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1. Concerns about Mid-Spectrum Agents

• Perry Robinson (2008) Bringing the CBW Conventions closer together. 
CBW Conventions Bulletin, 80, 1 – 4.
• “Such overlap ought to mean, one might think, that the weapons [including 

toxins, bioregulators and other bioactive chemicals of biological origin, as well 
as their synthetic analogues] are well controlled, being subject not just to one 
but to two international disarmament treaties. In the real world, however, 
that is not the way it is. That overlap seems simply to have given people 
involved in implementing one of the two treaties opportunity to relinquish, 
even deny, responsibility for anything also covered by the other treaty. The 
area of overlap thus risks becoming a gulf into which things disappear. It looks 
like this has been happening to toxins.”



2. Toxin and Bioregulator Weapons, 2022

• Preventing the misuse of the chemical and life sciences

• Focus on mid-spectrum agents 

• Interest in toxins, bioregulators, incapacitating chemical agents/CNS-
acting agents, riot control agents, malodorants of biological origin (or 
synthetic analogues) and associated means of delivery

• Framework developed to assess what activities within a State might 
be of concern to other States

• Framework applied to 6 country case studies

• Findings circulated to States prior to publication and comments 
received added to the final report



3. Chapters of the Book

• Chapter 1: Introduction

• Chapter 2: Dual-Use Chemical and Life Science Research of Potential 
Concern

• Chapters 3 - 8: China, Chapter 3; India, Chapter 4; Iran, Chapter 5; Russian 
Federation, Chapter 6; Syria, Chapter 7; United States, Chapter 8

• Chapter 9: Regulation of toxins and bioregulators under international arms 
control and disarmament instruments

• Chapter 10: Conclusions and Recommendations

• Appendix: Formal Responses from China, Iran, Russia, Syria and the USA



4. The Framework

• Factors that May Indicate Research and Development Activities of 
Potential Concern
• A. Information related to policy and practice associated with the 

weaponization of toxins and bioregulators

• B. Information on research establishments and personnel

• C. Information on research on toxins and bioregulators
The discovery and characterization of novel toxins and bioregulators with potential 
weapons utility;

Production of toxins and bioregulators with potential weapons utility;

Aerosolisation and other methods of dissemination and delivery of toxins, bioregulators or 
their surrogates, particularly when employing humans or primates as their subjects.

• D. Combinations of Indicators



5. A Catalogue of Toxin Types and 
Mechanisms

• Clark et al (2019) Friends or Foes? Emerging Impacts of Biological Toxins. 
Trends in the Biochemical Sciences, 44(4), 365 -379.

• Superantigens, Short circuit the immune system (e.g. SEB);
• Membrane-damaging, ‘Digest’ the cell membrane (e.g. Gangrene toxin);
• Large pore forming, ‘Punch’ holes in cell membranes (e.g. Streptolysin O);
• A-B subunit, ‘Crash’ cellular functions (e.g. Botulinum toxin);
• ‘Chemical’, ‘Disable’ cellular functions (e.g. Saxitoxin);
• Small peptide ion channel binding, ‘Open or close’ ion channels (e.g. 

Conotoxins);
• Small cytolytic peptide, ‘Liquefy’ cell membranes (e.g. bee venoms);
• Venoms, ‘Cocktail’ of components to act synergistically for quick action.



6. Illustrative areas of potential concern

• Dual use military-related research on toxins and bioregulators 
purportedly for protective purposes

• Dual use military-related research on ‘novel’ toxins

• Brain research projects including on non-human primates

• Research/development of incapacitating chemical agent/CNS-acting 
chemicals and related bioregulator research

• Research/development of malodorant weapons

• Research/development of RCAs of biological origin/synthetic 
analogues and associated means of delivery 



7. Selected dual use biodefence research

•Toxicity of aerosolised toxins

• Impact of Inhalation Exposure Modality and Particle Size on the Respiratory Deposition 
of Ricin in BALB/ Mice [2003]

• Inhalational Botulism in Rhesus Macaques Exposed to Botulinum Neurotoxin Complex 
Serotypes A1 and B1 [2010]

• Influence of aerodynamic particle size on botulinum neurotoxin potency in mice [2021]

•Toxin movement across barriers 

• Role of critical elements in botulinum neurotoxin complex in toxin routing across 
intestinal and bronchial barriers [2018]

• Advanced engineering of botulinum toxins

• Engineering Botulinum Neurotoxin C1 as a Molecular Vehicle for Intra-Neuronal Drug 
Delivery [2017]

• Engineering of Botulinum Neurotoxins for Biomedical Applications [2018]

•Staphylococcal superantigens function

• Staphylococcal Superantigens: Pyrogenic Toxins Induce Toxic Shock [2019]

•Recombinant technology in SEB production 

• Pilot scale production and testing of a recombinant staphylococcal enterotoxin SEB 
triple mutant, ECBC-TR1471 [2017]



8. Novel Bio-Threat Agents [2018(a) paper]

• Argued that because the BTWC “banned the use or stockpiling of most of the 
pathogenic bio-threat agents” this will “necessitate to search some novel natural 
bio-threat agents from stinging plants that may be used as future bio-weapon for 
self-defence purposes.” 

• “[T]he objective of the present study is to identify, characterize and screen the 
potential of […] stinging plants on the basis of their secondary metabolite contents
that may be used for the formulation of novel future bio-threat agents for self-
defence."

• Identified “several stinging plants from different regions...”which were “further 
screened on the basis of …secondary metabolite contents that mainly include 
phenolics (total phenol, flavonoids, tannins), terpene (terpenoids and essential oils) 
and nitrogen containing compounds (alkaloids) for selecting candidate plant for the 
development of future novel bio-threat agents for self-defence.”

• Mucuna. pruriens identified as having the “best potential for harvesting of toxic 
secondary metabolite compounds for the formulation of future novel bio-threat 
agents for self-defence purpose…future detailed work is required for identification 
and characterization of the precise toxic stinging compounds from potential 
stinging plant by using advanced gas chromatography–mass spectrometry (GC–
MS) methods.”



9. Multi-System Targeted Agents [2018(b) paper]



10. Multi-System Targeted Agents [2018(b) paper]



11. National Brain Project and Associated Research

• Research employing simple animal models

• Role of specific 5-hydroxytryptamine (5-HT) receptor in sleep homeostasis 
in Drosophlia [2017]

• Role of serotonin in the regulation of defensive behaviour in mice. [2017]

• Role of orexin (hypocretin) neurons on wakefulness in mice. [2018]

• Operation of the locus coeruleus during general anaesthesia in zebrafish. 
[2018] 

• National Brain Project and the “Goals of non-human primate 
research” [2016] inter alia

• “Studies of the cognitive functions using non-human primate as the animal 
model” 

• “Generation of genetically modified monkeys as animal models of human 
brain disorders and for basic neurobiology research.”



12. National Brain Project and NHP [2016]



13. National Brain Project and NHP [2016]



14. Use of an Aerosolised CNS-acting Weapon in 2002 
Anti-Terrorist Operation

 



15. CNS-acting (Narcosis) gun [2006/2011]

“Narcosis gun” being displayed at a military 
“open day” 2nd May 2011. 

“Narcosis gun” promotional material on 
display in Asian police  equipment and 
weapons exposition, 24th -27th May 
2006



16. Malodorant Weapon [2004-2008]

• Malodorant 155mm Artillery Round

• Designed to:

• separate combatants from non-combatants; 

• suppress, disperse or engage personnel

• deny personnel access to, use of, or 
movement through a particular area, point or 
facility

•Range: 20-28 kilometres

•Area covered: 5,000 - 10,000 square metres

•Payload: “liquid payload”, “non-lethal 
personnel suppression agent, “malodorant”.

• Project suspended in 2008.



17. Skunk malodorant weapon [2015 - 2022]

• 60 oz. canister 40mm “less lethal” grenade

• 264 gallon Skunk barrels  Pumper trucks to treat large areas in very short period of time



18. Indoor RCA (OC) Dispersion System [2022]



19. Spray and Fogging Device [2013-2016]



20. Spray and fogging device [2013-2016]

• “Standard non-toxic training smoke mixed with irritants such as OC,
CS, or Pepper upgrades the capabilities to include: Crowd Control 
and Civil Unrest, SWAT Teams and Tactical Incursions, Corrections 
Dept. (Riots/Prisoner Extraction), Less-lethal Terrorist Suppression, 
Urban Warfare (MOUT/COIN) …”

• Can release over 1,500 cubic feet of smoke with a range greater 
than 100 feet (30 metres) in one second.

•

• “Dependent version with high-capacity backpack expels 320,000 
cubic feet (9,061 cubic meters) of smoke on a single charger”. 

• Can be: “mounted on walls, buildings and fixed on stationary 
structures on vehicles including small craft, military style boats, 
….military, law enforcement and Homeland Security vehicles, 
Humvees, riot control and other armor piercing vehicles”. Also can 
be “incorporated onto unmanned ground vehicles and aircraft, 
drones…



21. Pepper spray drone [2015]

• According to 8th April 2015 report by Agence France Presse: 
Police acquired five unmanned aerial vehicles incorporating a 
“pepper spray” delivery mechanism. The UAVs can each 
reportedly carry two kilograms (4.4 lbs) of unspecified 
“pepper spray” and can be flown within a one kilometre (0.6 
mile) radius of their operator. 

• Police chief stated that police had successfully test-flown the 
UAVs which he explained were intended for use in crowd-
control situations. 

• He stated: “The results were brilliant. We have managed to work 
out how to use it to precisely target the mob in winds and 
congested areas…Pepper is non-lethal but very effective in mob 
control. We can spray from different heights to have maximum 
results”.



22. Water cannon spraying water/dye/PAVA  [2018-2021]



23. Conclusions: Overarching Themes

• The revolutionary changes taking place in science and technology; 

• The implications of the shift from potential agents to potential targets; 

• The changing threat and the perceived utility of toxin and bioregulator weapons; 

• Trust, distrust and disinformation; implications of ambiguities and structural weaknesses in the BTWC and 
the CWC; 

• Issues related to the response of the scientific community to chemical and biological security; 

• Non-participation and whistle-blowing; 

• Inadequately regulated and non-transparent CW and BW defence and counter-measures; 

• Complexities of regulating dual use research; and

• The regulatory gap between the CWC and the BTWC.



24. Recommendations

• Individual BTWC and CWC State Parties
• Fulfil Existing Reporting Requirements and Introduce Additional Measures; 

Utilise Existing Consultative, Investigation and Fact-Finding Mechanisms; State 
Application of Other Relevant International Law

• Collective Measures Under the CWC and BTWC
• Ensure Effective Application of the General Purpose Criterion; Strengthening 

Science and Technology Monitoring and Review; Addressing the BTWC/CWC 
Regulation Gap; Strengthening Routine OPCW Monitoring and Verification 
Measures Applicable to Toxins and Bioregulators

• Action by the Chemical, Life Science. And Associated Scientific Community
• Building a Culture of Responsibility; Developing Guidance on Security 

Implications of Toxin and Bioregulator Research; Monitor and Respond to 
Science and Technology Developments of Concern


