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The OPCW Scientific Advisory Board in 2017

Report of the Scientific Advisory Board at its Twenty-Fifth Session
(SAB-25/1*, dated 31 March 2017)
URL: http://qrto/baplill

The Impact of the Developments in Science and Technology in the Context of the Chemical Weap-
ons Convention, Response from the Director-General to SAB-25

(EC-85/DG.8, dated 19 May 2017)

URL: https://q-r-to/bapllO

Report of the Scientific Advisory Board at its Twenty-Sixth Session
(SAB-26/1, dated 20 October 2017)
URL: http://qr.to/baplla

Response to the Director-General's Request to the Scientific Advisory Board to Provide Considera-
tion on which Riot Control Agents are Subject to Declaration under the Chemical Weapons Conven-
tion

(SAB-25/WP.1, dated 27 March 2017)

URL: https://q-r.to/bapiLi

Report of the Scientific Advisory Board's Workshop on Emerging Technologies
(SAB-26/WPA1, dated 21 July 2017)
URL: http://q-r.to/baplln

Report of the Scientific Advisory Board's Workshop on Trends in Chemical Production
(SAB-26/WP.2, dated 19 October 2017)
URL: http://q-rto/baplilr
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Science and Technology in the Convention

The Conference of States Parties Shall:

‘Review scientific and technological developments that could

operation of this Convention and, in this context, direct the Directo|
establish a Scientific Advisory Board to enable him, in the perforni
functions, to render specialized advice in areas of science and
relevant to this Convention, to the Conference, the Executive Coun
Parties.”

CWC Article VIII, Section B, paragraph 21(h)
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Which Field of Science Matters?

Tertiary

Cretaceous

Jurassic

Graphic from: Image Editor
https://www.flickr.com/people/11304375@N07/



The Science of Chemical Weapons?

Chemistry
and Chemical Engineering
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Effects

Prevents the operation
Rl of “switch off” signals
59 for glands and
| muscles, which
d remain constantly
stimulated

Excessive sweating -

Nausea

Urination---

Targets the nervous system

The Science of Chemical Weapons?

Violent headaches
- Blurred or tunnel vision
- Drooling
- Convulsions

Can paralyze muscles
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~ Diarrhea

Large dose leads to
loss of consciousness,
paralysis and death




The Science of Chemical Weapons?
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The Science of Chemical Weapons?
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The Science of Chemical Weapons?
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A Multi-Disciplinary Scientific Landscape

Life Sciences

Chemical Sciences
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A Convergent Convention?

Chemical Weapon

Toxic chemicals and their precursors, except where intended for
purposes not prohibited under this Convention as long as the types and
quantities are consistent with such

Toxic Chemical

Any chemical which through its chemical action on life processes can
cause death, temporary incapacitation or permanent harm to humans or
animals. This includes all such chemicals, regardless of their origin or of
their method of production, and regardless of whether they are produced
in facilities, in munitions or elsewhere.

Chemical Weapons Convention Article Il
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A Convergent Convention?

Toxic chemijyy =~ e ETSY S intended for
purposes not _, the types and
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A Need for Practical Science Advice

All this advanced science and...

= Allegations of use of
Chlorine Gas, Sulphur
Mustard and Nerve
Agents




A Need for Practical Science Advice

= All this advanced science and...

npharma business rules
InformEx show P.24

FEBRUARY 23, 2015

nalynca\ conference will

CHEMICAL & BN usands P50

= Allegations of use of
Chlorine Gas, Sulphur
Mustard and Nerve

Agents | cHEMICAL WARFARE @ NERVE AGENTS

PA RT TWO . 'I'H E V S ER' Es THE V SERIES NERVE AGENTS ARE HIGHLY TOXIC CHEMICAL WARFARE AGENTS. THE V" STANDS FOR 'VENOMOUS. THEY WERE DISCOVERED IN THE
H UK IN THE 19505, AND LATER VX WAS DEVELOPED FOR MILITARY USE BY THE UNITED STATES, THOUGH IT HAS NEVER BEEN USED IN WARFARE.
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work to synthesise pesticides and insecticides. Due to the scarcity of research on the V series
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A Need for Practical Science Advice

All this advanced science and...

InformEx show P.24

Allegs_;\tlons of use of CHEMICAL WARFARE @ NERVE AGENTS
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The Bigger Challenge of Science and Technology
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The Bigger Challenge of Science and Technology
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“Rapid Advances in Science and Technology”
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“Rapid Advances in Science and Technology”

Growth of DNA Sequencing

I http://127.0.0.1:8081/plosbiology/article?id=info:doi/10.1371/journal.pbio.1002195
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http://127.0.0.1:8081/plosbiology/article?id=info:doi/10.1371/journal.pbio.1002195

“Rapid Advances in Science and Technology”
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http://127.0.0.1:8081/plosbiology/article?id=info:doi/10.1371/journal.pbio.1002195
http://www.nature.com/news/how-dna-could-store-all-the-world-s-data-1.20496

“Rapid Advances in Science and Technology”

International cooperation: This is good right?
olihb.com7Z2614 /08 /11 /map-of-scientific-collaboration-redux
~10®  gonature

(bits per cm?)
://www.nature.com/news/how-dna-could-store-all-the-world-s-data-1.20496
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“Rapid Advances in Science and Technology”
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http://127.0.0.1:8081/plosbiology/article?id=info:doi/10.1371/journal.pbio.1002195
http://www.nature.com/news/how-dna-could-store-all-the-world-s-data-1.20496
http://olihb.com/2014/08/11/map-of-scientific-collaboration-redux/

“Rapid Advances in Science and Technology”
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http://127.0.0.1:8081/plosbiology/article?id=info:doi/10.1371/journal.pbio.1002195
http://www.nature.com/news/how-dna-could-store-all-the-world-s-data-1.20496
http://olihb.com/2014/08/11/map-of-scientific-collaboration-redux/

The Scientific Review

CONVERGENCE OF CHEMISTRY AND
BIOLOGY

REPORT OF THE SCIENTIFIC ADVISORY
BOARD’S TEMPORARY WORKING GROUP

JUNE 2014
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e‘ 1; | ‘; ORGANISATION FOR THE PROHIBITION
NES)y OF CHEMICAL WEAPONS

S

VERIFICATION

REPORT OF THE SCIENTIFIC ADVISORY
BOARD’S TEMPORARY WORKING GROUP

June 2015

"1 ORGANISATION FOR THE PROHIBITION
f l‘! OF CHEMICAL WEAPONS
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EDUCATION AND ENGAGEMENT:
Promoting a Culture of Responsible Chemistry

FINAL REPORT OF THE SCIENTIFIC ADVISORY
BOARD’S TEMPORARY WORKING GROUP

NOVEMBER 2014
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The Scientific Review
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International Workshops of the DPCW Scientific Advisory Board

A European Union Funded Project
In Support of Scientific Review for the Fourth Review Conference of the Chemical Weapon Convention

!

& Workshops with a total attendance of 187
159 Individuals from 40 States Parties
111 Presentations from 91 Individual Presenters
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Chemical Forensics: Capabilities across the Field and the Potential Applications in

Chemical Weapons Convention Implementation ./"\
Helsinki, Finland. 20 to 22 June 2016 J= & =l
SAB-24/WP.1, dated 14 July 2016, URL: http://q-rto/baplgy f‘ /—\"\ L i) U
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Chemical Forensics and Sampling

Impurites from Cl O 2e0H_EO_O neow EO O + cioH.CHNGPY, 0, 0 0.5 [(HPr);NCH,CH,S],
idati - — -+ 2CHoN(-Pr); —— 7
:"'dd;tl"’s':sa“d Me" CI Me" OEt Me” O Na Me” “OCH,CH,N(i-Pr), by
air
yarely 9 10 oxy-VX _
HSCH,CH,N(i-Pr),
Tair T air 6
4—
Cl. ,8 2EtoH EtO_ S NaOH EtO_ S base EtO, O H,0 EtO 0O
Method of P —— Pl ——— P~ 4+ CICH,CHN(Pr), —= Pl —— P
preparation Me Cl Step1 Me® OEt Step2 Me O Na Step3 Me  SCH,CH,yN(i-Pr), Me  OH
1 3 4 VX 5
l isomerisation * impurities : i H-0 lVX
HN(i-Pr), EtN(i-Pr), - 0
Impurites from EtO\P/,O 14 15 HO\P"O g B0 1 OEt
side-reactions Me” SEt H(O)CN(i-Pr), Me” “SCH,CH,N(i-Pr); Me O Me
13 16 VX acid 8
* Thiono-thiolo \
isomerisation EtOH EtO\P,/S EtO\P,/O
(Pistchimuka ; 7 o Stabiliser fate o
reaction) is i;F:uc:il;ly Me" O-i-Pr O\ 0 /O Me" F
id- 1 H,0 17
aC|dl catalysed N=C=N N)-LN
or via thermal H H
rearrangement EtOH SN
P DCC DCU
i-BuOH Me O-i-Bu
impurity 12

Anal Bioanal Chem, 2014, 406, 5121-5135
DOI 10.1007/s00216-014-7963-9
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Chemical Forensics and Sampling

Impurites from CI_ b [(FPr);2NCH,CH,S],
oxidation and P 7
. Me ,
hydrolysis T air
HSCH,CH,N(/-Pr),

Method of
preparation

Impurites from EtO\? %OEt
SN N

side-reactions ~ — et / P Me O Me
8

* Thiono-thiolo
isomerisation
(Pistchimuka
reaction) is
acid-catalysed
or via thermal
rearrangement

Image courtesy of TNS Sofres

Anal Bioanal Che www.flickr.com/photos/124561666@N02/
DOI 10.1007/s00216-014-7963-9
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Chemical Forensics and Sampling

Impurites from CI_ y %
oxidation and P H v-l

M
hydrolysis ©
9
Method of Cl\P
preparation Me”
1

Impurites from
side-reactions

* Thiono-thiolo
isomerisation
(Pistchimuka
reaction) is
acid-catalysed
or via thermal
rearrangement

Image courtesy of TNS Sofres

Anal Bioanal Che www.flickr.com/photos/124561666@N02/
DOI 10.1007/s00216-014-7963-9
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Biotransformation

Analytical targets and methods
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Chemical Forensics and Sampling
| Biotransforma;‘ion ﬁ Analytical targets and n_wethods

. . N T -1 ccamgmsuu  CH2CH3STo
L-a-Phosphatidylglycerol Chlorohydrins as Potential Biomarkers for ; .
. - induced 1l
Chlorine Gas Exposure Fey /‘.\V( .
o% reactivation F air
. Sari i
Petrus Hemstrém, Andreas Larsson, Linda Elfsmark, and Crister Astot = 1aN(-Pr),
The Swedish Defense Resesrch Agency, FOI CBRM Defense and Security, 90182 Umea, Sweden eraliprotein/adducts
Anal Chem., 2146, 82 (20), pp 0972-0470 i . L ESi Moo Wt
DO: 10.1021/acs.analchem Sb01586 oty | i o
Fubbcation Date (Web): September 27, 2018 Gronase /7\0/4 b
Copyright @ 2016 American Chemical Society X \OH
*Fhone: +45 30106303, E-mail: astot@foi.se. Ehiosphonyisted
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DOI 10.1007/s00216-014
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Learning from the Experiences of Others

Forensic
Toxicology
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Learning from the Experiences of Others
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ORGANISATION FOR THE PROHIBITION OF CHEMICAL WEAPONS

Working Together For a World Free of Chemical Weapons

Temporary Working Group on Investigative Science and Technology

Reporting to the Scientific Advisory Board (SAB), the Temporary Working Group (TWG) will in particular consider the following questions:

Question 1:

Which methods and capabilities used in the forensic
sciences could usefully be developed and/or ad: dfar

{ % 3

Chemical Weap C based i igations?

Question 4:

What are the best practices for the collection, handling,
ci ion and storage, and ion of evidence?

Question 10:
Do collections of physical objects, samples, and other

information for chemical p lysis exist
and can they be made available to i g for
retrospective review? How might these collections be

used to support investigations?

Question 2:

What are the best practices and analysis tools used in the
forensic sciences for effectively cross-referencing,
lidating, and linki ther informati lated to

investigation sites, ;nate;ials collected/analysed, and
individuals interviewed?

Question 8:

Which technologies and methodologies (whether
established or new) can be used in ensuring chain of
custody and verifying authenticity (especially in regard to
digital images and video recordings)?

Question 11:

Are there stakeholders that the Technical Secretariat
could usefully engage with to leverage their capabilities
on investigative matters?

Question 6:

Which hnologies and hodologies (wheth
established or new) can be used in the provenancing of
chemical and/or material samples collected in an

investigation?

Question 9:

Which technologies and hodologi (wheth
established or new) can be used to ensure the integrity of
an investigation site?

In addition, the TWG will provide advice on Technical
Secretariat proposals for methodologies, procedures,
technologies, and equipment for investigative
purposes.

@opcw
@opcw_st

u /opcwonline

'i /opcwonline m/company/opcw ”/photos/opcw @ /opcw






Chemical Weapons Convention Implementation
Helsinki, Finland. 20 to 22 June 2016
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Chemical Warfare Agents: Toxicity, Emergency Response and Medical Countermeasures
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Mechanisms of Toxicity
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Mechanisms of Toxicity
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Mechanisms of Toxicity
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There is Still Much to Learn...

Acute Gene Expression Profile of Lung Tissue Following Sulfur Mustard
Inhalation Exposure in Large Anesthetized Swine

Bronwen J. A. Juggt, Heidi Hoard-Fruchey#, Cristin Rothwell*, James F. Dillman?*, Jonathan David®, John
Jenner®, and Alfred M. Sciuto®

T CBR Division, Dstl Porton Down, Salisbury, Wiltshire SP4 0JQ, U.K.

tus Army Medical Research Institute of Chemical Defense, 2900 Ricketts Point Road, Aberdeen Proving Ground,
Maryland 21010, United States

Chem. Res. Toxicol., 2018, 29 (10), pp 1602-1610
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Publication Date (Web). September 12, 2016

Copyright This article not subject to U.S. Copyright. Published 2016 by the American Chemical Society

*E-mail: heidi m hoard-fruchey civ@mail mil.

ACS AuthorChoice - @ Crown copyright (2016), Dstl. Published under the OGL.

ROYAL SOCIETY
&CHEMISTR‘(

View Article Online
View Journal

Toxicology Research

PAPER

Dynamic cytotoxic profiles of sulfur mustard in

i (st
human dermal cells determined by
Wi - he | Cite this: DOI: 10.1039/c5tx00305a . . - .
r | multiparametric high-content analysis{
T “u.,‘_ Long Long,®® Wei Li,*® Wei Chen,®® Fei-Fei Li,*® Hua Li*** and Li-Li Wang**®
“ -,.; HEKf HDFa
10 o | Cell Count 4 o o 9 0 1 - o o o o o o 2 -
g - LY Nuclear 1 0 0 0 0 [ 1 2 0 0 0 0 0 ] 1 3
Total Cell  / / / A T 1 o o0 o0 o0 0 1 2
48 = e Morphology F-Actin /[ / ror 0 1 B 1 ¢ | 1 1 1 1 B
10 a-Tubulin ~ / / ' N o o o o 0 1 2 BB
Membrane Damage  / ! i / ! (] [ 3 7 ! ! ! i 0 0 1
o ETI i Oxidative Stress 1/ [ 1 1 i T
I MMP Damage  / / I A T - ror ' i 2 3
DNADamage / 0 1 2 3 2 2 / P 3 3 3 3 /
170 . . . - - = = - v 4 | Damage / 2 1 1 0 0 3 / / 2 3 2 2 3 3 !
A - - o 5 g%ﬂm 8 a2 T i = Autophage. /0 0 o 1 1 2 2 2 3 3 2 0
Apoptosis  / / / o0 1 L2 3 I ' / ;o0 2
Cell Cyele G2/ / / ;0 0 2 3 /Y ' e 12
Cell CycleM |/ / / [ A T 1 VR / 0 0 o

48h)0.25 05 2 4 6 8 24




[t

There is Still Much to Learn...

Acute Gene Expression Profile of Lung Tissue Following Sulfur Mustard
Inhalation Exposure in Large Anesthetized Swine
Bronwen J. A. Juggt, Heidi Hoard-Fruchey#, Cristin Rothwell*, James F. Dillman?*, Jonathan David®, John

Jenner®, and Alfred M. Sciuto®
T CBR Division, Dstl Porton Down, Salisbury, Wiltshire SP4 0JQ, U.K.

¥ US Army Medical Research Instity ; . y

Maryland 21010, United States Molecules and Pathways Implicated in SM-
Chem. Res. Toxicol., 2018, 29 (10), pp
DOI: 10.1021/acs.chemrestox.6b00069 {2l
Publication Date (Web). September 12,

Copyright This article not subject to

-~ -

*E-mail: heidi m hoard-fruchey civ@mai

——

nduced Apoplosis

ROYAL SOCIETY
&cusmﬂw
—_— View Article Online
View Journal

OPCW

199/-201/

YEARS

025 0.5

. ACS AuthorChoice - © Crown Sp-Induced —
10 4 Upceulalion of b cytotoxic profiles of sulfur mustard in
. Fas and Fasl lermal cells determined by
W0 — b . . .
r - ametric high-content analysist
™ T e Wei Li.*® Wei Chen®® Fei-Fei Li,*® Hua Li**® and Li-Li Wang*®®
“ i -,.; E’T EKT HDFa
0 - | 0 1 - 0 0 0 0 0 0 2 -
0 ) : 0 0 1 2 0 0 0 0 0 0 1 3
T M-Ind Rise in ' o0 1 1 0 o 0 o0 0 1 2
. < Hilll Intracellular Ca®* ' | W |
Phecagphal T
5 ﬂmlﬂ?::‘lﬂs?.ln - I o 0 1 0 0 o 0 0 1 2 3
! 0 0 3 I ! ! ! / 0 0 1
W08 = BT G Y A 2 33 s s
3w o BHE ‘_._ﬂd..---"”l " VA T - [ A B R T B
EM-IHQ!!E 3 2 2 / i 3 33 3 3 1 !
AT - - Il m o o 3 /2 3 2 23 3|y
F€1lu3 1 1 | - — 1 1 2 i i 2 2 3 3 2 0 i
Apoptosis / ! / 7 ! ! 2 3 I I / i / I 0 2
Cell Cycle G2/ ! / / ! 0 2 3 7 ! / ! / 0 1 2
Cell Cycle M / ! i / ! ] 1 1 7 ! / ! / 0 [] [

48(h)0.25 05 2 4 6 8




There is Still Much to Learn...
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Recoghizing Unusual (Bio)Chemical Change:
If Plants Could Talk
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Recoghizing Unusual (Bio)Chemical Change:

If Plants Could Talk
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VISUAL CHARACTERIZATION OF VX DROPLETS ON PLANT FOLIAGE



http://www.dtic.mil/docs/citations/AD1012054

In a Nutshell

HGIC, UMD _ | e
https://extension.umd.edu/hgic/chlorine-toxicity-&ees-and-shrubs
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Humans as Sensors

Healthcare Monitoring
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Humans as Sensors
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Monitoring Health Indicators

Sports Fitness Monitor
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Monitoring Health Indicators
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Monitoring Health Indicators
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Recognizing Exposure
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Chemical Forensics: Capabilities across the Field and the Potential Applications in
Chemical Weapons Convention Implementation N
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Chemical Synthesis From Small to Large




Chemical Sectors

Commodities Fine chemicals Specialities

+  Single pure compounds +  Single pure compounds, Formulated mixture
but often complex structure

+ Multi thousand tons +  Up to multi hundred tons Quantities vary from final
quantity quantity application

+  Produced in dedicated +  Produced in multi — Often very specialized
plants purpose plants multi — product plants

OPCW: Fine Chemicals — Olaf Burkhandt, 2017.10.03 @ EUD n I H
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Chemical Sectors

WILEY-VCH

Edited by Fabrizio Cavani, Stefania Albonetti,

Francesco Basile, and Alessandro Gandini

Chemicals and Fuels
from Bio-Based
Building Blocks
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Chemical Discovelqv

CHEMICAL COSMOS

Chemical databases contain just a
tiny fragment of all the compounds
with drug-like properties that
chemists estimate could be made,
— as shown by this logarithmic scale.
Even fewer have become drugs.
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Chemical Discovery
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CHEMICAL COSMOS

Chemical databases contain just a
tiny fragment of all the compounds
with drug-like properties that
chemists estimate could be made,
— as shown by this logarithmic scale.
Even fewer have become drugs.
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Chemical Discovery

.

The race is on to build a machine that can synthesize any
organic compound. It could transform chemistry.
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CHEMICAL COSMOS

Chemical databases contain just a
tiny fragment of all the compounds
with drug-like properties that
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Economic Growth and the Diffusion of Technology

Europe
52% of sales .
. 0
North America =
1(&\3\)
22% of sales . /& ﬁ;f
A Ludwigshafen ®

...,.@'(. Florham Park ) - . gC @ .,_. L9

~ .. (5 ® ® ® o & «.\*@Q
.‘..\('__ Geismar 2 ® .(6" \‘Mw) .

.J. @ ® - ® © e Nanjing
\. ® = e® “——— Hong Kong
) ® @
Freeport ¥ e ®
d ( f .. Asia-Pacific
South America - Africa - Middle East 8%-of sales @ 18% of sales
= (53
S
® k Sao Paulo ® °
e ® ° [ o @
() ®

@ Regional centers

® Selected sites

@ Verbund sites

® Selected research and development sites

One Chemical Company with facilities across > 80 States Parties!

199/-201/







THERAPEUTICS

editas

CRISPR Therapeutics Editas Medicine (300 Third St.) Intellia Therapeutics

(200 Sidney St.) VENTURE FUNDING: $163 million (130 Brookline St.)

VENTURE FUNDING: $154 million PARTNERING CASH: $25 million VENTURE FUNDING: $85 million
PARTNERING CASH: $75 million IPO SIZE: $94 million PARTNERING CASH: $94 million
IPO SIZE: $56 million IPO SIZE: $108 million

Venture Capital Investment: $402 million
Partnering: $194 million
IPO: $268 million
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http://www.sciencemag.org/news/2017/02/how-battle-lines-over-crispr-were-drawn

Turning Findings into Recommendations and Advice

CONVERGENCE OF CHEMISTRY AND
BIOLOGY

REPORT OF THE SCIENTIFIC ADVISORY
BOARD’S TEMPORARY WORKING GROUP

JUNE 2014
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http://www.opcw.org/fileadmin/OPCW/SAB/en/TWG_Scientific_Advsiory_Group_Final_Report.pdf

Recommendation 4

The SAB, or a suitable TWG, should review advances in rational
enzyme design prior to the next review conference.

ORGANISATION FOR THE PROHIBITION OF CHEMICAL WEAPONS

Working Together For a World Free of Chemical Weapons

Recommendation 2
'l'he SAB should monitor deve[opmems in biological and
logicall 1 ct 1 production such as
metabohc engmmmg, synthetic biology and associated enabling
Regular with subject matter experts

will be mqlm'ecl

Recommendation 5

The SAB, or a suitable TWG, should review the feasibility of
using metabolic engineering or synthetic biology to obtain
foxins prior fo the next review conference.

Recommendation 7

The SAB, or a suitable TWG, should review the
synthesis of replicating organisms prior to the
next review conference.

Recommendation 8

The SAB, or a suitable TWG, should review progress in the
use of enzymes for decontamination prior to the next
review conference.

Recommendation 10

The OPCW should consider possible applications of
diagnostic devices fo on-site activities as they become
commercially available.

Recommendation 13

A venue like the TWG on convergence of chemistry and
biology should continue fo exist, possibly as a
temporary working group or a standing arrangement
under the SAB.

Recommendation 11

The SAB should monitor advances in nanotechnology prior
to the next review conference. Regular engagement with
subject matter experts will be required.

Recommendation 14
National Authorities could be encouraged to engage more actively on
issues, i ing with relevant biological and
chemical scientific communities and hosting relevant events. A standing
item on science and technology at National Authority Days might provide an
opportunity to promote and report back on such an activity. ~Adopting
convergence as a major theme for a future National Authority Day would
help draw atfention to this issue.

Recommendation 17

The Director-General might consider meeting with the
Chair of the BWC and heads of relevant international
scientific bodies to explore issues around convergence.

Recommendation 18

Taking into consideration the convergence of chemistry
and biology as it relates to the synthesis of chemicals, the
TWG was of the view that any process designed for the
formation of a chemical substance should be covered by
the term “produced by synthesis”.

—

Mol anbyise

e
-

Recommendation 3

The SAB should continue to monitor the range of
chemicals being studied and produced using biological or
biologically-mediated processes.

Recommendation 6

The TS should increase and maintain in-house
knowledge of bioregulators, and possible applications
of new developments in drug delivery.

Recommendation 9

The OPCW should monitor advances in protective
equipment and possible applications for OPCW personnel
as they become commercially available

Recommendation 12

The SAB and TS should examine ways to increase and
maintain in-house, high level knowledge of a broader
range of scientific disciplines.

Recommendations 15 & 16

‘The SAB and TS should continue to work across areas of overlap between the
CWC and the BWC. The Director-General might ask States fo consider
knowledge of the biological sciences when considering nominating experts to
the SAB.

The TS, supported by the SAB, should continue to participate in such meetings
and continue to address convergence.

Recommendation 19

The TS should review the technical feasibility of converting
a bio-based chemical processing facility to produce chemicals of
concern to the CWC.

@opew_st

[opewonline

@ Jopcwonline

Report available at: https://www.opcw.org/fileadmin/OPCW/SAB/en/TWG_Scientific_Advsiory_Group_Final_Report.pdf
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help draw attention to this issue.

Recommendation 18

Taking into consideration the convergence of chemistry
and biology as it relates to the synthesis of chemicals, the
TWG was of the view that any process designed for the
formation of a chemical substance should be covered by
the term “produced by synthesis”.

Recommendation 17

The Director-General might consider meeting with the
Chair of the BWC and heads of relevant international
scientific bodies to explore issues around convergence.
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Recommendation 3

The SAB should continue to monitor the range of
chemicals being studied and produced using biological or
biologically-mediated processes.
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The TS, supported by the SAB, shouid continue to participate in such meetings m
and continue to address convergence.

Recommendation 19

The TS should review the technical feasibility of converting
a bio-based chemical processing facility to produce chemicals of
concern to the CWC.
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Recommendation 18

Taking into consideration the convergence of chemistry
and biology as it relates to the synthesis of chemicals, the
TWG was of the view that any process designed for the
formation of a chemical substance should be covered by
the term “produced by synthesis”.
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Recommendation 19

The TS should review the technical feasibility of converting
recorf - a bio-based chemical processing facility to produce chemicals of
=1 concern to the CWC.
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NOTE BY THE TECHNICAL SECRETARIAT
RESULTS OF THE SURVEY ON BIOMEDIATED PROCESSES

1. Paragraph 1 of Part IX of the Verification Annex to the Chemical °
Convention (hereinafter “the Verification Annex™) requires declar

chemical production facilities (OCPFs) that produce by = ‘
discrete organic chemicals (D()(_'s)l over specified thresho! :

on the scope of the definition of “production by

Verification Annex is whether the term inc!
mediated processes (hereinafter “biomed:
the Conference of the States Part:
Second Session to include 1
(C-II/DEC.6, dated 5 De

Third Session ref:

accordance witl 0

wai groups (Figure 1), responded to

as 15 August 2017. Not all responses

Ll plam sites that could become declarable.

sph 4 of Part | of the Venfication \nncx “*Discrete Organic Chemical’
Lelonging to the class of chemical comp of all npounds of
: sts oxudes, sulfides and metal carbonates, identifiable by chemical name, by structural

xnown, and by Chemical Abstracts Service registry number, if assigned™.
lorra, A Australia. Austnia. Bangladesh. Belarus, Brazil, Burkina Faso. Canada, Chile,
Costa Rica, Croatia, Cuba, the Czech Republic, France, Greeee, Iran (Islamic Republic of), Ircland.
Italy, Japan, the Netherlands, New Zcaland. Portugal. the Russian Federation. Slovakia, Slovenia
Switzerland, Thailand. Turkey, the United Kingdom of Great Bntain and Northern Ircland, the United
States of America. and Uzbekistan.
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A Need to Look Beyond “Scientific Labels”
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A Need to Take Part in the Conversation!

ANALYTICAL
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CHEMISTRY

Analysis of Chemicals Relevant

to the Chemical Weapons Convention
Guest Editors Marc-Michael Blum- R V. S. Murty Mamidanna
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Volume 406 - Number 21 - August 2014

DE GRUYTER

Conference paper

The Intersection of Science and
Chemical Disarmament

By Beatrice Maneshi and Jonathan E. Forman - 09.21.2015

SCIENCE HAS ALWAYS PLAYED AN IMPORTANT ROLE
in international diplomacy, particularly in regard to weapons of
mass destruction disarmament treaties. Yet science and
disarmament often appear at odds. From a security perspective,

scientific discoveries and technological advances bring forth

concerns about “dual-use”’ potential that overshadow

Elena Fischer, Marc-Michael Blum, Wesam S. Alwan® and Jonathan E. Forman®
Sampling and analysis of organophosphorus
nerve agents: analytical chemistry in
international chemical disarmament

DOI 10,1515 /pac-2016-0902

AAbstract: Chemistry is a science that contributes to all aspects of our everyday lives and our professions.

ics) and public health and (but equally
important) uses of chemicals in appli that include ing, electronics, packag-
ing materials, currency printing, and even waste management (recycling and value-added products from
garbage). Chemistry can also influence intemational diplomacy — an area that i likely to be unfamiliar to
many chemistry professionals. Take for example the United Nations led investigation into the alleged use
of chemical weapons in Syria in August of 2013, Environmental and biomedical samples were collected and
analyzed, and they undisputedly confirmed the use of the nerve agent sarin. The results were published in
& repart by the United Nations Secretary-General and were one of the many influences leading to the acces-
sion of The Syrian Arah Republic to the Chemical Weapons Convention (an international treaty prohibiting
chemical weapons) and the declaration and dismantlement of a chemical weapons programme. Using this
investigation as an example, we highlight some of the chemistry that influenced decision making in a high
visibility international event.

Keywords: acetylcholinesterase; chemical weapons: nerve agent: Organisation for the Prohibition of Chemi-
cal Weapons; organophosphorus; sarin; 2016 Spring ConfChem: Syria; United Nations.

Introduction

This issue of Pure and Applied Chemistry looks at the contributions of the Organisation for the Prohibition
of Chemical Weapons (OPCW) that were presented in & recent ConfChem [1), including papers describing the
importance of outreach in achieving the goals of universal chemical disarmament [2], the role of responsi-
ble science and ethics in chemistry education [3-5], the use of sensors as educational toals for supporting
scientific cooperation (a norm of the Chemical Weapons Convention) [6], and the chemistry and history of
riot control agents [7). These topics touch upon many important dimensions of the OPCW and its mission,
yet they inly not what iately comes to mind when about the OPCW. Rather,

ik " — based on atthe pen Access Online Conference “Science,
Disarmament, and Diplomacy In Chemical Education: The Example of the Organisation for the Profibitin of Chemical
‘Weapans”, which was held from 2 May ull 20 june 2016.

*Current affliation: Manash institute of Pharmaceutical Sciences, Parkville, Wictort, Australa

“Comesponding authar: joathan E. Forman, Office of Strategy and Policy, Organisation for the Prohibition of Chemical
Weapans, The Hague, The Netherlands, e-mall: jonathan. farmangzapow.o

Elena Fischer and Wesam 5. Alwans Office of Strategy and Policy, Drganisatian for the Prohibition of Chemical Weapans,
The Hagae, The Netherlands

Marc-Michael Blum: OPCW Labaratory, Organisation for the Probibition of Chemical Weapons, Rifswijk, The Netherands

a 2016 UPAC & De Gruyte. This work i licensed under 3 Creative Commans ATTb oA NonCammerTial-NoDervamves
icense. For . pleasewisi: b ormmons o/ b

Contents lists available at ScienceDirect

Trends in Analytical Chemistry

journal homepage: www.elsevier.com/locate/trac
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The standard approach to on-site sample preparation for gas chromatography-mass spectrometty anal-
ysis of chemicals relevant o the Chemical Weapens Convention provides relatively good coverage of the
target analytes, but it sufers from a number of drawbacks, such as low sample throughput, use of bully
equipment, extensive manual work. extensive use of organic solvents, problems in preparing multiphase-
‘We present the analytical
strategies and the novel methods ped for the Mobile Laboratory of the Orga-
nization for the Prohibition d'(hem]cal Weapcms [OPOW) that deal efficiently with these issues. We
illustrate the effectiveness of the approach with several practical examples.

©2014 Elsevier BV. All rights reserved.




A Need to Take

Volume 406 - Number 21 - August 2014

ANALYT

art in the Conversation!

{ ..' Gkl 1010071336101 614300

The Intersection of Science and

Chemical Disa

By Beatrice Maneshi and Jonathan E. Forman -

METAL-ORGANIC FRAMEWORKS

Breaking bad chemicals down
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Don’t Be Afraid: Disarmament Needs Scientific Literacy!
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“...your findings and advice
may serve to challenge
assumptions and spark
new ideas that benefit all;
" even when associated
recommendations may not
be accepted.”

- DG Remarks to SAB-26
16 October 2017




“...] encourage you to
be forward thinking,
innovative and bold
as you draft this
report

The value of the
report and its advice
is the independent
expert voice the SAB
provides”

- DG Remarks to SAB-26
16 October 2017
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BOARD’S TEMPORARY WORKING GROUP

June 2015
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CHEMICAL INDUSTRY
AN ESSENTIAL PARTNER

Chemical industry’s contributions to achieving a world free of chemical
weapons have proven essential and include: participating in the
negotiations of the Convention, implementing fully the Convention'’s
provisions, and ensuring a functioning and trusted verification regime
through declarations submissions and on-site inspections.

The first OPCW industry inspection took place in November 1997 in
Italy. As of the end of 2016, 3,322 inspections of industrial chemical
facilities on the territory of 82 States Parties have been conducted since
entry into force and 241 industry inspections are anticipated for 2017.
During these inspection missions, OPCW inspectors confirm that no
chemicals are being produced or used for prohibited purposes and that
the activities at inspected sites are in compliance with the Convention.
This is how industry does its part to make sure chemical weapons do
not re-emerge.

The successful completion of so many chemical industry inspections
represents meaningful progress in achieving universal compliance with
the Chemical Weapons Convention. Chemical industry inspections help
promote confidence that States Parties to the Convention are adhering
to their obligation to prevent the re-emergence of chemical weapons.

20 MOMENTS

EVENTS COMMEMORATION RESOURCES

The relationship between the OPCW and the chemical industry has

evolved over time. OPCW is no longer only seen as an auditor and
regulator, but instead OPCW is seen as a partner for improving the
verification regime that ensures chemicals are not used for prohibited
purposes, and improving the capacity of States Parties through
international cooperation programmes.

Building on years of cooperative work between the OPCW and chemical
industry, the partnership has taken new form. In 2015, a coordination
mechanism was established with the International Council of Chemical
Associations (ICCA) in 2015 through the creation of the OPCW-ICCA
Joint Steering Committee, as well as the establishment of the Chemical
Industry Coordination Group (CICG). Areas of cooperation with ICCA
cover verification activities as well as education and outreach, and
chemical safety and security.
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Formalisation of the cooperation between the
ICCA and OPCW

A [International Council of Chemical Associations

5 Mar 2015 (Brussels)

1 Dec 2014 - Meeting between the
| Decisi _
11 Sept 2013 - Meeting between c-13(/:§|50cr:] 9 I(?CA & TS'_ _
the ICCA & TS - - Working r_nodalltles
clarified

Set of practical actions identified

\
= & s TV v . =

/ 1 July 2015 -

16 Oct 2014 -

Technical Secretariat Nov - Dec S/1293/2015
invited to participate 2014 — o

to ICCA Steering Exchange of Formalisation of
Committee (Paris) letters the cooperation

oPCW
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http://www.icca-chem.org/
http://www.icca-chem.org/

Coordination mechanism

« OPCW-ICCA joint Steering committee (JSC):
 Decision-making level (decide on common
Initiatives/projects)
» 3-4 members from both TS and ICCA (director level)
* Meeting once a year

* Chemical industry Coordination Group (CICG)

 Technical working level (running projects) reports to JSC

* 4-5 individuals from both ICCA and TS (maximum of 10
members). Composition may vary (with the exception of the
Head of the CICG) depending on the issues to be discussed

* Meeting twice a year at least _
5 meetings so far

oPCW
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Cooperation activities

* Three areas:
- Education and Outreach
« Chemical Safety and Security
« Cooperation activities related to verification

DG Note C-20/DG.15, dated 16 November 2015

DG Note C-21/DG.15, dated 3 October 2016

DG Note C-22/DG.18, dated 10 October 2017

oPCW
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Associate Programme Industry Segment (3 weeks)

i

i o, Brazil §

\ 1 U

3-week placements of the
participants in chemical plant
sites in Member States to
gain exposure to modern
practices in chemical
industries, with a focus on
chemical safety

18 chemical plant sites
in 15 countries in 2017
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Chemical safety and

security management
programme

Safety and Security Programme in Vietnam for
ASEAN and SAARC Member States - 2015

& orcw | w0720




Recommendation 1
The should consider adopting a

compre-
hensive, more analytical approach to verification
utilising all available and verifiable information.

Recommendatlon 4

hnol <A
should be added to the hstofapprcved A .
inspection equipment. 4 "

Recommendation 7

The Secretariat must commission an independent
review of all activities pertaining to the missions
carried out in the Syrian Arab Republic.

Recommendation 10
The verification thresholds for OCPFs producing highly rel-
evant chemicals, and the possibility of revision of the prod-
uct group codes, should be addressed by the SAB as well as
the industry cluster.

Recommendation 13

PTs should incorporate a broader range of chemicals,
and at a wider range of concentrations, to prepare
laboratories for IAU-type scenarios.

Recommendation 16

Developments in analytical instrument portability,
isation and di ble bi s should be

periodically reviewed by the Secretariat and the SAB

for potential applicability to on-site analysis.

Recommendation 2
The Secretariat should acquire the capability to
use open-source information on a routine basis.

Recommendation 5

The Secretariat should look into the option of using sat-
ellite imagery for the planning of non-routine
missions, in particular for IAU and CL

Recommendation 8
The list of declarable OCPFs submitted by States Parties should
include all facilities which fall under the definition/require-
ment of paragraph 1 of Part IX of the Verification Annex, re-

Recommendation 11

The OPCW should increase the staff of the OPCW Laboratory
to cope with various aspects of IAU, biomedical samples, trace
environmental analysis, foxins, and on-site analysis.
Establishing a network of DLs for biomedical sample
analysis should be a high priority.

Recommendation 14

The Secretariat should expedite toxin identification -
exercises.

Recommendation 17

The Secretariat should monitor developments in
attribution analysis/chemical forensics.

Recommendation 3

The Secretariat should put in place an information man-
agement structure that can provide the support
required for the verification process.

Recommendation 6

The Secretariat should visit the National Authorities to obtam
assurance on the and p of d

The outcome of such visits may impact on

the inspection frequency.

Recommendation 9

Not all facilities that fall under Part IX of the Verification
Annex should be considered of the same relevance to the
object and purpose of the Convention. The TWG recom-
mends a practical approach for enhancing the utilisation
of verification resources for OCPF declaration and on-site
inspection processes.

Recommendation 12

Lessons on chemical sampling and analysis from the
OPCW?s support to the 2013 United Nations Mission to
Investigate the Use of Chemical Weapons in the Syrian
Arab Republic, and all subsequent OPCW
activities in relation to the Syrian Arab Republic must
be identified and implemented.

Recommendation 15
Continuous additions to the OPCW
Central Analytical Database (OCAD)
are recommended to allow the
OPCW to meet all its mandated
inspection aims, including IAU.

Recommendation 18
The Secretariat should augment its capability to
monitor and forecast developments in science and
technology of relevance to the Convention and its
verification regime.

hisps: pewiorg/speclal-sectionsiscience-ta

o @opew
- @opew_st

Jopcwonline

Report available at: https://www.opcw.org/fileadmin/OPCW/SAB/en/Final_Report_of_SAB_TWG_on_Verification_-_as_presented_to_SAB.pdf
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ORGANFSATION FOR THE PROHIBITION OF CHEMICAL WEAPONS

Working Together for a World Free of Chemical Weapons

Recommendation 2

Recommendation 1 Recommendation 3
The Sheald P The Secretariat “"}"“ld acde the cnp.nbi.‘lxty o The Secretariat should put in place an information man-
hensive, more analytical ‘approach to m'iiclhon‘ use open-source information on a routine basis. agement struchure that can provide the support
utilising all available and verifiable information. required for the verification process.
i

Recommendatlon 4 R . : Recommendation 5 Recommendation 6

Fnst = ,“\ - C The Secretariat should look into the option of using sat- The Secretariat should visit the National Authorities to obtam
should be added to the list of approved \(5/ - N ellite imagery for the planning of non-routine assurance on the and p of d
inspection equipment. 4 f = ¥ missions, in particular for AU and CL The outcome of such visits may impact on

FEece : the inspection frequency.

Recommendation 7 he Verification
The Secretariat must commission an indd

review of all activities pertaining to the Recommendation 18 : s

e TWG recom-
carried out in the Syrian Arab Republic.

g the utilisation

— Q \ ion and on-site
Maleic anhydride w

/ Succinic Acid

kis from the

C s Mission to

n the Syrian

Glucose nt  OPCW
public must

Taking into consideration the convergence of chemistry
and biology as it relates to the synthesis of chemicals, the
Recotimendationi 10 TWG was of the view that any process designed for the
The verification thresholds for ocPFsproduci{  formation of a chemical substance should be covered by

evant chemicals, and the possibility of revisio

uct group codes, should be addressed by the the term “produced by Synthesis".
the industry cluster.

Recommendation 13 Recommendation 14 ‘%ﬂ% ieco mm;r;gg Ao :sopcw = 2
PTs should incorporate a broader range of chemicals, The Secretariat should expedite toxin identification * Oe:::':r::jal : c:]xcg;;ga;e OCAD:!
and at a wider range of concentrations, to prepare exercises. &% i, are  recor Y:nded to all(w thz
laboratories for IAU-type scenarios. ) = o .

e

7
.’é? Q_:.;/ OPCW to meet all its mandated
{ 3 inspection aims, including IAU.
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Recommendation 17
The Secretariat should monitor developments in
attribution analysis/chemical forensics.

Recommendation 16

Developments in analytical instrument portability,

isation and di ble bi s should be
periodically reviewed by the Secretariat and the SAB
for potential applicability to on-site analysis.

Recommendation 18

The Secretariat should augment its capability to
monitor and forecast developments in science and
technology of relevance to the Convention and its
verification regime.
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