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Schedule 1 Schedule 2

Scheduled Chemicals under the Chemical Weapons Convention (CWC)

Guidelines for Schedule 1
The following criteria shall be taken into account in considering whether a toxic 
chemical or precursor should be included in Schedule 1:

(a) It has been developed, produced, stockpiled or used as a chemical weapon as  
 defined in Article II;
(b) It poses otherwise a high risk to the object and purpose of this Convention by   

virtue of its high potential for use in activities prohibited under this  
Convention because one or more of the following conditions are met:
  (i)  It possesses a chemical structure closely related to that of other toxic 

chemicals listed in Schedule 1, and has, or can be expected to have,
comparableproperties;

 (ii)  It possesses such lethal or incapacitating toxicity as well as other 
properties that would enable it to be used as a chemical weapon;

(iii)  It may be used as a precursor in the final single technological stage of 
production of a toxic chemical listed in Schedule 1, regardless of 

 whether this stage takes place in facilities, in munitions or elsewhere;
(c) It has little or no use for purposes not prohibited under this Convention. 

Guidelines for Schedule 2
The following criteria shall be taken into account in considering whether a toxic
chemical not listed in Schedule 1 or a precursor to a Schedule 1 chemical or to a
chemical listed in Schedule 2, part A, should be included in Schedule 2:

(a) It poses a significant risk to the object and purpose of this Convention because
it possesses such lethal or incapacitating toxicity as well as other properties 

 that could enable it to be used as a chemical weapon;
(b) It may be used as a precursor in one of the chemical reactions at the final stage 

of formation of a chemical listed in Schedule 1 or Schedule 2, part A;
(c) It poses a significant risk to the object and purpose of this Convention by 

virtue of its importance in the production of a chemical listed in Schedule 1 or 
 Schedule 2, part A;
(d) It is not produced in large commercial quantities for purposes not prohibited

  under this Convention. 

Guidelines for Schedule 3
The following criteria shall be taken into account in considering whether a toxic
chemical or precursor, not listed in other Schedules, should be included in 
Schedule 3:

(a) It has been produced, stockpiled or used as a chemical weapon;
(b) It poses otherwise a risk to the object and purpose of this Convention because it 

possesses such lethal or incapacitating toxicity as well as other properties that 
 might enable it to be used as a chemical weapon;
(c) It poses a risk to the object and purpose of this Convention by virtue of its 

importance in the production of one or more chemicals listed in Schedule 1 or
Schedule 2, part B;

(d) It may be produced in large commercial quantities for purposes not
              prohibited under this Convention. 
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Sampling and analysis is widely used in many industries to assess workplace contaminants and 
health and safety protocol adherence. Chemical analysis, in many ways, is the focal point of the 
verification activities of the OPCW. The objective of the sampling and analysis activities of the 
OPCW is to prove the presence or absence of a particular scheduled chemical in a sample. Used 
in this manner, chemical analysis provides unambiguous evidence for the presence of scheduled 
chemicals.

S&A is invoked in three OPCW activities: inspections (for example, chemical weapons destruc-
tion facilities or chemical industries), challenge inspections (CI), and investigations of alleged use 
(IAU). In the case of an inspection at a chemical industry for example, S&A is used to prove that 
the activities in a particular location are consistent with the information provided in the declara-
tions provided by the industry. In the case of a challenge inspection, S&A is used to validate the 
allegations proposed by one State Party toward another with regards to adherence to the CWC. 
No CI’s have been required so far in the history of the OPCW but regular training in CI S&A tech-
niques is provided in the form of ASSISTEX exercises. An investigation of alleged use (IAU) involves 
sampling of environmental and biomedical samples and their analysis in an area where chemical 
weapons were allegedly used; the main example of recent times being Syria.

S&A related to the implementation of the CWC is performed on-site, in the OPCW Laboratory, 
and in a network of designated labs around the globe. 8-10 inspection missions are carried out 
per year by the verification division and the inspectorate team of the OPCW. 

I. INTRODUCTION

Figure 1. Inspectors performing S&A activities during an exercise

Trained analytical chemists (ACs) perform the bulk of the S&A activities for the OPCW. Many of the AC inspectors hold chemical engineering 
or chemistry degrees, and are trained at the OPCW laboratory prior to departure on missions.

The main workhorse of most of the chemical analysis relevant to the CWC is a hyphenated analytical method called gas chromatography-mass 
spectrometry (GC-MS). A GC-MS instrument separates individual components in a mixture and records their masses, making identification 
of target compounds facile. To assist with identification, the OPCW Central Analytical Database (OCAD), which contains data from over 5,000 
compounds, is used. An advantage of using GC-MS as the main analytical tool is that it can detect compounds in extremely diluted samples, 
usually at the part per million (ppm) level. GC-MS instruments require continuous calibration with a calibration mix provided by the OPCW.

Other chemical analysis tools include infrared (IR) and Raman spectroscopy. These tools were used in Syria as qualitative methods that rap-
idly indicate the presence of a particular class of chemicals which contain similar structural features. Raman spectroscopy was also used at 
Marchwood Military Port in the United Kingdom to verify the identity of chemicals received from the hydrolysis of chemical weapons aboard 
the Cape Ray.

In addition to the analytical tools mentioned above, a range of other equipment is needed for S&A during inspections, such as sample collec-
tion kits, sample preparation kits, and portable fume hoods. 

Sample Collection (dilution if necessary)

III. OVERVIEW OF THE S&A PROCESS

Extraction

Injection onto GC-MS 

Splitting into 8 aliquots

Identification using OCAD 

Decision made to send for off-site 
analysis

Sample extraction:

• The complexities of the sample matrix and possibility of contaminants oftentimes means 
that extraction has to be carried out. Extractions are usually performed in dichloromethane 
(DCM), water, or triethylamine (TEA)/methanol mixture. Lewisites require a different extraction 
procedure. Analysis using GC-MS and identification of compounds using the OCAD database.

• Samples are injected and analysed using the GC-MS instrument and the chromatograms and 
mass spectra of each compound are recorded. Unless run on “restricted” mode, mass spectral 
libraries can be used to compare data with the sample (common libraries include the NIST, and the 
Wiley). The laptop connected to the GC-MS has AMDIS (automated mass spectral deconvolution 
and identification system) software installed, which is a software used to deconvolute co-eluting 
peaks (different compounds eluting at similar retention times) on chromatograms. 

Decision to send samples off-site:

• The inspection team leader (ITL) recommends to the Director-General if off-site analysis is 
required. Of the 8 aliquots prepared from the authentic sample, one is handed over to the 
Inspected State Party as a reference sample, 2 are used in on-site S&A activities, and the remaining 
5 are set aside for off-site analysis if the occasion arises. 

• If off-site analysis is required, the samples are sent to at least two off-site independent accredited 
laboratories to increase confidence in OPCW S&A testing results. Therefore, the need to properly 
develop a strong network of designated laboratories is realized (Figure 4). 

Beforehand: 

• The number and category of samples to be collected and 
the equipment necessary is determined beforehand. Sample 
collection forms are initiated. OPCW-approved PPE appropriate 
to the mission is prepared. 

Sample collection:

• In the case of a suspected neat agent (highly toxic), the sample 
would be diluted at the collection point before collection and 
storage. The sample would also be split into aliquots at the site 
of collection. 

Sample types and usual quantities collected:
1. Aqueous (250 ml)
2. Organic liquid, non CW (5 ml)
3. Organic liquid, CW or super toxic (2.5 ml)
4. Soil (250 g)
5. Bulk solid chemical (10 g)
6. Wipe (1 wipe per solvent)
7. Paint, rubber, wood (surface scrape)

IV. THE OCAD

During routine S&A inspections, the OCAD database is used to identify the presence or absence of scheduled chemicals in a given sample. 
However, in the case of an IAU, the analysis of the sample is not limited to scheduled chemicals alone and encompasses any chemicals that 
may not be found in OCAD up to that point.

The OCAD currently contains recorded data on 5,000 scheduled chemicals. Most of the data is in the form of mass spectra and retention 
indices recorded from GC-MS analyses of chemicals, however, data from infrared (IR) and nuclear magnetic resonance (NMR) analyses of 
chemicals are also present, albeit fewer entries are included for those techniques.

The OCAD is updated every year based on a stringent screening procedure for new entries. Data for the OCAD is generated by the OPCW 
laboratory and the designated laboratories. The data is then validated by external experts and submitted for review to the Executive Council 
(EC), which approves the material for inclusion onto the OCAD. 

V. LIMITATIONS AND CHALLENGES POSED BY S&A

• The biggest challenge posed by S&A are process related impurities and “false positives”, which undermine the credibility of the results. 
For example, a false positive may indicate that a scheduled chemical is present when in fact it is not in the mixture. This of course has far-
reaching implications in terms of politics and international relations.

• Another issue is the possibility that the OCAD may not contain the scheduled chemical being manufactured in a particular inspected 
location. Therefore, it is important to constantly keep updating the database.

• The restricted mode of analysis required by some businesses or companies (imposed to protect trade secrets and keep confidentiality) 
may limit analytical chemists’ ability to fully characterize the constituents of the sample. 

• Finally, if an IAU occurs, S&A may not be appropriate due to a range of factors including a dangerous military environment, limited time, 
and the lack of certain infrastructures in the location. 

Figure 5. Sample splitting into 8 aliquots during a 2005 ASSISTEX 
field exercise

Figure 6. Sample preparation by an analytical chemist (AC) during 
and on-site inspection 

Figure 4. Current designated laboratories that the OPCW uses for off-site analysis (as of July 2014). All the designated laboratories have to 
maintain strict analytical practices and take part in annual profiency tests run by the OPCW Laboratory in Rijswijk

Figure 2. An inspector collecting a liquid sample during and challenge inspection (CI) exercise

Figure 3. Additions to the OCAD from 1997-2014
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Organophosphorus (OP) Nerve Agents and their Countermeasures 

Tabun (GA) Sarin (GB) VX Soman (GD) 

Mechanisms 

- Inhalation toxicity  
- Dermal toxicity 
- Neurological complications 

Atropine, blocks the action of  ACh at  muscarinic  receptors 
and treats SLUDGE syndrome (salivation, lacrimation, 
urination, diaphoresis, gastrointestinal  motility, emesis) 

Oximes, reactivate acetyl cholinesterase before the 
process of  aging (e.g. irreversible inhibition of the 
enzyme.  Oximes can be co-administered with atropine, 
commonly used oximes include pralidoxime chloride, HI-
6, trimedoxime and obidoxime 

Nerve agent countermeasures 
Atropine and Pralidoxime 

 Chloride auto injector  

Benzodiazepines (BDZs, a class of anticonvulsants) bind to the gamma sub-unit of the 
GABAA receptor.  Binding results in an allosteric (structural) modification of the 
receptor that increases receptor activity and inhibits excessive nerve cell activity. 
BDZs used for this purpose include diazepam, lorazepam and midazolam.  

Neuroprotective substances that bind to the GABAA  receptor such as BDZs are helpful 
for preventing neurological damage in the brain (atropine and oximes are targeted at 
muscle tissue). 

Ketamine has also been studied as a neuroprotective substance.  

Secondary effect 

Sodium bicarbonate infusion  has 
been reported to neutralize nerve 
agents. This is not a generally 
recommended procedure but there 
are reports of its use. Iran J Med Sci.
2012 Jun; 37(2): 74–91 

Bioscavengers are enzymes that detoxify OPs  by stoichiometric reaction or by 
catalytically cleaving the OPs into biologically inert products.  Butyrylcholinesterase 
(illustrated below) represents an example of a stioichiometric bioscavenger. 
Chem Biol Interact. 2013 Dec 5;206(3):536-44 

Non-aged form of human butyrylcholinesterase inhibited 
by the tabun analogue TA1.  
(Protein Data Bank structure 2WID).

Hemoperfusion and fresh frozen  
plasma can also be used to 
increase the excretion rate of nerve 
agent from the body. Arch Toxicol. 2014
Feb;88(2):301-7 
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Other reported countermeasures 

Acetylcholine 
Acetylcholinesterase 

Nerve agent 

Cholinergic receptor 

Acetylcholine 
Acetylcholinesterase 
Nerve agent 

Cholinergic receptor 
Atropine 
Pralidoxime Chloride 

Nerve ending 

Russian VX Cyclosarin (GF) 

Examples of nerve agents: 

Synapse 

Acetylcholine 
Acetylcholinesterase 
Cholinergic receptor 

Nerve agent  inhibits  
acetylcholinesterase 

e.g. Pralidoxime Chloride 

Soman (                   ) adduct  
Non-aged soman (GD) conjugate 

 of Torpedo californica  
acetylcholinesterase 

(Protein Data Bank structure 2WFZ)  

The neurotransmitter acetylcholine (ACh) is released 
into the synapse followed by binding to acetylcholine 
receptors which results in muscle contraction.  
Immediately after ACh binding, the enzyme 
acetylcholinesterase (AChE) breaks down ACh, 
removing it from the synapse to allow the muscle to 
relax. 

Nerve agents inhibit AChE, which results in an excess 
of ACh and over-stimulation of the neuromuscular 
junction.   SLUDGE syndrome followed by paralysis 
and death results. 

Benzodiazepines  

(e.g. Diazepam; R1 = CH3, R2 = O, R3 = H, R4 = Cl)  



Blood Agents and their Countermeasures 

Effect 
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Hydrogen Cyanide Sodium Cyanide 

Cyanide ion (CN-) 
Produced by blood agents 

Inhalation 

Red Blood Cells Hemoglobin 

Heme-Cyanide 
Complex 

- Cyanide ion (CN-) binds to hemoglobin, the oxygen-carrying molecule in red 
blood cells.  

- It distributes throughout the body via the bloodstream where it binds to the 
metabolic enzyme cytochrome c oxidase.  This prevents cells from using oxygen 
and producing energy. 

- Symptoms of hydrogen cyanide poisoning: 

 Headache, nausea, dizziness (mild doses)

 Convulsions and coma (high doses)

 Respiratory and cardiac arrest (very high doses)

Countermeasures including 
supportive measures Structure Effect 

Sodium nitrite/ Sodium Thiosulfate 
(administered intravenously) 

 NaNO2/ Na2S2O3 

Nitrite oxidizes iron from the ferrous (+2) state to 
the ferric (+3) state, increasing the concentration of 
circulating ferric ion which competes for cyanide 
binding to the ferric ion of cytochrome c oxidase. 
Sodium thiosulfate binds to cyanide to produce 
thiocyanate, which is less toxic and  eliminated via 
the kidneys.  

4-Dimethylaminophenol (4-DMAP) 
(administered intravenously) 

Oxidizes iron from ferrous (+2) to ferric (+3) state at 
a faster rate then sodium nitrite. 

Hydroxocobalamin 
(a form of Vitamin B12 , administered 

intravenously) 

Dicobalt EDTA 
 Caution: High incidents of side effects have 

been observed in patients receiving this 
treatment. 

Binds to cyanide to form a complex that can be 
cleared from the body via the kidneys. 

Nitrocobinamide NO2-vitamin B12
Reverses cyanide inhibition of the enzyme 
cytochrome c oxidase. 

Hyperbaric Oxygen Therapy    O2
Potentiates activity of other counter-measures by 
displacing CN- from heme. 

Cyanogen Cyanogen Bromide 

Skin 
(Adsorption) 

Ingestion 

* LD50:  Median lethal dose in humans extrapolated from animals, toxicological profile of Cyanide, Agency for Toxic Substances and Disease Registry, U.S. Department of Health & Human Services. 

LD50*  
Inhalation 39 –52 mg/kg 
Ingestion 25-50 mg/kg 
Skin 250-1000 mg/kg 

LD50*  
Inhalation 300 mg/kg 
Ingestion 50 – 200 mg/kg 
Skin 100 mg/kg  

LD50*  
Inhalation 350 mg/kg 
Skin 10 - 15 mg/kg 

LD50*  
Ingestion 64 mg/kg 
Skin  77 mg/kg 



Countermeasures including 
supportive measures Structure Effect 

Sodium Thiosulfate 
(administered intravenously) 

Na2S2O3 

Prevents lethality by reacting with mustard (scavenger). 

Reactive Skin Decontamination 
Lotion – RSDL 

A Mixture of Dekon 139 and 2,3, butanedione monoxime (DAM) 
in a polyethylene glycol monomethyl ether (MPEG) and water 
solvent system (also works as a countermeasure against 
organophorphorus agents). Commercially available,  
www.rsdl.com.    

Prevents dermal absorption and rapidly neutralizes the 
vesicant chemical  

BAL (British Anti Lewisite) 
(administered intramuscularly) 

Chelating agent that binds to Lewisite to form a water 
soluble complex. 

DMSA 
DMPS 
DMPA 

DMPS-Sodium Salt 
(used for Lewisites)

These chelating agents bind to Lewisite to form water 
soluble complexes. 

Tissue plasminogen activator (tPA) 
(Experimental therapeutic, administered 

intravenously )   
Am J Respir Cell Mol Biol. 
2013 Apr; 48(4): 439–447 

Diminishes airway obstructive fibrin–containing casts; 
this improves clinical respiratory distress, pulmonary 
gas exchange and tissue oxygenation. 

Sodium Hypochlorite 
Can be used as a skin decontaminant.  

However, it is not a recommended treatment due 
to caustic properties.  

NaOCl 
Oxidizes (and inactivates) blister agents. 

Blister Agents and their Countermeasures 

Effects of sulfur mustard 
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Sulfur Mustard (HD) Lewisite (L) Nitrogen Mustard (HN-1) 

DNA Alkylation 

-Reddening of the skin 
-Resembling sunburn 
-Swollen skin 
-Lesions 
-Pain  

Blister agents alkylate biological molecules such as nucleic acids, proteins and cellular membrane components. 
This results in a cascade of complications. Alkylation and cross linking of DNA can lead to a risk of cancer. 

Examples of blister agents: 

The effects of blister agents appear within minutes of exposure.  To minimize injury,  
decontaminate immediately! 

GSH 

Albumin 



Choking Agents and their Countermeasures 
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Chlorine Phosgene 
Chlorine is  a yellow-green gas with a strong, bleach like odour. 
Soldiers describe its smell as a distinct mix of pepper and pineapple. 
Its density (3.21 kg/m3) is about three times that of air. 

 

Phosgene is a colourless gas with a 
musty odour. Its density (4.25 kg/m3) 
is about four times that of air. 

Effects 

- Chest Discomfort 
- Shortness of breath 
- Irritation of nose and throat 
- Lachrymation 

Choking agents react instantly with 
biological fluids, skin and eyes 

These reactive species 
damage DNA repair enzymes; 
activate some  inflammatory 
cascades; and induce vascular 
dysfunction, oxidative stress, 
mitochondrial damage, and 
arterial plaque formation. 

Bronchospasm, increased 
mucous production causes 
damage of alveoli-capillary 
membranes, in addition to a 
life-threatening build-up of 
fluid on the lungs (pulmonary 
edema). 

Both Cl2 and HOCl react with 
airway lining constituent 
molecules. Reactive oxygen 
species (ROS) such as 
superoxide (O2

-), hydrogen 
peroxide (H2O2) and hydroxy 
radicals (.OH) also form, and 
cause irreversible biochemical 
changes. 

Induction of nitric oxide 
synthase (iNOS) can lead to 
formation of nitric oxide (NO) 
and, secondarily, peroxynitrite 
(ONOO-). 

1 

2 

3 

Countermeasures including 
supportive measures   Structure Indication 

Steroids 
(Inhaled or intravenous) 

e.g. Betamethasone  
(illustrated on the right) 

Decrease respiratory complications by inhibiting 
inflammatory responses.  

N-Acetyl cysteine (NAC) Prevents cells from oxidative  damage (anti-oxidant) 

Non Steroidal Anti Inflammatory 
Drugs (NSAIDs) Reduce pulmonary oedema 

AEOL 10150 
Newly available countermeasure 

Curr Opin Investig Drugs. 2006 Jan;7(1):70-80 

This countermeasure has multiple mechanisms of 
action that include: anti-oxidant, anti-inflammatory 
and anti-angiogenic activity; and the  catalytic 
consumption of reactive oxygen and nitrogen species 
(free radicals) 

Nebulized Sodium Bicarbonate 
(is not generally recommended but there are  

reports of its use). Inhal Toxicol. 2006 Oct;18(11):895-900 

Neutralization of the choking agent in the affected 
area.  

Phosgene rapidly hydrolyses in 
water to form carbon dioxide 
and hydrochloric acid which 
produces ocular, naso-
pharyngeal, and central airway 
irritation.  The carbonyl group 
(C=O) of phosgene can undergo 
acylation reactions with amino (-
NH2), hydroxyl (-OH), and 
sulfhydryl (-SH) groups.  These 
reactions account for the major 
pathophysiological effects of 
phosgene (severe dyspnoea and 
clinically evident pulmonary 
edema). 
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Cyclosarin
GF

VX Nerve Agent

Lewisite
L

Nitrogen Mustard
HN3

Hydrogen Cyanide
AC

Perfluoroisobutene5
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Median Lethal Dose, LD50 in mg/kg (Skin Exposure) 
 Decreasing acute toxicity

Molecular Weight: 162.3 g•mol-1

State at 20°C: Colourless to brown liquid
Odour: Faintly Fruity: none when pure

Density: 1.073 g cm−3 at 25°C
Boiling Point: 240°C

Vapour Pressure: 0.037 mm Hg at 20°C
Volatility: 610 mg/m3 at 25°C

LD
50

: 21.42 mg/kg 
LCt

50
: 70 mg•min/m³

Molecular Weight: 140.1 g•mol-1

State at 20°C: Colourless liquid
Odour: Almost none when pure

Density: 4.86 cm−3 at 25°C
Boiling Point: 158°C

Vapour Pressure: 2.10 mm Hg at 20°C
Volatility: 22000 mg/m3 at 25°C

LD
50

: 24.28 mg/kg 
LCt

50
: 35 mg•min/m³

Molecular Weight: 182.18 g•mol-1

State at 20°C: Colourless to brown liquid
Odour: Fruity; camphor when impure

Density: 1.022  g cm−3 at 25°C
Boiling Point: 198°C

Vapour Pressure: 0.4 mm Hg at 20°C
Volatility: 3900 mg/m3 at 25°C

LD
50

: 0.71 mg/kg 
LCt

50
: 35 mg•min/m³

Molecular Weight: 180.2 g•mol-1

State at 20°C: Colourless Liquid
Odour: Sweet; musty; peaches; shellac 

Density: 1.133 g cm−3 at 20°C
Boiling Point: 239°C

Vapour Pressure: 0.044  mm Hg at 20°C
Volatility: 438 mg/m3 at 20°C

LD
50

: 0.42 mg/kg 
LCt

50
: 35 mg•min/m³

Molecular Weight: 267.38 g•mol-1

State at 20°C: Colourless to to amber liquid
Odour: None

Density: 1.0083 g cm−3 at 20°C
Boiling Point: 298°C

Vapour Pressure: 0.0007  mm Hg at 20°C
Volatility: 10.5 mg/m3 at 25°C

LD
50

: 0.071 mg/kg 
LCt

50
: 15 mg•min/m³

Molecular Weight: 159.08 g•mol-1

State at 20°C: Colourless to pale yellow liquid
Odour: Garlic or horseradish
Density: 1.27  g cm−3 at 20°C

Boiling Point: 217°C
Vapour Pressure: 0.72  mm Hg at 20°C

Volatility: 610 mg/m3 at 20°C
LD

50
: 100 mg/kg 

LCt
50

: 900 mg•min/m³

Molecular Weight: 207.35 g•mol-1

State at 20°C: Colourless to brownish liquid
Odour: Varies; may resemble geraniums 

Density: 1.89  g cm−3 at 20°C
Boiling Point: 190°C

Vapour Pressure: 0.394 mm Hg at 20°C
Volatility: 4480 mg/m3 at 20°C

LD
50

: 30 mg/kg 
LCt

50
: 1400 mg•min/m³

Molecular Weight: 170.08 g•mol-1

State at 20°C: Dark Liquid
Odour: Fishy or Musty 

Density: 1.09 g cm−3 at 20°C
Boiling Point: 194°C

Vapour Pressure: 0.24 mm Hg at 25°C
Volatility: 1520 mg/m3 at 20°C

LD
50

: 20 mg/kg 
LCt

50
: 1500 mg•min/m³

Molecular Weight: 113.94 g•mol-1

State at 20°C: Colourless solid or liquid
Odour: Sharp, Penetrating 
Density: 4.25 g cm−3 at 25°C

Boiling Point: 53-54°C at 28 mmHg 
Vapour Pressure: 11.2  mm Hg at 25°C

Volatility: 1800 mg/m3 at 20°C
LD

50
: 800 mg/kg 

LCt
50

: 3000 mg•min/m³

Molecular Weight: 204.54 g•mol-1

State at 20°C: Dark Liquid 
Odour: None

Density: 1.24 g cm−3 at 20°C
Boiling Point: 256°C

Vapour Pressure: 0.0109  mm Hg at 25°C
Volatility: 121mg/m3 at 25°C

LD
50

: 10 mg/kg 
LCt

50
: 1500 mg•min/m³

Molecular Weight: 197.85 g•mol-1

State at 20°C: Colourless gas
Odour: New-mown hay; green corn  

Density: 1.65 g cm−3 at 20°C
Boiling Point: 127°C

Vapour Pressure: 4.2 mm Hg at 20°C
Volatility: 45000 mg/m3 at 20°C

LD
50

: 800 mg/kg 
LCt

50
: 3200 mg•min/m³

Molecular Weight: 156.07 g•mol-1

State at 20°C: Dark Liquid
Odour: Soapy (Low concentration), 
              Fruity (High concentration)

Density: 1.15 g cm−3 at 20°C
Boiling Point: 75°C at 15 mmHg

Vapour Pressure: 0.29  mm Hg at 20°C
Volatility: 3580 mg/m3 at 25°C 

LD
50

: 10 mg/kg 
LCt

50
: 3000 mg•min/m³

Molecular Weight: 27.02 g•mol-1

State at 20°C: Colourless gas or liquid 
Odour: Bitter almonds 

Density: 0.687  g cm−3 at 20°C
Boiling Point: 25.7°C

Vapour Pressure: 742 mm Hg at 25°C
Volatility: 1080000 mg/m3 at 25°C

LD
50

: 100 mg/kg 
LCt

50
: 5000 mg•min/m³

Molecular Weight: 70.90 g•mol-1

State at 20°C: Pale yellow-green gas
Odour: pungent suffocating odor

Density: 3.2 g cm−3 at 25°C
Boiling Point: -34.04 °C

Vapour Pressure: 4788 mm Hg at 20°C
LCt

50
: 6000 mg•min/m³

Molecular Weight: 200.03 g•mol-1

State at 20°C: Colourless gas  
Odour: Pungent metallic smell

Density: 1.592 g cm−3 at 0°C
Boiling Point: 7 °C

Vapour Pressure: 2.6x103 mm Hg at 25°C
LCt

50
: 870 mg•min/m³

Skin exposure LD
50

 is not available or not applicable

3-Quinuclidinyl benzilate6

BZ

Molecular Weight: 337.41  g•mol-1

State at 20°C: White crystalline solid
Odour: Odourless incapacitating agent 

Density: 1.3 g cm−3 at 25°C
Boiling Point: 320 °C

Vapour Pressure: 0.03 mm Hg at 70°C
Volatility: 0.5 mg/m3 at 70°C
LCt

50
: 200,000 mg•min/m³
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Botulinum Toxin

T-2 Toxin 

LD50:  1 ng/kg
Molecular weight: 150,000 g/mol 

Source: Clostridium botulinum

LD50:  1210000 ng/kg
Molecular weight: 466 g/mol 

Source: Fungal Mycotoxin
Fusarium

Shiga Toxin 

Tetanus Toxins

LD50:  2 ng/kg
Molecular weight: 55,000 g/mol 

Source: Shigella dysenteriae

LD50:  2 ng/kg
Molecular weight: 150,000 g/mol 

Source: Bacterium
Clostridium tetani

Diphtheria Toxin C. perfringens
 toxins 

LD50:  100 ng/kg
Molecular weight: 62,000 g/mol 

Source: Corynebacterium 
diphtheriae

LD50:  310 ng/kg
Molecular weight: 40,000 g/mol 
Source: Clostridium perfringens

Maitotoxin Palytoxin

LD50:  100 ng/kg
Molecular weight: 3,400 g/mol 
Source: Marine Dino�agellate

Gambierdiscus toxicus

LD50:  150 ng/kg
Molecular weight: 2,700 g/mol 

Source: Marine Soft Coral
Palythoa toxica

Saxitoxin

LD50:  400 ng/kg
Molecular weight: 1,000 g/mol 

Source: Fish/Marine Dino�agellate
Gymnothorax javanicus

LD50:  10000  ng/kg
Molecular weight: 299 g/mol 
Source: Marine Dino�agellate

Ceratium furca

Ciguatoxin

Batrachotoxin

LD50:  2000 ng/kg
Molecular weight: 539 g/mol 

Source: Poison Dart Frog

Conotoxin

Taipoxin

Tetrodotoxin αTityustoxin 

LD50:  5000 ng/kg
Molecular weight: 1,500 g/mol 

Source: Cone Snail
Conus pennaceus

LD50:  5000 ng/kg
Molecular weight: 46,000 g/mol 

Source: Elapid Snake
Oxyuranus scutellatus

LD50:  8000 ng/kg
Molecular weight: 319 g/mol 

Source: Pu�er Fish
Tetraodontidae

LD50:  9000 ng/kg
Molecular weight: 8,000 g/mol 

Source: Scorpion
Tityinae

Ricin

Aconitine

LD50:  3000 ng/kg
Molecular weight: 64,000 g/mol 

Source: Castor Bean
Ricinus communis

LD50:  100000 ng/kg
Molecular weight: 1647 g/mol 

Source: Monkshood
Aconitum

SEB (Rhesus/Aerosol) 

LD50:  27000  ng/kg
Molecular weight: 28,494 g/mol 
Source: Staphylococcus aureus

Anatoxin-A(s)

Microcystin

LD50: 50000 ng/kg
Molecular weight: 252 g/mol 

Source: Blue-Green Algae
Anabaena flos-aquae

LD50:  50000 ng/kg
Molecular weight: 994 g/mol 

Source: Blue-Green Algae
Microcystis aeruginosa

Comparative Toxicity (Median Lethal Dose, LD50 in ng/kg) of Selected Toxins And Chemical Agents In Laboratory Mice
Decreasing toxicity
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Biological Toxins and their Relative Toxicity 

 Examples of toxins 
from insects & animals

Examples of toxins from cyanobacteria

 Examples of other bacterial toxins
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 Examples of toxins from plants

Examples of toxins
 from fungus

LD50: 2000000 ng/kg
Molecular weight: 312.8  g/mol 

Source: Aspergillus �avus

A�atoxin B1

What are Toxins? 
Toxins are toxic substances produced by animals, plants or microbes.
They are classi�ed by their source and mechanism of action (neurotoxic or 
cytotoxic).  Neurotoxins a�ect neurons and are further classi�ed based on the 
mechanism by which they create their toxic e�ect; the subclasses are presynaptic 
neurotoxins, postsynaptic neurotoxins, ion channel-binding toxins and ionophores. 
Cytotoxins a�ect all cell types in the body, causing cellular destruction or interfering 
with metabolic processes such as cell respiration and protein synthesis. 

Abrin

LD50:  40 ng/kg
Molecular weight: 65,000 g/mol 

Source: Rosary Pea
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VX Agent

LD50:  15000 ng/kg
Molecular weight: 267.36 g/mol 

Soman (GD)

Sarin (GB)

LD50:  64000 ng/kg
Molecular weight: 182.18 g/mol 

LD50:  100000 ng/kg
Molecular weight: 140.09 g/mol 

Examples of 
Nerve Agents
(For Reference)

 Most Toxic Least Toxic
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Curare

Botulinum Toxin

Anatoxin

Inhibits the acetylcholine receptor, 
resulting in paralysis. 

Induces excessive neurotransmitter 
release, resulting in excessive 

muscle contraction.

Binds to neurotransmitter receptors, 
inducing excessive muscle 

contraction.

Prevents the fusion of vesicles to the 
pre-synaptic membrane. This 
prevents acetylcholine from 

entering the synapse, 
inducing paralysis.

Once a signal is released into the sarcolemma (a sheath surrounding the muscle), an 
action potential travels down the T-Tubuli ( structure found between muscle fibers). 
This triggers a release of calcium ions into the sarcoplastic reticulum which results 
in muscle contraction.  For more information, scan the QR code.

A synapse, the gap between two nerve cells (neurons), allows chemical signals to be 
relayed from one neuron to another.  The junction between a motor neuron and a muscle 
is referred to as a neuromuscular synapse.  Neurons rely on the movement of ions (charged 
species especially K+, Ca2+, Cl-, Na+) inducing a current, the so-called action 
potential responsible for electrical signalling. Signals are initiated when a neurotransmitter      
chemical (acetylcholine) binds to a specific receptor (acetylcholine receptor), 
triggering the opening of an ion channel. Information is transmitted along the
 neuron, employing a signaling system similar to Morse code. 

ORGANISATION FOR THE PROHIBITION OF CHEMICAL WEAPONS 
Working Together for a World Free of Chemical Weapons 

Toxins and the Neuromuscular System
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Tetraethylammonium

Blocks the K+ ion channel 
preventing propagation 

of the signal. 

LD
50

=  6.5 x 107 ng/kg 

Saxitoxin

Blocks voltage-gated Na+ channels, 
preventing depolarization.This 

results in paralysis.

LD
50

=  1 x 104 ng/kg 

Action Potential Mechanism
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Repolarization

Hyperpolarization

Neurotransmitter Receptors

Acetylcholine (Neurotransmitter) 

Potassium (K+) Channels 

Sodium (Na+) Channels 

Point of initiation of toxin effect

LD
50

=  8 x 104 ng/kg 

LD
50

=  5 x 104 ng/kg 

LD
50

=1 ng/kg 

LD
50

=  5 x 105 ng/kg 

Sarcolemma

Muscle fiber

T-Tubuli

Postsynaptic 
neuron

Synapse

Presynaptic neuron

Vesicles

Na+ channels open

K+ channels close

Na+ channels close K+ channels open

Bungarotoxin β

Time



Disables inhibitory neurons (those 
sending an “off” signal) resulting in 

excessive muscle contraction. 

Tetanus Toxin 

Caramboxin

Arsenic

Overstimulates glutamate receptors, 
effectively producing a state 

similar to that of an 
excessive level of 

glutamate. 

Long term inhibition of neuron 
growth; short term increase of 
intra-cellular Ca2+ levels; this in 

turn can induce cell death. 
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Ammonia

Induces swelling of astrocytes (cells 
that protect neurons) which slows 

brain function. 

Ethanol

Reduces the stability of 
membranes, which can prevent 

neurotransmitters release 
and binding, disabling 

communication between
neurons.

LD
50

= 3.5 x 107 ng/kg 

The Central Nervous System (CNS) is composed of the brain and spinal cord; it coordinates thoughts, memory and other complex 
processes, such as the body’s reaction to stimuli.  A synapse is the gap between two nerve cells (neurons) through which chemical 
signalling molecules (neurotransmitters) pass to ensure communication between nerve endings. There are several types of 
neurotransmitters; excitatory such as glutamate (in the brain) and acetylcholine (in the muscle and in the brain) or inhibitory, such as 
gamma-aminobutyric acid (GABA; present in the brain).  There are three types of neurons: motor-, sensory- and inter-neurons. Sensory 
neurons are present in eyes, nose, skin and ears; they relay information about the environment to the CNS. Motor neurons send 
information to the muscles and glands; controlling movement and reaction. Interneurons are cells that connect other neurons. 

Glutamate Receptor

Calcium (Ca2+) Channel 

Glutamate (Neurotransmitter)

GABA (Inhibitory Neurotransmitter)

Astrocyte (Protective cell)

LD
50

= 2 ng/kg 

LD
50

= 2 x 107 ng/kg 

LD
50

= 8.3 x 109 ng/kg 

Glutamate

When present in excess, glutamate 
induces a calcium flux into 
the neuron; this can lead 
to swelling and necrosis. 

Point of initiation of toxin effect

Cellular membrane

Synapse

Presynaptic neuron

Postsynaptic 
neuronIs an endogenous 

neurotransmitter, responsible for the 
transmission of an excitatory signal to the 

postsynaptic neuron.  

in the form of soluble As3+

LD
50

= 1.7 x 104  ng/kg 
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Ion channels of the Nervous System
Edoxie E. Allier-Gagneur and Jonathan E. Forman

Nerve agents and neurotoxins (such as botulinum toxin and saxitoxin) affect life processes by 
disrupting chemical signalling between nerve cells (neurons).  Neurological signalling processes 
involve ion channels. Those are proteins that enable the transport of ions ( specifically K+, Na+, Ca2+, 
Cl-) across cellular membranes. The direction of ion flow is driven by concentration gradients,  with 
the ions flowing from higher to lower concentration. 

Ion channels Ion Flow
Effect when

Blocked Overstimulated

Type of ion 
channel Mechanism

Ligand gated

Voltage-gated

Inwardly-rectifying/ 
tandem pore domain

Activated by the binding of a ligand. In the nervous system, 
neurotransmitters such as acetylcholine or glutamate often 
serve as binding ligands.

Activated when the membrane potential exceeds or falls 
behind a triggering threshold (see action potential chart).

Allows K+ ions to flow into the cell  while at negative mem-
brane potential. This allows the cell to maintain the resting 
potential state.

No signaling. 
Muscle: Paralysis 
Brain: Neurological 
shut-down

No signaling.
Muscle: Paralysis 
Brain: Neurological 
shut-down

No signaling.
Muscle: Paralysis 
Brain: Neurological 
shut-down

Constant excitation. 
Muscle: Contractions
Brain: Neurological 
shut-down

Constant excitation. 
Muscle: Contractions
Brain: Neurological 
shut-down

Constant excitation. 
Muscle: Contractions
Brain: Neurological 
shut-down

No new signal sent. 
Muscle: Paralysis 
Brain: Neurological 
shut-down
Cell cannot achieve  
resting potential.  
Muscle: Convulsions
Brain: Neurological 
shut-down

No signaling.
Muscle: Paralysis
Brain: Neurological 
shut-down

Processes that disrupt 
the action of these 
channels only result 
in blocking.
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Action potential
The change in membrane              
potential occuring during             
neuronal signaling, which is        
associated with the action of 
ion channels.
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G a s  M a s k  D e v e l o p m e n t  D u r i n g  W W I

1915

1914 1916

1917

1918

First Use of Tear Gas, Battle 
of the Frontiers, France 

August

Tear Gas Goggles ¹
October January 

March

April

May

June

July

December

Large Scale Use Tear Gas 
of Battle of Bolimów, 

Poland

Cotton 
Mouth 

Protector ²

First use of 
Chlorine Gas ³, Ieper, Belgium

Large scale Use of Chlorine Gas, 
Bolimów, Poland

Gas 
Helmet ⁴

Hypo Helmet

First Use of  Phosgene Gas ⁵, 
Ieper Salient, Belgium

January

Phenate Hexamine
 Helmet

April
Small Box 
Respirator

June

" Large Box Respirator
also known as the 

Respiratory Tower "

February
German Gas Mask ⁶

Horse and dog 
mask s were invent-

ed during WWI ⁷

July

First use of 
Mustard Gas ⁸

Battle of Passchendaele
Third Battle of Ieper, Belgium

British Gas Casualties, Battle of 
the Lys,  Ieper, Belgium

April

End of WWI ⁹
November

Exercises, Pereyaslav Regiment of 
the Russian Army

Top row, left to right: US Navy Mark I mask; US Navy Mark II mask; US CE mask; US RFK 
mask; US AT mask; U.S. KT mask; US model 1919 mask. Middle row, left to right: Brit-
ish Black Veil mask; British PH helmet; British BR mask; French M2 mask; French artil-
lery mask; French ARS mask. Bottom row, left to right: German mask; Russian mask; 

Italian mask; British Motor Corps mask; US Rear Area mask; US Connell mask.

1. Tear gas goggles image via Gants militaria, 
2. cotton mouth protector via Old Photos, 
3. First use of chlorine gas via Wikipedia (US public domain), 
4. Gas helmet via Wikipedia (Creative Commons), 
5. First use of  Phosgene Gas 
6. German Gas Mask via Wikipedia, 
7. Dog mask via flicker, 
8. First use of Mustard Gas via Wikipedia (U.S. federal government), 
9. End of World War I via Wikipedia (Australian public domain, Creative Commons). 



Report of the Scientiic Advisory Board’s workshop 
on Chemical Warfare Agent Toxicity, Emergency 
Response and Medical Countermeasures 
(SAB-24/WP .2, dated 14 October 2016)

Report of the Scientiic Advisory Board’s Workshop 
on Chemical Forensics 
(SA(SAB-24/WP.1, dated 14 July 2016)

Response to the Director-General's Request to the        
Scientiic Advisory Board to Provide Further 
Advice on Chemical Weapons Sample Stability and 
Storage 
(SAB-23/WP.2, dated 25 May 2016)

ResResponse to the Director-General's Request to the         
Scientiic Advisory Board to Provide Further 
Advice on Scheduled Chemicals
(SAB-23/WP .1, dated 28 April 2016)

Response to the Director-General’s Request 
to the Scientiic Advisory Board to Provide 
Consideration on Which Riot Control Agents 
are Subject to Declaration Under the             
Chemical Weapons Convention
(SAB-25/WP .1, dated 27 March 2017)

Report of the Scientiic Advisory Board

           25th Session 
           (SAB-25/1, dated 31 March 2017)

           24th Session
           (SAB-24/1, dated 28 October 2016)

           23rd Session 
                      (SAB-23/1, dated 22 April 2016)

 

Recent Reports: 

Nationalities of SAB members in 2017

The membership of the Scientiic Advisory Board includes experts from 25 States Parties each
serving up to two consecutive 3 year terms.

Map: Modiied from Map No. 4170 Rev. 13, UNITED NATIONS.  
TThe boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the Organization for the Prohibition of Chemical Weapons. The inal boundary between the Republic of Sudan and the Republic of South Sudan has not yet been determined. The dotted line represents approximately the Line 

of Control in Jammu and Kashmir agreed upon by India and Pakistan. The inal status of Jammu and Kashmir has not yet been agreed upon by the parties. A dispute exists between the Governments of Argentina and the United Kingdom of Great Britain and Northern Ireland concerning sovereignty over the Falkland Islands (Malvinas).

Topics considered  in 2017 :
     Emerging technologies
     Nanotechnology
     Toxins
     Veriication
     Medical countermeasures and treatment 
          Chemical forensics and investigative technologies 
     Trends in chemical production

The Scientiic Advisory Board with the OPCW Director-General at their 25th Session (March 2017)

“To enable the Director-General, in the performance of his functions, to render 
specialized advice in areas of science and technology relevant to this Convention, 

to the Conference, the Executive Council or States Parties.” 
- CWC Article VIII, Paragraph 21(h)

“
“

learn more

WORKING TOGETHER FOR A WORLD FREE OF CHEMICAL WEAPONS
ORGANISATION FOR THE PROHIBITION OF CHEMICAL WEAPONS @opcw
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The OPCW Scientiic Advisory Board (SAB)
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Veolia

This map is for illustrative purposes only and is not intended 
to identify precise routes of transit or areas of operation.

Multi-National Maritime Task Force
A Multinational Maritime Task Force comprised of naval forces 
from China, Denmark, Norway, Russia, and the United Kingdom  is 
positioned in the eastern Mediterranean Sea to provide secure 
transportation of chemicals to their ultimate destruction location. 
The cargo ships have additional capacity to deal with chemical spills 
or emergencies and a special chemical response team is available, 
along with expert chemical response personnel from Finland. 

REMOVAL AND DESTRUCTION OF SYRIAN CHEMICAL WEAPONS

More information is available on
opcw.unmissions.org/Default.aspx?tabid=6668&language=en-US
www.opcw.org/special-sections/syria-and-the-opcw/frequently-asked-questions/

/OPCW

@OPCW
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Shipments to Europe

Shipment to USA

Latakia is the port of embarkation for chemicals to be removed from Syria . These chem-
icals have been packed and loaded securely in containers that meet international standards 

for the transport of dangerous goods by sea, and have been inventoried and sealed by 
OPCW inspectors. At Latakia, the chemicals are being loaded onto Danish and Norwegian 
cargo vessels. (MV Ark Futura and MV Taiko respectively).

Latakia

The Italian port of Gioia Tauro will be used for transferring some Priority 1 chemicals 
(i.e. a precursor for chemical weapons and a small amount of mustard agent) from the 
Danish cargo vessel to the MV Cape Ray. The transloading will take place with minimal 
handling of the standardized shipping containers holding the chemicals and emergency 
response equipment and personnel will be available to deal with any unlikely chemical 
incidents.  OPCW inspectors will be present at Gioia Tauro to inventory the materials that 
will be transloaded from one ship to the other. 

2 Italy

3
The MV Cape Ray has been fitted with two Field Deployable Hydrolysis Systems (FDHS) 

that will neutralise about 600 metric tonnes of Priority 1 chemicals in international waters 
of the Mediterranean. These chemicals will be transferred from the Danish cargo vessel to 
the MV Cape Ray at Gioia Tauro in Italy.  At all stages of the process aboard the MV Cape 
Ray, the chemicals to be neutralised and the resulting effluent will be safely stored and 
handled by trained and experienced personnel. OPCW inspectors will be continuously 
present aboard the MV Cape Ray to ensure that all requirements of the Convention are 
properly observed, including those related to the safety of the crew and protection of the 
environment. Once neutralisation has been completed, the resulting effluent will be trans-
ported by the MV Cape Ray to be finally disposed of at facilities in Finland and Germany.           

         www.defense.gov/home/features/2014/0114_caperay/ 

MV Cape Ray

The Chemical Weapons Convention expressly bans the dumping of chemi-
cals in any body of water and requires States Parties to ensure that during 
operations the highest priority is assigned to ensuring the safety of the 

people and to protecting the environment. 
All transportation of chemicals and subsequent operations at their final 
destinations will follow stringent national and international regulations for 

transportation safety and protection of the environment.

4

The Finnish hazardous waste manage-
ment company Ekokem AB was  
awarded a contract by the OPCW to 
destroy around 360 metric tonnes of 
Priority 2 industrial chemicals. The 
chemicals will be off-loaded from the 
Norwegian vessel Taiko at a designat-
ed port in Finland, inventoried by 
OPCW inspectors and then treated 
at Ekokem's Riihimäki treatment 
centre in southern Finland. Ekokem 
will also dispose of around 4,500 litres 
of effluent generated on the MV Cape 
Ray, which will be brought to Finland 
by the MV Cape Ray.     www.ekokem.fi

Under an in-kind contribution 
from the Government of the United 
Kingdom, Veolia, a commercial waste 
company, will destroy around 150 
tonnes of chemicals at Ellesmere 
Port. The chemicals are similar in 
nature to standard industrial materi-
als which are safely processed on a 
regular basis at the facility. They will 
be off-loaded at a British port from 
the Danish cargo vessel Ark Futura 
and inventoried by OPCW inspec-
tors.  

www.veolia.com

Under an in-kind contribution from 
the government of Germany, the 
Gesellschaft zur Entsorgung von 
chemischen Kampfstoffen und 
Ruestungsaltlasten (GEKA) in 
Munster  will destroy the effluent 
created by the neutralisation of the 
mustard agent aboard the MV Cape 
Ray The effluent will be off-loaded 
from the MV Cape Ray at a designat-
ed port in Germany and will be 
inventoried by OPCW inspectors.

www.geka-munster.de

OPCW inspectors will also confirm and report the destruction of the effluent and 
ensure that all requirements of the Convention are properly observed during operations.

 
Veolia Environmental Services Technical Solutions in the USA was one of two companies 

awarded a contract by the OPCW to destroy chemicals from Syria following a rigorous 
solicitation process, in this case around 145 metric tonnes of Priority 2 inorganic chemicals. 
The chemicals will be off-loaded from the Norwegian vessel Taiko at a designated port in 
the USA and inventoried by OPCW inspectors. The five types of chemicals that will be 
destroyed here by incineration are standard industrial chemicals, which are transported and 
widely used across the United States every day.                  www.veoliaes.com
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Veolia

Veolia

GEKA

Ekokem

1



For more infomation on science and technology at OPCW 
go to opcw.org and follow our SciTech twitter feed @opcw_st

Periodic Table 2019 *

1869 is considered the year of discovery of the Periodic System by Dimitry 
Mendeleev. 

2019 will be the 150th anniversary of the Periodic Table of Chemical Ele-
ments and has been proclaimed the "International Year of the Periodic Table of 
Chemical Elements (IYPT2019)" by the United Nations General Assembly and 
United Nations Educational, Scientific and Cultural Organization (UNESCO).

Discover more about #IYPT2019 via:
https://www.iypt2019.org/

* Periodic Table 2019 from IUPAC: http://www.iupac.cnr.it/news-archive/142-proclama-
tion-of-2019-as-the-united-nation-international-year-of-the-periodic-table-of-chemical-elements
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