
Working together for a world free of chemical weapons

www.opcw.org

Dr Christopher M. Timperley (Chairperson of OPCW SAB)



Working together for a world free of chemical weapons

www.opcw.org

EC-84, 8 March 2017

World War I
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Riot control
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Nature produces sensory irritants
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Irritant chemicals in onions

H
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J. Am. Chem. Soc. 50 (1928) 2825-2837

Some irritant chemicals were discovered by accident
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Lachrymators are chemicals that make you cry
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Sternutators are chemicals that make you sneezeSternutators are chemicals that make you sneeze
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At SAB-20 the Technical Secretariat introduced a request from the DG to 
consider an indicative list of substances the Secretariat considered as riot 
control agents (RCAs)
 

The SAB was asked to provide advice on:

Whether the list reflects the current RCAs that could be declarable in accordance 
with Article III(1)(e) of the CWC; and in particular:

The soundness of the criteria used by the Secretariat in drawing up the initial list; 

Which other considerations or criteria, if any, should be used in developing the list

Which chemicals, if any, should be deleted from the list; and

Which chemicals, if any, should be added to the list

Question to SAB from the Director-General in 2013
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Question

The SAB noted that this request was specific to RCAs and excluded 

Incapacitating Chemical Agents and that it would help to recall the SAB’s 

previous advice on RCAs

 

Article III(1)(e) provides that, with respect to RCAs, States Parties shall 

“specify the chemical name, structural formula and Chemical Abstracts 

Service (CAS) registry number, if assigned, of each chemical it holds for riot 

control purposes. This declaration shall be updated not later than 30 days 

after any change becomes effective”
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Definitions

The CWC defines two classes of chemical material distinguished by their 

toxic action, duration and severity of physiological effect. They are:

 

Article II(2) “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.”

Article II(7) “Riot Control Agent” 

“Any chemical not listed in a Schedule, which can produce rapidly in 

humans sensory irritation or disabling physical effects which disappear 

within a short time following termination of exposure.”
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Findings

The definition of a prospective RCA hinges on whether it causes reversible 

irritation or disabling physical effects which disappear shortly after exposure. A 

chemical that does not do this, but is significantly harmful and deleterious to 

man, is excluded by Article II(7) from being categorised as a RCA.

In assessing the indicative list, the scientific literature describing the toxicology 

of each chemical was evaluated to decide whether the chemical fitted the RCA 

definition.

The term “can produce rapidly in humans sensory irritation or disabling 

physical effects within a short time following termination of exposure” in 

Article II(7) is not defined absolutely and implies a statistical probability of 

response. 
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Findings

Toxicities of chemicals vary in different animal species and under different 

conditions. It is not always possible in the absence of human data to predict 

accurately from animal data the effects on humans. 

The Himsworth report (1971-1977) into toxicological aspects of CS and its use 

for civil purposes noted that the effects of any chemical intended for use in 

internal security operations should be studied in a manner “more akin to that 

in which we regard a new drug.”

Unfortunately toxicological studies on many of the chemicals on the initial list 

have not been performed to the level of scrutiny a new drug receives.
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Assessment

Chemical name and CAS number Physical state Notes Physiological effect

2-Chloroacetophenone (CN)

Synonyms: Mace, CAP, KhAf

CNB (10% CN, 45% benzene, 40% carbon 

tetrachloride), CNC (30% CN, 70% 

chloroform), and CNS (23% CN, 38.4% 

chloropicrin, 38.4% chloroform)

CAS 532-27-4

White solid 

with odour of 

apple blossom

Mp 54-56 °C

Bp 245 °C

Sparingly soluble in water, 

dissolves in chloroform and 

other organic solvents.  

Stable and does not 

decompose on heating or 

detonation; its lachrymatory 

effects are soon lost by 

condensation to the solid 

state soon after dispersion: 

non-persistent and not 

hydrolysed readily [7].

Immediately irritates eyes (at 0.3 mg/m3) and upper 

respiratory passages [8-28]. High concentrations cause 

tears, irritation, tingling and pain in the nose and throat; 

and burning and itching of tender skin, especially areas wet 

by perspiration. High concentrations cause blisters with 

effects similar to sunburn – blisters are harmless and 

disappear in a few hours. Some individuals experience 

nausea after exposure. ICt50 80 mg/m3 [8]. LCt50 7000 mg 

min/m3 from solvent and 14000 mg min/m3 from a 

thermal grenade. Rapid detoxification – effects disappear 

in minutes. Limit of supportability is 4.5 mg/m3 of air [9]. 

Animal studies show that toxic effects are more severe 

than those of CS [28]. CN has been superseded as an RCA 

by CS which is safer to use.

In assessing the suitability of each chemical for consistency with the RCA 

definition of Article II(7) the scientific literature was reviewed.

Recommendations were made based on its analysis. 
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RCAs PNS-ACTIVE - cause short-lived pain

Riot control agents act on the peripheral nervous system
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The trigeminal nerve

© The Guardian
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Sensory nerve endings are present in skin
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How does the human body sense irritant chemicals?

© Pinterest

Ion channel TRPA1

Transient Receptor Potential Ankyrin 1

senses CN, CS, CR, many other irritants

Ion channel TRPV1

Transient Receptor Potential Vanilloid 1

senses capsaicin and some close relatives
© BioElectroLab
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Nature chose sulfur to sense irritant chemicals

© Pinterest
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CS acts on the TRPA1 ion channel

S1 S2 S5S4 S6S3

Pre S1
Cys

ARD

Macpherson et al., Nature 445 (2007) 541-545

Brône et al., Tox. Appl. Pharmacol. 231 (2008) 150-156

Lindsay et al., Royal Soc. Open Sci. (2015) DOI: 10.1098/rsos.140160
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CS acts on the TRPA1 ion channel

S1 S2 S5S4 S6S3
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CS acts on the TRPA1 ion channel

S1 S2 S5S4 S6S3

Pre S1
Cys

ARD
Ca2+
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Inward flow of calcium ions generates an electric current
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The electric current passes along the nerve cells
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The electric current is interpreted by the brain

The electric current 

is translated into the 

sensation of pain 



Working together for a world free of chemical weapons

www.opcw.org

Personal taster kit



Working together for a world free of chemical weapons

www.opcw.org

EC-84, 8 March 2017

Sensory irritant competition

• TASTER SAMPLES    COUNTERMEASURES

• Horseradish (contains 10% wasabi)  Water

• Another horseradish (“wasabi-like”)  Vanilla ice cream

• Mont Blanc mustard

• Siracha chilli sauce

• Red hot pepper sauce

• Red rocket chilli pepper hot sauce

• Phet-so red hot pepper sauce

• Two hot pepper sauces from China *

• Chil jalapeno hot sauce

• Madagascan bourbon vanilla extract

     * Courtesy of SAB Vice-Chair : Mr Cheng Tang

• Participants to provide a 1-10 scale rating of potency and persistence of the 

taster samples and to record the data on the scorecards provided
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Chilli peppers
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Pepper spray

© ABC News
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Chemical ingredients of chilli peppers
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The Scoville scale

Scoville scale source : http://www.peri-peristore.com/index.php/scoville/
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The Scoville scale
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Capsaicin acts on the TRPV1 ion channel

© Oxford University 
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SAB responses to specific questions from the DG, in 2013

The list reflected the current RCAs that could be declarable in accordance with 

Article III(1)(e)

Criteria used by the Technical Secretariat to draw up the list were judged sound

The main point in considering the list was whether the toxicity profile of each 

chemical matched the definition of a RCA in Article II(7)

No chemicals were deleted from the list and those whose toxicity profiles did 

not match the definition of a RCA in Article II(7) were identified

Chemicals that were added to the list were those linked in the scientific 

literature to riot control, and therein their physiological action compared to 

RCAs, or those having physiological properties that could favour their research 

or potential use. 
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Conclusions in 2013

Three of the 14 chemicals declared as RCAs since the CWC entered into force 

had properties that excluded their definition as a RCA under Article II(7). They 

were 10-chloro-5,10-dihydrophenarsazine (Adamsite), 2-bromoethyl acetate, 

and 4’-chloroacetophenone. Through their chemical action on life processes 

they can cause death or permanent harm.

The conclusion that Adamsite is too toxic for classification as a RCA was 

consistent with the conclusion reached by the SAB many years ago, in that “it 

should no longer be used as a RCA, as it fails to meet today’s concerns for 

safety”. 
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Conclusions in 2013

Cis-4-acetylaminodicyclohexylmethane, N,N’-bis(isopropyl) ethylenediamine, 

and N,N’-bis(tert-butyl)ethylenediamine were considered in addition to the 

initial list. They met the criteria used by the Secretariat and the definition of an 

RCA under Article II(7). 

42 other chemicals, comprising those on the initial list supplemented by 12 

additions, did not fit the definition of an RCA.

Trichloronitromethane (chloropicrin) appears on Schedule 3A(4) under the 

descriptor Toxic Chemical, and is thus excluded as an RCA under the Article 

II(7) definition.
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Result of the SAB study in 2013
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17 chemicals conform to RCA definition

These act on the

TRPV1 ion channel

These act on the

TRPA1 ion channel
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Sensory irritant taster summary

• SAMPLES     TRP CHANNEL

• Horseradish (contains 10% wasabi)  A1

• Another horseradish (“wasabi-like”)  A1

• Mont Blanc mustard    A1

• Siracha chilli sauce    V1

• Red hot pepper sauce    V1

• Red rocket chilli pepper hot sauce  V1

• Phet-so red hot pepper sauce   V1

• Two hot pepper sauces from China *  V1

• Chil jalapeno hot sauce   V1

• Madagascan bourbon vanilla extract  No irritant action

• COUNTERMEASURES

• Water     No irritant action

• Vanilla ice cream    No irritant action

• Fat content of ice cream helps reduce the irritant action of the sauces
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If you wish to discover more about how CS causes irritation . . .

© Pinterest
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