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Commonly-stockpiled mustard agents

Chemical Trivial name Structure
Bis(2-chloroethyl) sulfide Mustard Cl S ~
1,2-Bis(2-chloroethylsulfanyl) ethane | Sesquimustard C'wswswm

Cl
2-Chloroethyl ethyl sulfide Half mustard //\\ 5’/\\”‘/’

Bis(2-(2-chloroethylsulfanyl)ethyl) ether | O-Mustard C'wswom SWC'

2-Chloroethyl chloromethyl sulfide c|/““w,/5“-..fcl
Bis(2-chloroethylsulfanyl) methane Ch~g~ g -C
1,3-Bis(2-chloroethylsulfanyl) propane C|W5W5wm
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Mechanism of cellular toxicity
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Mustard gas alkylating an amino group via conversion to a sulfonium ion (2-chloroethylthiiranium)

Sulfur mustards readily eliminate chloride ions by intramolecular nucleophilic substitution to form
cyclic sulfonium ions. These very reactive intermediates tend to

permanently alkylate nucleotides in DNA strands, which can prevent cellular division, leading

to programmed cell death.l?l Alternatively, if cell death is not immediate, the damaged DNA can
lead to the development of cancer.[?l Oxidative stress would be another pathology involved in
mustard gas toxicity.

In the wider sense, compounds with the structural element BC2H4X, where X is any leaving
group and B is a Lewis base, are known as mustards. Such compounds can form cyclic "onium"
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ions (sulfonium, ammonium, etc.) that are good alkylating agents. Other such compounds are
bis(2-haloethyl)ethers (oxygen mustards), the (2-haloethyl)amines (nitrogen mustards), and
sesquimustard, which has two a-chloroethyl thioether groups (CIC2H4S-) connected by an
ethylene bridge (-C2H4( These compounds have a similar ability to alkylate DNA, but their
physical properties vary
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Detection in biological fluids

Concentrations of thiodiglycol in urine have been used to confirm a diagnosis of chemical poisoning in
hospitalized victims. The presence in urine of 1,1'-sulfonylbismethylthioethane (SBMTE), a conjugation product
with glutathione, is considered a more specific marker, since this metabolite is not found in specimens from
unexposed persons. In one case, intact mustard gas was detected in postmortem fluids and tissues of a man
who died one week post-exposure
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Arms of four test subjects after exposure to nitrogen mustard and lewisite agents
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Diagnostic tests

Controlled studies in humans have shown that minimally toxic doses cause 70—75% depression
of erythrocyte cholinesterase within several hours of exposure. The serum level of ethyl
methylphosphonic acid (EMPA), a VX hydrolysis product, was measured to confirm exposure in
one poisoning victim. There also exist procedures for determination of VX hydrolysis products in
urine and of VX adducts to albumin in blood
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PHOSPHORUS

Yellow or white phosphorus

~ Yellowish , waxy crystalline solid with garlicky
odour

- Luminescent and glow in the dark
- Kept and stored under water

P4 + 50, 2P0,

11



White phosphorus

Red phosphorus

Black phosphorus

Highly toxic and can ignite when
exposed to air.

Prepared by heating white
phosphorus at 573K in an mert

Prepared by heating white
phosphorus at 473 K under high

atmosphere pressure.
Waxy, insoluble in H2O QOdourless, nonpoisonous and Exists in two forms - o black P and
insoluble in HoO B black P
More reactive than the other solid Less reactive than white Thermodynamically most stable,
phases due to the angular strain in | phosphorus 1.e., least reactive

the P4molecule

Glows in dark

Polymeric structure consisting of
chains of P4 units linked together

Has an opaque monoclinic or
thombohedral crystal

Discrete tetrahedral P4+ molecules.

Higher melting point and density
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Oral ingestion

* Lethal dose :1 mg per kg of body weight,
* Liver, heart or kidney damage

* Its extreme toxicity is due to the generation of
free radicals, where they accumulate and are
not easily metabolized.

* Phosphorus-laden stool (“smoking stool
syndrome").
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