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“Given the substantial changes in 

chemistry and chemical industry since 

the schedules were finalised a quarter 

century ago, a review of the schedules 

should be considered to assess 

whether: (a) the chemicals currently 

listed are in the appropriate Schedule, 

and (b) any toxic chemicals or specific 

precursors should be added to or 

removed from the Schedules.” 
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Where should we start?

Review the Schedules?
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Schedule 1
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Schedule 1
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Schedule 1

Nitrogen mustard

Sulfur mustard
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Schedule 2
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Schedule 2

Chemical warfare agent precursors and …

Organophosphorus pesticides

Fire retardants

Pharmaceutical

precursors
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Schedule 3

Industrial 

dual-use 

chemicals
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Schedule 3
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Schedule 3

“Given the substantial changes in chemistry and chemical industry 

since the schedules were finalised a quarter century ago, a review of 

the schedules should be considered to assess whether: (a) the 

chemicals currently listed are in the appropriate Schedule, and (b) 

any toxic chemicals or specific precursors should be added to or 

removed from the Schedules. In this connection, it should be 

considered whether it is technically feasible to accurately monitor 

Schedule 3 chemicals that are produced in very large quantities (e.g. 

over 100,000 tons/year).”
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Schedule 3

(isocyanates derived from phosgene)

Some of these chemicals 

*might* qualify for the

> 100,000 club?
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What are on the Schedules?

The Scheduled chemicals explicitly specified in 

the Convention for monitoring purposes, include 

chemical warfare agents and their key precursors

Scheduled chemicals are associated with 

historical chemical warfare programmes – this 

does not mean they are chemical weapons…

A 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 purposes (Article II).
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What are on the Schedules?
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Precursors?
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Chemical Warfare Agents and Precursors

1B.09 Sarin (1A.01)

chemical warfare agent

Schedule 1

Schedule 2

2B.04 2B.04

3B.06

3B.06 3B.08

Schedule 3

“Chemical weapon” (historical or potential)

Closely related chemical structure to S1(A)

Comparable properties to S1(A)

Final stage precursor to S1(A)

No (or limited) non-prohibited uses

Potential chemical weapon;

Final stage or key  precursor to S1 or S2(A)

Not produced in large commercial quantities

“Chemical weapon” (historical or potential)

Key precursor to S1 or S2(A)

Produced in large commercial quantities
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Chemical Warfare Agents and Precursors

1B.09 Sarin (1A.01)

chemical warfare agent

Schedule 1

Schedule 2

2B.04 2B.04

3B.06

3B.06 3B.08

Schedule 3

“Chemical weapon” (historical or potential)

Closely related chemical structure to S1(A)

Comparable properties to S1(A)

Final stage precursor to S1(A)

No (or limited) non-prohibited uses

Potential chemical weapon;

Final stage or key  precursor to S1 or S2(A)

Not produced in large commercial quantities

“Chemical weapon” (historical or potential)

Key precursor to S1 or S2(A)

Produced in large commercial quantities
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Chemical Warfare Agents and Precursors

MeOH (methanol), i-PrOH (iso-propyl 

alcohol), HF (hydrogen fluoride), and NaF 

(sodium fluoride) are unscheduled 

“precursors” (they are not considered 

“key” precursors)

If making sarin for prohibited uses, 

under Article II, these chemicals 

would be classed as:

“unscheduled chemical weapons”
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How Many Chemicals are Contained within the Schedules?
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How Many Chemicals are Contained within the Schedules?

descriptions/formulas

Specific chemicals

Chemical Abstracts 

Service (CAS)

Registry Numbers
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3 Single chemical substances

Shown here as stereoisomers

3 Groups of compounds

(15 compounds in total)

26 Single chemical substances
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3 Single chemical substances

Shown here as stereoisomers

3 Groups of compounds

(15 compounds in total)

26 Single chemical substances

And 11 structural “families”
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Families of Chemicals?

▪ 1B.09: Four members

▪ 1A.01
▪ R1 has four possible structures

▪ What about R2?

R2 = C1 (-CH3), 1 structure X 4 = 4 1A.01 chemicals

R2 = C2 (-CH2CH3), 1 structure X 4 = 4 1A.01 chemicals

.

.
R2 = C6

R2 = C3 (-CH2CH2CH3 or -CH(CH3)2 or       ), 3 structures X 4 = 12 1A.01 chemicals 

Includes sarin

21 structures

83 ways of attachment

332 1A.01 chemicals 

Includes soman, cyclosarin

With one variable R 

group from C1 to C10 for 

1A.01, 1A.02 and 1A.03:

> 1.3 million possible 

chemicals in these three 

Schedules
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Families of Chemicals?
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Families of Chemicals?

▪ 1B.09: Four members

▪ 1A.01
▪ R1 has four possible structures

▪ What about R2?

R2 = C1 (-CH3), 1 structure X 4 = 4 1A.01 chemicals

R2 = C2 (-CH2CH3), 1 structure X 4 = 4 1A.01 chemicals

.

.
R2 = C6

R2 = C3 (-CH2CH2CH3 or -CH(CH3)2 or       ), 3 structures X 4 = 12 1A.01 chemicals 

Includes sarin

21 structures

83 ways of attachment

332 1A.01 chemicals 

Includes soman, cyclosarin

2B.04 is the Largest Family on the Schedules
(unlimited possibilities with one exemption)
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DOI: 10.1016/j.toxlet.2017.11.040

Is that all a bit too complicated?
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Is that all a bit too complicated?

DOI: 10.1021/acschemneuro.8b00148

F

-CH3

-CH(CH3)2

Sarin:

Why stop at C10?
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Is that all a bit too complicated?

F

-CH3

-CH(CH3)2

Sarin:

Nerve agent adduct



30

A Matter of Size

R2 =  C3 (sarin)

R2 =  C6

R2 =  C10
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A Matter of Size
Families also help to mitigate issues of “designer”

compounds being exempt from monitoring and control
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Are Individual Chemicals any Less Complicated?
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Are Individual Chemicals any Less Complicated?

Stereoisomers should still fall under the Schedule 

of the parent compound (SAB Recommendation)
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16 protons

+

16, 17, 18 or 19 neutrons

=

4 isotopes (32S, 33S, 34S,35S)
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16 protons

+

16, 17, 18 or 19 neutrons

=

4 isotopes (32S, 33S, 34S,35S)

Isotopically labeled chemicals  should 

still fall under the Schedule of the parent 

compound (SAB Recommendation)
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Just to complicate things more:

Hydrogen isotopes are written in chemical 

structures as: H (1H), D (2H) or T (3H)
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Salts?
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Why Does This Matter?

Are salts of 1A.04 and 1A.07 chemicals scheduled?

Lower pH

Higher pH

Should salts of scheduled chemicals not 

specified on the schedules be scheduled?
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The number of scheduled 

chemicals is limitless…
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The Number of Scheduled 

Chemicals is Limitless…

Keeping Track of Chemicals Known to Science:

CAS Registry Numbers are assigned when new substance are 

“published” in scientific and patent literature
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The Number of Scheduled 

Chemicals is Limitless…

~32,000 CAS numbers assigned

to scheduled chemicals
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Handbook on Chemicals 2017 Revised version 1

www.opcw.org/our-work/non-proliferation/declarations-

adviser/handbook-on-chemicals/ 

Not all scheduled 

chemicals that have

been declared have CAS 

numbers

http://www.opcw.org/our-work/non-proliferation/declarations-adviser/handbook-on-chemicals/
http://www.opcw.org/our-work/non-proliferation/declarations-adviser/handbook-on-chemicals/
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How many chemicals are there?

What About Chemicals Not on Schedules?
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More Possible Chemicals

than Atoms in the Universe!
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More Possible Chemicals

than Atoms in the Universe!

1993

CWC Opened

for Signature

~196,000,000 CAS Numbers

at beginning of 2017
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> 209 million CAS Numbers as of July 2018...

> 142 million are organic/inorganic chemical substances

> 13 million new CAS numbers in past 18 months…
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Which unscheduled chemicals matter?

What About Chemicals Not on Schedules?

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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Riot control agents 

cannot be scheduled…
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Unscheduled precursors, 

degradation products and 

contaminants
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Toxic Industrial Chemicals

https://www.osha.gov/SLTC/emergencypreparedness/guides/chemical.html 

Some are 

scheduled

https://www.osha.gov/SLTC/emergencypreparedness/guides/chemical.html
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Central Nervous System-Acting Chemicals
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Relative Toxicity?

e.g. Carfentanil

Can also be 

very high!

Can be lower 

than other CW
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A scheduled CNS-acting chemical and its precursors

These precursors are not as widely used for 

pharmaceuticals as in the past

thanks to new and improved chemistry!
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Chemical – Biological Threat Spectrum

Toxic Industrial,

Pharmaceutical

and Agricultural

Chemicals

Emerging CW

Aerosols

Mustard

Nerve Agents

Hydrogen Cyanide

Phosgene

Substance P

Neurokinin A

Botulinum

Saxitoxin

Ricin

Modified/tailored

Bacteria and 

Viruses

Bacteria

Viruses

Rikettsia

Anthrax

Plague

Tularemia

Agents of Biological Origin“Chemicals”

Classical CW 
Industrial

Chemicals 

Bioregulators

Peptides 
Toxins

Genetically

Modified BW 
Traditional BW 

Poisons Infectious Agents

Chemical  Weapons  Convention (Article II)

Biological and Toxin Weapons Convention (Article I)

Adopted from Graham S Pearson, ASA Newsletter, 90-1, February 1990 and Robert Mathews at TWG on Convergence.1st Meeting 2011
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Toxins

Schedule 1
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Toxins

Schedule 1

Higher toxicity than

ricin or saxitoxin!
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Bioregulators

▪ Endogenous molecules that regulate life processes…

Substance P (pain modulation)
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Bioregulators

Substance P (pain modulation)

SAB does not view advances in research on 

bioregulators as posing a risk at present
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Unscheduled Chemicals that 

Pose a Risk to the Convention?
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Recent Advice from the Scientific Advisory Board
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“Given the substantial changes in 

chemistry and chemical industry since 

the schedules were finalised a quarter 

century ago, a review of the schedules 

should be considered to assess 

whether: (a) the chemicals currently 

listed are in the appropriate Schedule, 

and (b) any toxic chemicals or specific 

precursors should be added to or 

removed from the Schedules.” 
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Scientific Advisory Board from January to July 2018
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