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REPORT OF THE SCIENTIFIC ADVISORY BOARD
AT ITS TWENTY-SIXTH SESSION

1. AGENDA ITEM ONE - Opening of the session

1.1 The Scientific Advisory Board (SAB) met for its Twenty-Sixth Session from 16 to
20 October 2017 at the OPCW Headquarters in The Hague, the Netherlands. The
session was chaired by Dr Christopher Timperley, with Mr Cheng Tang as
Vice-Chairperson.

Executive summary

1.2 Pursuant to the deliberations of the SAB at its Twenty-Sixth Session, the following
recommendations are presented to the Director-General in this report (see paragraphs
8.6 and 9.14 for further details).

(a) The SAB recognises that the emergence and practical applications of new and
innovative technologies (in both research and industrial sectors), as well as the
repurposing of existing technologies for unanticipated new applications, has
benefited from increasingly transdisciplinary (convergent) scientific
communities. As the Technical Secretariat (hereinafter “the Secretariat™) and
stakeholders of the OPCW consider technological change, it is imperative to
maintain high levels of scientific literacy, to engage with broad scientific
communities, and to consider technological opportunities that support robust
implementation of the Chemical Weapons Convention (hereinafter “the
Convention™). See paragraphs 7.1 through 7.4, 8.2 and 8.3, 9.10 and 9.11, 9.15
and 9.16, and 10.1 through 10.8; and subparagraphs 8.4(f), 8.6(b), 9.12(a) and
9.14(a).

(b) To ensure that the verification regime remains fit for purpose, the SAB
encourages more extensive engagement with technical experts from industry
and review of industry-focused research and development. This would keep
the Secretariat usefully informed on developments in chemical industry,
benefit the science review process and allow for recognition of change from
previously predicted trends. See subparagraphs 8.4(a), 8.4(c), 8.4(d) and
8.6(a).

(c) In reviewing the diversity of developments across scientific communities,
understanding where developments find application and recognising where
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(d)

these technological changes intersect with the Convention, the SAB has
benefited from the practice of engaging operational staff from the Secretariat.
In the view of the SAB, this practice strengthens the formulation of science
advice to the OPCW. A similar approach would provide benefit in other
Convention-relevant fora where proposals are drafted and considered. See
subparagraphs 9.12(h) and 9.14(b).

A broad set of innovative technologies are being developed that can
potentially find application in the implementation of the Convention,
especially for non-routine situations, enhancement of sampling and analysis
capabilities, and reducing risks to personnel operating in dangerous
environments. The Secretariat may wish to consider engagement with
technology developers as well as outreach strategies, such as crowd source
competitions, to gain access to innovative technologies and ideas that can be
field tested. Benefits include raising awareness of the Convention across
scientific communities, opportunities to provide feedback to technology
developers on how their tools perform under field conditions, and a
mechanism for the Secretariat to keep pace with technological change. In this
regard, the Secretariat might consider reviewing the availability and potential
capabilities of relevant innovative technologies. See paragraphs 9.5 and 9.6,
9.15 and 9.16, 10.1 through 10.8, and 11.10 and 11.11; and subparagraphs
8.4(c), 8.4(e), 9.12(a), 9.12(c) through 9.12(g), 9.14(c) and 9.14(d).

AGENDA ITEM TWO - Adoption of the agenda

The SAB adopted the following agenda for its Twenty-Sixth Session:

1.

2.

Opening of the session

Adoption of the agenda

Tour de table to introduce Scientific Advisory Board members
Establishment of a drafting committee

Welcome address by the Director-General

Overview of developments at the OPCW since the last session of the Scientific
Advisory Board

(a) General updates

(b) Updates from the Open-Ended Working Group on the Future Priorities of
the OPCW

(c) Chemical security
(d) Updates from the Sub-Working Group on Non-State Actors
(e) Knowledge management

(f) OPCW Fact-Finding Mission
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Advice on chemicals
(a) Report from the workshop on chlorine
(b) Theoretical study of sulfur mustard

(c) Study of the behaviour of heavy sulfur mustards against commercial
decontaminants

(d) Eliminating toxic substances and reagents from chemical synthesis
Chemical production

(a) Report from the workshop on trends in chemical production

(b) Results of the survey on biomediated processes

Scientific and technological elements of verification technologies, emerging
technologies, and new equipment

(a) Managing the results of on-site sampling and analysis: a methodology to
resolve ambiguous identifications

(b) Training and preparedness to address new challenges
(c) Update from the OPCW Laboratory

(d) Report from the workshop on innovative technologies for chemical
security

(e) Artificial intelligence and its potential application for chemical warfare
agent verification

Developments in science and technology

(a) Wearable sensors and nanomotor-based accelerated decontamination of
chemical warfare agents

(b) NanoContraChem: from the design to the development of nanostructured
clays and oxides for the catalytic decontamination of chemical warfare
agents

Chemical forensics and investigative technologies

(a) Updates on formation of a temporary working group on investigative
science and technology

(b) Recent engagement with forensic science experts

(c) Computer-aided engineering tools
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5.1

12.  Future work of the Scientific Advisory Board
(a)  The road to the Fourth Review Conference
(b) Roadmap of the Scientific Advisory Board’s work
(c) The Twenty-Seventh Session of the Scientific Advisory Board

(d) The Scientific Advisory Board’s recommendations to the Fourth Review
Conference'

(e) Identification of key issues in science and technology

13. Inputs to the Scientific Advisory Board’s report to the Fourth Review
Conference

14.  Any other business
15. Adoption of the report
16. Closure of the session

AGENDA ITEM THREE - Tour de table to introduce Scientific Advisory Board
members

A tour de table was undertaken to introduce the SAB members and guests. Three
new members, Dr Khaldoun Bachari (Algeria), Ms Hoe Chee Chua (Singapore), and
Dr Maciej Sliwakowski (Poland) attended their first session of the SAB. A list of
participants appears in the annex to this report.

AGENDA ITEM FOUR - Establishment of a drafting committee

The SAB established a drafting committee to prepare the draft report of its
Twenty-Sixth Session.

AGENDA ITEM FIVE - Welcome address by the Director-General

The Director-General of the OPCW delivered the welcome address’ thanking the
Chairperson, Vice-Chairperson, and the members of the board for their contributions
to the implementation of the Convention, and for their independent voice as an
advisory board. The Director-General highlighted the recent milestone of completion
of the chemical demilitarisation process in the Russian Federation,3 bringing progress
toward complete destruction of declared chemical weapons stockpiles to more than
96%. He then reflected on today’s security environment, which continues to provide

Fourth Special Session of the Conference of the States Parties to Review the Operation of the Chemical
Weapons Convention.

The full statement is available at:
www.opcw.org/fileadmin/OPCW/ODG/uzumcu/DG_Remarks SAB_ 161017.pdf

See OPCW news item: www.opcw.org/news/article/opcw-director-general-commends-major-
milestone-as-russia-completes-destruction-of-chemical-weapons-stockpile-under-opcw-verification/
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unanticipated situations and new challenges; with threats from chemical weapons
remaining, the work of the OPCW is far from complete.

Pointing to the scientific underpinnings of the work of OPCW, the Director-General
stressed that the provision of reliable scientific and technical findings is vital for
verification, particularly in contingency operations, stating that findings must stand on
their technical merit, and be objective, accurate, and incontrovertible. In this regard,
he commented on plans to upgrade the OPCW Lalboratory,4 and spoke of the
importance of the work of the temporary working group (TWG) on investigative
science and technology which is set to hold its first meeting in early 2018 (see
paragraphs 11.1 through 11.3).

In regard to challenges arising from the rapid advancement in science and technology,
and converging scientific disciplines, the Director-General noted that our decision
makers need practical advice and that many of the immediate challenges they face are
not emerging new technologies. A pertinent example is the difficulty of post-event
sampling and analysis to verify chlorine exposure. For this reason, he stated, we must
be able to recognise opportunities from technological change.

Noting that once the report from its Twenty-Sixth Session is issued, the SAB will
have produced 11 reports in an 18-month period, the Director-General reflected on the
rich inputs the SAB had collected for their report to the Fourth Review Conference.
He encouraged the SAB to be innovative, forward looking and bold in the drafting of
the report, emphasising that the value of the report and its advice comes from the
independent expert voice the SAB provides.

The Director-General closed his remarks by welcoming the new members of the
Board and thanking the outgoing SAB members.

AGENDA ITEM SIX - Overview of developments at the OPCW since the last
session of the Scientific Advisory Board

Subitem 6(a): General updates

The Secretariat’s Science Policy Adviser and Secretary to the SAB, Dr Jonathan
Forman, briefed the Board on developments at the OPCW since the SAB’s
Twenty-Fifth Session, briefly highlighting recent destruction milestones and several
outcomes of the Eighty-Sixth Session of the Executive Council (hereinafter “the
Council”) (held the week preceding the Twenty-Sixth Session of the SAB),5 most
notably the decision (EC-86/DEC.10, dated 13 October 2017)6 taken to include
non-scheduled chemicals in the OPCW Central Analytical Database (OCAD).7

Upgrading The OPCW Chemical Laboratory to a Centre for Chemistry and Technology, S/1512/2017,
dated 10 July 2017. Available at: www.opcw.org/fileadmin/OPCW/S_series/2017/en/s-1512-
2017_e_.pdf

Documents from the session are available at: www.opcw.org/documents-reports/executive-
council/documents-from-the-eighty-sixth-session-of-the-executive-council/

Available at: www.opcw.org/fileadmin/OPCW/EC/86/en/ec86decl0 e .pdf

The OPCW Central Analytical Database; C. Nyanyira; in Chemical Weapons Convention Chemicals
Analysis: Sample Collection, Preparation and Analytical Methods, M. Mesilaakso (ed); 2005, John
Wiley & Sons, Ltd, Chichester, UK. DOI: 10.1002/0470012285.ch7.
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6.2

6.3

Inclusion of non-scheduled chemicals in the OCAD has been a recommendation of
the SAB since the Second Review Conference.™’ Turning to the work of the SAB,
Dr Forman reviewed key messages from the Director-General’s comments on the
report from the Twenty-Fifth Session of the SAB." He also noted that, with the
conclusion of this Twenty-Sixth Session of the SAB, the scientific review for the
Fourth Review Conference will have been informed by the outputs of three TWGs,
seven sessions of the SAB, and four international workshops; a total of 25 meetings,
with 30 reports produced. The total attendance across the review process will be 676;
representing 276 individuals with a broad range of technical expertise from 56 States
Parties. In total, the SAB members will have received 405 presentations from 191
individual presenters. Dr Forman explained how the outcomes of the review process
will feed into the report to the Fourth Review Conference, emphasising the need to
provide practical guidance on science and technology, to maintain and promote
scientific literacy, to point out opportunities from new developments that may benefit
the implementation of the Convention, and to promote productive discourse with the
States Parties on science and technology issues.

Dr Forman continued with an overview of relevant technical expert community
engagement activities since the Twenty-Fifth Session of the SAB. This included the
participation in scientific conferences, updates on the OPCW’s partnership with the
International Union of Pure and Applied Chemistry (IUPAC),11 reports from the
Secretariat’s participation at the CTBTO’s'? Science and Technology Conference in
June;13 and a briefing to the United Nations General Assembly First Committee
(Disarmament and International Security).14 Looking toward 2018, Dr Forman
informed the Board of upcoming events, noting the American Chemical Society
(ACS) Spring Meeting will include a symposium focused on the linkage of chemical
ethics and responsible chemistry to non-proliferation, and that SAB member Professor
Isel Alonso is helping to organise the 10th Congress of Chemical Sciences,
Technology and Innovation in October 2018 in Havana, Cuba."”

The briefing concluded with a discussion on publishing the work of the SAB in
peer-reviewed scientific journals as a means of raising visibility of the OPCW in
scientific communities. Dr Forman noted that participants from the workshop on

11
12
13
14

Second Special Session of the Conference of the States Parties to Review the Operation of the
Chemical Weapons Convention.

More specifically, riot control agents, degradation products of scheduled chemicals, and certain
chemicals found in old and abandoned chemical weapons. See paragraphs 4.4 and 4.10 of: Report of
the Scientific Advisory Board on Developments in Science and Technology (RC-2/DG.1, dated
28 February 2008). Available at: www.opcw.org/fileadmin/OPCW/CSP/RC-2/en/RC-2_DG.1-EN.pdf

The Impact of the Developments in Science and Technology in the Context of the Chemical Weapons
Convention (EC-85/DG.8, dated 19 May 2017). Available at:
www.opcw.org/fileadmin/OPCW/SAB/en/ec85dg08 e .pdf

For additional information on IUPAC, see https://iupac.org/

CTBTO = Comprehensive Nuclear-Test-Ban Treaty Organization.
For additional information see: https://www.ctbto.org/specials/snt2017/

Disarmament Machinery Must Sharpen Tools to Harness Largely Ungoverned Game-Changing
New Weapons, Security Experts Tell First Committee. Available at:
https://www.un.org/press/en/2017/gadis3578.doc.htm

For additional information see: http://www.chemistrycuba.com/
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emerging technologies will be publishing their research in a special edition of Pure
and Applied Chemistry (see paragraph 9.11) and noted the Director-General’s
encouragement of the SAB publishing their reports on sample storage16 and riot
control agents. v

Subitem 6(b): Updates from the Open-Ended Working Group on the Future
Priorities of the OPCW

Dr Alexander Kelle (Senior Policy Officer in the OPCW Office of Strategy and
Policy) updated the Board on the work conducted by the Open-Ended Working Group
on the Future Priorities of the OPCW (OEWG-FP) since his last report at the
Twenty-Fifth Session of the SAB. He recalled the mandate of the group,18 briefly
mentioned the tentative programme of work the group had given itself, and
highlighted the topics and issue areas most noted during the OEWG-FP’s segments on
capacity development; engagement with external partners; and OPCW governance,
resources and management. These three segments were held in the months after the
segment on verification held in January 2017 where the SAB Vice-Chair had provided
a brieﬁng.19

Concerning the OEWG-FP’s remaining work, Dr Kelle noted the upcoming meeting
on “any other topics” that had not been addressed in the previous sessions. He noted
that the OEWG-FP Co-Chairs intend to circulate an inventory of the ideas presented
by States Parties, which will be discussed further in early 2018. A scarcity of inputs
and unbalanced regional participation of States Parties was acknowledged, and the
hope was expressed that the inventory would usefully engage greater numbers of
States Parties.

In the subsequent discussion, the following points were raised:

(a) The SAB expressed interest in understanding the key issues that are raised by
the States Parties in the inventory of ideas, as this may identify issues where
advice from the outputs of the Board’s scientific review could have relevance.

(b) There was discussion on skills management and development in the
Verification Division and an acknowledgement of OPCW’s efforts in
knowledge management (KM) in this regard. The role of the TWG on
investigative science and technology in providing links to expertise relevant to
skills development was also highlighted.

17
18

19

See paragraph 13 of: The Impact of the Developments in Science and Technology in the Context of the
Chemical Weapons Convention (EC-82/DG.13, dated 7 June 2016). Available at:
www.opcw.org/fileadmin/OPCW/SAB/en/ec82dgl3 e .pdf

See paragraph 18 of EC-85/DG.8.

Establishment of an Open-Ended Working Group on the Future Priorities of the OPCW (EC-82/DEC.2,
dated 14 July 2016). Available at: www.opcw.org/fileadmin/OPCW/EC/82/en/ec82dec02_e_.pdf

SAB Briefing to the OEWG-FP, 31 January 2017, available at:
www.opcw.org/fileadmin/OPCW/SAB/en/20170131_SAB_Briefing to Open_Ended Working_Grou
p_Future Priorities.pdf
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6.7

6.8

6.9

6.10

Subitem 6(c): Chemical security

Mr Joseph Ballard (Senior Policy Officer in the OPCW Office of Strategy and Policy)
briefed the Board on how the OPCW looks at chemical security and the
Organisation’s response to the threat of chemical terrorism. He underlined that many
of the States Parties to the Convention, as well as the Secretariat, considered these
issues to be important elements of the OPCW's future priorities, in light of growing
concerns around the potential of non-State actors to use toxic chemicals. Mr Ballard
noted that full and effective national implementation of the Convention remained the
most important contribution to counter-terrorism efforts, and that States Parties and
other stakeholders may wish to reconsider what implementation of the Convention
means in a counter-terrorism context. The work of the Open-Ended Working Group
on Terrorism (OEWG-T) was outlined, including its focus on the legal accountability
of non-State actors, in terms of prevention and response.20

Mr Ballard also briefed the board on the recent “Expert Workshop on International
Chemical Security Coordination” held at OPCW,21 which made some
recommendations on how the OPCW could strengthen its contribution to States
Parties' efforts on chemical security, in line with its mandate. Mr Ballard explained
some of the approaches the Secretariat might consider to further contribute to global
chemical security. These include coordination among the range of international
assistance providers, and targeted capability development, which takes into account
the needs of individual States Parties.

The briefing concluded with a discussion on a recent decision, “Addressing the Threat
Posed By the Use of Chemical Weapons by Non-State Actors”, taken at the
Eighty-Sixth Session of the Council (EC-86/DEC.9, dated 13 October 2017)22 on
addressing the threat posed by the use of chemical weapons by non-State actors, and
the implications of the decision for the States Parties and the Secretariat.

In the subsequent discussion, the following points were raised:

(a) The SAB welcomed the approaches taken by the Secretariat and the Council
decision in regard to chemical security. The Board stands ready to provide its
views on relevant science and technology developments.

(b) A key message from the briefing is that the Convention already provides tools
that can address chemical security issues. How to apply these tools could be
usefully explored. For example, potential contributions from Article VI and

20

21

22

For a recent update on the work of the OEWG-T, see: (a) Report by H.E. Ms Maria Teresa Infante
Acting Facilitator of the Open-Ended Working Group on Terrorism to the Executive Council at its
Eighty-Fifth Session (EC-85/WP.2, dated 13 July 2017). Available at:
www.opcw.org/fileadmin/OPCW/EC/85/en/EC-85-WP2.pdf (b) Report By H.E. Ambassador Dr
Momar Diop Facilitator of the Open-Ended Working Group on Terrorism to the Executive Council at
its  Eighty-Sixth  Session (EC-86/WP.2, dated 11 October 2017). Available at:
www.opcw.org/fileadmin/OPCW/EC/86/en/ec86wp02_e_.pdf

See OPCW news item: www.opcw.org/news/article/experts-gather-at-opcw-to-strengthen-global-
chemical-security-1/

Available at: www.opcw.org/fileadmin/OPCW/EC/86/en/ec86dec09 e .pdf
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associated processes, mechanisms, and information to counter-terrorism
i 23
efforts have been discussed.

(c) National capabilities and rosters of experts were discussed. How the OPCW
could draw upon such resources was also identified as an area that could be
explored further. In this regard, the TWG on investigative science and
technology could potentially identify communities of experts with whom the
Secretariat might wish to engage.

Subitem 6(d): Updates from the Sub-Working Group on Non-State Actors

Mr Kenneth Aoki (Senior Policy Officer in the OPCW Office of Strategy and Policy)
briefed the Board on the OEWG-T’s Sub-Working Group (SWG) on Non-State
Actors (hereinafter the “SWG”).24 The SWG was established two years ago to help
support the OEWG-T's mandate to “... examine further the OPCW’s contribution to
global anti-terrorist efforts, ... .” (EC-XXVII/DEC.5, dated 7 December 2001). The
SWG is chaired by Ambassador Maria Teresa Infante, the Permanent Representative
of the Republic of Chile to the OPCW, and comprising States Parties, strives to have a
well-rounded view on the issues under consideration. With this in mind, the SWG has
heard from a number of national experts, international and regional
inter-governmental organisations, private companies, chemical industry organisations
and scholars of international law and international criminal law.

Through the SWG, States Parties have productively exchanged views on a number of
issues within three topical areas: legal accountability of non-State actors, measures to
prevent the hostile use of a toxic chemical by non-State actors, and ensuring an
effective response to such use. Notwithstanding the recent Council decision on
non-State actors (EC-86/DEC.9; see paragraph 6.9), the OEWG-T and the SWG will
continue to identify issues to explore in more detail; such exploration could usefully
look to science and technology for inputs. For example, at a recent SWG meeting,
Singapore and Panama noted their increasing reliance on developments in science and
technology to cope with the challenge of detecting illicit trade crossing their borders
as the volume of global trade continues to grow each and every year. The question of
what more can be done to assist States Parties that do not have the capacity or
resources to use the most sophisticated or advanced technology, but that are still faced
with growing volumes of trade, remains to a large extent unanswered from a technical
point of view. The SWG have also recently exchanged views about the Secretariat’s
capacity-building efforts in African States Parties, in particular, the building of
capacity in the area of national response to a chemical incident and of analytical
laboratory capacity, which are both rich in science and technology considerations.

Mr Aoki noted however, that despite scientific and technological underpinnings of
security issues, the SWG has yet to have a meeting specifically focused on the topic
of science and technology (S&T) itself. A few States Parties have noted to the Chairs

23

24

The Contribution of Article VI to States Parties’ Efforts to Counter Terrorism (S/1387/2016, dated
19 May 2016). Available at: www.opcw.org/fileadmin/OPCW/S_series/2016/en/s-1387-2016_e_.pdf

See also: Report by H.E Ambassador Maria Teresa Infante Facilitator of the Sub-Working Group on
Non-State Actors of the Open-Ended Working Group on Terrorism - Summary of Intersessional Work
(EC-86/WP.1, dated 2 October 2017). Available at: www.opcw.org/fileadmin/OPCW/
EC/86/en/ec86wp01_e_.pdf
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6.14

of the OEWG-T and the SWG their interest in hearing more about investigative
techniques, such as chemical forensics. In closing, Mr Aoki posed questions to
stimulate the SAB’s thinking about scientific and technological issues: What are key
S&T issues related to preventing or responding to chemical terrorism? To legal
accountability? What more could the OPCW do in the area of S&T? And who else
should the SWG hear from? Answers to these questions could be productive for SWG
to consider, with the ultimate aim being to identify what more the OPCW could do to
address the threat of chemical terrorism.

In the subsequent discussion, the following points were raised:

(a) Suggestions made in response to Mr Aoki’s questions included the importance
of States Parties being prepared for rapid medical response to a chemical
incident; technologies that allow tracking of transfers of toxic materials
(including block chain and other data-driven approaches); and the
investigative aspects of holding an individual accountable for conducting
activities prohibited by the Convention. The latter is a topic that will be
addressed from a science and technology perspective by the TWG on
investigative S&T.

(b) A wide range of science and technology elements can be found within the U.S.
Chemical Facilities Anti-Terrorism Standards.” These include tools for risk
assessment, modelling of point source releases, organisation of production
processes, and responsive planning. In this regard, chemical products and
production processes often use concepts of “safety by design”26 and “quality
by design”27 to ensure quality and safety are intrinsic features of their
development and design requirements; chemical security concepts could be
brought into product development and production in a similar manner.””

(©) In quality by design, one builds quality into development (material attributes,
process parameters, time, equipment, and operations).

(d) While the term “non-State actor” is used to refer to terrorists, it also covers
criminal enterprises and military forces that are not State-organised.

(e) The SAB is fully supportive of the value of S&T inputs for the OEWG-T and
its SWG. SAB members expressed a need for broad thinking in this regard, as
the technological opportunities will come from broader areas than chemistry
alone.

25
26

27

28

See: https://www.dhs.gov/chemical-facility-anti-terrorism-standards

Application of safety by design methodology in evaluating process safety for a Duff reaction using
predictive process simulators; F. Jovié, A. Suéec, I. Nekola, D. Cavuzi¢, E. Marceli¢, E. Mestrovi¢;
Org. Process Res. Dev.; 2015, 19(9), 1268—-1273. DOI: 10.1021/acs.oprd.5b00174.

(a) A review on quality by design; V. Mogal, J. Dusane; P. Borase, P. Thakare, S. Kshirsagar;
Pharmaceutical and Biological Evaluations; 2016, 3(3), 313-319. ISSN: 2394-0859.
(b) Pharmaceutical product development: A quality by design approach; K. Pramod, M. Abu Tahir, N.
A. Charoo, S. H. Ansari, J. Ali; Int J Pharm Investig; 2016, 6(3), 129-138. DOIL:
10.4103/2230-973X.187350.

The concept “secure by design” or “security by design” is used in relation to IT tools.
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Subitem 6(e): Knowledge management

Mr Stephen Jones (Head, OPCW Information Services Branch) and Dr Marta Galindo
(Knowledge Management Officer, OPCW Verification Division) briefed the Board on
the KM activities of the Secretariat. They noted that the OPCW recognises KM as one
of the enablers to ensure that the Organisation remains a global repository of
knowledge and expertise with regard to disarmament of chemical weapons,
verification of non-possession and non-use, and destruction.” This vision and the
initiatives to bring it forward align with views expressed by States Parties to the Third
Review Conference’’ in 2013,31 as well as to the SAB.” In this regard, the Secretariat
has developed a KM vision and strategy aiming to induce an organisational change
during the upcoming years, looking at installing by 2021 a KM-compatible culture
among the staff under the motto “ask, learn and share”. Mr Jones and Dr Galindo
described the OPCW’s KM road map that has been developed around the elements:
people, technology and processes. The Secretariat is working on local initiatives at the
branch and division levels, using SharePoint as a communication tool and identifying
among the entire Organisation a team of “knowledge champions” who are supporting
and advocating the implementation of KM in organisational business processes.
Additionally, a hiring process is under way for a KM leader, who will work
cross-divisionally to manage the change process while developing and facilitating
knowledge content. The efforts described are ongoing and will require continued
commitment of staff members with support from management to ensure success.

In the subsequent discussion, the following points were raised:

(a) KM has many dimensions, these include processes and tools to help manage
and access (data mine) knowledge, but also a critical people and soft skills
aspect. Capturing all dimensions of knowledge can be difficult, making
learning from the experiences of other organisations a valuable way to inform
the development of KM frameworks tailored to the needs of the Secretariat.
The Secretariat could usefully look to engage in KM expert forums. SAB
members were encouraged to share their own experiences in KM with the
Secretariat.

(b) An objective of the Secretariat’s KM initiative is to form a community of
practice; former members of the Secretariat as well as SAB members could
usefully engage in such initiatives.

29

30

31

32

Medium-Term Plan of the Organisation for the Prohibition of Chemical Weapons 2017 — 2021
(EC-83/S/1 C-21/S/1, dated 8 April 2016). Available at:
www.opcw.org/fileadmin/OPCW/EC/83/en/ec83s01 c21s01_e_.pdf

Third Special Session of the Conference of the States Parties to Review the Operation of the Chemical
Weapons Convention.

See paragraphs 9.14 and 9.155(h) of the report of the Third Review Conference (RC-3/3*, dated
19 April 2013). Available at: www.opcw.org/fileadmin/OPCW/CSP/RC-3/en/rc303__e_.pdf

See for example paragraphs 20, 46, 116 and 117 of: Report of the Scientific Advisory Board on
Developments in Science and Technology for the Third Special Session of the Conference of the States
Parties to Review the Operation of the Chemical Weapons Convention (RC-3/DG.1, dated
29 October 2012). Available at: www.opcw.org/fileadmin/OPCW/CSP/RC-3/en/rc3dg01 e .pdf
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6.18

7.1

(©) Evaluation of the success of KM activities will be an important, but
challenging, task.

Subitem 6(f): OPCW Fact-Finding Mission

Mr Aamir Shouket (Deputy Chief of Cabinet) provided the Board with an update on
the work of the OPCW Fact-Finding Mission (FFM),33 in particular regarding
incidents in Ltamenah, Hama Governorate (March 2017)34 and Khan Shaykhun,
Syrian Arab Republic (April 2017),35 where the use of sarin (or a sarin-like substance)
was confirmed. Mr Shouket noted that the attribution of the use of chemical agents is
outside the mandate of the FFM, and the information collected through the FFM is
being further reviewed by the OPCW-UN Joint Investigative Mechanism (J IM).36 The
next JIM report is forthcoming.

In the subsequent discussion, the following points were raised:

(a) The SAB thanked Mr Shouket for his presentation and reaffirmed their
concern and condemnation of the use of chemicals as weapons.

(b) The SAB noted that the TWG on investigative science and technology would
benefit from hearing the experiences of inspectors involved in FFM missions
to better inform their work.

AGENDA ITEM SEVEN - Advice on chemicals

Subitem 7(a): Report from the workshop on chlorine

Dr Stephanie Dare-Doyen (Senior Policy Officer in the OPCW Office of Strategy and
Policy) briefed the SAB on recent expert consultations on chlorine that took place at
the OPCW. The consultations emerged from discussions between the Secretariat and
representatives of the chemical industry as a follow-up to letters’ from ACS jointly
with the American Chemical Council (ACC),38 and the European Chemical Industry
Council (Ceﬁc)39 in September 2016 that expressed concerns about the use of chlorine

33
34

35

36

37

38

39

FFM reports are available at: www.opcw.org/special-sections/syria/fact-finding-mission-reports/

Analysis Results of Samples Relating to the Alleged Use of Chemicals as Weapons in Ltamenah,
Hama Governorate, Syrian Arab Republic, March 2017 (S/1544/2017, dated 12 October 2017).

(a) Report of the OPCW Fact-Finding Mission in Syria Regarding an Alleged Incident in Khan
Shaykhun, Syrian Arab Republic April 2017 (S/1510/2017, dated 29 June 2017). Available at:
www.opcw.org/fileadmin/OPCW/Fact _Finding Mission/s-1510-2017_e_.pdf (b) Note by the
Technical Secretariat: Further Clarifications on why the OPCW Fact-Finding Mission did not Deploy
to Khan Shaykhun (S/1545/2017, dated 17 October 2017).

OPCW-UN Joint Investigative Mechanism Fact Sheet, available at: https://unoda-web.s3-
accelerate.amazonaws.com/wp-content/uploads/2016/08/JIM-Fact-Sheet-July2016.pdf

See OPCW News Item: Chemical Industry Councils and Scientific Societies Condemn Use of Chlorine
as Weapon; www.opcw.org/news/article/chemical-industry-councils-and-scientific-societies-condemn-
use-of-chlorine-as-weapon/

Letter available at:
www.opcw.org/fileadmin/OPCW/Industry/ACS-ACC_syrian_chlorine letter 091516.pdf

Letter available at: www.opcw.org/fileadmin/OPCW/Industry/2016-09-30_Letter from
_Cefic_to_Ambassador OPCW_DG.pdf
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and other chemicals as chemical weapons. The letters included offers of cooperation
with the Secretariat. In response, experts from ACS, Cefic, Euro Chlor40, the Union
des Industries Chimiques (UIC)41 and ACC agreed to share their knowledge with the
Secretariat on the following issues:

(a) Small-scale production and storage of chlorine, including in-situ production
and use.

(b) Detection and identification of the effects of chlorine exposure (in animals,
humans and the environment), including degradation products.

(c) The use of isotope ratios to identify the origin of the chlorine.

(d) Best practices in response to chlorine gas release (whether accidental or
intentional) and protection.

The experts briefed the Secretariat on how chlorine is produced from salt and water as
raw materials using electric energy, with three technologies available for industrial
. 42 43 . 44 .
scale production: membrane, = mercury and diaphragm.” They reviewed the
physical and chemical properties of chlorine and its reactivity (including its impact on
humans and environment). Knowledge of biomarkers specific to chlorine exposure is
currently lacking; but there is ongoing research in this area. Biomarkers with potential
for use in verification exposure include certain surfactant proteins,45 Clara cell
.46 . . 47 .
secretory proteins,  chlorotyrosine residues and L-a-phosphatidylglycerol
chlorohydrins.48 The persistence of the latter biomarker allows its detection more than

40
41
)

43

44

45

46

47

48

For additional information on Euro Chlor, see http://www.eurochlor.org/

For additional information on the UIC, see: http://www.uic.fr/

See: http://www.eurochlor.org/the-chlorine-universe/how-is-chlorine-produced/the-membrane-cell-
process.aspx

See: http://www.eurochlor.org/the-chlorine-universe/how-is-chlorine-produced/the-mercury-cell-
process.aspx

See: http://www.eurochlor.org/the-chlorine-universe/how-is-chlorine-produced/the-diaphragm-cell-
process.aspx

Acute chlorine gas exposure produces transient inflammation and a progressive alteration in surfactant
composition with accompanying mechanical dysfunction; C. B. Massa, P. Scott, E. Abramova, C.
Gardner, D. L. Laskin, A. J. Gow; Toxicol Appl Pharmacol; 2014, 278(1), 53-64. DOI:
10.1016/j.taap.2014.02.006.

Repair of tracheal epithelium by basal cells after chlorine-induced injury; S. Musah, J. Chen, G. W.
Hoyle; Respiratory Research; 2012, 13, 107. DOI: 10.1186/1465-9921-13-107.

(a) Sarcoendoplasmic reticulum Ca®* ATPase. A critical target in chlorine inhalation—induced
cardiotoxicity; S. Ahmad, A. Ahmad, B. Tara, H. Hofer, E. Joan, C. William, O. Mozziconacci, C.
Schoneich, N. Reisdorph, L. R. Powell, J. D. Chandler, J. Brian, J. Day, L. A. Veress, C. W. White;
Am J Respir Cell Mol Biol.; 2015, 52(4), 492-502. DOI: 10.1165/rcmb.2014-00050C. (b) Formation
of chlorinated lipids post-chlorine gas exposure; D. A. Ford, J. Honavar, C. J. Albert, M. Duerr, J. Y.
Oh, S. Doran, S. Matalon, R. P. Patell; J Lipid Res; 2016, 57(8), 1529-1540. DOI:
10.1194/j1r.M069005. (c) 3-Chlorotyrosine and 3,5-dichlorotyrosine as biomarkers of respiratory tract
exposure to chlorine gas; M. A. Sochaski, A. M. Jarabek, J. Murphy; J Anal Toxicol; 2008, 32(1),
99-105.

L-a-phosphatidylglycerol chlorohydrins as potential biomarkers for chlorine gas exposure; P.
Hemstrdm, A. Larsson, L. Elfsmark, C. Astot; Anal. Chem., 2016, 88(20), 9972-9979. DOI:
10.1021/acs.analchem.6b01896.
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72 hours after ice had been exposed to chlorine. Finding persistent biomarkers that are
not isolated to one plant or soil ‘[ype49 was identified as a challenge. With regard to
possible attribution signatures for chlorine, impurities and *’C1:*°Cl isotopic ratios
were discussed. These might allow the provenance of chlorine to be determined, but
research would be needed to demonstrate feasibility.

Dr Dare-Doyen summarised the consultations and introduced several
recommendations that came out of the workshop. These included encouraging
scientific research in areas where gaps were identified, conducting a review and
compendium of scientific literature, and further engaging with experts on accident
investigation and medical response.

In the subsequent discussion, the following points were raised:

(a) Alternatives to chlorine were discussed, and do exist, including for water
purification (see also paragraph 7.11). This area was not, however, explored in
the workshop. SAB members support research into alternatives, but recognise
that any such adoption would require appropriate life cycle analysis and risk
assessment to determine how viable the alternatives would be, including the
impacts on industry.

(b) With regard to medical response, a report by the American Thoracic Society
on medical response for choking gas exposure was recently published.so

(c) Formation of chlorine from a precursor (reduction of chloride ion for example)
was also recognised as relevant to enabling chlorine gas to be generated and
released to cause harm. The chemistries deployed and the chemical markers of
such processes should also be considered.

(d) The Secretariat could compile a reference guide of materials likely to react
with chlorine and the products formed, to assist with identifying samples to
collect during an investigation. Published information from incident response
to chlorine release is also recommended for inclusion; in this regard, it may be
useful to consult experts from States Parties.

Subitem 7(b): Theoretical study of sulfur mustard

Professor Ponnadurai Ramasami presented the results of a computational study of the
interaction of sulfur mustard (HD) and water, explaining that hydration can influence
both chemical reactions (e.g. hydrolysisSI) and the ability to detect HD.” The study

49

50

51

Chloride in soils and its uptake and movement within the plant: a review; J. P. White, R. Martin;
Broadley Annals of Botany; 2001, 88(6), 967-988. DOI: 10.1006/anb0.2001.1540.

An Official American Thoracic Society Workshop Report: Chemical Inhalational Disasters. Biology of
Lung Injury, Development of Novel Therapeutics, and Medical Preparedness; E. M. Summerhill, G.
W. Hoyle, S.-E. Jordt, B. J. Jugg, J. G. Martin, S. Matalon, S. E. Patterson, D. J. Prezant , A. M. Sciuto,
E. R. Svendsen, C. W. White, L. A. Veress; on behalf of the ATS Terrorism and Inhalational Disasters
Section of the Environmental, Occupational, and Population Health Assembly; Ann. Am. Thorac. Soc.,
2017, 14(6), 1060—-1072. DOI: 10.1513/AnnalsATS.201704-297WS.

Effect of adsorbed water and surface hydroxyls on the hydrolysis of VX, GD, and HD on titania
materials: the development of self-decontaminating paints; G. W. Wagner. G. W. Peterson, J. Mahle;
Ind. Eng. Chem. Res.; 2012, 51(9), 3598-3603. DOI: 10.1021/ie202063p.
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looked at microhydration53 through adding discrete water molecules to an HD
molecule and analysing changes in structural parameters,54 energetics, vibrational
frequency and dipole moment. The modelling was performed using B3LYP and
MO06-2X functionals, and the MP2 level of theory, using the basis set
6-311++G(2d,2p) for all atoms. Little change was observed in the geometry of HD in
the hydrated clusters resulting from water molecule addition; the C—Cl bond however
was found to lengthen gradually as the number of water molecules increased. The
hydrated clusters were found to be energetically more stable compared to the
non-hydrated HD. Such clusters might be identified by infrared spectroscopy.
Hydrogen bonding, the main non-covalent interaction between HD and water
molecules, was confirmed by infrared shifts of selected peaks, specifically the
stretching of C—Cl, S—C and O—H bonds. The results from this microhydration study
are helpful in the interpretation of infrared spectra of humid air, moist soil and water
samples where HD 1is present. It was noted that computational studies of
microhydration of nerve agen‘[s55 and lewisite™ have also been published.

In the subsequent discussion, the SAB members considered how modelling can be
applied to the types of situations likely to be encountered. Such modelling would be
complex and need to take into account bulk phase conditions (including aspects of pH
and ionic strength in liquid samples, as well as phase equilibria). One such application
of potential value could be in understanding the fate of mustard in degrading
munitions in the Baltic Sea.

52

53

54

55

56

Enzyme based test stripes for the visual or photographic detection and quantitation of gaseous sulphur
mustard; S. Bidmanova, M. S. Steiner, M. Stepan, K. Vymazalova, M. A. Gruber, A. Duerkop, J.
Damborsky, Z. Prokop, Otto S. Wolfbeis; Anal. Chem; 2016, 88(11), 6044-6049. DOI:
10.1021/acs.analchem.6b01272.

(a) Switching on the fluorescence of 2-aminopurine by site-selective microhydration; S. Lobsiger, S.
Blaser, R. K. Sinha, H. M. Frey, S. Leutwyler; Nature Chemistry; 2014, 6, 989-993.
DOI:10.1038/nchem.2086. (b) Fragmentation of allylmethylsulfide by chemical ionization: dependence
on humidty and inhibiting role of water; T. Maihom, E. Schuhfried, M. Probst, J. Limtrakul, T. D.
Mirk, F. Biasioli; J Phys Chem A.; 2013, 117(24), 5149-51640. DOI: 10.1021/jp4015806. (c)
Hydration of the bisulfate ion: atmospheric implications; E. Devon, Husar, B. Temelso, A. L.
Ashworth, G. C. Shields; J. Phys. Chem. A; 2012, 116(21), 5151-5163 DOI: 10.1021/jp300717j. (d)
Single solvent molecules can affect the dynamics of substitution reactions; R. Otto, J. Brox, S. Trippel,
M. Stei, T. Best, R. Wester; Nature Chemistry; 2012, 4, 534-538. DOI:10.1038/nchem.1362.

Structural flexibility of the sulfur mustard molecule at finite temperature from car-parrinello molecular
dynamics simulations; J. Lach, J. Goclon, P. Rodziewicz; J. Hazard. Mater.; 2016, 306, 269-277. DOL:
10.1016/j.jhazmat.2015.12.027.

(a) Infrared signature of micro-hydration in the organophosphate sarin: an ab initio study; T. M. Alam,
C. J. Pearce CJ; J. Mol. Model.; 2015, 21(7), 182. DOI: 10.1007/s00894-015-2732-z. (b) Ab initio
investigation of sarin micro-hydration; M. Todd, A. Charles, J. Pearce, J. E. Jenkins; 2012, 995, 24-35.
DOI: 10.1016/j.comptc. (c) Molecular modelling of organophosphorous agents and their aqueous
solutions; A. Vishnyakov, G. Gor, M. T. Lee, A. V. Neimark; The J. of Phys. Chem. A; 2011, 115,
5201-5209. DOLI: 10.1021/jp200509u.

(a) Modeling the chelation of As(II) in lewisite by dithiols using density functional theory and
solvent-assisted proton exchange; L. K. Harper, C. A. Bayse; J. Inorg. Biochem.; 2015, 153, 60—67.
DOI: 10.1016/j.jinorgbio. (b) A computational study of detoxification of lewisite warfare agents by
British anti-lewisite: catalytic effects of water and ammonia on reaction mechanism and kinetics; C.
Sahu, S. Pakhira, K. Sen, A. K. Das; J. Phys. Chem, A; 2013. 117(16), 3496-3506. DOI:
10.1021/jp312254z.



SAB-26/1
page 16

7.7

7.8

7.9

7.10

Subitem 7(c): Study of the behaviour of heavy sulfur mustards against
commercial decontaminants

Professor Roberto Martinez-Alvarez presented the results of studies conducted on the
reaction of sesquimustards and oxymustards with commercially available
decontaminants. He reported that the efficiency of the decontamination process is
mainly dependent on the solubility of the mustards in the decontamination media.

In the subsequent discussion, the following points were raised:

(a) The decontamination chemistry that was discussed highlighted open issues in
understanding the blistering mechanism of mustard agents. The blistering
action of sulfur mustard itself is often invoked through the formation of an
episulfonium ion, however the sulfone, which is a degradation product, is also
a potent skin blistering agent, but cannot form an episulfonium ion.

(b) It was noted that very little information exists in the scientific literature on
sesquimustards and oxymustards, making these studies valuable in adding to
the knowledge base on vesicants. Professor Martinez-Alvarez indicated he
would be publishing the results in the coming months, including information
on impurities and degradation products that may be useful for verification.

Subitem 7(d): Eliminating toxic substances and reagents from chemical synthesis

Professor Ferruccio Trifird presented an overview of his work in exploring
approaches for eliminating the use of chemicals such as hydrogen cyanide (HCN),
chlorine (Cl) and phosgene (COCl,) from industrial use.”’ His motivations for this
research come from a desire for a more green, or sustainable, and safe chemical
industry; as well as to find ways to eliminate access to and possible misuse of toxic
industrial chemicals as weapons. Professor Trifird indicated that his research has
involved collaboration with industrial scientists in effort to identify alternatives, and
also to evaluate their practical and economic viability from an industry perspective.

Starting with HCN, Professor Trifird explained that industrial uses include the
manufacture of acrylonitrile (a monomer for nitrile fibres and ABSSS), adiponitrile
(the monomer for nylon-6,6),59 methylmethacrylate (the monomer for plexiglass),60

57

58
59

60

(a) Acrylonitrile from biomass: still far from being a sustainable process; R. K. Grasselli, F. Trifiro;
Topics in Catalysis; 2016, 59(17-18), 1651-1658. (b) Ti-silicalite as catalyst for gas-phase
ammoximation of cyclohexanone with molecular oxygen; D. P. Dreoni, D. Pinelli, F. Trifiro, Z.
Tvaruzkova, H. Habersberger, P. Jiru; Catalysis Letters; 1991, 11(3-6), 285-294. (c¢) Vanadium-zeolite
catalysts for the ammoxidation of xylenes; F. Cavani, F. Trifiro, P. Jiru, K. Habersberger, Z.
Tvaruzkova; Zeolites; 1988, 8, 12—18. (d) Kinetic and Mechanistic Analysis of Toluene Ammoxidation
to benzonitrile on vanadium-titanium oxides; P. Cavalli, F. Cavani, I. Manenti, M. El-Sawi, F. Trifiro;
Ind. & Eng. Chem. Research; 1987, 26(4), 804—-810.

ABS = Acrylonitrile butadiene styrene, a thermoplastic polymer.

A review of adiponitrile industrial production processes and associated atom economies; Y. Zhu, L.
Gao, Liang, L. Wen, Langyou, B. Zong, Baoning; A review of adiponitrile industrial production
processes and associated atom economies; Chinese Science Bulletin (Chinese Version), 2015, 60, 1488.
DOI: 10.1360/N972014-01259.

New developments in the production of methyl methacrylate; K. Nagai; Applied Catalysis A: General,
2001, 221(1-2), 367-377. DOL: 10.1016/S0926-860X(01)00810-9.
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chelating agents such as EDTA,61 and sodium cyanide (which is used for gold
recovery and production of methionine). He noted that acrylonitrile manufacture had
previously been produced from acetylene and HCN, and is now industrially produced
through ammoxidation of propylene,62 demonstrating that viable alternatives can be
found. However, there is still research needed before suitable alternatives will be
found for chemicals such as adiponitrile (produced by the reaction of butadiene and
HCN); and methylmethacrylate (produced from acetone cyanohydrin, which is
formed by reaction of acetone and HCN). Professor Trifiro discussed alternatives that
have been proposed for both, indicating these were more expensive than the current
methods.”

Turning to chlorine, Professor Trifird provided the example of the HPPO proc:ess,64
which produces propylene oxide from oxidation of propylene with hydrogen peroxide
(H202).65 The introduction of HPPO allowed the elimination of the use of chlorine in
propylene oxide production. Chlorine is also used to produce chlorinated
intermediates that are converted to fluorocarbons by reaction with hydrofluoric acid
(HF). Professor Trifiro discussed the use of HF and oxygen as a fluorinating agent for
olefins, which represent a possible route to eliminate chlorine from fluorocarbon
produc‘[ion.66 For water sterilisation applications, he noted that peroxide-based
reagents and ozone have been studied.®” Professor Trifiro also highlighted that under
the Stockholm Convention” there are efforts to eliminate the use of a number of
organochlorine compounds (primarily pesticides).

The presentation concluded with a discussion on phosgene, which is used to produce
isocyanates, aromatic carbonates, and monomers for polyurethanes and
polycarbonates. Professor Trifird discussed reductive and oxidative carbonylation

61
62

63

64
65

66

67

68

EDTA = Ethylenediaminetetraacetic acid.

Ammonoxidation of propylene to acrylonitrile; 1. Pasquon, F. Trifiro, P. Centola; La Chimica e
I’Industria; 1967, 49(11), 1151-1159.

Examples of alternative processes for production of methylmethacrylate: (a) The oxidation of isobutane
to methacrylic acid: an alternative techonology for MMA production; N. Ballarini, F. Cavani, H.
Degrand, E. Etienne, A. Pigamo, F. Trifiro, J. L. Dubois; Methods and Reagents for Green chemistry;
2007, 265-279. (b) The synthesis of methacrylic acid by isobutane oxidation: a new route of low
environmental impact, alternative to the conventional industrial process; F. Cavani, E. Etienne, M.
Favaro, A. Galli, G. Selleri, F. Trifiro, G. Hecquet ; Atti.; 1995, 43-442.

For further information see: http://www.chemicals-technology.com/projects/basf-hppo/

Catalytic behaviour of Mo-based catalysts in liquid phase epoxidation of propylene by hydroperoxides;
P. Forzatti, F. Trifiro; Reaction Kinet. Catal. Lett.; 1974, 1(3), 367-372.

Preparation of transition metal fuorides as catalysts for the environmentally sustainable HFC
production; L. Forni, S. Albonetti, F. Cavani, M. Bernardi, A. Beghin, F. Trifiro; Stud. Surf. Sci. Catal.;
2006, 162, 993-1000.

A review of imperative technologies for wastewater treatment I: oxidation technologies at ambient
conditions; R. Gogate; A. B. Pandit; Advances in Environmental Research; 2004, 8(3-4), 501-551.
DOI: 10.1016/81093-0191(03)00032-7.

The Stockholm Convention on Persistent Organic Pollutants; for additional information see:
http://chm.pops.int/TheConvention/Overview/tabid/335 1/Default.aspx
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processes,69 as well as the use of dimethyl carbonate’ " as alternatives to phosgene,
noting that these methods have seen industrial adoption.

In the subsequent discussion, the SAB noted that many factors must be considered
when evaluating the viability of a substitution of a new chemical or process into an
existing industrial product line. In addition to production and operating cost
considerations, changes to established processes must undergo validation to ensure
that quality, safety and regulatory design requirements are met.

AGENDA ITEM EIGHT - Chemical production
Subitem 8(a): Report from the workshop on trends in chemical production

The fourth and final workshop intended to inform the report to the Fourth Review
Conference, covering trends in chemical production, was held from 3 to 5 October in
Zagreb, Croatia.”' The workshop was organised by the SAB in cooperation with the
Institute of Medical Research and Occupational Health (IMROH).72 The workshop
was funded by the European Union” and organised under the auspices of the Croatian
President Kolinda Grabar-Kitarovi¢; the Ministry of Economy, Entrepreneurship and
Crafts; and the City of Zagreb.

Dr Zrinka Kovarik briefed the SAB on the workshop, presenting the key findings and
executive summary of the workshop report (SAB-26/WP.2, dated 19 October 2017).74
As the OPCW transitions to a post-destruction phase, ensuring continued confidence
in compliance with the obligations of the Convention will remain at the heart of its
work.” Likewise, in the face of scientific, technological and socioeconomic change, it
has been recognised by the SAB that methods and practices may need to adapt to
changing realities.”®”” The workshop was held to provide input and scientific

69

70

71

72
73

74
75

76

71

Away from phosgene: reductive carbonylation of nitroarenes and oxidative carbonylation of amines,
understanding the mechanism to improve performance; F. Ragaini; Dalton Trans., 2009, 6251-6266.
DOI: 10.1039/B902425P.

See for example: Highly selective phosgene-free carbamoylation of aniline by dimethyl carbonate
under continuous-flow conditions; S. Grego, F. Arico, P. Tundo; Org. Process Res. Dev., 2013, 17(4),
679-683. DOI: 10.1021/0p4000048.

See OPCW news item: https://www.opcw.org/news/article/opcw-scientific-advisory-board-reviews-
technological-developments-and-trends-in-chemical-production/

For additional information on IMROH, see: https://www.imi.hr/en/

This funding was provided through Project III (Science and Technology: Assessment of Developments
in Science and Technology) of EU Council Decision (CFSP) 2015/259, dated 17 February 2015.
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:0J.L._.2015.043.01.0014.01.ENG

available at: www.opcw.org/fileadmin/OPCW/SAB/en/sab-26-wp02 e _.pdf

See paragraphs 9 through 11 of: Medium-Term Plan of the Organisation for the Prohibition of
Chemical Weapons 2017 — 2021 (EC-83/S/1 C-21/S/1). Available at:
www.opcw.org/fileadmin/OPCW/EC/83/en/ec83s01 c21s01_e .pdf

See for example: Verification, Report of the Scientific Advisory Board’s Temporary Working Group
(SAB/REP/1/15, dated June 2015). Available at:
www.opcw.org/fileadmin/OPCW/SAB/en/Final_Report_of SAB_ TWG on_Verification_-
_as_presented to SAB.pdf

The potential for a need to change methods and practices has also been raised through OPCW’s “vision
paper”, The OPCW in 2025: Ensuring a World Free of Chemical Weapons (S/1252/2015, dated
6 March 2015). Available at: www.opcw.org/fileadmin/OPCW/S_series/2015/en/s-1252-2015 e _.pdf
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guidance on the impact to the Convention from developments and technological
change that is occurring in industrial chemical production.

The workshop brought together experts from a variety of sectors across the chemical
industry, experts engaged in research relevant to chemical synthesis and production
technologies, and stakeholders involved in implementation of the Convention, to
share experiences and to consider the short- and long-term influence of technological
change on chemical production. Topics included a review of the 20 years since entry
into force of the Convention’® and the role that chemical industry has played,
developments across a variety of sectors of chemical industry, chemical and biobased
production methods and technologies, technical aspects and approaches to industry
verification under the Convention, and insights into activities that support discovery
and production of chemicals (including chemical analysis and informatics).

The SAB endorsed the report and discussed the proposals from the executive
summary (paragraph 1.6 of SAB-26/WP.2), which are as follows:

(a) As technological advances related to the discovery and production of
chemicals are adopted, a fit-for-purpose verification regime should maintain
up-to-date operational knowledge of chemical and biological-based production
methods (including aspects of synthesis and analysis). Recognising unusual
processes or aspects of a laboratory or production facility that are inconsistent
with allowable activities under the Convention is valuable for both prevention
of re-emergence and post-event fact-finding. Training exercises could usefully
take into account such considerations. (subparagraph 1.6(a) of SAB-26/WP.2)

(b) In the face of a changing global security environment, the workshop drew
attention to previous advice from the SAB’s TWG on verification, which
considered risk-benefit approaches as a means to focus verification in areas
that have greater risk to the intent and purpose of the Convention.” This could

include consideration of relevant chemicals not on the current schedules.
(subparagraph 1.6(b) of SAB-26/WP.2)

(c) The workshop recognised a number of areas with potentially transferable
learnings from industrial practices. These include approaches to trace analysis
and tools for chemical risk assessment. With reference to the latter, shared
tools and chemical data sets have been developed to help with safer process
and product design and for compliance under certain regulatory frameworks.
These tools could inform risk-benefit analysis and they may also be of
relevance to those involved in chemical safety and security activities.
(subparagraph 1.6(c) of SAB-26/WP.2)

(d) Several significant developments in the global chemical industry observed
over the past 20 years (specifically, the shifting of chemical production to Asia
and the revival of the North American chemical industry due to the shale gas
boom) were not recognised until they actually took shape. That is, they were
unanticipated in the years just before they happened. Engagement with

78
79

For further information on the 20th Anniversary of the OPCW, see: https://20years.opcw.org/
See recommendations 1 through 3, 9 through 10, and 15 of SAB/REP/1/15.
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technical experts from industry and more frequent review of industry-focused
research and development reports80 would benefit the science review process
and help keep the Secretariat better informed. (subparagraph 1.6(d) of
SAB-26/WP.2)

(e) Synthesis tools being developed for chemical discovery purposes
(complemented with machine learning approaches for predicting chemistry)
can potentially enable capabilities for laboratories to quickly generate large
sets of analytical data, screen for reactivity and toxicity properties, and
elucidate degradation pathways of a broad range of chemical classes. Such
tools might be considered in the enhancement of laboratory capabilities for the
implementation of the Convention. (subparagraph 1.6(e) of SAB-26/WP.2)

® The technical presentations and content of the workshop served as a reminder
of the highly transdisciplinary (convergent) nature of technology development,
with scientific disciplinary convergence going well beyond the fields of
chemistry and biology. This finding further supports the view that the
scientific review process must engage broad scientific communities, and look
for opportunity in technological change, to support robust implementation of
the Convention. Sharing of experience on science advice with other relevant
disarmament communities (especially the Biological Weapons Convention
stakeholders) should be encouraged. (subparagraph 1.6(f) of SAB-26/WP.2)

(2) In the discussion of changing realities and the relevance of current verification
practices, it was acknowledged that greater levels of science and technology
engagement, and knowledge sharing amongst States Parties, could also
support the verification regime through the increased transparency such
initiatives bring. (subparagraph 1.6(g) of SAB-26/WP.2)

In the subsequent discussion, the following points were raised:

(a) The SAB expressed its appreciation to the Board members and the invited
speakers who participated in the Zagreb workshop, and to the IMROH, the
government of the Republic of Croatia and the City of Zagreb.

(b) The workshop produced valuable inputs on chemical discovery and production
methods across a range of sectors relevant to the Convention. The outcomes
will inform recommendations to the Fourth Review Conference.

The following proposals derived from the report of the Zagreb workshop, specifically
subparagraphs (d) and (f) from 8.4 above, are put forward as recommendations of the
SAB at its Twenty-Sixth Session:
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For example, to review what has and has not remained constant in global research and development
(including industry contributions) from 2013 to 2016, see:

(a) 2014 Global R&D Funding Forecast; R&D  Magazine; December 2013,
https://abm-website-assets.s3.amazonaws.com/rdmag.com/s3fs-public/gff-2014-5_7%20875x10_0.pdf
(b) 2016 Global R&D Funding Forecast; A supplement to R&D Magazine; Winter 2016,
https://www.iriweb.org/sites/default/files/2016GlobalR %26 DFundingForecast_2.pdf

(¢) 2017 Global R&D Funding Forecast; A supplement to R&D Magazine; Winter 2017,
http://digital.rdmag.com/researchanddevelopment/2017 global r d_funding_forecast?pg=I1#pgl
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(a) To ensure that the verification regime remains fit for purpose, the SAB
encourages more extensive engagement with technical experts from industry
and the review of industry-focused research and development. This would
help to keep the Secretariat usefully informed on developments in chemical
industry, benefit the science review process and allow for recognition of
change from previously predicted trends.

(b) Reflecting on the findings of both the Zagreb and Rio de Janeiro workshops
(see subparagraph 9.13(a)), the SAB recognises that the emergence and
practical applications of new and innovative technologies (in both research
and industrial sectors), as well as the repurposing of existing technologies for
unanticipated new applications, has benefited from increasingly
transdisciplinary (convergent) scientific communities. As the Secretariat and
stakeholders of the OPCW consider technological change, it is imperative to
maintain high levels of scientific literacy, to engage with broad scientific
communities, and to consider technological opportunities that enable robust
implementation of the Convention. This recommendation was further
informed with inputs from paragraphs 7.1 through 7.4, 8.2 and 8.3, 9.10 and
9.11,9.15 and 9.16, and 10.1 through 10.8.

Subitem 8(b): Results of the survey on biomediated processes

Mr Larry Denyer (Head, OPCW Industry Verification Branch) discussed the issue of
the meaning of the term “produced by synthesis” and briefed the SAB on the results
of a recent survey81 conducted by the OPCW to better understand how States Parties
treat biomediated production processes in their implementation of the Convention,
along with a consultation with States Parties on the survey outcome. He began by
briefing the workshop on Part IX of the Verification Annex of the Convention
(hereinafter “the Verification Annex”),82 which uses the term “produced by synthesis”
as one of the requirements that makes a chemical production facility subject to
declaration. Whether the term includes biochemical and biologically mediated
processes (“biomediated processes’) has been an outstanding issue on the agenda of
the Council since entry into force of the Convention in 1997. The SAB has made
recommendations on the meaning, and are of the view that any process designed for
the formation of a chemical substance should be covered by the term “produced by
synthesis”.83 With additional recommendations emanating from the TWGs on the
. . 84,85 . 786
convergence of chemistry and biology " and on verification.
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83
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Results of the Survey on Biomediated Processes (S/1534/2017, dated 14 September 2017). Available
at: www.opcw.org/fileadmin/OPCW/S _series/2017/en/s-1534-2017 e _.pdf

Part IX of the Verification Annex. www.opcw.org/chemical-weapons-convention/annexes/verification-
annex/part-ix/

See paragraph 10 of RC-3/DG.1. Available at: www.opcw.org/fileadmin/OPCW/CSP/RC-
3/en/rc3dg01 e .pdf

See recommendations 18 and 19 of: Convergence of Chemistry and Biology: Report of the Scientific
Advisory Board’s Temporary Working Group (SAB/REP/1/14, dated June 2014). Available at:
www.opcw.org/fileadmin/OPCW/SAB/en/TWG_Scientific_ Advsiory Group Final Report.pdf

A quick reference guide to the recommendations of the TWG on the convergence of chemistry and
biology is available at:
www.opcw.org/fileadmin/OPCW/SAB/en/Convergence of Chemistry and Biology 1-01.pdf
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8.8

8.9

9.1

To assess the potential impact of the implementation of the SAB recommendation of
“production by synthesis” on the verification regime, a survey on biomediated
processes was conducted across the States Parties. The survey results highlighted
diverse views and practices across the States Parties in regard to declarations of other
chemical production facilities (OCPFs).87 Approximately 40% of the 32 States
Parties® that responded, do, as a general policy, declare any plant site producing
discrete organic chemicals (DOCs) regardless of the type of process used in the
facility (e.g. both biomediated and traditional chemical processes). Of these, nearly all
allow certain exclusions from their declarations, such as those that produce alcoholic
beverages and/or utilise biochemical processes within living organisms, such as
fermentation. The views of the majority of delegations present during the
consultation were generally consistent with the results of the survey, with several
indicating they could support moving toward a decision by the Council. However,
some States Parties need more time to consider the topic. It is anticipated that
discussions will continue between interested delegations on possible next steps.

In the subsequent discussion, the following points were raised:

(a) It was recognised that given the number and identity of States Parties that
responded to the survey, which did not include five major chemical producing
countries, the results may not be fully representative. Despite this, it was noted
that the States Parties themselves had requested the survey and that the results
provide a better understanding of the approaches to biomediated processes.

(b) The SAB suggested that the consideration of the technical differences between
biomediated versus chemical processes may be losing sight of the issue of
whether or not a process or a chemical is of relevance to the intent and
purpose of Convention. Risk assessment may be an approach to determining
the relevance of a given type of production facility.

AGENDA ITEM NINE - Scientific and technological elements of verification
technologies, emerging technologies, and new equipment

Subitem 9(a): Managing the results of on-site sampling and analysis: a
methodology to resolve ambiguous identifications

Dr Brendan Whelan (OPCW Inspectorate Safety and Analytical Chemistry Cell)
briefed the SAB on the scientific approach behind a methodology being developed to
facilitate the resolution of ambiguous results obtained from on-site sampling and
analysis during routine inspections, in particular suspected false positives. Dr Whelan
explained that current methodologies to resolve ambiguous results are principally
focused on identification of the chemicals giving rise to a false positive, which
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88

See recommendations 9 and 10 of SAB/REP/1/15. Available at:
www.opcw.org/fileadmin/OPCW/SAB/en/Final_Report_of SAB_ TWG_on_Verification -
_as_presented to SAB.pdf

OCPFs are defined in Part IX of the Verification Annex. www.opcw.org/chemical-weapons-
convention/annexes/verification-annex/part-ix/

Additional responses have been received since the original summary of results was published; an
updated summary is forthcoming.
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although effective, does raise confidentiality issues relating to protection of sensitive
business information.

The new methodology is based on mass spectral analysis and does not require
unscheduled chemicals to be identified. Moreover, States Parties can, under the
Convention, exercise their right to protect potentially sensitive information and limit
identification of chemicals to only scheduled chemicals. In such situations, the use of
spectral databases such as NIST" is not an option. The new methodology provides for
an effective and non-intrusive solution to resolving ambiguous results. Whilst the
project is only partially complete, Dr Whelan presented examples where the
methodology has been tested during Article VI sampling and analysis missions with
very encouraging results.

In the subsequent discussion, the following points were raised:

(a) Understanding the chemistry through which impurities and unintended
by-products form was recognised as a critical aspect to the methodology.
Furthermore, a high level of chemistry knowledge combined with the
methodology presented may also be helpful in investigative analysis of
impurity profiles.

(b) The SAB noted that the methodology may have use in the identification of
compounds and could be potentially automated, with the completed project
serving as a training set for a computational methodology.

(©) Dr Whelan noted that the most common occurrences of false positives have
occurred with organophosphorus compounds whose structures share side
chains with certain pharmaceutical ingredients. He also noted that in his
experience, he has not encountered false positives for mustard compounds.

(d) Several SAB members asked about the possibility to include other data
streams and/or a series of analysis conditions to reduce the occurrence of
molecular fragments in a mass spectrum that lead to a false positive
identification. It was noted that for routine sampling and analysis inspections,
time constraints, limitations of the OCAD database and the established
procedures that are adhered to would be prohibitive to collecting additional
data streams.

(e) The methodology is useful for on-site analysis and could be shared with the
designated laboratories of the OPCW.” The laboratories could provide
feedback that would benefit the development of the methodology.
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National Institute of Standards and Technology (NIST) Mass Spectral Library,
http://chemdata.nist.gov/dokuwiki/doku.php?id=start

The current list of designated laboratories can be found in (a) Status of Laboratories Designated for
Analysis of Authentic Environmental Samples (S/1529/2017, dated 31 August 2017). Available at:
www.opcw.org/fileadmin/OPCW/S _series/2017/en/s-1529-2017 ¢ _.pdf and (b) Status of the
Laboratories Designated for the Analysis of Authentic Biomedical Samples” (S/1516/2017, dated
11 July 2017), available at: www.opcw.org/fileadmin/OPCW/S_series/2017/en/s-1516-2017 ¢ _.pdf
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9.5

9.6

9.7

Subitem 9(b): Training and preparedness to address new challenges

Mr Magnus Backlund (of the OPCW Inspectorate Capacity-Building and
Contingency Planning Cell) briefed the SAB on how the Inspectorate is approaching
training to meet emerging challenges. He explained that the threat posed by non-State
actors has been identified as a serious emerging challenge for the Convention, with
the hostile use of toxic chemicals (in particular the use of toxic industrial chemicals),
biothreat agents, and the potential use of radioactive materials a concern across many
States Parties. Additionally, OPCW contingency operations have seen inspectors
work in environments that include areas close to war zones and non-permissive
environments. Mr Backlund highlighted challenges that multiple hazards present and
how inspector training is being tailored to ensure inspectors are fit for mission. Key
aspects are the safety and security of inspectors in non-routine situations.

In the subsequent discussion, the following points were raised:

(a) Real-world simulations for training scenarios were identified as being of
greatest relevance. This would usefully include training for inspectors in
investigation of clandestine laboratories and the ability to recognise
improvised chemical devices a