SCOPING STUDY TO IDENTIFY GAPS IN
ENVIRONMENTAL REGUI.AFIO N FOR TIll PRODUTrS ANi) APPI.CATIONS oF NA-
NOIfiCIINOLOGIES (Mar. 17, 2006) available at http://www.defra.gov.uk/science/pro-
ject-data/DocumentLibrary/CB01075/CB01075_3373_FRP.doc; AUSTRALIAN
COUNCIl. OF TRADI UNIONS, FA(IT Sm.i.T: NANOTECHNOL.OGY - WIlY UNIONS ARE
CONCERNIF) (2009), available at http://www.actu.asn.au/Images/Dynamic/attach-
ments/6494/actu_factsheet-ohs_-nanotech_090409.pdf; ROYAL COMMISSION, supra
note 9.

41. See Press Release, European Parliament, MEPs Approve New Rules on Safer
Cosmetics (Mar. 24, 2009), available at http://www.europarl.europa.eu/news/expert/
infopress-page/066-52333-082-03-13-911-200903231PR52331-23-03-2009-2009-true/
defaulten.htm; CARl SCIII.YTIR, COMM. ON TIlE ENV'T, PUn. HEAlI-I & Fool)
SAIETY, EUR. PARLIAMIEN-T, DRAlr REPoRT ON REGULIATORY ASPECTIS OF NANO-
MA'ERIALS (2009), available at http:llwww.europarl.europa.eulmeetdocs/200420091
documents/pr/763/763225/763225en.pdf.
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materials" 42 and "the use of synthetic nanoparticles in the lab
and in any new commercial products. '43 In these instances,
moratoriums have been demanded until the potential scientific
risks of ENPs in these contexts are understood well enough so as
to allow governments to implement the appropriate safeguards.

There have of course been numerous initiatives and projects
initiated across different jurisdictions and involving a diverse
range of stakeholders-as highlighted by Table 1-as part of a
conscious effort to address the scientific and technical research
needs. Certain activities have been perceived to be more legiti-
mate than others. The urgent need for fundamental data on
ENPs would appear to have been a key driver behind the
mandatory data call-in implemented by the California Depart-
ment of Toxic Substances Control in relation to carbon nano-
tubes in January 2009, 44  and the mandatory reporting
requirement being discussed by the Canadian and French Gov-
ernments. 45 Table I provides an overview of how some jurisdic-
tions have attempted to respond to increasing societal and
political pressure to do something in regard to policy and regula-
tory challenges posed by nanotechnologies, while edging closer
to enacting harder approaches to ENPs.

42. MIiiER, supra note 39, at 3.
43. ETC Gi.oup, No SMALL MATHER II: TuE CASE FOR A GLOBAL MORATO-

RIUM: SIZE MA'iERS! 10 (2003), available at http://www.etcgroup.org/upload/ publi-

cation/165/01/occ.paper-nanosafety.pdf.
44. Letter from Jeffrey Wong, Chief Scientist, California Department of Toxic

Substances Control to California carbon nanotube manufacturers or importers (Jan.

22, 2009), available at http://www. dtsc.ca.gov/TechnologyDevelopment/Nano
technology/upload/FormalAB289_Call InLetterCNTs.pdf. Carbon nanotubes
are not the only nanomaterial of interest to the California Department of Toxic Sub-

stances Control, with the Department having added several other nanomaterials,
including silver, zerovalent iron and cerium oxide, to their list. See California De-
partment of Toxic Substances Control, Nanotechnology, http://www.dtsc.ca.govl
TechnologyDevelopmentINanotechnology/ (last visited Mar. 18, 2010).

45. Project on Emerging Nanotechnologies, World's First Mandatory National
Nanotech Requirement Pending, (Jan. 28, 2009), http://www.nanotechproject.org/
news/archive/7061/; Mayer Brown, EU Competition - Brussels Client Alert: France
Might Take the Lead on Nanotechnology Regulation (March 5, 2009), http://

www.mayerbrown.com/publications/article.asp?id=6317&nid=
6 .
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TABLE 1: EXAMPLES OF GOVERNMENT NANO-INITIATIVES
4 6

Primary Drivers of
Year Initiative Nature Initiative

Initiation of the NanoMark certification system Development of Taiwan government
2004 national nanotechnol-

ogy certification system
International Organizations for Standardization Development of volun- 27 countries, including
(ISO) technical committee, ISOITC 229 tary standards the U.K., Japan and the

2005 Nanoiechnologies hosts its first meeting. U.S.

OECD Chemical Committee hosted the first Multilateral meeting OECD countries
OECD Workshop on the Safety of Manufac-
tured Nanomaterials.

Australia's National Industrial Chemical Notifi- Voluntary reporting Australian government
cation and Assessment Scheme launched its vol- scheme
untary call for data on nanomaterials

Department of Environment Foods and Rural Voluntary reporting U.K. government
Affairs (DEFRA) launched the U.K. Voluntary scheme

2006 Reporting Scheme for engineered nanoscale
materials.

City of Berkeley, California, amended the Haz- Amendment to City U.S. local council
ardous Materials and Waste Management sec- Code
tions of the Berkeley Municipal Code to
regulate 'manufactured nanoparticles'.

The OECD's Committee for Science and Tech- Multilateral meeting OECD countries
2007 nology Policy established a Working Party on

Nanotechnology

EPA formally launched its two-year 'Nanoscale Voluntary call for infor- U.S. government
Materials Stewardship Program' mation
European Commission launched its voluntary Voluntary code of con- European Commission
'Code of Conduct for Responsible Nanoscience duct
and Nanotechnologies Research'
Australia's National Industrial Chemical Notifi- Voluntary reporting Australian government
cation and Assessment Scheme launched its sec- scheme

2008 ond voluntary call for data on nanomaterials
Federal Register notice by the EPA to inform Federal Register notice U.S. government
manufacturers that carbon nanotubes are to be
registered

Commission Regulation amended Annexe IV of Amendment to Regula- European Commission
the REACH Regulation, which removed nanos- tion
cale carbon and graphite from the list of sub-
stances from the list of substances exempt from
registration

46. Adapted from George Gilligan & Diana M. Bowman, 'Netting Nano':
Regulatory Challenges of the Internet and Nanotechnologies, 22 IN'iI. Riv. L.,
COMI'trrERS & TEi-ic. 231, 235-36 (2008).



2010] DEVELOPMENTS IN INDUSTRIAL CHEMICALS 93

Primary Drivers of
Year Initiative Nature Initiative

California Department of Toxic Substances Mandatory data call-in Californian government
Control announced their mandatory data
'call-in' for carbon nanotubes

French Government proposed legislation to cre- Proposed mandatory French government
ate a mandatory reporting scheme for nanopar- reporting scheme
ticles

European Parliament voted in favour of a Vote on a Proposed European Parliament
report relating to the recast of the Novel Foods Regulation by the
Directive; the proposed Novel Foods Regulation European Parliament
put forward by the Parliament specifically
included nanomaterials within its scope and
provided a definition of nanomaterials for the

2009 purpose of the Regulation

Australia's National Industrial Chemical Notifi- Discussion paper Australian Government
cation and Assessment Scheme published a
public discussion paper outline a range of
potential steps for specifically regulating nanos-
cale industrial chemicals

Adoption of the final text of the Cosmetic Reg- Adoption of the final European Parliament
ulation by the European Parliament and Coun- text of a EU Regula- and Council
cil. The Regulation specifically incorporated tion
mandatory provisions-including labeling
requirements-relating to the regulation of cos-
metic products containing nanomaterials.

Governments within a number of jurisdictions-such as Aus-
tralia, the EU, the United Kingdom and the United States-have
begun to examine how current regulatory processes apply to na-
notechnologies, including the effectiveness of these processes
when faced with the scientific uncertainties associated with
ENPs.47 These reviews have not been uniform in nature, with
the terms of reference, scope and subject matter examined differ-
ing significantly. To a large degree, these reviews have been un-
dertaken through the lens of traditional "black letter law", and
the regulatory instruments that underpin the implementation of

47. See, e.g., CIIAUI)IIRY Er AL., supra note 40; KARINNI, LuDn)LOW ET AL., A RF;-

VIEW OF POssI3Lt IMPACTS OIF NANOECIINOLOGY ON AUSTRAIIA's REGULATORY

FRAMEWORK (2007), available at http://www.industry.gov.au/lndustry/Na-
notechnology/Documents/MonashReport2008.pdf; Fool) STANDARDS AGENCY, A
REVIEW OF POTENTIAl. IMPLICATIONS OF NANOTECHNOLOGIES FOR RiE;ULATIONS

AND RISK ASSIiSSME-NT IN RELATION TO FOOD (2008), available at http://
www.food.gov.uk/multimedia/pdfs/nanoregreviewreport.pdf; Fool) SAFI'-ry Auit.
OF IRELAND., TI-n REiFVANCE FOR FOOl) SAFET Y OF APPLICATIONS OF NA-

NOTECHNOLOGY IN Tll FOOt) AND FEED IND)USTRIES (2008); HEALTH AND SAFI.TY
ExicurvI, supra note 37; U.S. EPA, NANOTECIINOLOGY WIll-TE PAPER (2007),

available at http://www.epa.gov/OSA/pdfs/nanotech/epa-nanotechnology-
whitepaper-0207.pdf; Communication from the Commission to the European Parlia-
ment, the Council and the European Economic and Social Committee, Regulatory
Aspects of Nanomaterials, COM (2008) 366 final (June 17, 2008); Communication
from the Commission to the European Parliament, the Council and the European
Economic and Social Committee, Regulatory Aspects of Nanomaterials: Summary of
Legislation in Relation to Health, Safety and Environment Aspects of Nanomaterials,
Regulatory Research Needs and Related Measures, COM (2008) 2036 (June 17, 2008).
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these legislative mechanisms. Chaudhry et al. (2006) were
charged with the task of, for example, considering "the appropri-
ateness of existing regulatory frameworks for environmental reg-
ulation. '48 In contrast, Ludlow et al. (2008) were required to
take a broader approach in their review, having been requested
to, among other things, "assess Australia's existing regulatory
frameworks to determine if, and under what conditions, na-
notechnology-based materials, products and applications, and
their manufacture, use and handling, are covered by the existing
regulatory frameworks. . . ,49 A similarly broad remit was
adopted by the European Commission, who under the auspices
of their own internal review were asked to determine whether
and under what circumstances ENPs are covered by existing Eu-
ropean Union regulatory instruments and identify research needs
to support the regulatory frameworks.50

Despite their obvious variation, a number of recurring themes
radiate from each of the regulatory reviews. For instance, each
of the jurisdictions examined had comprehensive "command and
control" regulatory matrices, each of which had been built up
and refined over a number of decades in -response to evolving
scientific knowledge and risk management practices. These were
supported by a range of softer and more flexible instruments, in-
cluding guidelines, many of which were designed to assist in the
implementation of the more formal legislative mechanisms.

Key principles or approaches underpinning these regimes in
relation to some product categories included, for example, pre-
market authorisation procedures, post-market enforcement and
surveillance requirements, and general duty obligations on man-
ufacturers and suppliers to ensure the safety of their product.
The regulatory instruments comprising the higher levels of the
frameworks were found to apply equally to conventional prod-
ucts and products incorporating ENPs; they did not differentiate
between the two. This indicates that such products utilising na-
notechnology fall within the scope of current regimes.

Yet, even while the authors of these reports showed that the
existing regulatory frameworks and legislative instruments 'cap-

48. CHAUDIIRY I'T AL., supra note 40, at 10.
49. DpP'r oiF INIUSTY TOURISM & RF.SI -ARCI I, R QUEST FOR TE-NDER: Rivi iw

OF POSSIBLEF IMPAUrS oF NANOTECHNOLOGY ON AUSTRALIA'S RiEUI.ATORY

FRAMEWORKS 5 (2006).
50. Regulatory Aspects of Nanomaterials, supra note 47; Summary of Legislation

in Relation to Health, Safety, and Environment Aspects of Nanomaterials, Regulatory
Research Needs and Related Measures, supra note 47.
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tured' nanotechnologies, a number of shortcomings in relation to
the adequacy of the implementation of the regimes were noted.
Several of the reviews have, for example, illustrated how the re-
gimes do not in their current form contain the necessary 'triggers'
to differentiate between ENPs and their bulk chemical counter-
parts. This was found to be important, for instance, in relation to
risk assessment requirements and the adequacy thereof for prod-
ucts subject to pre-market safety assessments. Taken together,
these reviews highlighted the fact that the current concerns over
the adequacy of existing regulatory framework are being driven
by concerns over the implementation of the regulatory instru-
ments and the scientific uncertainties such as the adequacy of
conventional risk assessment paradigms for evaluating the toxic-
ity of nanomaterials. Research aimed at supporting the latter,
including the validation of risk assessment protocols, will have to
be addressed before a greater understanding can be achieved in
relation to effectiveness of current regulatory regimes.

Questions over the adequacy of existing legislative instruments
and regulatory models to effectively regulate nanotechnologies
are not new, having been discussed and debated within different
forums for some time now.51 It is important to recognise that
many of the issues raised within these deliberations have not
been new per se, nor necessarily confined to the challenges posed
specifically by nanotechnologies. Moreover, while debate over
the addition of nano-specific provisions to key European legisla-
tive instruments intensified as the dates approached for the Eu-
ropean Parliament and Council to vote on the recast of these
instruments, including Council Directive 76/768/EEC relating to

51. See, e.g., Fiedler & Reynolds, supra note 3; Glenn Harlan Reynolds, Na-

notechnology and Regulatory Policy: Three Futures, 17 HARV. J.L. & TECI. 179
(2003); ROYAL Soc'y, supra note 9; AI[SON WARDAK, NANOTECIINOLOGY & REGU-

LATION: A CASE STUDY USING I-IE Toxic SUBSTANCE CONTROli ACr (TSCA)
(2003), available at http://www.nanotechcongress.com/Nanotech-Regulation.pdf;
Francisco Castro, Legal and Regulatory Concerns Facing Nanotechnology, 4 CIii.-
KENT J. INTElLL. PROP. 140 (2004); Michael Bennett, Does Existing Law Fail to Ad-
dress Nanotechnoscience?, IEEE TEcii. & Soc'Y MAG. 27 (2004); ENVTL. LAW

INST., SECURING THE PROMISE OF NANO'I17CIINOLOGY: Is U.S. ENVIRONMENTAl,

LAW Up To THE JOB? 1 (2005), available at http://www.elistore.org/Data/products/
d15_10.pdf; ETC GRouP, TiE BIG DOWN: ATOMiEcii - TICHINOILOGIES CONVIiRG-
ING AT Till NANO-SCAI- (2003), available at http://www.etcgroup.org/upload/publi-
cation/171/01/thebigdown.pdf; ETC Giou,, supra note 38; Robert D. Pinson, Is
Nanotechnology Prohibited By the Biological and Chemical Weapons Conventions?,
22 BERKELEY J. INT'L L. 279 (2004); Symposium, Gary E. Marchant & Douglas. J.
Sylvester, Transnational Models for Regulation of Nanotechnology, 34 J.L. ME]. &
ETrilcs 714 (2006).
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cosmetic products (Cosmetics Directive) and Regulation (EC)
258/97 concerning Novel Foods and Novel Food Ingredients (the
Novel Foods Directive), 52 it is important to remember that these
instruments have been scheduled for a range of other reasons.
The recast of the Cosmetics Directive was, for example, initiated
in order to "remove legal uncertainties and inconsistencies," and
curtail the "divergences in national transposition which do not
contribute to product safety, ' 53 but not on the basis of the need
for the instruments to specifically address the challenges
presented by cosmetic products incorporating nanomaterials.

.That being said, it is important to note that the European Par-
liament and Council officially adopted the final text of the Cos-
metic Regulation in November 2009, and in doing so, became the
first national or supranational government body to establish new,
mandatory and specific requirements in relation to nanomateri-
als. For the purposes of the Regulation, Article 2 of the Regula-
tion defines nanomaterials as "insoluble or biopersistant and
intentionally manufactured material with one or more external
dimensions, or an internal structure, on the scale from 1 to 100
nm." From 2011 onwards, cosmetic products placed on the Euro-
pean market which incorporate nanomaterials will be subject to a
number of mandatory requirements including labeling provi-
sions.54 This decision by the European Parliament and Council
to adopt text which specifically regulates certain types of nano-
materials within cosmetic products is a fundamental departure
from the European Commission's stance on regulating na-
notechnologies, as the Commission had previously stated "that
risks can be dealt with under the current legislative
framework." 55

Such action by the European Parliament and Council has been
simultaneously applauded and criticised by a number of actors

52. It is important to note that at the time of writing this article, the European
Council had not approved the revised text adopted by the European Parliament in
March 2009. As such, it is unknown at this time as to whether the Council will
accept the proposed provisions in the form that they were approved by the
Parliament.

53. Commission of the European Committees, Proposal for a Regulation of the
European Parliament and of the Council on Cosmetic Products, 49 COM 2 (Feb. 5,
2008).

54. See Commission Regulation 3623/09, Cosmetic Products, available at http://
register.consilium.europa.eupdf/en/09/stO3stO3623.enO9.pdf (last visited Mar. 18.
2010).

55. Regulatory Aspects of Nanomaterials, supra note 47, at 3.
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for occurring too slowly and for not going far enough. 56 It is im-

portant to remember that such responses will not be unique to
the nanotechnology context having previously been observed in
relation to the debates surrounding climate change. Much like
the field of climate change regulation, nanotechnology is a field
in which potential negative implications are difficult to prove and
any so-called "premature intervention" on the part of govern-
ment has the potential to impinge on the rational pursuit of
profit motivations for both state and private sector actors.

Moreover, despite demands for prescriptive legal obligations
by government at this time, the European Union's adoption of
nano-specific requirements as part of the new Cosmetics Regula-
tion is likely to be of concern to some commentators. These
commentators include policymakers, scientists and members of
industry who believe that such action is premature given the cur-
rent lack of scientific knowledge regarding the potential effects
of nanomaterials. As eloquently summarised by Gill in relation
to the mooted data-collection initiative of the Canadian Govern-
ment, scientists are concerned "that there are too many gaps in
the basic knowledge of nanoparticles' properties to support the
development of informed regulation. '57

Recognition of the current scientific limitations and the subse-
quent implications for the law would appear to have acted as a
catalyst for industry participants to develop their own regulatory
responses to ensure the responsible development of na-
notechnologies. While Black has sought to remind us that "self-
regulation is neither a new phenomenon, nor one which is likely
to disappear[,]"the increasing use of the practice across different
sectors has not been without controversy. 58 It is the rise and role
of self-regulation for organisations investing in the development
and commercialisation of nanotechnologies to which this Article
now turns. As noted earlier, within this context, particular atten-
tion will be paid to the activities of companies within the indus-
trial chemical sector.

With national and supranational governments having generally
favoured and implemented softer approaches to addressing the

56. See, e.g., EuroActive.com, Germany Opposed 'Nano' Label for Cosmetics,
Nov. 24, 2009, http://www.euractiv.com/en/enterprise-jobs/germany-opposed-nano-
label-cosmetics/article-1 87583.

57. Victoria Gill, Nano-regulation Creeps Closer, Feb. 25, 2009, http://www.rsc.
org/chemistryworld/News/2009/February/25020901.asp.

58. Julia Black, Constitutionalising Self-Regulation, 59 MOD. L. Riw. 24, 25
(1996).
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policy and regulatory challenges posed by nanotechnologies, it
would appear that a window of opportunity has existed for indus-
try to place themselves at the forefront of regulatory develop-
ments for the technology. It is arguably this window of
opportunity, combined with a range of other factors and motiva-
tions, that has resulted in a range of proactive nanotechnology-
specific initiatives being developed and implemented over the
last five years. These have included both individual and collec-
tive codes of conduct by companies such as BASF and risk gov-
ernance and management frameworks which have been
developed and implemented by DuPont in partnership with En-
vironmental Defense. These and others are discussed in more
detail below. The initiatives, just like the chemical industry's Re-
sponsible Care program, have not sought to supplant existing
regulatory requirements. Rather, they supplement them. Key
participants in their development have included some of the
world's largest chemical companies, a number of smaller compa-
nies and various non-governmental actors.

The adoption of models of self-regulation by organisations ac-
tively involved in nanotechnologies has been steadily increasing
over the past few years as illustrated by Table 2 below. As high-
lighted by Section II, this movement is part of a larger trend oc-
curring across jurisdictions and industry sectors towards the
increasing employment and utilisation of forms of civil regulation
more generally.59

59. See, e.g., Rob Baggott, Regulatory Reform in Britain: The Changing Face of
Self-Regulation, 67 PuB. ADMIN. 435 (1989); Neil Gunningham, Environment, Self-
Regulation, and the Chemical Industry: Assessing Responsible Care, 17 DiFNv. L. &
Poi'y 57, 57-58 (1995); Jennifer Nash & John Ehrenfeld, Codes Of Environmental
Management Practice: Assessing Their Potential as a Tool for Change, 22 ANN. RtwV.
o)F ENERGY & -iu ENV'T 487, 488 (1997); Rory Sullivan, Code Integration: Align-
ment or Conflict?, 59 J. Bus. Enncs 9, 10 (2005).
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TABLE 2: EXAMPLES OF NON-GOVERNMENT NANO-SPECIFIC

REGULATORY INITIATIVES
6 0

Primary Drivers of
Year Initiative Nature Initiative

Foresight Nanotech Institute releases the Fore- Industry code of con- U.S. NGO
2000 sight Guidelines on Molecular Nanotechnology; duct

voluntary guidelines for the responsible devel-
opment of nanotechnology.

Luna Innovations initiated the development of Voluntary code of con- U.S. industry
2003 NanoSAFE, a nanotechnology risk governance duct

framework.

2004 Code of Conduct for Nanotechnology published Industry Code of Con- German industry
by BASF duct

Foresight Nanotech Institute releases Version 6 Industry Code of Con- U.S. NGO
of its revised Foresight Guidelines on Molecular duct
Nanotechnology.

NGO Coalition files legal petition with the U.S. Legal petition NGO community
Food and Drug Administration requesting that

2006 the regulatory body issues nano-specific regula-
tions for sunscreens containing nanoparticles

International Risk Governance Council (IRGC) Outline for interna- Multilateral NGO
releases their White Paper on nanotechnology tional risk governance
risk governance, framework

Coalition of Non-Governmental Organizations Voluntary code of con- NGO community
published their 'Principles for the Oversight of duct
Nanotechnologies and Nanomaterials'

2007 Environmental Defence and DuPont publish Voluntary risk govern- NGO and U.S. industry
their 'Nano Risk Framework' ance framework

Launch of the CENARIOS risk management Risk governance frame- NGO and Swiss con-
framework work suiting company

Swiss Retailer's Association publish their own Voluntary code of con- Swiss industry
'Code of Conduct for Nanotechnologies' duct

German Chemical Industry Association (Ver- Voluntary code of con- German chemical
band der Chemischen lndustrie/VCI) announce duct industry association
their decision to incorporate nano-specific pro-
visions into their national Responsible Care
program

2008 The Soil Association announces its ban on the Voluntary ban NGO community
use of nanoparticles

NGO Coalition files legal petition with the U.S. Legal petition NGO community
Environmental Protection Agency demanding
that the sale of pesticides containing nanoscale
silver be banned

Launch of the Responsible Nano Code and the Voluntary code of con- Coalition of organiza-
Benchmarking Framework duct tions

As highlighted by the above Table, voluntary, non-government
initiated mechanisms designed to improve the governance of na-
notechnologies are beginning to emerge across jurisdictions.
These forms of private regulation, which have been driven by
both industry and civil society actors, have been designed to con-
trol behaviour through informal means as a way of promoting
best practices and, in turn, the responsible and sustainable devel-

60. Gilligan & Bowman, supra note 46.



100 JOURNAL OF ENVIRONMENTAL LAW [Vol. 28:77

opment of nanotechnologies. 61 These vehicles have been de-
signed to complement formal regulatory obligations and do not
seek to "roll back the state" or replace the regulatory
frameworks in which they operate. While the rise of civil regula-
tion for nanotechnologies has only just begun, Bowman and
Hodge have suggested that these innovative forms of self-regula-
tion represent a first cut of a new governance regime for an
emerging and rapidly developing technology which is character-
ised by significant uncertainty. 62 In their view, such soft ap-
proaches provide the necessary flexibility to enable the
framework to develop and evolve in line with the evolving scien-
tific data, something that conventional command and control ap-
proaches may struggle to do.63

Industry's foray into the realm of nanotechnology governance
under the umbrella of civil regulation has not been without con-
troversy. A number of commentators have criticised this ap-
proach. One such example of this occurred upon the release of
Environmental Defense-DuPont's draft 'Nano Risk Framework'
in February 2007. Its publication was met with fierce criticism
from the so-called "Civil Society-Labor Coalition" (CSLC). In
an open letter, the CSLC clearly stated their views on the use of
civil regulation in relation to nanotechnologies arguing that "the
DuPont-ED proposal is, at best, a public relations campaign that
detracts from urgent worldwide oversight priorities for na-
notechnology; at worst, the initiative could result in a highly
reckless policy and a precedent of abdicating policy decisions to
industry by those entrusted with protecting our people, commu-
nities, and land."'64

The civil society organisations who have authored the Princi-
ples for Nanotechnologies and Nanomaterials Oversight have also
argued that "voluntary initiatives are wholly inadequate to over-
see nanotechnologies. Voluntary programs lack incentives for
'bad actors' or those with risky products to participate, thus leav-

61. ROYAL SOC'Y ET AL., RESPONSIBLE NANOTECIINOLOGIFS CODE: CONSULTA-
TION DRAF-I1 - 17 SEPTEMBER 2007 (2007).

62. Diana M. Bowman & Graeme A. Hodge, Counting on Codes: An Examina-
tion of Transnational Codes as a Regulatory Governance Mechanism for Na-
notechnologies, 3 RFo. & Gov. 145, 159 (2009).

63. Id., at 159-60.
64. CIVIL Soc'Y-LABoR COAL., AN OPEN LETTER TO TrtE INTERNATIONAL NA-

NOTECIINOLOGY COMMUNrrY AT LAR(Ia - Civil, SocIEry-LABoR COAILTION RE-
JEC'S FUNDAMENTALLY FLAWEi) DuPONT-ED PROPOSED FRAMEWORK, URGES
AL, PARTIEs To REJEcTr TlIE PUBLIC REi.ATIONS CAMPAIGN (2007), available at
http://www.etcgroup.org/upload/publication/610/01/coalition-letterapri07.pdf.



2010] DEVELOPMENTS IN INDUSTRIAL CHEMICALS 101

ing out the entities most in need of regulation. ' 65 In their view,
only mandatory state-based regulation will be adequate for man-
aging the potential risks posed by nanotechnology products and
processes. 66

Bearing this contention in mind, the following section exam-
ines the rise of self-regulation within the industrial chemical sec-
tor for nanotechnologies. This Article's focus on the chemical
sector is due not only to the industry's role at the start of the
value chain for nanotechnologies, but also due to the industry's
twenty-five year experience with the Responsible Care program
and the transatlantic regulatory divergence that has recently oc-
curred with the implementation of the Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH) Regulation
in the European Union. On the one hand, regulation will need
to protect against the unforeseen health and environmental dan-
gers that may be posed by nanomaterials. On the other hand,
regulators and industry will face the task of protecting the tech-
nology from excessive or irrational public backlash regarding
those potential dangers.

IV.
THE INDUSTRIAL CHEMICALS SECTOR-A CASE STUDY IN THE

REGULATION OF NANOTECHNOLOGIES

In this section, the Article turns its attention to observing how
private sector organisations have employed different regulatory
models to proactively manage potential risks associated with na-
notechnologies. While there are now a number of examples of
how organisations have responded to the scientific uncertainties
posted by nanotechnologies, this Article intends to focus on
mechanisms that have emerged regarding the chemical industry.
Our focus on activities within this specific sector is based on the
following rationales:

1. Occupational exposure to nanomaterials during the manufac-
turing processes has been identified as an area of particular
concern for human health and safety;67

65. CONSUMER COAl ., supra note 21, at 3.
66. Id.
67. See, e.g., NSW, supra note 19, at 45 (who have stated that "[ajddressing health

and safety issues relating to the potential toxicity of nanomaterials in the workplace
is the area that requires the most immediate attention - given that workers can be
subject to continual exposure.").
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2. Regulatory gaps have already been identified by some com-
mentators in relation to the current models employed to regu-
late industrial nanomaterials in the workplace and their entry
into markets;68

3. The chemical industry has a long and arguably successful his-
tory of utilising voluntary initiatives, as illustrated by Responsi-
ble Care;69 and

4. Companies wishing to gain access to the European market in
relation to chemical substances will have to abide by the higher
regulatory requirements set down by the Registration, Evalua-
tion, Authorisation and Restriction of Chemicals (REACH)
Regulation, which may in turn "diffuse across jurisdictional
borders in order to establish a new global de facto standard for
chemical regulation. '70

For the purposes of this Article, four different approaches to
self-regulation have been selected. As highlighted by Table 3 be-
low, these initiatives include codes of conduct and risk manage-
ment vehicles, single party initiatives and partnership
arrangements between sectors. We do not suggest that these ini-
tiatives are representative of all of the approaches that have been
implemented to date. Rather, we merely present a selection of
those measures that have been most visible in the public domain.

68. Ludlow, supra note 9; AiISON WARDAK, NANOTFCIINOLOGY & REGULATION:
A CASIE STUDY USING I Toxic SUIBS'TANCFE CONTROl. A(-r (TSCA) (2003);
CHAUDIIRY, supra note 40; J. CLARENCE DAVIES, MANAGING "1"i1 EIzFEirs oF NA-
NOTIECIINOI.OGY (2006), available at http://www.wilsoncenter.org/events/docs/Effect-
snanotechfinal.pdf; Gary E. Marchant, Douglas J. Sylvester & Kenneth W. Abbott,
Nanotechnology Regulation: The United States Approach, in NEw GLOBAI_ REGULA-
TORY FRONTIERS IN REGUIATION: TilE AGE OF NANOTICIINOLOGY 189, 189-211
(Graeme A. Hodge, Diana M. Bowman, Karinne Ludlow & Edward Elgar eds.
2007); Ludlow, supra note 9.

69. Nash & Ehrenfeld, supra note 59.
70. Diana M. Bowman & Geert van Calster, Does REACH Go Too Far? 1 NA-

TUREi NANOTFECIINOI.OGY 525, 526 (2007).
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TABLE 3: KEY CHARACTERISTICS OF THE SELECTED SELF-

REGULATION INITIATIVES
7 1

Environmental
Defence-

BASF's DuPont Nano
Code Of Risk Frame- Responsible

NanoSAFE
7 2  Conduct

7 3  work
7 4  NanoCode

7 5

Implementation Year 2003 2004 2007 2008

Government -/

Sector(s) Involved in Industry " " " "
Creation / Implemen- NGOs V /
tation of Initiative

Academia / -"

Formal Public Con- [unknown] [unknown] /
sultation Processes in
Developing the Code

Principle based

Principle based, with /
Nature further guidance

material

Prescriptive

Individual Company

Multiple Organisa- /
tions

Sector specific N/A

Scope Multi-sector / /

Human and environ- , / ,/ /
mental health and
safety risks

Broader societal risks -

71. Adapted from Bowman & Hodge, supra note 62, at 150.
72. Candance Stuart, Making Labor Safety a Priority and a Profit, SMALL TiMFS,

Nov./ Dec. 2005, at 32; Matt Hull, An Innovative Framework for Comprehensive
Management of Nanotechnology EHS Risks: Luna Innovations' "Nanosafe" Pro-
gram (paper presented to the Regulations for Nanotechnology in Consumer Prod-
ucts Conference, Washington DC, Feb. 8-9 2007).

73. BASF, CODE O17 CONDUCT FOR NANOTECHNOLOGY (2004).
74. Letter of Understanding from Environmental Defense to DuPont, Framework

for Responsible Nanotechnology Standards (Aug. 30, 2005); Environmental Defense
and DuPont, Nano Risk Framework (2007).

75. ROYAL SOC'Y ET AL., RESPONSIBLE NANOTECHNOLOGIFS CODE: CONSULTA-

TION DRAFT - 17 SEPTEMBER 2007 (VERSION 5, 2007); ROYAL SOC'Y ET AL-., DRAFT

WORK PLAN FOR THIE RESPONSIBLE NANOCODE DEVELOPMENT (2008).
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Researcl 1 ,/ V

Manufacturing I com- / / / "
Life Cycle mercialisation
Stages Covered Disposal V VV

End-of-life monitor-
ing requirements

Precautionary Princi- Expressly included in
pie text

Ongoing Consulta-
tion / Engagement [unknown] V
Activities

The development of the NanoSAFE Framework by Luna In-
novation, a small United States-based company, in partnership
with government and academia demonstrates how small-to-me-
dium enterprises may also take a proactive approach to manag-
ing potential environmental and health risks posed by
nanotechnologies. Initiated by the company in 2003 and fi-
nanced in part by the public sector, the dynamic framework takes
a precautionary approach to managing health and safety.76

While the exact process by which the five point management pro-
gram was fashioned remains somewhat unclear, it has been sug-
gested that one of the underlying reasons for its development
would appear to be the need for organisations, including small
businesses, to prepare themselves for the inevitable state-based
nano-specific standards.77 As with DuPont, it would appear that
voluntary self-regulation which goes beyond state-based require-
ments are perceived by Luna Innovation as being good for their
business, despite the initial costs associated with their implemen-
tation.78 The dynamic framework is based on a five-point strat-
egy: managing facilities and product safety; conducting voluntary
toxicology studies; employee health surveillance; environmental
management; and developing workplace safety technologies. 79

As with the other initiatives outlined here, the NanoSAFE
Framework is not prescriptive in nature and has been designed to
be dynamic in nature in order for it to evolve alongside the scien-
tific state of the technologies.80

76. Stuart, supra note 72; Hull, supra note 72.
77. Josh Cable, A Best Practices Approach to Minimizing EHS Risk in Na-

notechnology Manufacturing, OCCUPATIONAL HAZARDS, Oct. 6, 2005, available at
http://www.occupationalhazards.com/Issue/Article/37825/ABestPractices_
Approach toMinimizingEHSRisk inNanotechnologyManufacturing.aspx.

78. Id.
79. Stuart, supra note 72; Hull, supra note 72.
80. Matthew Hull, Nanotechnology Risk Management and Small Business: A Case

Study on the NanoSafe Framework, in NANOtECIINOLOY" RISK MANAGEMENTr:
PERSPiECTFIVFS AND PROGREss (2010).
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As the world's largest chemical company with operations on
five continents and a workforce of approximately 96,000 individ-
uals, the BASF Group boasts business networks across virtually
all industries including chemicals, plastics, performance products,
and agricultural products. 81 It is therefore not surprising that the
multinational has invested in nanotechnologies over a period of
time. The company estimates that it spent C180 million on R&D
activities between 2006 and 2008.82 With BASF continuing to
heavily invest in the technology, recognition of the need to en-
sure the safety of their workers and the desire to promote the
legitimacy of the technology would appear to have been driving
factors behind the multinational developing their own code of
conduct ("Code") for nanotechnologies. The Code commits the
company and its employees to the safe manufacturing and pro-
duction of nanotechnologies.8 3 However, the exact nature by
which the non-binding initiative was developed, including the ac-
tual procedure, parties involved, in-house and external consulta-
tion processes, is unknown.

The Code, which is publically available on the company's web-
site, is spelled out through four overarching principles, each of
which is supported by mission statements.8 4 Pursuant to princi-
ple two, the company has committed itself to ensuring that "eco-
nomic considerations do not take priority over safety and health
issues and environmental protection. '8 5 Through this voluntary
initiative, the company also pledged to engage in open and con-
structive dialogue with consumers with regard to their na-

81. BASF, ANNUAL PRESS CONFFRENCF RiEPORT (2009).
82. BASF, IN DIAIOGUE: NANOTIHCHNOLOGY AT BASF (2006).
83. BASF, supra note 73.
84. Id. at 1-3 (The four overarching principles are as follows: 1. We, the employ-

ees of BASF, develop and use the potential of nanotechnology in order to manufac-
ture products with enhanced performance or new properties using targeted
production and the use of new, nanoscale materials. . . 2. To the extent that new
technologies are converted into concrete processes and products, the expertise re-
quired to weigh up the opportunities against the potential risks related to the use of
new technologies in the form of innovative products and processes increases. The
same is true for nanotechnology. We take these risks seriously and, in parallel with
technological progress, work continuously to identify potential environmental and
health risks... 3. We have long had nanotechnology-based products in our portfolio
and we plan to utilize nanotechnology's potential in the future too, in order to offer
our customers products and systems that help them to be successful... 4. In our
Values and Principles, we have committed ourselves to pursuing a dialogue with
society based on openness and trust. We regard it as our duty to provide informa-
tion about both the opportunities and the potential risks of nanotechnology.)

85. Id. at 3.



106 JOURNAL OF ENVIRONMENTAL LAW [Vol. 28:77

notechnology-based products, and to develop appropriate
controls and standards in order to manage any potential risks to
human and environmental safety. 86 In order for this to be
achieved, the company stated that it would "only market prod-
ucts if their safety and environmental impact can be guaranteed
on the basis of all available scientific information and
technology.

'87

Having described itself as the "world's most dynamic science
company," DuPont's business operations extend across almost all
industries, including agriculture, materials, electronics and indus-
trial chemicals. 88 As with BASF, DuPont (the world's fourth
largest chemical company) has recognised the potential for na-
notechnologies to add value to each of these traditional sectors.89

And while the exact nature and economic value of DuPont's in-
vestment in nanotech-related R&D remains unspecified, as
noted above, their partnership with Environmental Defence to
develop the Nano Risk Framework has occurred within the pub-
lic domain. The project was initiated and funded by the two par-
ties for the purpose of developing a governance "framework for
the responsible development, production, use and disposal of na-
noscale materials that identifies, manages and reduces risks
across all lifecycle phases." 90 Since DuPont intended the Frame-
work not just to be used internally but for a range of organisa-
tions across different sectors, the risk management tool was
developed through extensive consultation with a wide range of
experts and stakeholders.

While the six-step Framework has been designed to be "com-
prehensive, practical, and flexible," 91 it-as with the other initia-
tives presented here-is not overly prescriptive, offering instead
principles and practical guidance as to what organisations should
do in order to assist in "identifying, managing, and reducing po-
tential environmental, health, and safety risks of engineered na-
nomaterials across all stages of a product's lifecycle. '' 92 While

86. Id.
87. Id.
88. DUPONT, SUSTAINABIIF GROWI- TiuROUG SCIENci - 2005 ANNUIAL Ri.-u

vwuw 1 (2006).
89. DuPorcr, PoSrI-1ON STATEMIENT - DUPONT NANOSCAI.E SCiII .Nc( & EN;I-

NEiRING (2006), available at http://www2.dupont.com/MediaCenter/enUS/posi-
tionstatements/nanotechnology.html.

90. Environmental Defense, supra note 74 at 5.
91. Environmental Defense & DuPont, supra note 74, at 7.
92. Id. at 12.
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the initiative has been criticised by some commentators, other
parties, such as the Nanotechnology Industries Association, have
congratulated Environmental Defence and DuPont on the
framework, stating that the framework "represent[ed] a timely
and well-structured initiative to secure the advancement of na-
notechnology in a responsible way."'93 Support also came from
the Australian Nano Business Forum and Nanotechnology Victo-
ria who stated that the proposed framework is "an excellent start
at the complex task of organizing a uniform approach to the han-
dling of engineered nanomaterials . . .and represents a major

step forward. '94

The final initiative to be outlined here is the recently devel-
oped and implemented Responsible NanoCode. A joint initia-
tive of the Royal Society, Insight Investment, the
Nanotechnology Industries Association, and more recently, the
Nanotechnology Knowledge Transfer Network (the so-called
Founding Partners), the voluntary initiative came to fruition after
an extensive development and open consultation process with
stakeholders across multiple jurisdictions, including the EU, the
United States and Australia. As with the other code-based initia-
tives outlined here, the NanoCode is a principle-based instru-
ment; these non-prescriptive principles are then reinforced
through what has been termed "indicators of good practice. '95

The multi-stakeholder code is designed to encourage organisa-
tions across different sectors and jurisdictions to improve their
current practices and approaches to risk management, occupa-
tional health and safety, transparency and consultation. The Na-
noCode does not seek to usurp any regulatory regime, but rather
aims to supplement such regimes as they are evaluated and re-
vised where necessary. The NanoCode also aims to encourage
organisations to consider the broader social aspects of their activ-
ities and to engage with a range of stakeholders in the develop-
ment and application of products. Importantly, the Founding
Partners have led by example by being inclusive in the develop-
ment and revision of NanoCode. Working Group members have
included representations from the Founding Partners, as well as

93. NANOTECHNOLOGY INDUSTRIES ASSOCIATION, FEE2DBACK FROM NIA (Mar.
30, 2007).

94. AUSTRALIAN NANO BUSINESS FORUM AND) NANOTFCIINOLOGY VICTORIA,

RiF SPONSE ro Du PONT - ENVIRONMIENTAL DEFENCE NANO RISK FRAMEWORK 1-3
(2007).

95. ROYAL SOC'Y ET AL., supra note 85.
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representatives from BASF, Unilever, Johnson & Johnson, Ox-
onica, Which?, Practical Action and several leading universities.

As the above discussion highlights, there is no "template" or
"best practice" regulatory model: a variety of different models
have evolved to date. This is hardly surprising given the emerg-
ing nature of the technology, the diversity of products and
processes associated with the technology, the range of actors and
interests involved in their development, and the significant short-
comings of the current scientific. And, despite their differences,
they do appear to, share a common theme: the responsible devel-
opment of nanotechnologies. To this end, regardless of the ap-
proach adopted, they all seek to alter behaviour. The extent to
which this will be achieved is dependent on a number of different
factors, not least their legitimacy. 96 Potential cost, effectiveness
and practicality will similarly be important factors.

Of particular interest for this Article are the driving forces and
motivations underpinning these self-regulation initiatives, which
are likely to be multifaceted and largely ambiguous to the
outside world. However, their very existence, it can be argued,
may suggest that parties do not believe that the existing
frameworks are adequate to the challenges that nanotechnolo-
gies present and something more is required. What this is, how-
ever, is a subject of debate, and will likely remain so for some
time yet. But by going beyond regulatory compliance, these or-
ganisations are committing themselves to a higher standard of
care as a means to avoid or minimise potential harm to their
workers, the environment, or the public more generally. It is also
possible that the organisations which have committed themselves
to the voluntary initiatives have done so for the broader purpose
of seeking the public's support and trust in both the technology
and their ability to develop products and processes in a safe and
responsible manner. 97 Bowman and Hodge have also suggested
the possibility that organisations may be embracing voluntary
mechanisms for the purpose of delaying or negating formal state-
intervention if they perceive that such government intervention
would be inappropriate, costly, and likely to stifle innovation.98

96. Julia Black, Constructing and Contesting Legitimacy and Accountability in
Polycentric Regulatory Regimes, 2 REG. & Gov. 137, 144 (2008).

97. See, e.g., Prakash Sethi & Olga Emelianova, A Failed Strategy of Using Volun-
tary Codes of Conduct by the Global Mining Industry, 6 CORPORA-ri, GOV1iRNAN I.:
Tin, INTERNATIONAL. JOURNAL OF Ei'IIVI' BOARD PEIRFORMAN('I, 226 (2006);
Nash & Ehrenfeld, supra note 59.

98. Bowman & Hodge, supra note 62.



2010] DEVELOPMENTS IN INDUSTRIAL CHEMICALS 109

However, they believe this is unlikely to be a major motivating
force for the majority of organisations when considering self-
regulation.

Putting these potential motivations to one side, it would ap-
pear that these voluntary mechanisms will complement the ex-
tensive web of regulatory instruments already in operation. This
is in part due to the incorporation of precautionary measures
such as the "As Low As Reasonably Achievable" (ALARA)
principle. The ALARA approach has been designed as a way to
minimise worker exposure to potential risks within the work-
place. It is therefore not surprising that, in the absence of scien-
tifically sound risk assessment data on ENPs, voluntary
initiatives such as the Nano Risk Framework have advocated the
use of the principle in the workplace. 99 These mechanisms also
provide industry and other organisations with the ability to
utilise innovative processes that allow for the incorporation of
new data and information as part of their risk management
framework. Voluntary programs such as the Environmental De-
fense-DuPont Nano Risk Framework incorporate extensive
data-gathering processes which can then feed back in to the risk
management framework in order to develop and refine the risk
management approach. 100 Such data gathering processes may
then flow into broader ififormation gathering efforts such as
those implemented by agencies like the U.S. Environmental Pro-
tection Agency.

In order to examine whether regulatory models are sufficient
to protect the consumer, the company, and the development and
standing of the technology, it is important to consider not only
the characteristics of their development, but also operational fea-
tures of the regulatory models. The natural starting point for
such an analysis in relation to the regulation of nanotechnologies
is the developments, trends, successes and limitations within in-

99. Environmental Defense and DuPont, supra note 74, at 69 (this approach is
also known as the 'As Low As Reasonably Practicable' (ALARP) approach and has

been endorsed as part of the best practice approach to dealing with ENPs in the
workplace by a number of experts). See, e.g., NANOSAFE AUSTRALIA, CURRENT

OHS BEST PRACTICES FOR THE AUSTRALIAN NANOTECHNOLOGY INI)USTR.Y 12
(2007); BRITISH STANDARDS INSTITUTE, NANOTECH-NOLOGIES - PAwr 2: GunDE IOR

SAFrI HANi3LING AN) DISPOSAL OF MANUFACTURED NANOMATI-ERIALS 13, 20 (PD
6699-2:2007) (2007); NSW, supra note 19.

100. Environmental Defense and DuPont, supra note 74. See also INTER-

SSENGEMEINCIIAFI" DTAILHANDIL SCIIWEIZ, CODE OF CONDUCT: NA-

NOTICIINOLOGIES (Feb. 5, 2008); ROYAL SOC'Y ET AL., DRAFT WORK PLAN, supra
note 75.
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dustries that have previously embraced self-regulatory schemes.
The chemical industry's Responsible Care initiative is one such
example.

As explained by Nash and Ehrenfeld, while the origins of Re-
sponsible Care may be traced back to the late 1970's, the devel-
opment and implementation of the initiative by the Canadian
Chemical Producers Association (CCPA) can be largely credited
to the Bhopal chemical accident of December 3, 1984 and the
subsequent fallout for the industry. 01 The public relations disas-
ter was underpinned by perceptions of the industry's indifference
to human and environmental health and safety concerns, ques-
tions over transparency, and lack of scrutiny. In 1985, these con-
cerns acted as a catalyst for the CCPA to implement a principle-
based voluntary umbrella program designed to promote ongoing
improvements in organisations' human and environmental health
and safety performance, rebuild public trust and promote trans-
parency within the industry.10 2 According to Nash and
Ehrenfeld, the adoption of the principle-based initiative in modi-
fied form shortly thereafter by national chemical associations
rapidly "transformed Responsible Care from a small voluntary
activity to a major worldwide initiative." 103 It is today consid-
ered to be the "chemical industry's premier performance initia-
tive" with, as of. 2008, some 53 national chemical associations
having signed on to the voluntary scheme. 10 4 It is therefore not
surprising that the initiative has been described by one leading
academic as "the most significant and far-reaching self-regulatory
scheme ever adopted in Australia, or arguably, elsewhere."'105

The key components of this now global regulatory device can
be summarised simply as a voluntary code of conduct which re-
quires companies in participating national associations to commit
to a number of fundamental principles and associated milestones
in order to "drive continuous improvement in performance.' 0 6

These objectives are achieved not by Responsible Care setting
down one-size-fits-all codes of practice for member associations,
but rather by requiring each national chemical association to pro-
gressively develop their own guiding principles and codes of

101. Nash & Ehrenfeld, supra note 59, at 498.
102. See, e.g., Gunningham, supra note 59, at 61-62; INT'L COUNCIL OF CIIEM.

ASSOCIATIONs, RFiSPONSIBLE CARE STATUJS REPORT 2008 4-5 (2008).
103. Nash & Ehrenfeld, supra note 59, at 498.
104. INT'. COUNCIl. oF CHEM. ASSOCIATIONS, supra note 102, at 6.
105. Gunningham, supra note 59, at 61.
106. INr'L. COUNCIL O1 CiwM. ASSOCIATIONS, supra note 102, at 4.
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practice designed to promote this continuous improvement
within their jurisdiction. As such the voluntary instruments de-
veloped at the national level, and the number thereof, vary con-
siderably between jurisdictions and reflect the member
associations' views on what constitutes the most pressing human
and environmental safety issues to be addressed by the industry
within their jurisdiction, the degree of implementation of the
program in the member associations, and institutional capacity.

The dynamic nature of Responsible Care has resulted in the
progressive development of "independent performance indica-
tors, third-party oversight and direct community involvement" in
a number of jurisdictions. 10 7 As part of the program's commit-
ment to transparency and community engagement, "each chemi-
cal company that implements Responsible Care is expected to
collect and report data for a core set of environmental, health
and safety performance measures. Each national association is
expected to collect, collate and report this data from its members
to each country."10 8 In this sense, participating organisations are
required to go beyond the legal requirements set down in the
jurisdictions in which they operate in order to ensure compliance
with the initiative and avoid their membership in the trade asso-
ciation being revoked. 10 9

Despite the "beyond compliance" requirements set down by
Responsible Care for participating organisations, the chemical
industry's initiative has not escaped criticism. As noted by Gun-
ningham, Responsible Care can be viewed as nothing more than
an attempt to placate the public and win back much needed cred-
ibility. 10 The initiative has been criticized over the years by
some commentators as lacking both "teeth and claws" by virtue
of the lack of universal industry acceptance, weak monitoring re-
quirements, the absence of explicit sanctions and the lack of an
effective regulatory authority overseeing the initiative."' These
perceived shortcomings would appear to go to the very heart of
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questioning the program's legitimacy and effectiveness. 112 Is it,
therefore, not surprising that a number of scholars have sought
to evaluate the effectiveness of Responsible Care. These schol-
ars have suggested a number of mechanisms that could be incor-
porated into the regime in order to address the deficiencies and
"nourish" the scheme. Gunningham has, for example, suggested
that the scheme could overcome a number of its weaknesses by
"superimposing a degree of government and third-party over:
sight and intervention...", therefore shifting from an environ-
ment of self-regulation to co-regulation. 1" 3 This would not only
promote legitimacy and trust, but also enable a range of tailored
instruments to be employed to encourage performance and
compliance.

Evaluations of the effectiveness of models of self-regulation
within the chemical industry and other sectors such as the nu-
clear industry 1 4 have highlighted the need for transparency, ef-
fective monitoring, enforcement mechanisms and sanctions, as
well as independent or third party oversight functions. 1 5 The de-
gree to which the four initiatives presented in this Article em-
brace such mechanisms is highlighted in Table 4 below.

112. See Gunningham, supra note 59, at 93.
113. Id. at 94.
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TABLE 4: KEY MECHANISMS OF THE SELECTED SELF-

REGULATION INITIATIVES'
16

ED-DuPont
.Nano- Nano Risk Responsible
SAFE BASF Framework NanoCode

Monitoring Information disclosure
requirements

Voluntary requirement to V
self-report / document
activities and findings

Mandatory auditing by
independent third party

Mandatory third party
reporting requirements

Sanctions Does not include any /
form of sanctions

Sanctions incorporated
into the code for non-

compliance

Other means by which
enforcement may occur

Content and Revision Voluntary initiative . /
contains clear and
relevant objectives

Requirements of the / / "
initiative are clear

Requirements relevant to V / / /
the area of concern

Requirements go beyond V / / /
those required by the

law

Initiative contains
prescriptive quantitative

standards

Initiative can be " / / /
amended to. reflect
current start of the

(scientific) art

Other Mechanisms Onus on party to share [unknown] [ endorses such
knowledge with other an approach]

parties

Ongoing commitment to / " / /
consultation and

engagement

As highlighted by Table 4, each of the initiatives incorporates a
range of oversight, or monitoring, mechanisms. While BASF's
in-house code of conduct, for example, commits the company to
what could be interpreted to be a higher degree of transparency
and accountability in relation to its R&D activities for na-
notechnologies, it does not provide an explicit framework for
how this is operationalised within the company or its subsidiary

116. Adapted from Bowman & Hodge, supra note 62.
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companies. In the case of the Responsible NanoCode, a "comply
or explain" monitoring approach is taken where "organisations
adopting the Code are asked to report each year on what steps
they have taken to implement the Code, and if they haven't im-
plemented particular aspects, to clearly explain why."' 17 Inter-
estingly, at the time of their implementation, mandatory
reporting requirements, provisions for independent monitoring
or oversight, and/or external auditing of organisations so as to
ensure compliance with the initiatives had not been incorporated
into the text of any of the four initiatives examined here.

Following consideration of the monitoring requirements of the
self-regulatory models and drawing upon the experiences of
other industries and self-regulatory initiatives, the voluntary re-
porting and monitoring functions have significant limitations. As
noted by Sethi and Emelianova in their review of voluntary
codes within the global mining industry, an essential pre-condi-
tion of any effective industry-based code is "independent exter-
nal monitoring and compliance verification" and a "willingness
to make the findings of the independent external audit available
to the public without prior censorship."' 18 Other leading com-
mentators have made similar statements." 19 For instance, Jenkins
was clear that "provisions for the implementation of a particular
code, -and for effective monitoring, are crucial if it is to have any
real impact."' 20 Moreover, "the reluctance of many firms to in-
clude independent monitoring as an integral part of their code
gives rise to some suspicion that they may be used as a public
relations exercise rather than a genuine attempt at improving
conditions and performance.' 121

Drawing upon the experience of Responsible Care in its form-
ative years, it would appear that the absence of any such formal
monitoring and reporting requirements within each of the initia-.
tives outlined in this Article has the potential to undermine their
legitimacy in the eyes of the public. Disclosure, or the require-
ment to be called to account in relation to performance and asso-
ciated activities, would appear to clearly matter when considering
the legitimacy of the schemes in the eyes of the public.' 22

117. ROYAL Soc'Y ET AL., CONSULTIATION DRAVI', supra note 75, at 4.
118. Sethi & Emelianova, supra note 97, at 230-231.
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Having said this, it is important to note that the absence of
formal monitoring and reporting is not a precondition to the so-
called failure of self-regulation. In their review of the chemical
industry's Responsible Care initiative, Nash and Ehrenfeld noted
"that this high-profile example of industry self-regulation did not
prescribe absolute or quantitative environmental standards. '123

Responsible Care relied instead on broad statements of intent
with the consequence that "the language of the codes is deliber-
ately broad, requiring firms to decide for themselves precisely
how they will implement each requirement.' '1 24

In fairness, conclusions at this time as to the likely effective-
ness of these four regulatory approaches in achieving the objec-
tives and ensuring the future commercial success of the
technology are without doubt extremely premature. Such con-
clusions, if drawn, would fail to take into account the current sci-
entific state of art and the highly dynamic environment thereof.
The lack of comprehensive and scientifically sound data on, for
example, toxicity, eco-toxicity and potential exposure pathways,
has meant that industry's commitment to the responsible devel-
opment of nanotechnologies can only occur through reliance on
aspirational statements rather than prescriptive, stringent, and,
therefore, more measurable standards.

With the current inability of leading experts in the area to pro-
vide minimum, scientifically validated standards and exposure
levels for their dealings with many ENPs, it would appear that
industrial organisations have little choice but to rely on best prac-
tice guidelines or principles such as the "As Low As Reasonably
Practicable" standard. Such principles have been relied upon by
industry for prolonged periods of time in relation to different
challenges. This being the case, it can be argued that they have
the expertise and knowledge to successfully implement such prin-
ciples in relation to nanotechnologies without excessively inhib-
iting the development or commercialisation of the technology or
associated products. However, the inability to articulate explicit
standards does have a consequence. Specifically, the absence of
such standards limits the ability of these organisations to monitor
and report on meaningful, quantifiable measures associated with
the adoption of each of the regulatory approaches.

123. Nash & Ehrenfeld, supra note 59, at 500.

124. Id.
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The obvious consequence of the lack of specific, quantifiable
standards within the instruments is the lack of sanctions that can
then be enforced by either the organisation itself or a third party
when "violations" occur. 25 As noted by Sinclair, compliance in
self-regulatory regimes is essentially dependent on the ongoing
commitment, motivation, and goodwill of the individual or-
ganisations.12 6 Of relevance, Gunningham and Rees suggest that
"from a punitive perspective, what is important is the capacity of
industry self-regulation to back its norms with the threat of sanc-
tion.' 12 7 The current absence of any formal sanctions may there-
fore logically be viewed by some commentators as rendering
these initiatives meaningless because organisations have no real
incentive to comply. Sceptics of the regulatory models may also
try to make the claim that the inability to hold signatories ac-
countable for non-compliance undermines the longer-term credi-
bility of these instruments. These arguments must be
acknowledged.

Balancing these, though, is the modern day importance of cor-
porate reputation and the threat of a high profile accusation of
not fulfilling such public commitments, which may in and of itself
be a strong behavioural incentive to drive compliance-albeit a
decidedly imperfect one1)28 This is particularly the case if the or-
ganisation is well known and the threat of criticism through the
media exists. While the absence of punishment or other coercive
forces is clearly a practical limitation of any such initiative, it may
not carry quite as much weight as is often assumed in public
debate.

Regardless of industry's ability to effectively regulate na-
notechnologies through varying forms of self-regulation, broader
questions of credibility and legitimacy are unlikely to fade away

125. See JENKINS, supra note 115, at 26; Kernaghan Webb, Understanding the Vol-
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until independent and mandatory reporting mechanisms and en-
forceable sanctions for non-compliance are incorporated into
self-regulation models. 129 An undoubted strength of voluntary
initiatives is their inherent flexibility and capacity to evolve rap-
idly.130 It would seem that the four initiatives presented in this
Article have the inherent flexibility and therefore the potential
to evolve alongside the increasing body of scientific data and pro-
gressively incorporate more specific policies and practices, in-
cluding monitoring and compliance activities. The ability of all
the programs to be reflexive within an evolving environment is
cleai. Gunningham and Rees have observed that a voluntary
code is "an evolving framework in many cases, [and] is usually
drafted in very general terms at the outset because the trust, co-
operation, and technical consensus necessary for a more detailed
agreement is lacking; but as cooperation and consensus grows, it
is quite usual for more detailed norms to follow."'1 31 Such matu-
ration of self-regulatory initiatives is not without precedent in
other areas.'32 It is therefore probable that, for the examples
presented here, strengthening these self-regulatory mechanisms
through the inclusion of independent and transparent oversight
mechanisms is very likely to improve their accountability and
legitimacy.' 33

Whether or not the organizations who have publically commit-
ted themselves to self-regulation are willing to commit to some-
thing more than "statement[s] of good intentions" (as Sethi and
Emeilanova have put it)'34 remains a significant question and
one which is unlikely to be answered for some time yet. Even
once the science allows for such provisions to be expressly incor-
porated into the instruments, corporate attitudes are likely to be
dependent on the perceived importance of several factors. Obvi-
ous motivations for doing so may include the perceived need to
find a compromise with government so as to avert direct regula-
tory intervention by the state, to influence the nature of future
legislation, to limit the extent of increasing public distrust which
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threatens the longer-term viability of the technology, and the de-
gree to which their reputation might be enhanced by being a sig-
natory. 135 Industry pressure and mutual benefit may also be
important drivers behind establishing a cooperative self-regula-
tory environment, especially in light of the involvement of high-
profile transnational companies such as BASF and DuPont in the
development of these self-regulatory initiatives. Such companies
are indeed "heavily reliant on their corporate image for their
commercial success."'1 36 Therefore, the ongoing pressure for
credibility and the need to continually improve corporate per-
formance may result in these organisations not only committing
themselves to stricter monitoring and enforcement provisions but
also encouraging other companies to sign up to such initiatives
despite the costs of doing so.

A further characteristic of the voluntary initiatives is the ongo-
ing commitment to consultation with stakeholders and seeking
broader involvement in the nanotechnologies debate. Whether
or not the inclusion of these consultation mechanisms is suffi-
cient to provide the requisite credibility to ensure the support of
the public and other stakeholders in the longer term remains to
be seen. This is particularly the case in the absence of monitor-
ing and enforcement mechanisms. History would suggest that
gaining and maintaining public trust requires more substance
than simply defining objectives and principles based solely on in-
dependent and consultative input during the developmental
phase.

Putting these issues to one side, it is interesting to note that the
chemical companies that have promoted the development and
implementation of nanotechnology-specific schemes have done
so primarily on an ad hoc basis and not through the framework
of their national chemical associations. We would suggest that
this is a shortcoming of the trends outlined in this Article, but
one that could be easily rectified moving forward. As evidenced
by the discussion presented above on Responsible Care, the
chemical industry has a long history of employing what has been
described as "one of the most sophisticated and advanced self-
regulatory schemes yet developed.' ' 137 Over the past twenty
years, it has been rolled out to over fifty jurisdictions. Over that

135. See Baggott, supra note 59, at 436; Potoski & Prakash, supra note 132, at 156;
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period, it has clearly shown the capacity to evolve in order to
meet new challenges and address deficiencies within its structure.
It is therefore somewhat perplexing to us as to why, with the ex-
ception of the German National Chemical Association, compa-
nies within this sector have opted to develop independent self-
regulatory arrangements for addressing the challenges posed by
nanotechnologies rather than leverage off an existing self-regula-
tory regime. By drawing upon the overarching goal of Responsi-
ble Care-"to drive continuous improvement in performance" in
relation to health and safety'138-we would argue that one ap-
proach to protecting safety would be to begin to incorporate na-
notechnology-specific provisions into the plethora of existing
Responsible Care tools while retaining the flexibility to incorpo-
rate new nanotechnology-specific codes as the science itself
evolves. National chemical associations could therefore capital-
ise on the existing infrastructure, goodwill and peer-group pres-
sure associated with the participating companies, as well as the
credibility that Responsible Care has amassed overtime with the
public as well as government authorities. While such an ap-
proach would not by itself overcome the many challenges associ-
ated with ensuring the responsible development of
nanotechnologies, including the need to establish na-
notechnology-specific standards within the instruments and to
communicate compliance with these standards to the public, it
would go some way in promoting a coherent approach to the re-
sponsible development of the technology.

V.
CONCLUSION

In the light of the preceding discussion, in particular the case
study on the industrial chemicals sector, how might the regula-
tion of nanotechnologies be expected to develop in the future?
Moreover, is the influence of self-regulation by industry likely to
be significant? The latter question is pretty easy to answer based
on experience to date, and logically that answer is yes. The first
question is significantly more uncertain and murky, but some
reasonable projections might be made.

First, the growing importance of nanotechnologies-not just in
the chemicals sector, but in industry and services more generally
-is likely to fuel the emergence of an increasing number of new

138. lr,rr' COUNCIL OF CulEM. AssoCIA-riONS, supra note 102, at 4.
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rules and a nano-specific regulatory infrastructure. As such, it
appears only a matter of time before Marchant and Sylvester's
prediction that nanotechnologies "will be subject to a host of reg-
ulations" is proven to be correct. 139 For example, the Australian
Congress of Trade Unions has made calls for a mandatory label-
ing requirement for products containing nanomaterials; a na-
tional registry of all organisations importing, supplying or
manufacturing products containing nanomaterials; and the devel-
opment of specific nanotechnology handling standards for all
industries. 140

Second, the economic and political importance of industry
groups and their capacity to interact with supranational and in-
ternational actors such as the European Commission, ISO and
the OECD will ensure that regulatory initiatives emanating from
industry are influential in moulding the governance of na-
notechnologies in both national and multi-lateral environments.
The likelihood that nanotechnologies will transverse traditional
sectors, in conjunction with its relatively low cost of market en-
try, will ensure that the regulatory agenda is fashioned by a mul-
tiplicity of actors. Governments, industry and civil society actors
are likely to continue their participation in transnational policy
discourse on governance related issues. It might be argued that
such multi-pronged input arguably will result in greater legiti-
macy being ascribed to the policy formation process. However, it
remains to be seen whether the ubiquitous capacities of na-
notechnologies will prompt permanent parliamentary standing
committees or an oversight regulatory agency that straddles sev-
eral sectors.

Third, uncertainty about the impact of nanotechnologies on
human and environmental health and safety may emerge as a
brake on the proliferation of such technologies. This is particu-
larly likely to occur if there is some sort of major public or eco-
logical disaster and products incorporating nanomaterials or
nanotechnology-based process can be fingered as a significant
culprit. History shows that, across all sectors and jurisdictions,
nothing begets new regulatory initiatives and agencies like crises,
disasters or scandals. Scenarios of this nature may provide some
civic actors with opportunities to influence the regulation of na-
notechnologies in ways that they have been unable to do to date.
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Fourth, the influence of Adam Smith's "Invisible Hand" will
be omnipresent as prevailing political and market realities inter-
act with existing regulatory infrastructures and the priorities of
diverse interest groups. This may especially be the case under
contemporary recessionary conditions when capital becomes in-
creasingly scarce and profitable investment opportunities less
widespread. Applications incorporating nanomaterials which of-
fer superior properties may be perceived in some quarters as es-
pecially promising and there may be, as a result, increased
reluctance amongst some lawmakers to inhibit such activity.

Fifth, some regulatory strategies seem to hold promise in not
only their capacity to promote entrepreneurial drive and innova-
tion in nanotechnology-related contexts but also to promote the
contribution of multiple actors to regulatory processes. Thus,
these strategies gain traction from a legitimacy perspective whilst
simultaneously integrating reasonable standards of public health
priorities into regulatory protocols. As such, the private sector
may seek to design and implement varying self-regulatory mod-
els in order to address the challenges presented by nanotechnolo-
gies and are arguably best placed to create such regulatory
frameworks at this time. However, for reasons of legitimacy and
industry's own best interests, it appears likely that a broader reg-
ulatory matrix co-produced by the private sector, governments
and civic actors (including consumer and other special interest
groups) will emerge in the coming years. The regulatory capaci-
ties of these groups will vary across time and relative rate of de-
velopment, but as seen in the earlier discussion some evaluation
of their effects are possible.

As a final comment, the Holy Grail of regulatory praxis does
not change much whether for new technologies like those in the
nano-sphere, or old technologies like water-powered energy or
chemicals production. The challenge remains aligning strategic
regulatory objectives (both public and private) with the prag-
matic rough and tumble of market realities and tempering all of
these with the legitimate priorities of public safety and industry
development.






