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BTWC).17 This workshop was an interactive ‘brain-storming’ exercise that brought
together representatives of CWC states parties, academia, industry, interested NGOs and
individual experts knowledgeable in the field, in an effort to develop a common
understanding of the objectives of that provision of the CWC and, most importantly, to
develop and examine practical proposals for the implementation of measures that would
further enhance international cooperation. A participant from Azerbaijan, for example,
suggested the creation of “scientific communities websites’ and the formation of internet-
based cooperation and information exchange for scientific and experiment design activity
in order to promote scientific cooperation.118

The context of the BTWC is, of course, quite different, having no international agency or
treaty organization specifically tasked to implement programmes in the field of
international cooperation in areas relevant to the Convention. However, there are indeed
international actors who implement programmes that are relevant to this objective, and a
similar workshop approach could perhaps bring these actors and the Member States closer
together. The actors could be selected partly on the basis of the following criteria: (a) area
of S&T and relevant enabling technology, (b) base research, (c) development, application
and scale-up of relevant S&T and associated enabling technologies and (d) due regard to
equitable geographic distribution. Such a workshop could also help to define better what
role, if any, the ISU could play in the future to promote the implementation of Article X.
The Seventh Review Conference could call for such an exercise, involving a wide range of
stakeholders (including member states and the ISU) so as to develop practical suggestions
for what can be done to foster Article X implementation in a practical manner.

I. Intersessional process

The principal question with respect to a possible further intersessional process after the
Seventh Review Conference is to agree what topics BTWC parties should consider, and
how these considerations can be transferred into actions or decisions.'® Currently, it would
appear that three baskets of issues could, in principle, be agreed as suitable for an
intersessional process:

(a) effective implementation,
(b) universality and
(c) S&T.

Effective implementation allows the parties to consult each other on how best to maintain
and strengthen the capacity of the regime in order to understand compliance issues arising
from, for example, the annual data exchanges meant to act as CBMs. Such consultation

117 «wWorkshop on Article XI of the CWC at OPCW headquarters’, OPCW press release, 26 Nov. 2010,
<http://www.opcw.org/news/browse/5/article/workshop-on-article-xi-of-the-cwc-at-opcw-headquarters/>.

118 Kalbalieyeva, E., ‘Promoting networking and exchange among scientific communities, academic institutions,
chemical-industry associations, NGOs, and regional and international institutions’, p. 4, (note 117).

119 In June 2011 Richard Lennane suggested an intersessional process structure based on three working groups: (a)
WG1: Implementation and compliance, (b) WG2: Science and outreach and (c) WG3: Cooperation, assistance and
capacity-building. The five-day Meeting of Experts would devote one day to each of the working groups, while the fourth
day would be on a “special topic’ that varies each year. The fifth day of the expert working group would be devoted to
‘other matters’ and the drafting of the final expert group report. Lennane, R., ‘Structure of the Intersessional Process’,
slides 6-7. Presented at Outlook and Perspectives for the BTWC Seventh Review Conference, 9-10 June 2011, Berlin. It is
reasonable to suppose that some informal consultation took place on this structure, prior to its being presented, or that the
proposal was informed by interactions with a number of the Member State representatives and reflects what might have
been seen as a possible consensus approach.
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would also allow a continuation of discussions regarding national implementation
measures (legislation, regulations, transfer controls and other administrative measures), as
well as other governance measures (outreach and cooperation with industry, involvement
of science organizations, other NGOs and civil society). It may open opportunities to
further develop technical assistance concepts under the BTWC to strengthen
implementation at national, as well as regional levels.

Insights into operational challenges may, perhaps, be found in the work of other
multilateral activity such as the UN Counter-Terrorism Committee, the Al-Qaida and
Taliban Sanctions Committee, the 1540 Committee Concerning the Non-proliferation of
Weapons of Mass Destruction, and the UN Global Counter-Terrorism Strategy. A
characteristic dichotomy of such activity is often one between legal or policy commitments
made at the higher political level versus the technical expertise and capacity required to
implement such commitments. It is not unusual to encounter a great gap between the two.
Discovering the nature and reasons for such gaps can therefore be a highly useful activity.
A related consideration is that it is often easier for states to engage in narrowly focused
technical activity (e.g. one that involves consultation or cooperation) than activity that
includes mainly political and policy interaction.

Universality is a topic that requires engagement with the non-members and is, therefore,
somewhat less amenable to being fully addressed through a process of annual meetings.
The ability of the parties to promote universality through an intersessional process may
therefore be limited if this process consists solely of annual Meetings of Experts and States
Parties. Such meetings could nevertheless be used for consultations among BTWC parties
to review any progress with regard to universality, and to discuss options for how to
encourage non-parties to join. The Review Conference could task the ISU to prepare
background material analysing possible reasons for their absence, for example, based on
compilations of responses by the non-parties to inquiries made by the ISU on behalf of the
BTWC parties collectively or individually.

But more important would be the activity of Member States and the ISU between
meetings of the intersessional process. Opportunities for specific measures that they could
undertake could emerge from contacts outside the BTWC context (e.g. in the context of
activities of the UN, the 1540 Committee, or regional activities), or those that could be
pursued by Member States and/or the ISU on a bilateral or regional basis involving non-
members.

The Seventh Review Conference could also decide to invite non-members to
intersessional process meetings. The structure of how they would interact with other
participants and what (if any) input would be requested of them would have to be given
careful consideration. If, for example, the non-member participants were asked to make
presentations on their views concerning the international prohibition against biological
warfare, this could present a risk that the topics discussed at the meetings could expand
and become overly diffuse and fraught with political tension. Such a meeting might also
replicate discussions in other forums on attempting to achieve a Middle East free from
WMD. Alternatively, the non-member states could be ‘button-holed’ at the margins,
assuming they agreed to attend. Thus it is possible that an intersessional process could be
structured in a manner that effectively serves as a ‘track-2’ framework in which to engage
the non-Member States. Such engagement could include consideration of:

(a) the extent to which a non-Member feels it is useful to indicate the importance it
attaches to the object and purpose of the Convention,
(b) the nature and scope of a possible CBM data submission,
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(c) the degree to which it wishes to engage in consultation, clarification and fact-finding
on compliance-related matters (either to receive or to request), or
(d) the nature and type of interest in national, regional multilateral capacity-building.

A complementary process could consist of regional meetings with the participation of
States Parties and non-parties in order to create a degree of ‘peer pressure’. Such a process
can be useful (as experience from both BTWC and CWC universality initiatives have
shown) in order to raise awareness, promote political support for the BTWC, facilitate a
better understanding of the requirements for a given state to join the regime and (where
necessary) identify means of external support (e.g., practical support with necessary
legislation, education and outreach to stakeholders, political advocacy with regard to
policy makers and parliamentarians, ‘twinning’ with countries who can assist the
prospective member state).

Advances in S&T affect the implementation of the BTWC at several levels. With regard
to the prohibitions, new and evolving risks need to be addressed—both with respect to the
transparency of state programmes in the area of biodefence and relevant activities
associated with non-state actors. S&T advances have also had an impact on the prospects
for BTWC verification. All require further and periodic evaluation in the BTWC context.
The exact scope and phrasing would have to agreed partly on the basis of drafts tabled by
the parties and follow-up consultation before and during the review conference. The
Review Conference could consider agreeing language (@) to identify and address the
purpose of S&T reviews for the regime, (b) to consider further the criteria for ‘success’ of
any such review and (c¢) to consider mechanisms to achieve identified S&T-related
objectives. More specifically, the parties could consider various S&T evaluation
methodologies used outside the biological arms control context, such as for broader
national security, economic cooperation and development, patent guidelines and practice,
assessment of scientific training and research and select case studies.

II. Other considerations

There may be some flexibility among the BTWC parties to explore new ideas for
enhancing and strengthening measures to demonstrate compliance to the regime in a
manner that takes due regard to the principle of equal obligations and responsibilities
among the members that is inherent to any multilateral arms control and disarmament
regime.

There is a continuing need for constructive engagement among the BTWC States Parties
for structural stability within the regime; for further exchange of views; and relevant,
agreed activity to develop a better understanding of the relation between CBM submissions
and compliance. A need also exists for more effective mechanisms to remain aware of
S&T developments in general and how they may affect the implementation of the BTWC
prohibitions in particular.

Consideration of what constitutes a biological weapon is heavily influenced by the
activity of traditional state military programmes. This is so partly because reference to
historical large-scale state programmes are less susceptible to definitional or legal dispute.
Also those who refer to historical state programmes are less likely to be accused of
publicizing or exaggerating future biological warfare threats. Today there is much debate
and confusion among states, analysts and interested observers over whether activities
utilizing recent S&T developments for non-traditional purposes such as counter-terrorism
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operations are permitted under the BTWC. Specific S&T developments should therefore
be considered in terms of possible non-compliance in a manner that informs and supports
the legal norm, while avoiding to advertise unorthodox methods for conducting biological
warfare.

The parties should therefore further consider what, if any, activity related to applied
S&T developments they believe to be indicative of a possible violation to the BTWC. In
parallel, they should take all necessary steps to ensure that they understand the principal
threats associated with S&T developments to the object and purpose of the Convention.

The Seventh Review Conference should not focus on the content of S&T per se, but
rather consult and agree on the most effective mechanisms to bridge S&T with political
and legal requirements associated with the full and effective implementation of the BTWC.



5. Conclusions

The four overarching questions posed by this study were:

1. What is an ‘activity of concern’ in the new S&T environment (and can one even
usefully apply a concept of such ‘activity of concern’ in the dual-use context of the life
sciences)?

2. What is the appropriate policy response with respect to both general S&T trends and
developments and possible future specific activities that may require regulation and other
governance responses? and

3. What is the expected operating environment of the BTWC over the coming 10-20
years?

4. Based on discusssions and consultations in 2011, it seems likely that an intersessional
process will be agreed and that S&T will be reflected in the work programme. Whether
and how should this topic be incorporated?

Many S&T advances have increased the potential (in the form of knowledge, material
and technologies) that could be misused if the life sciences were to be applied for hostile
purposes. Yet, on their own, they do not lead to the emergence of new biological warfare
options. What matters is rather the context in which these life sciences activities is carried
out. For example, threat assessment and biodefence programmes (depending on how they
are structured and implemented) can, if carried out with a lack of sufficient transparency,
raise concerns among other states or actors regarding their legitimacy or intent. This, in
turn, can have destabilizing effects on the BTWC regime. However, it is not the nature of
the research itself that should be the focus of clarification and evaluation by the parties.
While science monitoring can assist in the identification of new discoveries or research
activity, what is most important is an in-depth evaluation of their implications for the
regime. In particular, the parties should understand whether these new scientific activities
and discoveries lead to paradigm shifts and, therefore, call for new approaches and
responses in the context of biological arms control. This can be done by the parties (both
individually and collectively) in the context of possible future intersessional processes. A
mechanism for evaluation and review is more important for the stability and sustainability
of the norm against biological warfare. Such a mechanism should also become more
systematic and participatory in nature.

With regard to policy responses to S&T trends, the very nature of the life sciences calls
for a combination of top-down regulation based on the principles and norms of the BTWC,
and a bottom-up approach of self-regulation and voluntary measures to increase
transparency and to strengthen responsible conduct in research and life sciences
application. Both avenues are important, as is the interaction between governments and
regulators one the one hand and science and industry communities on the other hand.
Scientists need to have the freedom to carry out research and publish new discoveries and
methods. Industry requires a predictable and fair environment in which to conduct
business. Governments require the necessary tools to ensure that all relevant actors in the
life sciences remain compliant with BTWC norms and the various relevant mechanisms in
place to resolve compliance issues vis-a-vis other parties to the convention. The entire
enterprise is both multidisciplinary and driven by overlapping interests and responsibilities
(of governments, private enterprise and the life science community at large). Effective
international biological arms control calls for a combination of a traditional regulatory
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approach and the more fluid networking solutions that bring together a wide range of
actors.

As to the future operating environment of the convention in the coming years, attempting
predictions is problematic as they are generally incorrect. Rather, the focus should be on
major trends and ‘drivers’, many or most of which can be readily identified now. Several
such factors are worth noting. As the cost of key enabling technologies (e.g. computing,
synthesis, screening) drops and the international capacity to utilize them increases, the
traditional distinctions between ‘donors’ and ‘recipients’ of technology transfer will
become increasingly irrelevant. In this regard, the world is already living in ‘post-
proliferation’ environment which is characterized less by the proliferation of weapons, but
rather by an increasing accessibility to and capacity for work in life sciences and related
technology.

The Review Conference could consider ways to provide a degree of structure or
direction to future S&T activity. In the final document, the conference might consider
including ‘markers’ of areas of particular relevance such as enabling technologies. Some
‘markers’ could be linked to inter alia the full implementation of Articles I and X.

Irrespective of any specific insight into the future of the understanding of the life
processes, the ability of scientists to manipulate (rather than kil//) humans and other
organisms will increase. The future of biological and chemical warfare (if there is one) will
entail the creation of agents that specifically interfere with the life processes. Possibilities
for misapplication include the capacity of soldiers to fight, the ability of the human body to
resist infection and disease, the safety of the food chain, and the economic well-being of
the agriculture.

Nevertheless, the prospects to use the life sciences for beneficial purposes is enormous.
Whatever regulatory framework that is further developed and implemented to manage this
emerging field (including the expected qualitative—and hence revolutionary—Ieaps in
understanding of the functions of life) it is vital to ensure that progress in scientific
discovery is not hindered and that effective mechanisms exist to prevent its perversion for
CBW purposes. This entails, among other things, a new approach to define the relationship
between the scope of the BTWC’s prohibitions and its aspiration under Article X to
promote international cooperation in the field of peaceful applications of biology.

With regard to compliance assessments, any system of analysis pre-supposes the
existence of patterns, order or relationships where none may exist. Government officials
and analysts may also assume that objective facts can be discovered and understood.
Alternatively one can view efforts at obtaining a greater understanding as an iterative
process towards progressively better understanding. In philosophy and elsewhere,
observers sometimes note the risks posed by ‘determined’ or ‘over-determined’
outcomes.'? Two questions regarding the nature of human understanding that have
relevance for arms control compliance assessments is: (a) whether objective truth exists
and is discoverable, and (b) whether human perception is mediated by a first observer and
second person recipient. In other words, a first and second order mediation of observed
events exists. The first view holds that objective truth exists and is discoverable and
emphasizes explanation. The second view (regarding mediation of human perception)
stresses an inherent subjective quality to understanding. A further complication is that
states will always have a tendency to seek politically preferred outcomes or passively fail
to act in cases where politically painful outcomes are involved.

120 Treverton, G. F., Intelligence for an Age of Terror (Cambridge University Press: Cambridge, NY, 2009).
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Finally, the most important objective of the regime (and the Seventh Review
Conference) is to maintain and strengthen the international norm against biological
warfare. Another fundamental objective is to maintain and strengthen a framework through
which the parties can inform themselves of political and technical developments that could
affect the full implementation of the convention, including those involving economic
cooperation and assistance and S&T, and develop agreed approaches to governance in
order to address identified challenges.



Annex A. Policy options

The following are options for practical steps that could the Seventh Review Conference
might consider, and include in its final documents. Elements of such an intersessional
process include:

(a) agreeing several 1-week expert meetings that lead into subsequent discussions and, if
necessary, decisions at the Meetings of States Parties;

(b) distinguishing formal meetings from exploratory talks (or exploratory consultations);

(c) developing concrete measures or decisions to support the 2012 meeting on a WMD
free zone in the Middle East. This could include text on the desirability of including
biological and/or chemical weapon-related topics in the agenda. Some thought would
have to be given to the mechanism for helping to ensure that this could, in fact, be
carried out. For example, a facilitator could be designated or this activity could be
placed under the direction of the chair of the respective third intersessional meetings.
Also, the ISU could be given authority to compile, based on member states input, the
background documentation referred to in the decision on the 2012 meeting taken by
the NPR Review Conference on 2010; and

(d) a work programme with relevant stakeholders (i.e. industry, research communities,
teaching and educational communities, NGOs and civil society at large).

The Review Conference may decide to retain, modify or replace the standard phrasing
from the first and second intersessional processes. In short, should a third intersessional
process task the annual meetings of experts and states parties to ‘discuss, and promote
common understanding and effective action’ on the agreed topics?

I. Compliance

Options for activities relevant to resolution of compliance issues may be developed in
terms of illustrative intersessional discussion topics (see tables A.1 and A.2).

Table A.1. Illustrative topics for the effective implementation of Article |

= Mechanisms to discuss methodologies and share results of work on detection paradigms and systems for
improved, emerging and novel biological threats, 2!

= (Clarify (and procedurally streamline) the relationship between the UN Secretary-General’s mechanism
to investigate alleged use of chemical and biological weapons and the BTWC Article VI clarification
procedures,

= Current best practices for the handling and analysis of mixtures of chemical, biological and radiological
agents (so-called ‘mixed samples’).122

Source: Author compilation.

121 High-Priority Technology Needs, version 3.0 (US Department of Homeland Security, Science and Technology
Directorate: May 2009), p. 15.

122 E.g. dichloromethane is a common solvent for the extraction of standard chemical warfare agents from
environmental samples. However, it also can promote bacterial growth and is therefore perhaps not suited for sample
extraction for some types of potential biological warfare agents. It should also be noted that this topic would promote a
better understanding of the interface between the biological and chemical weapons arms control regimes.
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Table A.2. Elements of CBM template to allow for submissions of S&T review

Principles/objectives
= Areas of S&T subject to the review
= Methodology (e.g., expert study, technical workshop, peer reviewed paper, etc.; institutions/key experts
involved)
= Main sources used (e.g., reference to key publications, patents, etc.)
= Impact on the BTWC implementation process

Measures proposed to be taken as a result of the assessment
= References to any published documents that resulted from the review
= Criteria having potential applicability to S&T oversight mechanisms

Source: Author compilation.

II. Science and technology

Text regarding a third intersessional process that deals with S&T could be modelled on the
phrasing of the first two intersessional processes. Possible topics include:

(a) S&T oversight and review methodologies and their potential relevance of
transparency and accountability in the context of the Convention;

(b) Developments in the life sciences relevant to maintaining the effectiveness of the
international prohibition against biological warfare (Article I) and their potential
effect and relevance on international cooperation and development (Article X);

(c) Informal discussions between BTWC and CWC regime experts (e.g. with
involvement of the OPCW and its Scientific Advisory Board) on developments in
chemistry relevant to maintaining the effectiveness of the international prohibition
against biological warfare (Article 1) and their potential effect and relevance on
international cooperation and development (Article X);'23

(d) Developments in enabling technologies including information technology (e.g. data
mining)'?* relevant to maintaining the effectiveness of the international prohibition
against biological warfare (Article 1) and their potential effect and relevance on
international cooperation and development (Article X); or

(e) Possible conclusions and recommendations for the consideration of the Eighth
Review Conference on appropriate and effective S&T oversight and review
methodologies for enhancing transparency and accountability in the context of the
Convention.

II1. Article X

The parties could be invited to provide to the ISU for posting on the UN website specific
requests for activities potentially falling under the provisions of Article X for cooperation

123 1t should be noted that the SAB currently has a working group on convergence of chemistry and the life sciences.
States and other interested parties should examine the group’s methodology and findings in 2012 for their possible
relevance to biological arms control.

124 Data mining, Knowledge Discovery in Databases (KDD) or Knowledge-Discovery and Data Mining refers to
automated searches of large volumes of data for patterns. Of possible relevance to Article I is the data mining that is
carried out using various network analysis tools and whose key objective is to link data patterns to criminal or terrorist
activity. In this context, two main objectives are () ‘how to align the data models of multiple data sets’, and (b) ‘how to
build advanced algorithms that can work across multiple data sets’. Office of the Director of National Intelligence 2009
Data Mining Report for the Period of February 1, 2009 through December 31, 2009’, p. 3.
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and assistance. Other parties may offer (singly or cooperatively) proposals for
implementing such requests.

The conference could underline the importance the parties attach to providing tailored
and sustainable implementation support for the full implementation of the convention. To
this end, the conference could agree that:

(a) the ISU could collect and collate from the parties during the intersessional process
requests for cooperation and assistance under Article X;

(b) parties (individually or collectively) are encouraged to propose measures and
activities to implement these requests;

(c) the ISU could collate requests and responses and any results of such activities to the
Eighth Conference of the States Parties; or

(d) the parties involved in such activity are encouraged to share ‘lessons learned’ and
proposals for the improvement of such activity including by decisions taken by the
Eighth Conference of the States Parties’.

The conference could agree guidelines to help inform the submission of requests for
cooperation and assistance under Article X. Such guidelines could include:

(a) overview papers
(b) selected S&T areas, and
(c) criteria and principles for success.

Table A.3. Illustrative topics for the effective implementation of Article X

= Qverview papers (political, legal, technical, scientific)
= QOperational, time-limited proposals/requests
= QOperational, time-limited proposals/offers

Source: Author compilation.

Table A.4. Illustrative topics for annual Meetings of States Parties

= Regulatory frameworks that involve the implementation of S&T review methodologies,

= The manner in which ‘meta-experts’ are formed and how authoritative and useful are their findings (in
general terms and with practical case studies),!??

= Chemistry developments that are relevant to the effective implementation of Articles I and X (e.g.
prediction of human physiological effects of pharmaceuticals, best practices from cooperative
mechanisms/models for acquiring patent rights for base and applied research in the life sciences)

Source: Author compilation.

IV. Other

The Seventh Review Conference could agree a process in which the parties, the research
community, industry, academics, NGOs and civil society are able to exchange views and
information on the various methodologies and purposes for which S&T reviews have been
undertaken.

125 Difficulties associated with the formation of such groups include: the appointment process, and the validity and
weight that should be attached to minority or dissenting views.
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The Review Conference could task the ISU to prepare background material analysing
possible reasons for the absence of States not part from the BTWC. For example, this
could be based on compilations of responses by the non-parties to inquiries made by the
ISU on behalf of or by the BTWC parties (individually or collectively).

Factors currently available to facilitate better cooperation in the life sciences among
researchers and regulators. The ISU could facilitate a series of seminars on a limited
number of practical areas with a view towards identifying opportunities to improve S&T
cooperation among the parties.



About the authors

John Hart (United States) heads the Chemical and Biological Security Project (Arms
Control and Non-proliferation Programme) at the Stockholm International Peace Research
Institute (SIPRI). He is a doctoral candidate in military sciences. His publications include
Chemical Weapons Destruction in Russia: Political, Legal and Technical Aspects (Oxford
University Press: 1998, co-editor) and Historical Dictionary of Nuclear, Biological and
Chemical Warfare (Scarecrow Press: 2007, co-author). He is also the author of ‘The Soviet
biological weapons program’, in Deadly Cultures: Biological Weapons Since 1945
(Harvard University Press, 2006) and ‘The ALSOS Mission: 1943-1945: a secret US
scientific  intelligence unit’ in [International Journal of Intelligence and
CounterlIntelligence (fall 2005). He also co-authored (with Vitaly Fedchenko) ‘“WMD
inspection and verification regimes: political and technical challenges’ in Combating
Weapons of Mass Destruction: the Future of Non-Proliferation Policy (University of
Georgia Press, 2009). While an intern in the Verification Division of the Provisional
Technical Secretariat to the Preparatory Commission to the Organisation for the
Prohibition of Chemical Weapons (OPCW), he prepared draft Chairmen’s papers,
discussion papers and Expert Group reports (Working Group B), and contributed to the
drafting of the OPCW Declaration Handbook. He is a member of an international dumped
munitions advisory board. In 2011 he headed an expert group to facilitate EU support for
public health in Central Asia and the South Caucasus under the Instrument for Stability.

Ralf Trapp (Germany) is an independent consultant in the area of chemical and biological
weapons arms control. A chemist and toxicologist by training, he worked with the GDR
Academy of Sciences in the field of chemical toxicology between 1978 and 1990. From
1985 to 1985 he was a researcher at the SIPRI, and from 1991 to 1992 at the Stiftung
Wissenschaft und Politik Ebenhausen (Germany). He acted as technical adviser on
chemical weapons disarmament to the GDR and subsequently the German delegations to
the Geneva Conference on Disarmament. In 1993, he joined the Technical Secretariat of
the OPCW where he worked in the areas of industry verification, verification policy and
review, international cooperation, government relations and political affairs, and strategic
planning. He was a main contributor to the preparation and conduct of both CWC Review
Conferences, and also the secretary of the OPCW’s Scientific Advisory Board. After
leaving the OPCW in 2006, he has been working as an OPCW consultant, the legal
coordinator of the first EU Joint Action in support of the BTWC, and has provided
consulting services to, amongst others, the European Commission, SIPRI and the United
Nations Counter-terrorism Implementation Task Force. He has been involved in a number
of international projects to provide science and technology advice to the CWC as well as
the BTWC, including studies organised by IUPAC and the Inter-Academy Panel on
International Issues. Dr Trapp is external member of the Accademia delle Scienze dell’
Istituto di Bologna, Fellow of the International Union of Pure and Applied Chemistry
(IUPAC) and member of the German Chemical Society as well as the American Chemical
Society.



