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Toxins, i.e., poisons produced by living organisms and
their synthetic equivalents, are classed as chemical war-
fare agents if they are used for military purposes. How-
ever, theyhave aspecial position sincethey arecovered by
the Biologicatand Toxin Weapan Convention of1972. This
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their direct toxic effects on man, animals and plants ...”
The Cherical Weapons Convention states that the tema
chemical weapans must covernotonly toxic chiemicats but

also ammunition and equipment for their d:spersal Toxic
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its chemical effect on living processes, may cause death,
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people and animals”, Plants are-not mentiotied in this
context However, itis expected thateach signatory of the
convention shall undertakenotto useherbicidesin warfare.
Abati of this kind does not preventherbicides being used

new CW agent was built and a total of 12,000 tonnes of
tabun were produced diring the years 1942 -1945. Upto”
theend ofthewar maemma:mmm 000 :
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neworgano-phosphonis compounds, including sarin{1938).
The third of the “classic” nerve agents, soman, was first
producedin 1944. These three nerve agents are known as
G-agentsin the Americannomenclature,

After the war, research was mainly concentrated on
studies of the mechanisms of the nerve agents in order to
discover more effective forms of protection againstthese
newCW agents. The results of theseeffarts led, however,
notonly to better forms of protection bt also tonewtypes
of agenis closely related to the earlier ones. By the mid-
1950’s a group of more stable nerve agents had been
developed, known asthe V-agentsin the Americannomen-
clature. They are approximately ten-fold more poisonous
than sarin and are thus among the most toxic substances
ever synthesized. In the United States, the choice fefl in
1958 on a substance known by its code name VX as
suitable as a CW agent of the persistent type. Full-scale
production of VX started in April 1961 butits structure was
notpublished until 1972,

Physical and Chemical Properties ‘
The most important nerve agents included in modemn
CW arsenals are;

1. Tabun, ethyl N,N-dimethylphosphoramidocyanidate, with
the American denomination GA. This nerve agentis the
easiestto manufacture. Consequently, itis morelikely that
developing countries start their CW arsenal with thisnerve
agent whereas industrialized coundries considertabun to be
out-of-dateand oflimited use.

2. Sarin, isopropyl methylphosphonofluoridate, with the
American denomination GB, a volatile substance mainly
taken up throughinhalation,

3. Soman, pinacolyl methylphosphonofluoridate, with the
American denomination GD, a moderately volatile sub-
stancewhich can betaken up by inhalation orskin contact.

4, Cyclohexyl methylphosphonofluoridate, with the Ameri-
candenomination GF, asubstance with low volatility which
is taken up through skin contact and inhalation of the
substance either as a gas or aerosol.

5. O-ethyl S-diisopropylaminoethyl methylphos-
phonathiolate, better known under the American denomi-
nation VX, a persistent substance which can remain cn
material, equipmentand terrain forlong periods. Uptakeis
mainly through the skin but also through inhalation of the
substanceas agas or aerosol. The general formula for the
nerve agents (see Table 1) is:

Table 1: Chemical Formula of Some Nerve Agents

Nerve agent | X R, R,

Tabun GA  |-CN N{CH,), | €H,

Serin GB | -F CH, [CHCH),

Somen GO |-F SCH, -CI*I(CH,}C({JI-IL
aF F -CH, -cyclo.CH,

VX SCHCHN(CH(CH)), | €H, [<F,

The same type of phosphorus compounds are used as, for
example, nsecticides. Inthe structure of insecticides P=
O has generally been replaced by P = § and X consists of
aless reactive group than in nerve agents.

All nerve agents in pure state are colourless liquids.
Their volatility varies widely (Table 2). The consistency of
VX may be likened to an involatile oil and is therefore
classified as belonging to the group of persistent CW
agents. Iis effectis mainly through direct contact with the
skin. Sarin is at the opposite extreme, being an easily
volatileliquid (comparable with, e.g., water), and mainly

" takenupthrough therespiratory organs. The volatilities of

soman, tabun and GF are between those of sarin and VX,
By addition of athickeneritispossible for, e.g., soman, to
be transferred from the category of volatile CW agents to
thepersistentagents_Sarin is very solublein water whereas
other nerve agents are sparingly soluble. VX has the
unexpected property of being soluble in cold water but
sparingty soluble in warm water {>9.5°C).

Table 2: Physical Properties of Some Nerve Agents

Tabun | Sarin | Somsn | GF X
Malecular
hweight 162.1 | 1401 182.2 180.2{ 2674
Density, g/fom™ 1.073 {1.089 1.022 1.120 1.008
Boiling point,°C | 247 | 147 | 167 | ez*¢{ 300
Melting point, °C | -50 -56 -42 <30 -39
Vapour pres,
mm Hg* 0.07 2.9 0.3 006 | 0.0007
Volatility, mg/m®*] 600 [17,000 | 3,500 600 10
Solubilityin 3
water, %* 1w | = 2 2 | (<0.5°C)
*=at25°C *¥=gt10mm Hg

The most important chemical reactions of nerve agents
take place directly atthe phosphorus atom. The P-X bond
is easily broken by nucleophilic reagents such as water or
hydroxylions (alkali). In agqueous solution atneutral pH the
nerve agents decompose slowly whereas the reaction is
greatly accelerated following the addition of atkali. The
resultis anon-toxic phosphoric acid: '
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The formation of the non-toxic phosphoric acid is also
accelerated by rise in temperature or by a catalyst (e.g.,
hypochlorite ions frombleaching powder}. Thishydrolysis
forms the basis of most decontamination procedures utiliz-
ing decomposition. In general, it may be assumed thatan
area exposed to G-agents decontaminates itself within a
few days. However, V-agents may remain on the ground
for several weeks because of their greater stability with
respect to water and their much lower volatility. At pH-
levels between 7 and 10 large quantities of VX are
transformed into an extremely non-volatile product of
hydrolysis which is incapable of penetrating skin. The
productis less toxicthan VX butstill thereis arisk during
decontamination.

The nucleophilic attack on the phosphorus atom also
forms the basis of differenttypes of colour reactions used
indetecting nerve agents.

Binary Technology

In December 1989, the U. 8. A started to produce a
completely new rype of chemical ammunition. In this
ammunition the nerve agent is generated by means of
binary technology.

The chemical ammunition availabie hitherto can be
described as unitary, which implies that it contains one
active ready-to-use CW agent. Binary technology implies
that the final stage in the synthesis of the nerve agent is
moved from the factory into the warhead, which thus
funictions as a chemical reactor. Two Lnitial substances
which are stored in separate containers are mixed and
allowed to react and form the nerve agent when the
ammumtion {bomb, projectile, grenade,etc.) is onits way
towards the target. Until the actual moment of use, the
ammunition contains only relatively non-toxic initial sub-
stances. Itis therefore considered to be safer to manufac-
_ure, store, transportand, finally, destroy.

Binary components (precursors) for the three most
common nerve agents {(American codenamesare givenin
brackets) are the following:

Sarin (GB-2). methylphesphonyldifiuoride (DF) +
isopropanol. The isoprepanol is included in a mixture
{OPA) with isopropylamine which binds the hydrogen
fluoride generated.
Soman (GGD-2); methylphosphonvldifiueride (DF) +
pinacolylalcohol.
VX - 2. O-ethyl O-2-diisopropylaminoethyl
methylphosphonite (QL}+sulphur.

The production of binary weapons in the U 8. A was
terminated in 1990 as a result of negotiations with the

former Soviet Union on an agreement on the destruction of
large parts of CW stockpiles on both sides: However, the
agreement did notinclude research and development of
binary weapons

MUSTARD AGENTS

Mustard agents are usually classified as “blistering
agents” owing 1o the similarity of the wounds caused by
thesesubstances resembling bums and blisters. However,
since mustard agents also cause severe damage to the
eyes, respiratory system and intemal organs, they should
preferably be described as “blistering and tissug-injuring
agents”. Normal mustard agent, bis-(2- chioroethylsulphide,
reacts with a large number of biological molecules. The
effect of mustard agentis delayed and the firstsymptoms
do not occur until between 2 - 24 hours after exposure.

Mustard agent was produced for the first timein 1822
but its hasmful effects were not discovered until 1860.
Mustard agent was first used as a CW agent during the
latter part of the First World War and caused lung and eye
injunies to a very large number of soldiers. Many of them
still suffered pain 30 - 40 years after they had been exposed,
mainly as a result of injuries to the eves and chronic
respiratory disorders.

Towards the end of the Second World War a lazge
number of soldiers and sailors were injured during a
German attack oo the Italian port of Bari. A cargoship
loaded with mustard agent ammunition was hitand large
amourls ol mustard agent became mixed with (he water,
The victims swam around in the contaminated water but
it was not realized until too late that a large number of
people had been injured by mustard agent. The Bari
incident served as a macabre illustration of the delayed
effect of mustard agent.

During the war between Iran and Iraq in 1979 - 1988,
Irag usedlarge quantities of chemical agents. About 5,000
[ranian soldiers have been reported killed, 10- 20 per cent
by mustard agent. Inaddition, there were40,00010 50,000
injured. A typical result of warfare with mustard agent is
that the medical system is loaded with numerous injurecl
who requirelong and demanding care.

Mustard agent is very simple to manufacture and can
therefore be a “first choice” when a country decides to
build up a capacity for chemical warfare.

Apart from mustard agent, there are also several m.her
closely related compounds which have been considered as
chemical weapons. During the 193075, several reports) -
were published onthe synthesis of nitrogen mustard agent
and its remarkable biistering effect. The mechanism of
action and symptoms largely agree with those described fof
inustard agent. Germans and Aumericans started the mili-
tary production of nitrogen mustard in 1941 and 1943
respactively, whereas the development in England wa§
abandoned following an explosian. Thereisno verified usé
of mitrogen mustard agents as chemical weapons and their.

.



usefulness is restricted by these types of agents being
unsuitable for storage.

Physical and Chemical Properties

Inits pure state, mustard agent is colourless and aimost
odouriess. The namewas given to mustard agent as aresult
of an earlier production method which vielded ap impure
mustard-smelling product Mustard agentis alse ciaimedto
have acharacteristic smell similar te rotten onions. How-
ever, the sense of smel! is dulled after only a few breaths
sothat thesmell cannolonger be distinguished. Inaddition,
mustard agent can cause injury totherespiratory systemin
concentrations which are so low that the hurnan sense of
smell cannot distinguish therm.

Atroomtemperature, mustard agentis aliquid withlow
volatility and is very stable during storage. The melting-
pointfor pure mustard agentis 14.4°C. In ordes to be able
to effectively use mustard agent at lower temperatures, it
has been mixed with lewisitein some types of amnmumition
inaraticof2: 3, Thismixture has afreezing-pointof-26°C.
During the Second World War, a form of mustard agent
with high viscosity was manufactured by means of the
addition of a polymer. Thisis the firstknown example of a
thickened CW agent.

Mustard agent can easily be dissolved in most organic
solvents buthas negligible solubility in water. In aqueous
solutions, mustard agent decomposes into non-poisonous
products by means ofhydrolysis. This reaction is catalyzed
by alkali. However, only dissolved mustard agent reacts,
which means thatthe decomposition proceeds very slowly.
Bleaching-powder and chloramines, however, react vio-
lently with mustard agent, whereuponnon-poisonous oxi-
dation products are formed. Consequently, these sub-
stances are used for the decontamination of mustard agent.

The structural formulae for mustard agentand nitrogen

mustard agent are as follows:
mustard agent: 8{CH,CH,Cl),
Nitrogen mustard agent (HN3):  N(CH,CH,Cl),
HYDROGEN CYANIDE

Hydrogen cyanide ig usually included among the CW
agents because of its ability to cause generai poisoning.
Thereisno confirmed information on this substance being
used in chemical warfare. However, ithas been reported
thathydrogen cyanide was used by Iraqin the war against
Iran and against the Kurds in northem Iraq during the
1980°s. Hydrogen cyanide has high toxicity and in suffi-
cient concentrations it rapidly leads to death (Table 3).
Ihrring the Second World War, aformofhydrogen cyanide
{(Zyklon B) was used in the Nazi gas chambers.

Table 3: Relationship petwen concentration and
effects when inhaling hydrogen cyanide

Concentration

(mg/m?) Effect
300 Immediately lethal
200 Lethat after 10 minutes
150 Lethal after 30 minutes
120-150 Highly dangerous (fatal) after 30-60 toin.
50- 60 Endurable for 20 min. - 1h without effect
20-40 Light symptoms after several hours

Atroomiemperature, hydrogen cyanideis a colourless
liquid which boils at 26°C. The most important route of
poisoning is through inhalation. Both gaseous and liquid
hydrogen cyanide, as well as cyanide salts in solution, can
also be taken up through the skin. Itshigh volatility probably
makes hydrogen cyanide difficult to use in warfare since
there are problemsin achieving sufficienthigh concentra-
tions outdeors. On the other hand, the concentration of
hydrogen cyanide may rapidly reach lethal levelsifit is
released in confined spaces.

TEAR GASES

Tear gas is the cominen name for substances which, in
low concenirations, cause pain in the eyes, flow of tears
and difficulty inkeeping the eyes open. Tear gasesareused
mainlyinmulitary exercises andinriot control, etc., but have
also been used as CW agents, Irritating gases have been
used in war since ancienttimes butit wasnotuntil after the
Second World War that a more systematic search for
effective substances was started.

Among along series of substances, three have become
of greater importance than the others, They are effective
and cause low risks when used. These substances are
chloroacetophenone (codename CN), ortho-
chlorobenzylidene-malononitrile (codename CS) and
dibenz(b,f)-1,4-0xazepine (codename CR) (see Table4).
CN was formerly the most widely used tear gas. Today, CS
has largety replaced CN and is probably the most widely
used tear gas internationally. CR is used only to aminor
extent,

At room temperature, these tear gases are white solid
substances. They are stable when heated and have low
vapour pressure, Consequently, they are generally dis-
persed as aerosols. All of themhave low solubility in water
butcan be dissolvedin several organic solvents. Hydrolysis
of CN is very slow in water solution, also when alkali is
added. CSisrapidly hydrolyzedin water solution (half-life
at pH 7 is about 15 min. at room temperature) and
exiremely rapid when alkali is added (half-life at pH 9is



Table 4: Chemical formulae for the three most common tear gases

Code-naimne CN Cs CR
Chemical name Chloroaceto Orto-chlorobenzyl- Dibens(p,f)-1,4-
‘phenone idene-malononitrile oxazepine
Chemical ~CN - He
-CH,C CH= N
formada - E CH,C Q’ C‘CN @-o D
O _Cl

about 1 min ). CRishydrolyzed onlyto anegligible extent
in water solution. CN and CR are, thus, difficult to decom-
pose undergiractical conditions, whereas CS can easily be
inactivated by means of a water solution. Skin is suitably
decontaminated by thorough washing with soap and water.
CS is then decomposed whereas CN and CR are only
removed. Decontamination of material after contamination
with CS can be done with & 5 - 10% soda solution or 2%
alkalinesolution. Ifthistype of decontamjnation canriot be
accomplished (e.g., contaminated rooms and furniture),
then the only other means is by intensive air exchange -
preferably with hot air.

In contrast to human beings, animals generally havelow
sensitivity to tear gases. Dogs and horses can therefore be
used by police for riot control even when tear gasisused.

ARSINES

Among the arsenal of chemical weapons can be found
mustard agent mixed with lewisite which is an aliphatic
arsenic compound, 2-chlorovinyldichloroarsine. Pure
lewisite is acolourlessliquid. Sojubilityin wateris approxi-
mately the same as for mustard agent. Injuries caused by
lewisite are similar 1o those cansed by mustard agent.
However, the mechanism of action for lewisiteis different.
From the diagnostic viewpoint, animportantdifferenceis
thatsymptoms inlewisite poisoning arenotdelayed and the
irmitation effect occursimmediately.

Other arsenic-containing substances have also been of
interest as CW agents. One example is adamsite, 10-
chloro-5, 10-dihydrophenarsazine, which is a nasal and
throat-irritating powder.

PSYCHOTOMIMETIC AGENTS

This group of agents usually includes substances which,
when administered in low doses { < 10 mg/m®) cause
conditions similar to psychotic disorders or other symptoms
emanating from the central nervoussystem {loss of feeling,
paralysis, rigidity, etc.). The effects are transitory and
causeinability to make decisions and incapacitation. Sev-
eral such substances may be used to achieve these objec-
tives and only a few examples are given here.

During the 1950°s, studies were made of substances
such as glycolic acid esters (glycolates). Particular interest
was paid to 3- quinuclidinylbenzilate, BZ. BZ causes
poisoning at doses of 0.5 - 5 mg. Peripheral symptoms such

asdistended pupils, deteriorated short-distance vision, dry
mouth and palpitations occur after about 30 minutes, A
serious effect of poisoning with BZ is an increased body
temperature, Deterioration in the level of consciousness,
hallucinations and coma occur subsequently.
Incapacitating after-effects may remain 1 - 3 weeks after
the poisoning. Since the effect of glycolates was found to
bedifficultto predict, interestin continued researchinto this
type of substance gradually decreased.

HERBICIDES

In military contexts, herbicides have been used for two
purposes: to disrupt food supplies by destroying crops and
to defoliate vegetation in order to complicate the enemy's
means of protecting himself or to provide a clear field of
fire.

" A number of commercial herbicides can be used in
military connection, Phenoxy acidsisacollectivenamefor
agroup of defoliating herbicides which wereusedin, e.g.,
the Vietnam War. They are similar to the growth hormone
of plants and kill them by initiating uncontroilable growth.

More recent types of herbicides are triazines and
sulphonylurea Triszines work throughinhibiting the photo-
synthesis.

Herbicides usually have a relatively low acute
toxicity to animals and humans.

TOXINS
Toxins are effective and specific poisons produced by -

living organisms. They usually consist of an amino acid
chain which can vary inmolecular weight between acouple
ofhundred (peptides) and one hundred thousand (preteins).
They may also be low-molecilar weight organic com-
pounds. Toxins are produced by numerous organisms, e.g.,
bacteria, fungi, algae and plants. Many of them are
extremely poisonous, with atoxicity thatisseveral orders
of magnitude greater than the nerve agents.

Toxins started to attract military interest already during
the first half of the present century. At that time, it was
difficult to manufacture sufficient large amounts of toxins
which caused interestto decreasé. In thelate 1970°s, there
was arapiddevelopment of genetechnology together with
biotechhology. This led to the threat from toxins as CW
agents again arising. Now it became possible to produce
greater amounts of many toxins mezeeasily, insomecases



evensynthetically.
Toxins are still considered to be less suitable for dis-

persal onalarge scale. Nonetheless, they could be nsed for - -

sabotageorin especially designed inputs, e.g., againstkey
persons. Sincetoxinshavelow volatility, they are dispersed
as agrosols and then taken up foremost through inhalation.
Thenew microencapsulation technology, whichis easyto
use, makes it possible to protect unstable toxins when
dispersed.

Most toxins are unstablein alkaline water sofutions and
are thus easily destroyed by means of normal decontami-
nationmethods.

A few examples of toxin which may be used as
chemical warfare agents are listed below. The
trichothecenes, mycotoxins obtained from, .g., Fusarium
species, were allegedinthe early 1980°s tohave beenused
as CW agents in Southeast Asia (“yellow rain”), but are
of nomilitary value today.

Bacterial Toxins

Botulinum toxin, produced by the bacteria clostridium
botulinum, 1s the most poisonous substance known, The
bacteriagrows on, e.g., pootly preserved food and causes
asevereformof food-poisening (botglism). Thetoxinisa
protein available in seven difforent forms, where the most
poisenousistype A.{molecuiar weight=150,000 D). The
lethal dose to man has been estimated to about cne
microgramifingested and evenlessifinhaled.

Not all toxins have a lethal cutcome. One of those
classified in the incapacitating group is staphylococcus
enterctoxin type B (SEB), whichis produced by staphyio-
coccus aureus bacteria SEB is the toxin which is most
commonly found to have caused food poisoning.

Many toxing are produced by marine organisms. One
such exampleis saxotoxin, which ts synthesized by atype
of blue-green algae (cyanobacteria). These algae provide
food for different shellfish, e.g., mussels. The mussels
themselves are notinfluenced by the poison, but human
beings who later eat the mussels may become sericuslyill.
Saxitoxin attacks thenervous system and has a paratyzing
effect, but causesno symptorms in the gastrointestinal tract.
The development of the illness is extremeiy rapid and at
high doses death may cceur within less than 15 minutes.
Saxitoxin is a small molecule with a molecutar weight of
370D, Itisnotsensitiveto heatbutis destroyed by oxygen.

Plant Toxins

The seeds of the castor oil plant can be used to extract
amixtureof poisgnous proteins, ricin. One ofthesehas also
y Escherichia coli bacteria to which the
been transferred.
ecame of interest as a CW agent at an early

ricin gene
Rict

stage asitisrelatively easy to producein large quantities.
In 1978, it was used in the “umbrellamurder” in London
where aricin-treated bullet was used to shoot a Bulgarian

defector who died within aday. Ricin has approximately
the same toxicity as saxitoxin.

POTENTIAL CW AGENTS

Development of new types of CW agents is probably
restricted to highly industrialized states. One category of
substances which may become of particularimportanceis
based on biotechnology. The borderline between BW and
CW agentshas started to loseimportance as aresultof the
rapid development in biotechnology. Biotechnology has
enabled the large scale production of new types of sub-
stances. Toxic compounds of natural origin which were
earlier difficult to produce, e.g., toxins and bioregulators,
can now be produced in large quantities. Many of these
substances exceed the toxicity of nerve agents by several
orders of magnitude.

Biotechnology has also offered opportunity to produce
bacteria, viruses, eic., inmodified form. The gene material
of microorganisms can be modified so thatnew bacteriaor
viruses are created, against which man has no immune
defence. In addition, the bacteria can be changed so that
they themselves can produce toxins while they multiply in
the body . In comparison with puretoxin, only a very small
dose of bacteriais then needed to achieve full effect.

There are large opportunities to further develop weap-
ons based on biotechnology. After studies of structure-
activity relationships for certain toxins and substances
produced within the body, itis possible to developimodified
and even more active substances. [mproved knowledgeof
receptors on the cell surface, for example as a result of
cancer research, will make it possible to target toxic
substances to selected organs.

Weapons based on biotechnology today are probably
still within the research or developmental stages. In the
long-term, they may become a serious threat. Factors
supporting this are that such substances:

- are activein very low concentrations,

- can cause poisoning whichis difficult to diagnose and
freat,

- can be completely broken down within thebody,

-usually lack antidotes for medical protection and
treatment,

- are difficult to detect in the environment.

Factors sugpesting that their use may not arise are;

- theirrange of use is limited, e.g., to sabotage,

- suitable substances are rapidly broken down by the
enzyme system in the gastro-intestinal tract and lungs,

- exposure viathe airways can probably easily be stopped
by use of respiratory protective equipment.

CONCLUSION

Chemical Weapons are almost as old as war itself.
There is evidence that poisonous substances wereused in
warfare during antiquity. However, it wasnotuntif the First




World War that chemical weapons were {irst used on a
large scale. Subsequently, chemical research and technol-
ogy have created CW agents for use in many different
weapon systems and which have become fuily integrated
components of security policy doctrines and military tac-
tics.

Negotiations have been concluded to ban totally cherm-
cal weapons. However, several imporiant technical ques-
tiors still remain to be solved. The mostimpertant deals
with how verification can be made that a ban is being
respected, e.g , inspections by independent control groups.
Destruction of the vast quantities of CW agents stored in
the U. S. A. and Russia involve major problems and will
require at least ten years to complete.
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