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A Convergence of Chemistry and Biology?

Instructions Chemical Products

Biomarkers of exposure

Targets for medical countermeasures

“Molecular Devices” (catalysts, decontaminants, materials, toxins…)
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A Convergent Convention?

Biology in the Chemical Weapons Convention

The Definition of a 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 II, Paragraph 2
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Science is vast… What is the Relevant Science of (Bio)Chemical 

Disarmament and Non-Proliferation?
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Science is vast… What is the Relevant Science of (Bio)Chemical 

Disarmament and Non-Proliferation?
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Bringing Science Advice to the Review Conference
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Bringing Science Advice to the Review Conference
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“Atoms, Molecules and Math”  =  What Capability?
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The Rules

 Follow the instructions!

 Identify chemicals!  Build the map!

 Convergence of chemistry, biology, cartography, 

puzzle making and finding matching pictures

 Once you are ready for the next clue – Raise your 

sample number or a “molecule”

 Promote Science Diplomacy – work together!
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Let’s Begin!



Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Spiez CONVERGENCE 2018

S&T @ crossroad of chemistry and biology

RC-4, Science for Diplomats, 23 Nov. 2018

Stefan Mogl, Beat Schmidt Spiez Laboratory
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Spiez CONVERGENCE workshop series

2014 / 2016 / 2018

• Explore S&T challenges 

to CWC and BWC

• 3rd Review of S&T at 

intersection of biology 

and chemistry

• Participants from 

academia, industry, 

arms control 

https://www.labor-spiez.ch/pdf/de/rue/Spiez_Convergence_2014_web.pdf

https://www.labor-spiez.ch/pdf/en/Report_on_the_second_workshop-5-9_September_2016.pdf
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Subjects Reviewed 2018 

• CRISPR Genome editing

• Synthetic Biology

• Synthetic and Analytical Chemistry

• Material Sciences including 

Nanotechnology

• Additive Manufacturing

• Bioinformatics, Omics, and Big Data

• Policy discussion

Revisiting subjects:

• Deeper understan-

ding of maturity

• Shows speed of

progress

• Relevance

• Allows better

predictions
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

CRISPR Genome editing: 

Trends and industrial applications

• Makes genome editing:

 Easier

 Faster

 More accessible

• Target any gene

• With biocatalysts cause variety of 

desired modifications

• Practical applications:

 Reversal of antibiotic 

resistance in bacteria

 Development of diagnostic 

techniques

Image: https://labiotech.eu
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

• Many applications still at proof-

of-concept stage 

• Practical challenges before 

clinical application of CRISPR 

based therapeutics: 

 Delivery and off-target 

effects

 Ethical issues regarding 

gene editing in the germ 

line

Iimage: http://thepigeonpress.org/

CRISPR Genome editing: 

Trends and industrial applications
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Synthetic Biology:

Trends and industrial applications

• Industry manufactures complex 

biomolecules using synthetic 

biology

• In vitro designs provide access 

to oligosaccharides, proteins, 

assays

• Moving to in vivo systems 

requires change from 

engineering design to evolution 



7

Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Synthetic Biology:

Trends and industrial applications

• Analysis of pathogen specific resistance processes by 

targeted mutagenesis 

• Practical application: diagnostic tests for antibiotic 

resistance in bacteria

• Limitations remain to engineer biological system

• Tacit knowledge still important

Source: www.emeraldcloudlab.com
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

• Cloud laboratories increase 

speed of synthesis

• Provide reproducible 

environment, standardised

protocols

• Security: 

 Utilisation for 

malevolent purposes ?

 Target for remote 

attacks ?

Image: https://www.the-scientist.com/bio-business/bringing-the-internet-of-things-into-the-lab

Synthetic Biology:

Trends and industrial applications
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Synthetic and Analytical Chemistry:

Integrated continuous processing

• Distinct advantages over batch 

production in chemical 

manufacturing

• Widely applied but not for 

production of pharmaceuticals

• Many advantages for 

pharmaceutical manufacturing

• For bio-processes, working with 

living organisms poses challenges

image: https://www.ypsofacto.com/
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Synthetic and Analytical Chemistry:

Integrated continuous processing

• Supervisory Control And Data Acquisition (SCADA) systems 

need adaptation for bio-process monitoring and control

• Process optimization is specific for a particular production 

process

 Each target molecule requires a dedicated process

• Development of continuous bio-manufacturing processes for a 

range of pharmaceutical products

 Target specificity is serious obstacle
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

• Radial synthesizer as solution:

 Automated, remotely controlled, modular assembly system

 Manufactures several small molecules 

 Using same hardware 

 Suitable for multistep syntheses

• Centralisation of chemical synthesis: 

 Operated anywhere 

 Shift in the way chemistry is performed

 Experiments outsourced to remote automated systems  

Synthetic and Analytical Chemistry:

Integrated continuous processing
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Material Sciences:

Nanotechnology

• DNA Origami:

 Experiments with DNA objects as 

cancer therapeutics

 Form rigid DNA structures 

 For targeted drug delivery

• Stability in vivo remains problematic 

• Practical applications need 

manufacturing costs to be reduced

Image: https://www.tum.de/die-tum/aktuelles/pressemitteilungen/detail/article/34360/
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Material Sciences:

Nanotechnology for drug delivery

• "Functional Food":

 Nanostructure formation by 

self-organization through 

biological systems in the body 

 Food inspired nanostructures 

as carrier for drugs 

• Nanocarriers: 

 To improve the efficacy of 

drugs

 Design stimuli responsive 

delivery systems

Source image: https://www.asianscientist.com/
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Material Sciences:

Nanotechnology for drug delivery

• A wide range of treatments use 

graphene oxides (GO)

• Two-dimensional nano-scale 

carbon structures

• Easy to functionalise as drug 

loading structure

• CBW context: 

 Nanoparticles used  as 

aerosols and inhaled

 Uptake through Blood Brain 

Barrier

 Suitable for targeted delivery 

of toxins

Image: https://www.tcichemicals.com/
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Additive Manufacturing (AM)

• AM industry grows rapidly

 End user controls product 

design

• Different processes with range of 

materials available

• Faster manufacturing but cannot 

compete with sheet metal 

fabrication

• Complex parts to high performance 

standards remains a challenge

Image: www.additivemanufacturing.com
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

• Of interest for CBW arms 

control are 3D objects that 

withstand: 

 High temperature 

 Pressure steam 

sterilization

 Highly corrosive chemicals

• Today: only industrial AM 

systems able to produce such 

high-quality parts

Image: https://www.dsm.com

Additive Manufacturing (AM)
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Additive Manufacturing (AM)

• Industrial AM systems require:

 Professional know-how

 Technical competence

• Unlikely, 3D printers capable of manufacturing corrosion 

resistant parts would be available to individuals or consumers 

soon

• Next 5 years: 

 List of printable materials will grow

 AM adopted across multiple industries

 Regulatory standards will have to be developed
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Bioinformatics, ‘Omics’, Big Data:

Next Generation Sequencing

• Advances driven by next-generation 

sequencing (NGS) techniques

 NGS relies on DNA and RNA as 

information carriers

 DNA and RNA can easily be written 

and read

• Performance today: 

 Parallel read operations of 10 billion 

molecules in single experiment

 Precision increased to single 

molecule manipulations

Image: https://www.illumina.com
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Bioinformatics, ‘Omics’, Big Data:

Data Protection

• Genomes carry information about 

individual:

 Data could be used to link individual 

to genetic characteristics

 Compromise privacy rights 

 Multiomics projects challenge the 

protection of patient-specific data

• For Data Mining: Privacy-preserving 

technologies need improvement

Image: https://www.forbes.com//
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

• AI offers way to make sense of vast amounts of data:

 Machine Learning (ML) progressed to improve predictions 

with neural network architectures

 Requires access to Big Data and high computational 

power

• Expl. of predictive power:

 Reaction performances for organic syntheses

 Builds models from simple representations of chemical and 

biological entities

 Suggest structures with improved properties

 Expands number of synthesizable materials

• Reliable safeguards need to be found and implemented

Bio informatics, Omics and Big Data
Artificial Intelligence (AI)
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

• Since 2014 focus of discussions 

shifted:

 From materials and 

equipment 

 To information, automation 

and remote manufacturing 

• New opportunities for oversight 

compliance monitoring and 

verification

Policy discussion

Impact of S&T Advances on Treaties

Image: http://rogerpielkejr.blogspot.com
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Policy discussion

Impact of S&T Advances on Treaties

• Additive manufacturing: 

 Production is moving closer to the point of use

• Bio-manufacturing of pharmaceuticals:

 Radial synthesisers centralise chemical synthesis

• Synthetic Biology:

 Cloud laboratories centralise lab work, separate scientist 

from lab experiment

• Consequences: 

 Role of end-users or actors in process is changing

 Access to data and intangibles transfers become more 

relevant (regulation, control)
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

• Novel CBW production facilities compared to past state programs:

 Smaller footprint 

 Different technological features

• Non-state actors:

 Attempts to remain opportunistic

 Constraints: materials, equipment, agent dissemination, costs

 Tacit knowledge

• State actor:

 How to fit new materials and methods into contemporary CBW 

programme ?

 CBW as WMD vs. sabotage, assassinations

• Are Implementation systems still effective in this changing 

environment ?

Policy discussion:
How would changes affect potential CBW 

programmes ?
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Federal Office for Civil Protection FOCP

SPIEZ LABORATORY

Policy discussion

Impact of S&T Advances on Treaties

• Multi-stakeholder approaches

 Academia, Industry, National Authority

 Develop Partnership and Gov. Systems 

• Evaluations may have a short and longer-term perspective:

 3D printers could require swift response to manage risks

 Cloud services in chemical and biological manufacturing may 

affect implementation over time

• Spiez CONVERGENCE wants to support assessment of S&T 

advances by stakeholder communities of CWC and BWC



TEMPORARY WORKING GROUP (TWG) ON INVESTIGATIVE SCIENCE AND TECHNOLOGY

‣

OPCW TWG on Investigative Science and 
Technology Second Meeting  

14 to 16 November 2018

Dr Veronica Borrett. Member, SAB 
Chair, TWG on Investigative Science and Technology 



TWG established by the OPCW Director General


TWG report and recommendations reviewed and 
approved by SAB (Scientific Advisory Board)


SAB provides TWG report to the Director General 
for consideration 

TWG ON INVESTIGATIVE SCIENCE AND TECHNOLOGY

REPORTING
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▸ The lessons learned from contingency operations, such as the OPCW Fact-Finding 
Mission in the Syrian Arab Republic, have highlighted the need for continued broad 
engagement and evaluation of technologies and methods (both current and 
emerging) relevant to the verification regime. 

▸ In response, the OPCW/VERIFIN convened a Workshop on "Chemical Forensics: 
Capabilities across the Field and the Potential Applications in CWC Implementation” 
in Helsinki 2016.  

▸ In its report from the workshop, the SAB recommended (SAB-24/WP.1) that 
additional workshops or a temporary working group (TWG) could be considered to 
strengthen the understanding of technologies, procedures and capabilities that 
forensics can bring to investigations.  

▸ The SAB also highlighted the importance of engagement with forensic experts, 
forensic practitioners and OPCW inspectors and laboratories, to explore methods 
and capabilities relevant to the verification of the Chemical Weapons Convention.

BACKGROUND
TWG ON INVESTIGATIVE SCIENCE AND TECHNOLOGY



EC-84/DG.9 Response to the Report of the Twenty-Fourth Session of the Scientific Advisory Board 
(Recommendations to the Director-General (paragraph 1.2 of SAB-24/1) ) 

▸ 8. The Director-General thanks the SAB for its recommendations from the 2016 workshop on 
chemical forensics endorsed by the Board at its Twenty-Fourth Session (paragraphs 8.12 to 8.17 
of SAB-24/1, and paragraph 18 below). He notes the relevance of this advice to the verification 
regime, especially for sampling and analysis, and collection and validation of information in 
support of contingency operations such as deployments of the OPCW Fact-Finding Mission in 
Syria. The recommendations supporting adoption of fit-for purpose tools and methods would 
also be relevant to initiatives such as the Rapid Response and Assistance Mission.  

▸ 9. In accordance with paragraph 9 of the SAB’s terms of reference (C-II/DEC.10/Rev.1, dated 2 
December 2004), the Director-General requests that the SAB establish a new temporary 
working group (TWG) and appoint a Chairperson for it. This TWG will address questions 
relating to science and technology relevant in investigative work, and will undertake 
further consideration of topics described in paragraph 8 above, other recommendations 
from the chemical forensics workshop, and in particular questions falling under 
subparagraphs 2(e) and (g) of the SAB’s terms of reference relevant to investigative 
methods in contingency operations. The Director-General will in the near future prepare a 
mandate for theTWG, which should hold its first meeting before the end of the first quarter of 
2018. 

TWG ON INVESTIGATIVE SCIENCE AND TECHNOLOGY

BACKGROUND



TWG on Investigative Science and Technology

Terms Of Reference for the TWG
1. The ongoing contingency operations of the  Technical Secretariat have increasingly involved investigations, analysis, and fact-
finding, with collection and evaluation of oral, material, and digital evidence of the use of chemical agents. Such activities are not 
part of routine inspection and verification activities under the Chemical Weapons Convention. The Director-General has decided 
that it would be useful to have an in-depth review of the methods and technologies used in investigative work, and that these 
would be relevant to and augment the capacity of the Technical Secretariat. Further to his response to the report of the Twenty-
Fourth Session of the SAB (SAB-24/1, dated 28 October 2016) and in accordance with paragraph 9 of the terms of reference of the 
SAB (Annex to C-II/DEC.10/Rev.1, dated 2 December 2004), the Director-General has therefore established a Temporary Working 
Group (TWG) on Investigative Science and Technology and has appointed Dr Veronica Borrett as the Chairperson of the Group. 

2. The objective of the TWG is to review the science and technology relevant to investigations such as those mandated under 
Articles IX and X of the Chemical Weapons Convention. This would include science and technology for the validation and 
provenancing (i.e. determining the chronology of ownership, custody and/or location) of evidence, and the integration of 
multiple and diverse inputs to reconstruct a past event, as well as further considerations of topics in the recommendations from 
the SAB’s 2016 chemical forensics workshop (SAB-24/WP.1, dated 14 July 2016), and topics falling under subparagraphs 2(e)108 
and 2(g)109 of the SAB’s terms of reference. The work of this TWG is intended to identify capabilities, skill sets, and 
equipment that would augment and strengthen the Technical Secretariat’s capabilities. The findings will be considered by the 
SAB and recommendations will be provided to the Director-General. 

3. The TWG will consist of individuals who collectively have expertise in the theory and practice of investigative work, 
including but not limited to investigational chemical analysis, evidence collection, forensic sciences, informatics, crime scene 
reconstruction, toxicology, inspection, or experience of implementation of the Chemical Weapons Convention. Qualified 
members of the SAB may join the TWG. Members of relevant scientific and international organisations may also be invited to join 
the TWG. Guest speakers may be invited from time to time. The TWG may also, when necessary, draw upon the expertise of the 
Technical Secretariat, in particular the OPCW Laboratory, Inspectorate, and the Assistance and Protection Branch.  

108 “... assess the scientific and technological merit of a present, or proposed, methodology for use by the Technical Secretariat in verification under the 
Convention”. 
109 “assess and report on emerging technologies and new equipment which could be used on verification activities”. 



▸ Veronica Borrett (Australia); TWG Chair * 
▸ Augustin Baulig (France) * 
▸ Christophe Curty (Switzerland) * 
▸ David Gonzalez (Uruguay) * 
▸ Robert Mikulak (USA) * 
▸ Syed Raza (India) * 
▸ Valentin Rubaylo (Russian Federation) * 
▸ Cheng Tang (China); SAB Vice-chair * 
▸ Christopher Timperley (United Kingdom); SAB-Chair * 
▸ Francois van Straten (South Africa) * 
▸ Farhat Waqar (Pakistan) * 
▸ Daan Noort (TNO, The Netherlands)* 

▸ Ed van Zalen (Netherlands Forensic Institute (NFI); TWG Vice Chair 
▸ Crister Åstot (FOI, Sweden)  
▸ Brigette Dorner (RKI, Germany)  
▸ Carlos Fraga (Pacific Northwest National Laboratory, USA)  
▸ Paula Vanninen (VERIFN, Finland)  
* SAB Members

TWG ON INVESTIGATIVE SCIENCE AND TECHNOLOGY

MEMBERS



TWG ON INVESTIGATIVE SCIENCE AND TECHNOLOGY

SAB REPORTS REVIEWED PRIOR TO FIRST TWG MEETING INCLUDE:
OPCW/VERIFIN Workshop "Chemical Forensics: 
Capabilities across the Field and the Potential 
Applications in CWC Implementation" Helsinki 2016 

SAB Session Reports, SAB-22 

TWG on Verification Final Report 

OPCW/IUPAC/ABC/AAS “International Workshop on 
Innovative  Technologies for Chemical Security” Brazil 
2017
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Subgroup F - Other Considerations



TWG ON INVESTIGATIVE SCIENCE AND TECHNOLOGY

CONSIDERATIONS
‣ Operational context - challenges and requirements

‣ Laboratory capabilities

‣ Sample collection, dangerous goods shipment, analysis 

‣ Chain of Custody

‣ Current best-practice and SOPs

‣ What new capabilities and connections are required?

‣ Connections with forensic community

‣ Forward thinking and emerging technologies from 

broader scientific community

‣ Approaches to combine multiple information streams



TWG ON INVESTIGATIVE SCIENCE AND TECHNOLOGY

TECHNOLOGY SOLUTIONS
‣ The ability to access and apply new technology solutions for evaluating and documenting 

a scene or equipment, and detection and sampling. 

‣ help highlight sampling hotspots (the best place to take a sample)

‣ can reduce the number of samples and increase their utility, reduce logistic burden 

and workload for OPCW lab and DL

‣ increase effectiveness of time spent at the scene 


‣ support risk assessment for inspectors

‣ support planning to reduce the time required at a scene - e.g. to reduce hazards that 

may be associated with working in personal protective equipment

‣ Robust forensic methods to ensure the integrity of information and sampled materials


‣ Best practice for chain of custody, scene documentation, detection and analysis


‣ Site assessment, documentation, sampling and analysis, and Chain of Custody may 
benefit from the application of technology solutions, such as:

‣  UGV/UAVs, 

‣ imaging (particularly satellite imaging), 

‣ 3D and 2D scanning, and 

‣ inclusion of RFIDs (i.e. electronic tags) for monitoring, tracking and Chain of Custody. 



TWG ON INVESTIGATIVE SCIENCE AND TECHNOLOGY

TECHNOLOGY

Authentication and validation of data

Imagery: Value and need for expert interpretation

UAV/UGV and robotics for sampling

Chlorine markers and biomarkers

Profiling of CW to determine provenance



Working together for a world free of chemical weapons

www.opcw.org

Builds on SAB work
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TWG ON INVESTIGATIVE SCIENCE AND TECHNOLOGY

TIMELINE
‣ First meeting was held 12 to 14 February 2018

‣ Second meeting was held 14 to 16 November 2018

‣ Third meeting proposed for April 2019

2-year timeframe

February 
2020

Second 
Meeting 

November 
2018

Further 
Meetings 

2019

REPORTING
‣ Report to the SAB

‣ Potential for Interim Report

‣ Potential for DG request to SAB for Advice

First 
Meeting 
February 

2018

Intersessional work of the Sub Groups
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For 2019?

 28th Session, 

June 2019

 Final TWG 

Meeting: Late 

2019/Early 

2020

 Launching 

the Science 

Review for 

RC-5
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Did you match your

sample to the source?
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Sample 1

Not CWA

Sample 2

Not CWA

Sample 3

CWA

Sample 4, CWA
(not prohibited use)

Sample 5, CWA
(OCW)

Sample 6

Not used as CWA
(unless algae is a perpetrator)

Sample 7

Not used as CWA
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One Last Thing…

Dr Christopher Timperley

SAB Chairperson

2015 – 2018

6 Sessions of the SAB

4 TWG Meetings

4 International SAB Workshops

Led on 3 intersessional reports

10 Papers published/accepted 

for publication in scientific 

literature with SAB

#IamaScienceDiplomat




