
NERVE AGENTS
Tabun
Sarin
Soman
VX



NERVE AGENT HISTORY
Germany1930’s:

Dr. Gerhard Schrader (Ig Farben) per-
forming research on pesticides.  Spills one 
drop of tabun.  Within minutes staff devel-
oped anticholinesterase poisoning.  
Discovery reported to Third Reich.   

Gerhard Schrader
1903 - 1990Spandau Citadel, Berlin











NERVE AGENT HISTORY
1938:  Schrader synthesizes “Substance 146” which was given 
name of sarin (Schrader, Ambros, Ritter, vonder Linde).

Production fac-
ilities produced 
tabun and sarin. 
By 1943, Dyhern-
furth was produc-
ing 350,000 Kg 
tabun per month 
and produced 
12,000 Kg by end 
of war, loaded into 
artillery
shells
and
aerial
bombs.



NERVE AGENT HISTORY
1943: New sarin production plant established at Falkenhagen, 
70 Km from Berlin. Both sarin and tabun produced. Between 5 
to 10 tons sarin produc-
ed during war.

Early 1945, Germany
went to extremes to hide
sarin and tabun munitions.
US dropped bombs on
freight cars containing tabun
munitions near Lossa, killing
4 town residents in minutes.
Thousands of tabun bombs transported by barge on Danube 
and Elbe rivers.



NERVE AGENT HISTORY
1943: Dr. Richard Kuhn recruited to work on chemical weapons. 
Nobel prize winner in 1938 for work on vitamins and carotenoids.

1944, Kuhn synthesized soman.

No soman production facility created.

Dr. Richard Kuhn
1900 - 1967

Grave, Heidelberg



NERVE AGENT HISTORY
Russian troops attacked Dyhernfruth in 1945 and discovered 
sarin and tabun facilities, scientific journals, scientists and 
workers. Moved plant to Stalingrad.

Americans shelled a barge on Danube, which immediately 
waved surrender flags. Captured soldiers explained that 
tabun-filled bombs could kill all of them.

British discovered large numbers of files pertaining to 
chemical research at the Spandau Citadel at Raubkammer. 
Americans and British troops began rounding up scientists. 
Schrader found at home and informed them Russians had 
taken control of the Dyhernfruth plant and created facilities 
in Russia.

American production of nerve agents began.



NERVE AGENT HISTORY
Military names chosen for German nerve agents.

Common name Code name
tabun GA
sarin GB
soman GD

> 600,000 artillery
shells



NERVE AGENT HISTORY
1952: Ranajit Ghosh and JF Newman discovered V-
series nerve agents in England.
1959: 2.12 ug/Kg VX given IV to Dr. Van M. Sim, a 
volunteer. Pallor, diaphoresis, delirium. Infusion halted.
By 1961 VX production at Newport, Indiana had begun.
Other V agents developed, especially by Russia (VE, 
VG, VM, VR, EA-3148) 



VX



NERVE AGENT HISTORY
1968: VX leaked
from aerial spray
tanks from Dugway
Proving Ground,
killing about 6000
sheep in Skull and
Rush Valley.



NERVE AGENTS
• Never used in WW II.

• Iraq used sarin and tabun against Kurds and against 
Iran in the 1980-1988 war - first documented use of 
nerve agents in war.





ORGANOPHOSPHATES

1.  Well-absorbed by all routes
2.  Onset of symptoms minutes to

hours
3.  Mechanism of action

ACh ACh

acetic acid
+

choline

ACh 
receptors

Achesterase



NERVE AGENTS
Mechanism of Action

• All nerve agents are organophosphates
• All inhibit acetylcholinesterase in a manner 

similar to organophosphate insecticides
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OP TOXICITY
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Miosis



Syrian child, 2013
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NERVE AGENT TOXICITY
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Vapor Exposure
• Only seconds or minutes of exposure 

can be serious
• Local first

– miosis, rhinorrhea, dyspnea

• Systemic follows
– vomiting, diarrhea, coma, seizures,

paralysis, apnea
• In general, once removed from 

exposure, symptoms do not progress



Skin Exposure
• Delayed presentation possible following small 

exposures and no contamination

• Local
– sweating, fasciculations first

• Systemic follows
– nausea, vomiting, coma, miosis, convulsions

paralysis, apnea

• Experts concede:
– anyone making it to the hospital alive is unlikely to 

suffer significant residual skin exposure (or they 
would be dead)



Death from Nerve Agents

• Mainly from respiratory 
failure
–secretions
–bronchospasm
–paralysis
–coma





NERVE AGENT PROPERTIES

Agent     LCT50 Volatility    Vapor Density Topical
mg(min)m3 mg/m3 (air=1) LD50 mg

tabun       400 610               5.63 1000

sarin        100 22,000               4.86 1700

soman       50 3,900                6.33 100

VX             10 10.5            9.20 10

[HCN]   [5000]



NERVE AGENTS
• Sarin

– very volatile - evaporates about the same 
as water at low humidity

– easily dispersed as gas

• VX
– oily liquid
– persists in environment for long periods of 

time



WEAPONIZED NERVE 
AGENTS

• Artillery shells

• Missiles

• Mortars

• Land mines

• Bombs

• Aerial spray tanks





NERVE AGENT
TREATMENT

• Protect Personnel!!!!
–at least butyl rubber

apron

–at least butyl rubber
gloves
• nerve agents quickly

penetrate double
layer latex gloves

–at least boots



NERVE AGENT TREATMENT
Inhalation

• Patients suffering inhalation 
exposure who are not severely ill 
will not worsen

• Simply remove outer layers of 
clothing and begin medical care



NERVE AGENT TREATMENT
Skin Contact

• Decontamination
– water, soap, water
– 1:10 dilution of household

bleach

• major contamination threat is from dead 
victims

• contamination from condensed nerve 
agent on victims’ clothing possible



NERVE AGENT TREATMENT

• Treat similar to organophosphate 
insecticide poisonings

Atropinization 

Pralidoxime hydrochloride

Diazepam or lorazepam for
seizures
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OP TREATMENT
1. ABCs and DECONTAMINATION
2. Atropine sulfate

adults:  2-5 mg IV q 2-5 min prn
kids:    .05 mg/kg IV q 2-5 min prn

GIVE UNTIL ATROPINIZED!!!



GIVE ATROPINE UNTIL:

1. No wheezing
2. No bronchorrhea
3. No bradycardia
4. No diarrhea
5. No diaphoresis
6. Pupils may or may

not dilate







NERVE AGENT TREATMENT

2.   Atropine sulfate

3.  Pralidoxime hydrochloride



OP TREATMENT
3. Pralidoxime chloride (2-PAM)

adults:  1-2 grams IV over 10-15 min
kids:  30-50 mg/kg IV over 10-15 min

Pralidoxime removes 
the OP from 
acetylcholinesterase, 
“reactivating” or 
“rejuvenating” the 
enzyme

Aging half-lives
VX              48 hr
tabun          14 hr
sarin          3-5 hr
soman       2-6 min



Mark I Kit





1984 - Aum Shinrikyo founded by 
Shoko Asahra in his apartment.

1980s – cult development, lost 
lawsuit, extortion.

1990 – failed candidates in 
elections.  War declared on 
Japan.

1993 – began manufacturing sarin and VX.  Sarin tested on 
sheep (29 killed).

1994 – 1995 – several assassinations and attempts.  VX used 
to attack 3 persons, one (28-years-old) who died after VX 
sprinkled on his neck.



Matsumoto, Nagano, Japan
27 June 1994

City of 200,000.  Hot and humid.

~10:40 PM: Residents near center of city
began sneezing and complaining of rhinorrhea. Fog
seen with pungent and irritating odor. 

11:30 PM: Urgent requests for ambulances.

By 0200, 3 found dead; 4 died on way to hospital; 56 admitted.

Next day, dead fish, crayfish found in pond. Carcasses of dogs, 
sparrows caterpillars found under trees.  Trees and grass at 
scene withering.

Nearly all casualties within 150 meters of near pond. Autopsies 
showed miosis, pulmonary edema, bronchial secretions.

Analysis of pond water, wipes, nasal swab, and other material  
revealed “sarin”.



Apartment building

Examining foliage around pond



methylphosphonyl
difluoride

methylphosphonyl
dichloride

isopropanol sarin

+mixture

contaminants
+

HOH

HF

most easily 
detected in water 
and other samples

isopropanol methylphosphonate

Matsumoto

NaF



Tokyo, Japan; 20 March 1995
5 sarin releases within subway lines.  5 men
released sarin; 5 get-away drivers.  Release during
rush hour peak.

Sarin in ~ 1 liter plastic bags wrapped in news-
paper.  Bags dropped at various stations and punctured with 
tip of umbrella.  Sarin spread on floor and volatized into air.

8 deaths, 275 seriously injured, about 700 transported by 
ambulance, > 5,000 seen at hospitals.































Ghouta, Syria
21 Aug 2013

Wikipedia











Kim Jong Nam

Feb 2017

Kuala Lumpur International Airport, Sepang, 
Malaysia, 26 Feb 2017





A police officer responded to the collapsed pair also visited Skripal’s home 
became critically ill and was hospitalized. It is believed he was contaminated 
at the home. Doctor at scene (benches) was unaffected.

Reported to be neither 
VX nor sarin.



Almost 200 members of the armed forces arrived on the streets of Salisbury on Friday to support police 
investigating the nerve agent attack on a Russian former spy and his daughter, as attention focused on the 
cemetery where the remains of Sergei Skripal’s wife and son lie.
In extraordinary scenes at the city’s London Road cemetery that indicated the investigation was gathering 
pace, experts in full hazmat suits helped set up tents over the grave of Liudmila Skripal and the memorial of 
Alexander Skripal, who both died in recent years.

Across the city, soldiers, bomb disposal specialists, marines and RAF personnel were called in to help secure 
vehicles and scenes that may have been contaminated and to take the pressure off the police. The new 
deployment included experts in chemical warfare.



новичок agents
More than 200 organophosphate nerve agents
designed in 1970s - 1990s in Russia.
Can be delivered in powder form.
At least some can be binary weapons with
precursors that are not banned by the chemical
weapon treaty.
Developed in facility in present-day
Uzbekistan.
Mainly described by Vil Mirzayanov,
a Russian chemist.



March 15, 2018

Mirzyanov:  A-234

Hoenig & Ellison:  A-234











Toxmedic Drug Box



CHEMPACK
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