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D scl ai ner:

It is not possible to learn the whole mlitary toxicol ogy
in a short course. Al the data given are conpressed to
the maxi mum extent. Many conpounds that aren’'t designed
as chemcal or Dbiological warfare agents, but are
included in classical mlitary toxicology textbooks
(mlitary snokes, perfluoroisobutylene, fuels, oxidants
etc.,) are not covered here. Unl ess specified, al

concentrations / doses nentioned here are given for

humans. Use this information with w sdoni
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The Foundati on.

Mlitary Toxicology is a conplex discipline underlined by a broad
knowl edge base ranging from clinical nedicine and experinenta

phar macol ogy to physical chemstry, nmeteorology, mathematica

nodelling and mlitary organisation. It deals with chenical,
bi ol ogi cal and radiological threats in nodern warfare, hazardous
conpounds encount er ed on t he battlefield (rocket fuel s,
antifreeze substances, explosives, exhaust fumes etc.,), various
protection & decontamination nmeans and so forth. This course
covers synthetic and natural substances wth potenti al of
deliberate (ms)use by aggressive states [/ terrorist groups.
Live organisns and radiation sickness are excluded due to

[imtations of the course.

There are nore than 15 000000 conpounds currently known to manki nd,
with approximately third part of this anpbunt being sufficiently
toxic to cause severe illness or death in humans. However, only
a very limted anpbunt is weaponi sed. The reasons for that |ay
beyond substances toxicity and are underlined by their
physi cochem cal properties including stability, phases in which
those conpounds can exist in given conditions, olfactory and
gustatory qualities, ease and «cost of production [/ nass

producti on.

NB!': In the case of terrorist use sone of those reasons nay |ose
or gain significance. WMass production of the agent chosen is
rarely needed, it is not required to store it for a significant
amount of time, and inflicting psychological shock rather than
causing lethal casualties to occur may be the primary reason of use
(e.g. current anthrax attacks in the US or Tokyo tube attacks).

Besi des, conventional chemical warfare agents are designed wth
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protected / trained enemy personnel in mnd, while terrorists
tend to target <civilians. Even in mlitary conflict, when
chem cal warfare is used on a large scale, proportion of civilians:

nmlitary personnel affected is 20:1 (8:1 with nucl ear weapons).

B Physical properties of the agent include density, solubility,
volatility [/ saturated vapour pressure, boiling/nelting and

freezing tenperatures, viscosity and surface tension.

Density is expressed in kg/nm and is dependent on tenperature.
For exanple, density of sulphur nustard gas is 1.2741 kg/m¢ (20
C). Conmpare it with density of water at room tenperature and
you'll see that mustard gas, which is liquid at 20 C, wll sink
to the bottom of contaninated water sources, making its detection
nore difficult. In mlitary toxicology the nost useful density
value is a relative density of agent conpared to density of dry air
at 0 C (760 mm atnospheric pressure): 5 = 6 agent / 5 air = M
agent / 28.9. To illustrate, 5 (phosgene) = 3.48, 5 (HCN) = 0.947
and 5 (Sarin) = 4.86. Thus, HCN would be quickly dispersed to
upper atnospheric layers, while phosgene and Sarin are likely to
contam nate |ow |ayers, especially air in various underground
facilities, wth Sarin being nore persistent and requiring

decont am nati on procedures.

Solubility of agents determines bioavailability (e.g. lipid

solubility directly <correlates wth transcutaneous toxicity),
efficiency of contaminating water sources and soil (water-soluble
compounds have advantage), and possibility of conbined use wth

chenmical warfare agents (nmore on it later).

Saturated vapour pressure (P) of chenical warfare (CWA) agent can

www.manaraa.com



be deternined using follow ng fornula:
log P = 2.763 - 0.019 T, + 0.024 Ten

where T, - agent's boiling tenperature and Tew - environnent
tenperature at given air pressure. Conpounds wth low P can
contaminate air by evaporation (e.g. Sarin in Tokyo tube), while
conmpounds with high P (e.g. VX) have to be aerosolised enploying

vari ous techni ques, such as explosive release or spray delivery.

Vol atility of conpounds is evaluated using maxi mum concentration

(Cwmx), which is the anpunt of conpound taken in the wunit of

saturated vapours volume at given tenperature: GCu = 16MP [/ T,
where M - nolecular mass of the agent, P - saturated vapour
pressure and T - tenperature. 1In reality, GCwmx can not be
achieved due to wind, rain and changes of air pressure - the

compound woul d evaporate before reaching the balanced state with
its vapour. Thus, real life concentrations of agents are likely
to be 10 - 100 tines lower than C mx. Although, they still may
sufficient: Sarin Gu (20 C°) = 11.3 ng/L, divided by 100 = 0.113
ng/L, which is 1.5 tinmes higher than it's LCso in unprotected

humans, exposed to vapour for a mnute (0.075 mg x mn / L)!

Since P is dependent on boiling tenperature, sonetines CWA's are
di vided on volatile (T, < 130 C°) and persistent (T, =130 - 300
C°), but as P also depends on the Tew, this classification is
very relative. On the open terrain diphosgene is efficient for 30
mnin sumer tine, in winter it would be efficient for <12 hrs. In
case of Sarin those values are 4 hrs and 48 hrs. The dependence of
Cmx On T boiling was evaluated enpirically: for compounds with T, <
230 C lowering of T, on 10 C° increases volatility by 1.6 - 1.5
times, for conpounds with T, between 230 - 300 C° it would double
the wvolatility. OChloropicrin (T, = 113 C) is 1.5 times nore
vol atile than diphosgene (T, = 128 C°). For changes of Tew, it is
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estimated, that in between 10 - 30 C° volatility of CWA' s increases
by 10 % with 1° tenperature rise (e.g. GCwm Of sulphur nustard is
0.625 nmg/L at 20 C° and 0.958 ng / L at 25 C°). This correlation
is called Herbst rule after a German chemi st who established it in
1926.

From mlitary standpoint highly volatile conpounds are offensive
since they can clear up the terrain from opposition forces w thout
a need of specific decontami nation when the terrain is captured.
Persistent low - wvolatile conpounds are defensive in tactical
terms, since they can be used to deny contam nated areas to eneny
troops (first use of nustard gas in 1917 by German army postponed
pl anned UK/ French offensive operation by 3 weeks). Sul phur nustard
(H) -scorched earth was |abelled "yellow zone", since CGerman H -
shells were marked by yellow cross. The term survived to nodem
times and is expanded to zones, contamnated by any CWA. In
strategic ternms, non-volatile CWA's can be used agai nst popul ated
areas and industrial centres as a mass destruction weapon ("poor
man's nucl ear bonb"). UN Conm ssion on D sarmanent has estinmated
that conplete decimation of 1 km terrain would cost 2000 $ with
conventional weapons, 800 $ with nuclear, 600 $ with VX and 1 $
with XR (!!).

Terrorists would find that volatile agents are easier to depl oy
(since they may not require specific delivery equipnent), but if
appropriate delivery neans are available, non-volatile CM' s would
cause nore fatalities by making rescue efforts nore conplicated and

creating a yell ow zone.

Finally, viscosity and surface tension of CM' s determ ne aerosol -

forming ability of the agent, persistence of aerosol and agent's

penetration into porous naterials, including clothing and soil.
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CWA's with low viscosity are easily dispersed on drops, evaporate
fast and inpregnate soil, wood and cloth quickly. They can not be
used by dispersing from high attitudes due to significant |oss of
the agent via evaporation on its way to the ground. Highly viscous
conpounds can be used from "carpet bonbing height" and tend to
stick to contam nated surfaces, which increases the dose delivered
and makes decontam nation nore difficult. Substances wth high
surface tension are very well dispersed formng fine snall
droplets with minimal surface area, thus evaporating slowy and
bei ng capable of creating a persistent aerosol cloud which can

cross significant distances downw nd.

Sophi sticated mat hemati cal nodel s predicting behavi our of aerosols,
including their deposition in the respiratory tract exist and are
beyond the scope of this course. It deserves to be nentioned,
that particles larger than 5 uM remain in upper airways, while
those under 1 uM tend to get exhaled wthout significant
absorption. Thus, optimal effective aerosol particle size is

consi dered to be between 1 and 5 uM

B |nportant chenical properties of CW's are their thernal
stability, hydrolysis stability, interaction with oxidants, acids

and bases, long - termstorage stability.

The majority of nodem CWA's resist short periods of extreme heat.
For exanple, loss of Sarin and sulphur nmnustard dispersed by
expl osive charges does not exceed 1-5 % Solid phase heat and
detonation - resistant CWA's, such as BZ, chloroacetophenone and
Adansite are deployed in thernogenerators, "snoking bonbs", and
can be nmelted with explosives to be delivered. Pyrolysis of sone
CWA's |ead to other toxic conmpounds, for exanple diphosgene is

deconposed to 2 phosgene nol ecul es and chloropicrin forns nixture
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of phosgene with NOCL at 400 - 500 C°. Obviously, proteins and
pepti des are not resistant to high tenperatures / detonation and
have to be delivered via spray delivery or special aeroso

generators.

CWA's are resistant to hydrolysis by water and atnospheric oxygen.
Their resistance to bases, acids, strong oxidants and hal ogenati on
determ nes decontam nation neans. Mlitary grade CWA's are
stabilised to avoid autooxidation, hydrolysis, polynerisation and
corrosion. CWA nunitions are usually discarded and replaced every
15-20 years. Sone CWA's are incredibly reactive and can destroy

protective equi pnent, including gas mask filters.

M Mlitary properties of CWA's, such as battle concentration,
contam nation density, persistence and depth of toxic cloud spread
are derived from their physicochenical properties, tactics of use,

toxicity and environnental conditions.

Battle concentration (ng/L, ng/n® or g/m) is a concentration of

CWA, necessary for it to exert its toxic effect. For Sarin, battle
concentrations are |lying between 0.0001 ng/L (nmiosis, chest

tightness) and 0.1 ng/L (instant death).

Contami nation density is a mass of CWA per unit of surface area: A

= MS (g/n, ton/knt). As an exanple, contamination density
necessary to elimnate opposition protected by gas masks is 0.02 -
0.1 ton/km for VX and 2-5 ton/knt for HD (distilled sulphur

nustard with additives).

Cont am nation persistence is determned using Leitner forrmula: S

= p/p2\M x t: / M x tz, where p. = vapour pressure of water at 15
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C’, p2 = vapour pressure of agent at tenperature ti, M = nol ecul ar
wei ght of water (18), M = nolecular weight of agent, ti. =
absolute tenperature, t, = absolute tenperature corresponding to 15
C (288 K). Basically, this formula conpares persistence of agent
in question with persistence of water. To illustrate, at 20 C S
val ues are 5707 for VX, 67 for HD, 9.9 for Soman, 3.13 for Sarin

and 9.6 for Lewisite.

Real persistence of CW's on terrain depends on neteorol ogical
factors, landscape and soil type. For exanple, on a sunny day,
light wind, 15 C° VX persists for 21 day, HD for a week, Sarin
for 4 hrs. Rain, nmedium strength wind and 10 C° change those
values to 12 hrs VX, 2 days HD and 1 hr Sarin. In calm sunny
winter (-10 C°) conditions VX may persist for 4 nonth, HD - 2
month and Sarin - 2 days. On desert - type terrain persistence of
CWA's is expected to be low, while clay - type soil with dense
vegetations (e.g. forests) nmay increase agents persistence by the

factor of 7.

The depth of toxic <cloud spread depends on the initial
concentration of CWA, speed of wnd, verti cal stability of
at nosphere and the |andscape. There are three types of vertical

at nospheric stability:

Inversion (when low air layers are colder and heavier, air
currents are descending) - night, early norning, clear wnter
days. Toxic cloud is stable, spreads efficiently as far as 20-40 kmfrom

a singl e rel ease sour ce.

| sotherm a (when air tenperature is balanced at 20-30 m above

the surface) - norning / evening, cloudy weather. Toxic
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cloud is spread to 10 -12 kmfrom a single rel easesource.

Gonvection (when warmand light low air layers ascend) - bright hot
summer days. Toxic cloud is spread to 3 - 4 kmfroma single rel ease

sour ce.

In isothermc conditions, plain terrain, single B-52 |oaded with 7
tons of Sarin bonmbs can create toxic cloud covering approximtely
250 knt area (since there are nultiple release sources !) , |eading

to ~ 30 % nortality anong those caught in the cloud.

B Toxicity of CWA's is estimted differently from toxicity
estimation / evaluation in general, industrial, nedical etc.,

t oxi col ogy.

The fundanental difference is due to primarily inhalational and
transcut aneous adm nistration ways, usually short exposure period
and the fact that many CWA's are designed to incapacitate rather
than kill the victinms. While LDso and LD values are still used in
mlitary toxicology, the mmjor value enployed is LCis, or half-
| ethal concentration. LDs relates to dose of conpound received,
while LCtso relates to exposure. EXPOSURE DOES NOT EQUAL DOSE! In
fact, the dose of CWA for a human with mass G (kg), inhaling air
with CWA concentration C (ng/L) for time t (min) with breathing
intensity V (L/mn) would be D (dose) = CtV/IG

In sake of creating a fornula allowi ng conparison between CM's,
Fritz Haber considered VG ratio to be the same for sane species
pl aced in sane conditions. By dividing D = CGtV/G equation on V/G
he derived equation W = C, where W = "todlichkeitsprodukt” or

"| et hal i ndex* = constant for a taken conmpound. W =
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relationship is represented by a hyperbola and is cornerstone of
mlitary toxicology. The lower is W the nore toxic is conpound
eval uated. For exanple, W value is 80 for Soman, 150 for Sarin,
450 for Tabun, 4 000 for CLCN, 5 000 for phosgene, 15 000 for
di phenyl chl orarsi ne and 20 000 for chloropicrin. Thus, you can see
that WW Il - designed organophosphates exceed WV I agents by nore
than an order of toxicity, whil e di phenyl chlorarsine and
chloropicrin are not very toxic and are primarily wused as

irritants.

In reality, many of CM' s follow the Habers l[aw, but some don't. A
classical exanple is HCN:. at |ow concentration CN - anions are
efficiently metabolised, thus, as long as C is |low substantial
total exposure may be tolerated. To refine this, Habers equation
was witten as W= C (A - E) t, where A and E are speed of agent
adm nistration / adsorption and agent elimnation in the body.
Further on, the equation was adjusted to reflect crucial
characteristics of targeted population. Final form of Haber's |aw
is witten as W=j) C (A - E) t, where j = enpirically derived

Jacquot coefficient, which takes follow ng val ues:

J =1 => unprotected, untrained, not warned,
J = 2 => any of 3 above positive;

J = 4= any 2 of 3 above positive;

J =20 => all 3 are positive;

Thus, training and education (hopefully, this course) alone can

double the rate of survival ! It should be said that j = 20 is
practically non - realistic value, and civilian population in
Western world can be assuned to have j = 1 - the worst scenario,

in which survival depends only on terrorists and the weather (or

on terrorists alone, if in enclosed space)!

Since in mlitary terms (or to inflict terror), incapacitation
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could be nore inportant than elimnation, i ncapacitation
paraneters, such as 1CQ50, 1C10 and IC5 are very useful. They
are the only realistic means of toxicity/efficiency evaluation of

non-| et hal conpounds such as irritants and psychot oni neti cs.

Transcut aneous toxicity can be assessed in ng (agent) per cnt skin

surface. Transcutaneous bioavailability may be estinated using
ski n-venous or skin-arterial coefficients, which are ratios of
transcutaneous and i.v. or i.a. LD50'es. In research facilities
and manufacture of CWA's TLV (threshold limt values) are enpl oyed

to protect involved personnel.

e Classification of CWA's,

Avai |l abl e classifications of CM's include:

Classification by phase at given tenperature: solid, liquid and
gaseous. Mention, that at room tenperature only few "poison gases”

are actually gases !

Cl assification by chem cal structure: or ganophosphat es,

hal ogenat ed t hi oet hers, oxines, arsines and so on.

Toxi col ogical classification is probably the nost inportant to

grasp for this course. It is based on predonm nant action nmechani sns

of conpounds studied and is summarised in the table bel ow

G oup and comon or chenical nane NATO desi gnations (if any)

O ganophosphat e nerve agents:

Tabun GA
Sarin B
Soman €D}
Cycl osarin GF
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| sopr opyl et hyl phosphonof | uori dat e GE

Di i sopr opyl phosphof | uori dat e DFP
O Ethyl -S-[ 2- (di et hyl am no) et hyl] net hyl phosphonot hi ol ate VM
O Ethyl - S-[ 2- (di et hyl am no) et hyl ] et hyl phosphonot hi ol ate VE
O O Di ethyl-S-[(di et hyl am no) et hyl ] et hyl phosphonot hi ol ate VG

O ethyl -S-[2(diisopropyl am no)ethyl] nethyl phosphonot hi ol ate VX
Cycl opent hyl - S-[ 2- (di et hyl am no) et hyl ] net hyl phosphonot hi ol at e EA3148

Vesi cant s:

Sul phur nustard gases, including sesqui, double and

oxygenat ed nustard H Q HD HQ HT
Ni trogen nustard gases HN-1, HN-2, HN-3
Lewisite L

Et hyl di chl orarsi ne, nethyl chl orarsi ne, phenyl chl orarsine MD, the "Dicks"

Di chl or f or noxi me (phosgenoxi ne) CX
N-(2-chlorethyl)-N-nitroso- O net hyl car banat e KB- 16
N-(2-chlorethyl)-N-nitroso-O et hyl carbanat e KB- 10

General ly toxic agents:

HON AC
CLON CcK
Br CN BK
AsH3 SA
PH3

Fe (C0)5

Pb (C2H5) 2 TEL
TCDD ("dioxin") As a contam nant of "Agent O ange"

Suf f ocant s:

Phosgene CG
D phosgene DP
Tri phosgene and ot her derivations of COCL2

Chl oropicrin PS
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O her hal ogenated nitromet hanes and nitroet hanes
S2F10 z
CLF3

Psychot omi neti cs:

3- qui nucl i dyl benzyl at e Bz
Phencycl i di ne SN
LSD- 25 hydrazi de LSD

Ditran (jb-329) and other "jb" conpounds jb-318, jb-336)

Irritants:

2-chl or obenzi |l i dene mal onodinitrile
2-chl or oacet ophenone

Di benz9b. f.) - 1: 4- oxasepi ne

Adansite

Di phenyl chl orar si ne

Di phenyl cyanar si ne

Capsai cin

1- et hoxy-1, 3, 5-cycl oheptatrien

Phenyl bromacetonitrile

28298828328

Et hyl i odoacet at e

Pel ar goni ¢ aci d nor phol i de

Toxins are wusually reviewed separately, since they margin both

chemi cal and biological warfare. Those, which are weaponised,

i ncl ude :

Clostridial neurotoxin A XR

St aphyl ococcal enterotoxin B (SEB) PG

Ricin w
Trichot hecenes and simlar nycotoxins "Yel | ow Rain"

Anthrax toxin

Bacterial toxins known to be suggested for mlitary use include
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pertussis, cholera, diphtheria and tetanus exotoxins.

More general classifications, which follow from toxicological

cl assification above i ncl ude:

Let hal (organophosphate nerve agents, vesicants, generally toxic
agents, suffocants, XR W Yellow Rain, anthrax toxin) and non -
| ethal (psychotom netics, irritants, PG and other incapacitating

subst ances) CM's.

Sl ow (sul phur rnustards, phosgene derivations, ricin, TCDD) and fast
(the rest of CWA's) acting agents.

It is obvious, that those classifications are highly relative
dependi ng on battle concentrations of CWA' s achi eved,
environnmental conditions and j values. During WW I nortality from
sul phur nmustard did not exceed 2.6 % while 2 % nortality from use
of CN and CS occurred in Viet Nam! Neverthel ess, sul phur nustards
are considered to be lethal, while CS and CN aren't (on the basis
of their LG50 and W val ues). Phosgene is a slow - acting agent,

but a gasp of air with 5 ng/L phosgene kills in 2 - 3 seconds.

Mlitary classifications of CM' s include:

Persistent and not persistent agents - reviewed in "physical

properties" chapter.

Def ensi ve (persistent), offensive (volatile, non-persistent), riot

control (irritants) and sabotage agents.
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Sabotage agents are conpounds of parti cul ar i nt erest for
terrorists aimng to contaminate food or water supplies. Mny of
classical CM's can be used to acconplish it, as well as a great
deal of conpounds not traditionally viewed as efficient on a
battlefield. To deal with acts sabotage, very broad know edge of
toxi cology / toxinology is needed. An exanple of CWA's specifically
designed to contaminate food and water stocks include HCL salts of
nitrogen nustards or a vast variety of nmonof | uor acet at e
derivations, including fluorocarbon acids, their aliphatic and
aromatic ethers and fluorinated alcohols. Vast variety of
extremely potent natural toxins (saxitoxin, palytoxin, aconitine,
anatoxin A, verrucul | ogen, citreoviridine, amani ti ne, abri n,
afl atoxins etc.,) as well as tested and tried inorganic conpounds
(cyani des, fluorides, As2(3, arsenites, Sb, TI, Be, Cd, Ba, Hg
salts) can be used. Dealing with those conpounds goes beyond the

scope of this course.

Finally, on the basics of their mlitary useful ness US arny divides
CWA's on group A (arnmed : V-gases, XR PG GB, HD, HT, HQ CN, CS,
CR etc.,), group B (reserve: GA L, H DM DA DC, W and group C
(obsolete, but still can be used as mass production of them takes
place : CG CK, DP, BBC, SK and so on). Wile group C compounds
may not be efficient against protected troops anynore, they are
still devastating for civilian population. Since they are produced
in massive anobunts for non-mlitary use, there is a danger of
terrorists sabotaging storage / manufacturing facilities of those
compounds to cause their |eakage and spread to popul ated areas.
The same applies to any industrial installation enploying
i sot hi ocyanat es (Bhopal disaster), dioxins (Seveso disaster), somne
highly toxic organophosphate insecticides (TEPPh, Phosdri n,
Par at hi on, Mal at hi on, Tetram Ti met Di syst ox, Mer capt ophos
etc.,), fluorine-containing oxidants, tetraethyl Ilead, or even

commn in industry gases |like chlorine and amoni a.
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e Tactical m xtures of CWA's.

To achi eve nmaxi num efficiency, agents |isted above can be used in
m xture with various additives and each other. There are several

reasons to enploy mxed CWA's:

a)Altering physical properties of agents.

Some CWA's have high freezing tenperatures which neke them
inefficient in winter tinmes. For exanple, sulphur nustard is solid
below 14.5 C°. To decrease its freezing tenperature, various
mxtures were tested with sulphur nustard : Lewisite (66 : 34)
being probably the nost efficient, since both are vesicants /
radi omi metics and anplify each other's action, while the mixture
freezes at - 30 C. Another frequently altered property of CWA's is
their viscosity. Increasing viscosity to nake agents stickier and
allow their dispersion from high attitudes is achieved by adding
pol yners, especially polyacrylates. Exanples include HD with 4-8 %
pol ynet hyl acryl ate or VR-55.

b) Stabilising stored CWA' s.

For exanple, HCN tends to be very unstable when stored as it is
prone to exothermc polynmerisation, which may even lead to an
expl osion. Addition of H3PO4 in small amunts makes storing HCN

possi bl e.

c) I ncreasing agents skin penetration.

Sone solvents significantly enhance skin absorption of CWA's. DMSQO,
octylanmine and N, N-dinethylanide palmtate were found to be the
nost efficient. Experinents in Edgewood Arsenal (US) denonstrated
that mxture of VX with DVMSO applied cutaneously kills rabbits
twice faster than pure VX Damaged skin is penetrated very easily,

thus, agents which cause fast skin necrotisation also cause
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tremendous enhancenent in absorption of other CWA's in mxture. CX
is perfectly suited for this role and CX solution in VX is

consi dered to be a devastating weapon.

d)Increasing toxicity of CWA's.

In sone cases nmixing CWA's increases toxicity of the m xture beyond
toxicity of individual conponents. M xture of CS and CN possesses
stronger irritant properties than the individual conpounds -
sprays containing 2 % CS + 2 % CN are nanufactured in CGermany as
efficient self-defence weapons, while nmodern US "Mace" is a
mxture of 2 % CN with 15 % Capsaicine in oily solvent. In large
concentrations, nustard gases, nitrogen nustards in particular,
have antichol i nestherase activity which adds on to toxicity of
organophosphates. Tris-o-cresyl phosphate (TOCP) has practically
negligi ble anticholinestherase activity, but is known to increase
toxicity of anticholinestherase organophosphates by orders of
potency (plus elevate risk of delayed peripheral neuropathy - see
data on "G nger Jake paralysis"” in toxicology textbooks). An
interesting exanple of toxicity enhancenent is particle vectoring.
Adsorption of CWA's on small particles could |lead to bypassing the
upper respiratory tract and slow release of agents high |[ocal
concentrations in the gas-exchanging low parts of pul nonary
aci nus. Wil e sul phur nustard is debilitating, but rarely |ethal,
sul phur rnustard vapour in presence of submicronic inert carbon-
bl ack particals is absolutely lethal causing |ung oedema and death

in less than 6 hours.

e) Various tactical reasons.

In general, mxtures of CWA's are nore difficult to identify and
decontani nate, and <casualties are nore difficult to treat.
Sonmetines irritants were used together with slow acting agents to

mask their use. DA, DC and DM have a short (1-5 min) |atent period
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and were used in mxture with |lethal agents (DA+DP+CG at the end
of WV 1. The logic behind such use is that if the targets were
exposed to "blue cross" irritants before masking, strong irritant
and enetic action of these conpounds after the |atent period would
force eneny soldiers to wunmask and beconme vulnerable to

suf focating agents.

B Design of CWA's with m xed properties opens the way to conbi ne
different toxic mechanisnms in a single mplecule. The earliest
exanples include CLCN (CK) and Palinite (COCLCN) conbining
toxicity of chlorine and phosgene with toxicity of HCN. On the

peak of Cold War sonme interesting conpounds combining different

CWA class properties were designed, for instance bis-(3-
et hyl | ead) - fl uor phosphonate - an incredibly potent DM | i ke
irritant at | ow concentrations and B - compar abl e

anti chol i nest herase agent as the concentration increases:
(CHe), P@D\ 40
# 8
{C.LHS')Z ng F

Modern research in this direction is rotating around chineric

pr ot ei naceous toxins.

e Conbined injury inflicted by CWA's, conventional, nuclear and
bi ol ogi cal armanments may take place and is difficult to deal wth.
Wbunds or skin burns "open the gates" for chenical or biological
agents to enter, with bleedi ng wounds being | ess dangerous since
the agent is washed away. Vesicants are radiomnetic [/
i mmunosuppressant and add on to action of ionising radiation
whil e decreasing resistance of affected to infection. Wunds,
contam nated wth vesicants, are very difficult to heal.
Suffocants, inhaled ricin and anthrax spores drastically decrease

al ready very |ow chances of survival if conbined. Psychotom netics
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can be used to spread chaos and panic in areas, affected by
bi ol ogi cal or nuclear weapons, thus making rescue, disinfection

and decontam nation tasks incredibly difficult.

B Bypassing protective equi pnent can be done by various neans.

Compounds which are only weakly absorbed by charcoal of filtering
gas mask include HCN and CLCN. The capacity of nmask filter is worn
out in 5 - 10 mnutes when high concentrations of those conpounds

are appl i ed.

Carbon nonoxide is not absorbed by charcoal and needs a filter
containing 60 % M2 + 40 % CuO (Hopkalite). Ef ficient
concentrations of CO can be created in enclosed spaces by using
expl osive mxture of TEL and tetranitronmethane (all carbon of the
mxture is released as CO). Alternatively, nmetal carbonyls can be
used. Solutions of HCN or phosgene in netal carbonyls denmand both
hopkalite and traditional filters applied simltaneously and |ays

hopkalite filters to waste very fast.

Boron hydrides are incredibly toxic and are not absorbed by

charcoal at all.

PH3 and AsH3 wundergo highly exothermic oxidation on porous
surfaces, leading to filter overheating and unmasking. Sul phur
pent afl uori de (S2F10, Z) is even nore destructive for the filter
contents. Chlorine trifluoride (CLF3) is an ultimte non-nuclear
of fensi ve weapon capabl e of setting gas mask filters and protective

cl ot hi ng abl aze whil e possessing lethal toxicity.

Liquid Lewisite easily penetrates / corrodes rubber and nmany
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organic polymers. It can be used to get through protective gear

al one or as a solvent for other, nore toxic CMA' s.

In general, the capacity of gas mask filter is limted and even
nore conventional CWA's, such as organophosphates, will eventually
| eak through the filter in case of continuous exposure. Thus,
| eaving contam nated =zone as soon as possible is  highly
reconmended, escaping should be done in a direction, perpendicular

to the direction of blow ng w nd.

 Delivery neans
D spersi on:

Spray delivery: the nost efficient and optinmal for toxins,
but requires planes flying at slow speed and | ow attitude.
Poi nt source expl osive

rel ease Line source

expl osi ve rel ease

Bul k rel ease - "skin" of a warhead is blown off,
exposi ng the agent to aerodynani c rel ease
Base ejection
Condensat i on:
t her nogenerators, evaporating liquid CWA's quickly
pyrotechnic m xtures (for solid heat-resistant conmpounds -
CN, DM B2)

Reacti on:

Some conpounds, so-called "gas generators", can rapidly deconpose
rel easing massive volunes of hot gas, which heats up, disperses
and spreads CWAs. An exanple of efficient gas generator is 3,7-
dinitroso-1, 3,5, 7-tetraazabi cycl o[ 3. 3. 1] nonane, 1 g of whi ch
rel eases 240 m of nitrogen when heat ed.
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« A note on binary weapons.

The first bi nary weapon was SA bonb, split on two
compartnents, one filled with My arsenide and second - wth
sul phuric acid (US, WV II1). Later vesicant binary weapons
enpl oyed otherwi se too unstable to be stored KB-16 and KB-10
conpounds. Wth energence of organophosphates binary GB-2 and
VX-2 ("Big |I" bonmb) systens became avail able (usual designation
for binary agents is adding "2" to the wunitary nanme). The
advant ages of bi nary weapons i ncl ude saf er st orage

manuf acturing and | ower price. In addition, nodul ar depl oynent
is possible - replace GB-2 isopropanol container wth
pi nacolyl alcohol container, and you get GD-2 instead !
However, there are definite disadvantages too. No chemca

reaction would give 100 % outconme, thus the payload of binary
munitions is 30-35 % lower, if <conpared to wunitary ones.
Besides, the reaction would not happen instantly, giving the
attacked 10-20 seconds to wuse their protective nmeans. In
addi tion, conmponents of binary nmunitions or reaction by-
products may have specific snmell or be irritating for eyes and
upper airways, nmaking detection of the attack easier. Thus,
| ower efficiency of binary weapons is a trade-off for their

safety of manufacturing / deploynment and | ower production cost.
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The Agents.

Or ganophosphate (OP) Nerve Agents.

® Miinstream CWA's in the majority of nodern mlitary forces due to
their high toxicity, transcutaneous action and appropriate
physi cochem cal properties.

L I nhi bi t a variety of est er ases, i ncl udi ng neur onal

acetyl cholinesterase (AChE), glycoprotein butyrylcholinestherase
(bl ood plasma), erythrocytic AChE, neuropathy target esterase
(NTE). Inhibition of neuronal AChE is the nobst inportant for OPs
I ethal action; interaction with blood cholinesterases plays role in
est abl i shi ng di agnosis of OP poisoning, but does not correlate with
severity of synptons and outcone of intoxication. Peripheral AChE s
may tenporally sequester organophosphates, limting their access to
nervous system In neurones, |ow (polyacrylamde gel) nobility AChE
isoformis nore sensitive to the effects of organophosphates than

hi gh mobility isoform

® Inhibition of AChE s caused by organophosphates is irreversible
and requires re-synthesis of an enzyne. Carbamates (physostigm ne,
pyridostigm ne, neostigm ne, edorphonium tacrine) are reversible
AChE s inhibitors — affected enzynmes recover by 50 % in ~ 30 mn
(42 psec for bound acetylcholine). General classification of AChE s
i nhi bitors distinguishes inhibitors binding to the anionic centre
of cholinesterases (quaternary ammonium salts, nethylene blue,
choline itself), inhibitors that react wth esteratic centre of
enzynes (organophosphate insecticides, Ggases) and inhibitors
acting on both catalytic centres (neostigmne, physostignine, V-
gases). Incredible toxicity of V-gases can be explained by binding

to both active centres (which was the rationale behind their
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design): the nolecule is bound to AChE nore tightly and is far nore
difficult to displace if conpared to single-centre bound

i nhi bitors.

® | nportant non-cholinesterase effects of OP CWN's were reported,
i ncl udi ng open-channel block of nicotinic receptors and decreasing
of sodi um channel s inactivation by V-gases. Only 100 pnmol of VX (=
200-fold lower than IC50 for AChE) increases neuronal excitability
and facilitates neurotransmtters release, apparently — wvia
i ncreasi ng Na+ conductance. While blockade of nicotinic receptors
is crucial in extrene (paralytic) OP poisoning, action of V-gases
on voltage-gated Na channels may further contribute to their higher
toxicity if conpared to the rest of anticholinesterase conmpounds.

® |In humans, OPs detoxification involves a high-density
| i poprotein-associated polynorphic enzyme  paraoxonase. Argl92
par aoxonase is nore common anong Japanese and hydrolyses B & GD

less rapidly than A nl92 isoform

® First synptons of OP poisoning strongly depend on the route of
adm nistration. |If the route is inhalational, chest tightness
followed by mosis in 5-7 min are first alarmng signs. If skin is
exposed, cold sweating of contam nated area and nuscle twtching
beneath it appear. Interestingly, if those affected through skin
are masked, m dri asi s, r at her than m osis, occurs as the
i ntoxication devel ops. Digestion of contami nated food | eads to fast
devel opnent of intestinal pain, profuse diarrhoea, nausea and

vom ti ng.

® Main effects of organophosphate nerve agents can be divided on

nmuscarinic, nicotinic and central:
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Muscari ni c: d ands

Nasal mnucosa Rhi norr hea
Bronchi al nucosa Bronchorrhea
Sweat gl ands Col d sweati ng
Lacrimal gl ands Lacrimation
Sal i vary gl ands Pr of use

sal i vation

Snoot h nuscl e

Iris M osi s
Cliary nuscle Loss of accommodati on
Gut Abdom nal cranps,
di arr hoea
Bl adder Fr equency,

i nvol untary
mcturition

Hear t Bradycardi a

Ni cotinic: Aut onomi ¢ ganglia Synpat hetic effects,
pal | or, tachycardia
hypertensi on

Skel etal nuscle Weakness,

fascicul ati on

Centr al

hypoxi a, seizures

gi ddi ness, anxi ety,

restl essness, headache,
trenor, confusion,
failure to concentrate,
convul sions, respiratory

depr essi on.
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® Cinically, OP poisoning can be split on follow ng categories:

1. Light — initial synptons outlined above. Recovery in 2 to 5
days.
2. Medium - predom nance of muscarinic effects, so called

bronchospastic or asthmatic stage. Can be fatal due to
conbi nation of bronchorrhea / bronchoconstriction. Recovery

|asts for 1-2 weeks.

3. Severe or generalised — split on 3 sub-stages:

- initial — severe nuscarinic effects, suffocation &
cyanosi s, central effects start strongly nanifest
t hensel ves: f ear, di zzi ness, headache, speech

difficulties, trenor, blurry consciousness.

- seizure stage — tonic — clonic seizures, unconsci ousness,
foaning froth / salivation, no light reflex, may last for
several mnutes or even hours. |If antidotes are not
adm nistered earlier than 10 min after seizures begin,
the prognosis is very poor.

- paralytic or comat ose st age - pr edom nance of
depol arising block / nicotinic effects. Loss of pulse,
body tenperature falls, spont aneous def ecati on /
urination, respiratory depression, death.

Recovery from severe intoxication occurs in 3-8 weeks,

usually with long-lasting after-effects.

4. Lightning form — strikes in 30 seconds, imediate |oss of

consci ousness, comatose stage in 1-3 mn, death in 5-15 nin.

® Transdernal toxicity is acconpanied by a latent period of 10-30
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mn and is difficult to treat as depots of OP in subcutaneous
fatty tissues can be formed and sudden release of OP from them
occur. If the wound is contanm nated, nuscle fasciculations in it

can be seen.

® Del ayed effects of OP' s include:

- nuscle necrosis. Lesions may appear in 12 to 24 hrs, recovery
begins in 2 days and is conplete in 2 weeks. Prevented by
proper use of standard OP antidotes. Mre severe in high

activity nuscul ature, e.g. diaphragm

- internmediate syndronme. Proximal skeletal nuscul ature weakness
and cranial nerve palsies; 12-84 hrs post-exposure, nay

require artificial ventilation.

- del ayed neuropathy. Symmetrical sensorinotor axonopathy which
tends to be nore severe in long axons and occurs 7-14 days
post -exposure. It is caused by inhibition of neuropathy
target est er ase (NTE) by OP' s, leading to axonal
denyel ni sati on. O ganophosphate agents are unlikely to cause
del ayed neuropathy since NTE — inhibiting concentrations of
those compounds exceed their lethal concentrations by 1-2

orders of magnitude.

- chronic neuropsychiatric abnormalities, which are likely to
be due to excitotoxic events acconpanying OP poisoning.
Subsei zure epileptic di schar ges: i ncreased frequency,
i ncreased B-rhythm abnor mal high voltage slow waves.
Excessive dream ng, sl eep-tal ki ng, ni ght nar es, i nsomi a,
jitteriness, restl essness, t ensi on, enot i onal liability,

depressi on. Morphol ogi cal changes resenbling those follow ng
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status epilepticus are present.

® |ndividual agents (Figure 1) were selected on the basis of
their toxicity, required physicochenical properties and ease of
producti on. G gases (supposedly, “G comes from “German”) were
di scovered in search for insecticides, V-gases (supposedly, *“V
stands for “Venonous”) are designer substances, exploiting our
know edge of <cholinergic transmission. A variety of OP CM's
presented on the table enclosed was developed to suit different
tactical aims. For example, VX (Tb ~ 298 C°) is ideal for creating
yell ow zones; Sarin (Tb ~ 151.5 C) is suitable for fast offensive
action wthout a need to decontam nate terrain afterwards, while
Soman (Th ~ 198C°) is sonmewhat in between VX and Sarin in terns of
both toxicity and tactical properties. G, G and VX are probably
the nost common or ganophosphate nerve agents expected to be used on
the battlefield; however terrorists nmay opt for any OP CM
avail abl e. Tabun, even though it is obsolete, was used by lrag in
lrag-lran war since it does not contain fluorine, t hus
manufacturing of GA is easier & cheaper if conpared to other O s

(silver-lined reactors not required).

Tabun (GA) is a colourless transparent liquid with pleasant fruity
smell. Inpure product is yellowgreen to brown and snells bitter
al nronds (HCN) or, in large concentrations, fish (dimthylamne). Tb
~ 237-240 C, T freezing - 48 C, Cmax = 0.6 ng/L(20C), which

does not allow to create lethal concentrations by evaporation at

2

room tenperature and Dbel ow Det onati on- unst abl e, thus spray
dispersion is the only efficient nmean of Tabun delivery. Density p
= 1.0778 g/cnt (20 C°), d& = 5.6. Water solubility is 12 %at 20 C.
Half — life in water - 9 hrs (20C), soil - 1-1.5 days. Viscosity
2.6 P (20C°). LOX50 = 0.4 ng X min / L; LD50 cut = 15 ng/kg; LD50
per os =5 nmg / Kkg.
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Sarin (@) is a colourless transparent liquid with very weak fruity
snell. Tb ~ 151.5 C, T freezing ~ - 57 C, C mx = 11.3 ng/L
(20C°), which allows creating lethal concentrations by evaporation
under 1 mn exposition. Detonation-resistant. Density p = 1.0943 g/
cnt (20 C), & = 4.86. Conpletely nmiscible with water, half — life
in water — 46 hrs (20C°, neutral pH). In soil, 90 % are elim nated
in 5 days. Viscosity 1.82 P (20C). LC50 = 0.075 ng x mn [/ L;
LD50 cut = 24 ng/kg; LD50 per os = 0.14 ng / kg. NATO antmunition
mar ki ng: 3 green rings and | abel “GB GAS'.

Soman (@) is a colourless transparent liquid with a snell of
canphor. Inpure product is yellow — brown. Tbh ~ 198 C, T freezing
= -80 C, C mx = 3 ng/L (20C°), which allows creating |Iethal
concentrations by evaporation under 1 mn exposition. Detonation-
resistant. Density p = 1.0131 g/ cn?t (20 C), d = 6.33. Limted
water solubility (1 %at 0 C, 1.5 % at C), but due to its high
toxicity even this anmbunt of GD dissolved can be fatal. Half — life
in water 10 hrs at 30C°, neutral pH Rapidly hydrolyzes in soil.
Viscosity is high and was not disclosed to public. LG50 = 0.03 ng
X mn/ L; LD50 cut = 10 - 20 ng/kg; LD50 per os = 0.02 — 0.04 ng /
kg. Strongly cunul ative. NATO amrunition marking: 3 green rings and
| abel “GD GAS'.

VX is a colourless transparent liquid resenmbling glycerol. Inpure
products are oily (resenbling notor oil), yellow to dark brown and
snell rotten fish. Tb ~ 298 C°, T freezing = -39 C, C max = 0.0105
ng/ L (25C°), which does not allow creating |ethal concentrations by
evaporation in noderate clines; however in tropics it is possible.
Det onation-resistant. Density p = 1.0083 g/ cn?® (25 C), & = 9.2.
Water solubility 3 %at 25 C, half — life in water 428 hrs (20 C,
neutral pH). In soil 90 % are degraded in 15 days. . Viscosity is
hi gh and was not disclosed to public. LG50 = 0.01 mg x min / L;
LD50 cut = 0.1 ng/kg; LD50 per os = 0.07 mg / kg. Strongly
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cunul ative. Very lipid soluble, absorbed through skin in 5 mnutes.
95 ng liquid VX on the surface of contam nated sunmer garnents worn
for 8 hrs constitute LD50 for a 70 kg human, synptons w || appear
in 3-24 hrs. For undamaged, unprotected skin this dose is 10 ng,
synptons energe in 1-24 hrs. NATO anmuni tion marking: 3 green rings
and | abel “VX GAS'.

® Antidotes for OP poisoning include Mblockers, cholinesterase

reactivators and di azepam

Atropine citrate is admnistered i.v. or i.m in aliquots of 2 ng
as often as every 5 nmin, until secretions dry out and heart rate is
above 90 beats / mn. Up to 50 ng of atropine may be needed in 24
hrs period. D azepam (10ng) is admnistered (i.m) with the third
dose of atropine to combat convul sions, fasciculations and trenor.
Lipid soluble Mblockers, which can reach CNS (ironically, they
include BZ!), have advantage over atropine, but were withdrawn in
70-es due to their psychotomnetic side effects. Soviet mlitary
nedi cs developed Afin and Budaxim that conbine M and N
anticholinergic activity and are efficient at reversing nicotinic
effects of OFs, i ncluding depolarising neuronuscular bl ock
occurring at the comatose stage. Anticholinergic therapy MJST be
suppl enented with cholinesterase reactivators, since atropine & Co
are conpetitive antagonists that form ionic bond with active site
of Mcholinoreceptors, while OPs covalently bind to cholinesterase
deactivating affected enzyne nol ecules forever. Thus, with the tine
action of OPs is likely to overcone blockade of cholinoreceptors

unl ess active cholinesterase |evel is restored.

Chol i nesterase reactivators are oxines (see Figure 2), capable of
nucl eophilic attack on the phosphorus in enzyme-bound OP, which is
followed by splitting of oxine-phosphonate, as shown on the schene.
The efficiency of oximes as antidotes depends on the agent they are

used to antagonize. Pralidoxinme is effective against Sarin and VX
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but not Tabun, Cbidoxinme is efficient against both Tabun and Sarin,

HLo-7 works for Tabun and GF (Cyclosarin) poisoning. Standard

mlitary manual s prescribe 15 % dipiroxine bronmide 1-2 m i.m, 30
% pralidoxine chloride or iodide 1 m i.m, or 25 % obidoxine
dibromde 1-2 mM i.m Due to the phenonenon called “cholinesterase

agei ng” (see Figure 3), cholinesterase ageing tine for Sonan is 2
mn, Sarin — 5 hrs, Tabun - 14 hrs and is very long-lasting for
VX), oxines are not efficient against Soman intoxication, wth
possi bl e exenption of novel Hagedorn oxines H-6 and HLo-7.
However, use H -6 and HLo-7 presents practical difficulties, since
these oxines are not stable in aqueous solutions and expensive
“wet-dry” auto injection devices are needed. Thus, pre-treatnent by
a carbamate anticholinesterase is recommended if Soman use is

expect ed.

® Prophylaxis of OP poisoning is based on the idea that carbanmate-
bound AChE would not bind OPs, but would reactivate spontaneously
in ~ 30 mn. Admnistration of 30 ng pyridostigmne brom de (PB)
every 8 hours orally mintains AChE activity at 60-80 % of
physi ol ogi cal norm without significant performance degradation and
was enpl oyed during the Desert Storm operation. Pyridostignine pre-
treatment provides strongest benefits with Soman and Tabun, but no
benefit with Sarin or VX Besides, while being life-saving, pre-
treatnent does not protect from performance inpairment inflicted by
GA and CD.

® Gulf War syndrone is an issue directly related to pyridostign ne
pre-treatnment. A study of 41 650 US soldiers, 34 000 of whom took
PB pills for 6-7 weeks reported mld nuscarinic effects (increased
flatus, abdom nal cranps, soft stools, urinary urgency, headaches,
rhinorrhea, diaphoresis and extremty tingling) in approximtely
half of that population. Mny Qlf War veterans experienced bad

dreanms, vertigo, slurred speech, rashes, oedena and wurticaria,
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spi ki ng hypertension with epistaxis which correspond very well to

psycho- neur ol ogi cal consequences  of anti chol i nesterase agents
exposure conbined with .. early and well-forgotten synptons of
bromism ! Indeed, @lf Wr participants were subjected to |ong

periods of heat stress & dehydration with water but no salt
suppl enentation pills available. Lowsalt diet greatly increases
the half-life of bromne elevating possibility for intoxication by
bromde of PB. In additional, forced swiming tests in nmice
denonstrated that stress increases pyridostigmne access through
bl ood-brain barrier by 2 orders of magnitude (!), suggesting that
war stress nakes affected far nore succeptible to central effects
of pyridostigm ne. Anot her study denonstrated, that various
synpat hom netics and caffeine greatly exaggerate pyridostigm ne

toxicity.

Vesi cant Agents.

® Even though the mpjority of vesicants was designed during WV I
and in a period between both world wars, they still remain to be
mai nstream CW's in the mmjority of armies, due to their
transcut aneous action, high incapacitating potential, delayed
action / high persistence of sone vesicants and, perhaps nost
essentially, easy accessibility, mass production and very |ow cost

of manufacturing.

® Chemically, vesicants are united by one common property: they al

are actively al kylating or acylating conmpounds attacking atons with
free electron pairs (Figure 4). However, this property is shared by
many classes of organi c conpounds, i ncluding hal ogenated thioethers
and tertiary anmines, prinmary arsines, oximes, ketones and conpl ex
ethers of strong acids. Acylating conmpounds tend to be less

persistent than alkylators and their toxic effects develop nore
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rapidly.

® Even though vesicant effects of crude nustard gas were spotted as
early as 1859, nechanisnms underlining blister formation are still
unclear. Recently, it was suggested, that inhibition of protein
phosphat ases, in particular protein phosphatase Ila by vesicants

di srupts desnpsonal integrity and leads to blistering.

® On the contrary, nechani snms expl aining general toxicity possessed
by vesicant CWA's are well-established. They involve alkylating or
acylating key «cellular macronolecules, especially DNA as the
enclosed Figure 5 shows wusing “classical” nustard gas as an
exanmple. Its sul phonium ion produces adducts at the N7 position of
guanine and N3 position of adenine; imonium ions formed by
nitrogen nustards only form N7 al kyl guanine. Cells in early S phase
(DNA synthesis) and in late GL phase (interphase) are particulary
sensitive to the effects of vesicant attack on DNA and RNA. Cross-
linkage, coding errors (alkylated guanine - thymne pairs) and
breaks of DNA strands stop normal DNA replication and lead to
activation of PARP. Since for a single act of adeni ne
pol yneri sation PARP requires 4 nolecules of NAD, PARP activation
nay |lead to a fast ATP depletion. Besides, alkylators are renowned
for their glutathione-depleting properties. Altogether, systemc
toxic effects of vesicants resenble consequences of free radical
overl oad observed in radiological danage, thus these CM' s are
comonly called “radiom netics”. This resenblance spans into an
act ual clinical i ntoxication picture, which includes severe
i mmunosuppressi on, damage to rapidly reproducing tissues, nausea
and vomiting, hair |oss, depression, post-nortem changes resenbling

changes in radi ati on sickness, nutagenesis and carci hogenesis.
® Most-known vesi cant CWAs i ncl ude sul phur and nitrogen nustard gas

vari ations, Lewisite and dichlorfornoxine (phosgeneoxine), as
suppl enmented Figure 4 shows. Very frequently m xtures of vesicants
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are used due to easier bulk synthesis of their mxtures conpared to
pure agents and advantages, provided by mxtures in ternms of their

physi cal properties.

Sul phur  nustard (B, B-dichl orodiethyl sul phide, H - inpure, HD -
distilled) is a colourless oily liquid with a weak snell of castor
oil. Inpure product is yellow to dark brown oil with a specific
14.4 C, C max
= 0.625 ng/L(20C°), which is 10 times of lethal concentration at

smel|l of nustard / garlic. Tb ~ 217 C°, T freezing

2

30-60 mn exposition and will definitely lead to formation of skin
| esi ons. Detonation-stable, great deal of delivery neans is
avai l able. Density p = 1.2741 g/cnm® (20 C), & = 5.5. Wter

solubility is 0.08 % at 20 C, fornms thin oily film on water
surface due to its high surface activity. Half — life in water — 10
mn (20C°); hydrolysed and bound in soil. Viscosity 5.91 P (10C)
and is often adjusted to higher values by polynmeric additives, for
example US nilitary enploys UCON 75-M 50000, which increases HD
viscosity by 2 orders of magnitude. LCt50 = 1.5 ng x min / L; LD50
cut = 70 ng/kg; LD50 per os = 1-2 ng / kg. Transdermal LD50 (1-1.5
teaspoons) covers 25 % of body surface. A droplet as small as 10 ug
i nduces vesication. Skin penetration by HD vapour is 1.4 ug / cnt¥ x
mn (70 F°), 2.7 ug / cnt x mn (88 F°); liquid — 2.2 ug / cnt x
mn (60 F°), 55 ug / cnt x mn (102 F°). Thus, hot weather

significantly anplifies nustard gas toxicity. If a droplet of HDis
pl aced on skin, 80 % of it will evaporate, 2 % remain bound in the
skin and 18 % reach circulation. Qut of these 18 % 22 % will be
excreted in 24 hrs, but the bulk would remain tightly bound to
affected tissues due to nustard gas al kylating properties. Genitals
and eyes are particularly sensitive to vesicant action of HD
concentrations causing skin erythema of genitals are half of the
concentrations causing it in skin elsewhere; 1.2 pg/L after 45 mn
exposure cause phot ophobi a, bl epharospasm and conjunctivitis

lasting for 4 weeks, with a conplete recovery in 3 nonth.
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HD-i nduced skin |esions appear after asynptomatic |atent period
lasting for 2-24 hrs and start from erythema, resenbling one in
sunburn or scarlet fewer. Erythema of nore than 20 % body surface
indicates fatal poisoning. Blistering appears 12-24 hrs post-
exposure, on the margin of erythematic skin small vesicles are
formed (so-called “nustard bracelets”) and expand, eventually
nerging into large blisters, or bullas. The blisters are 0.5 to 5
cnt in dianeter, done-shaped, thin-walled, painless, easy to rub
of f, surrounded by erythema, blister fluid is initially thin and
clear, later it turns yellow sh and coagul ates. It does not contain
sul phur nustard and is not a vesicant. After the blisters burst /
open up, deep necrotic ulcers appear with a possible full-sickness
skin loss, in particular in genital area. Skin inflammtion
reaches maxi num in 10-14 days, regeneration stage starts in 2-4
weeks. Recovery is very slow and may last for 1-4 nonth. Affected
skin is blackened and scarred. Skin contact with HD vapour usually
results in I-11 degree and liquid HD — Ill-rd degree burn. Dark-
skinned individuals are nore resistant to vesicant action of HD
than whites.

I nhal ational effects of HD also starts following a |atent period
lasting from 12 hrs (light degree) to 30 minutes (probably fatal
case). Synptons incorporate hoarseness or even aphonia, dry barking
cough, loss of taste/snell, tachypnea, chest pain, necrosis of
larynx, trachea and bronchi epithelium formation of obstructing
“di phtheric” nenbranes in severe cases. Laryngospasm is a cause of
acute death in HD poisoning, among patients who need artificial
ventilation 87 % die. Delayed death usually occurs in 4-7 days from
nmassive pulnonary danage conplicated by infection, including

(i mrunosuppr essi on-propel | ed) sepsis.

Neur ol ogi cal effects of HD in excessive anounts include

hyperexcitability, convulsions, coma and death with few pathol ogic
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abnorrmalities. Anticholinesterase action is suspected.

Radi omnmetic action of HD is nmanifested by nauseal/voniting,
di arrhoea, apathy, depression, high fever, weight |oss, depletion
of all elenments of bone nmarrow and a replacenent wth fat.
Granul ocytes and negacaryocytes are nore susceptible to HD danmge
than erythropoietic cells. From day 1 to day 3 white blood cells
count in peripheral bl ood increases (inflanmation). Severe
| eukopeni a begins on day 3 and reaches nadir in 6-9 days. If white
bl ood cells count falls below 200 cells/n, the prognosis is very

poor .

Long term effects of HD include chronic respiratory diseases
including cancers, skin pignentation abnornalities, scars, skin
cancer, ophthal nologic problens, bone marrow depression, sexua
dysfuncti ons, t er at ogenesi s, sensitivity to HO & Co and

psychol ogi cal effects.

HD derivations include “oxygen nustard’, “double rnustard”, *“sesqui

nustard” and nitrogen nustards.

Oxygen nustard (T) is usually deployed as a conponent of HT m xture
of 60 % HD with 40 % T. Oxygen nustard is a colourless oil, p =
1.2311 g/cm?, C max = 0.0024 ng/L (25C°) (won't be efficient by
evaporation), Th > 320 C°, T freezing = 10 C, but HT freezes at
-25 C. Oxygen mustard is 3.5 tinmes nore toxic, than HD.

Sesquinustard (Q is crystals with low water solubility, Tbh > 300
C, T nelting = 56.5 C, C max = 0.0004 ng/L (25C°). Sesquinustard
is 5 tinmes nore toxic, than HD, and is wusually deployed in a

m xture with HD, designated HQ

NATO sul phur rnustards ammunition is marked by two green rings and
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“HD GAS" | abel (“HT GAS’ or “HQ GAS' when appropriate).

Ni trogen nustards were developed to contaminate soil and water
sources during the WV II. They appear to be less potent vesicants
but nmore efficient radiomnmetics than HD, with a higher incidence
of neurological synptons as well. Transcutaneous LD50 of nitrogen
nmustards |ies between 10 and 20 ng/ kg, which is 3.5 — 7 tines | ower
than its value for HD, they are also 10 tines nore potent than HD
when affecting the eyes. N trogen nmustards are oily liquids wthout
colour and snell; inpure products are yellowbrown and snell fresh

fish. Properties of nitrogen nustards are summarised on the table

bel ow.

NATO LC 50 Thb T freez C max p
code My x min /L c c ng/ L g/ cn®
HN- 3 1.5 230- 235 -4 0.12 1.23
HN- 2 3 180 - 60 3.58 1.12
HN- 1 1.5 195- 200 -34 2.29 1.09

Due to the potent radiom netic action of these conpounds, |eukaem a
is a frequent long-term of nitrogen nustards exposure, not usually

seen with HD.

Lewisite (L) is oily colourless liquid which consists of trans- and
cis-isomers with trans-lewisite being nore toxic. Inpure product is
amber to black with odour of geraniums. Th = 190C°, T freezing =
-10-15 ¢, C max = 4.41 ngy/L(20C), p = 1.88 g/cn®, d 7.2. \Water
solubility is ~ 0.05 % hydrolyzed by water, thus is not very

suitable for use in rainy conditions. LCt50 = 1.3 ng x mn/L, LD50
cut = 20 ng/kg (30 drops for a 70 kg man), LD50 per os = 5-10
ng/ kg.

www.manaraa.com



Mai n di fferences between L and nustard (H) “gases” are:

- there is no latent period with L

- L is a strong irritant that causes pain and adsorbs through
skin 2-4 tinmes faster

- erythema is painful and oedenatic

- instead of nerging vesicle “bracelets” large vesicles are
formed strai ght anay

- inflammati on peak is 2-3 days

- recovery (1 week) and healing (3-4) weeks is faster

- can cause pulnonary oedenma in |arge concentrations

- can cause “lewisite shock” by i ncreasing capil lary
permeability

- secondary infections are | ess conmon

- less eye danmge

- subsequent skin pignentation |ess comobn

- efficient anti dotes exi st

Many of L effects are determined by the presence of As, and |inked
to binding to dihydrolipoic acid of the piruvate dehydrogenase
conplex => preventing formation of Acetyl-CoA from piruvate.
Lewisite ingested with food would cause typical signs of arsenical
poi soni ng: severe stomach pain, vom ti ng, wat ery diarrhoea
nunmbness and tingling, especially in the feet, thirst and nuscul ar
cranps. Neur opat hy, encephal opathy or nephritis my follow,

i ntravascul ar haenolysis and haenolytic anaemia can lead to renal

failure.
G her organic arsines simlar to L, but Iess potent, include
methyl-, ethyl- and phenyl dichlorarsines. Wile they have | ost

their mlitary significance now, terrorists may opt for whatever

they’ ve got at hands.
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Di chl orfornoxi mre  ( phosgeneoxi e, CX) is colourless prismatic
crystals; inpure product is a vyellowbrowmm liquid wth an
irritating smell. Crystals nmelt at 39-43 C and boil at 129 C. C
max is very high: 20-25 ng/L. CX is unstable in water but can be
stored indefinitely in ethyl acetate. Dichlorfornoxinme is a potent
radiom nmetic, but is not strictly a vesicant |ike Hgases and L. It
causes very fast and painful l|esion onset (thus, called "“nettle
gas”) followed by rapid tissue necrosis. Pain spreads around the
whol e body, including uncontam nated areas. Affected site becones
greyish with a boarder of erythemm, healing of necrotic ulcers is
very slow. Inhalation of CX | eads to phosgene-like |lung oedema and
thronbosis of pulnonary arteries. CX is very well-absorbed and,
i ndependently of the administration route its LD50 is in range of
10-30 ng/kg. Concentrations above 1 ng/L induce strong nettle
effects. Solutions of CX are efficient when its concentration is

above 8 %

Both L and CX penetrate garnments, even rubber very quickly.

® Treatnment of H- gases and CX poisoning is largely synptomatic. It
has been suggested that early 30 % i.v. infusion of 30 % Na2S2C3
can decrease radioninetic effects of “mustards”, besides, conpounds
given in radiation sickness (cystam ne sul phate, WR-2721) or inmmuno
stimulants can be used. Antibiotics are crucial, since in nany
cases secondary infection rather than immediate toxicity of
radiom metic agents is a cause of death. For organic arsines
poi soning, specific and efficient antidotes are available (Figure
4), and include D nercaprol (BAL), which is water-insoluble and
applied on skin, while nore nmdern DVBA and DWS can be
adm nistered orally or i.m Al those conmpounds are -SH group-

possessing arsenic chelators, which bind L as shown on a Figure 4.
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“Cenerally Toxic” chemcal warfare agents

are a group of mscellaneous compounds, united by the fact of being
able to affect nmultiple organs w thout predom nance of a single
physi ol ogi cal nmode of action, such as neuronuscular block &
nuscarinic effects of organophosphates. In the majority of Wstern
sources this group is not defined, while separate nenbers of the
group (usually <cyanides) are described. This Ileads to sone
potentially lethal agents being overlooked and ignored, as in the

case of phosphine, arsine and various organonetal |lic substances.

Many, but not all conpounds belonging to this group are netabolic

poi sons, which interfere with tissues oxygenation

Practically all conpounds described here are very widely used in
i ndustry, thus excessive anmpbunts of information considering their
(especially chronic) toxicity are available in industrial
toxi col ogy/ hygiene literature, thus, this chapter is centred
around acute toxicity and peculiarities of those substances if

enpl oyed for mlitary/terrorist use.

Practically all conpounds described here are Cass C (reserve) or
potential chemical warfare agents. Only HCN and CLCN have seen /
are likely to see significant mlitary use, while AsH3/PH3/ netal
carbonyls could be reserved for special occasions, likely as
conponents of nulti-agent mixtures or binary munitions. Since to
enpl oy these agents efficiently significant battle concentrations
nust be achieved, sophisticated delivery nmeans and |arge agent
quantities are demanded, putting specifically synthesised and
depl oyed generally toxic CW's out of terrorists reach. However, it
is mass production of those substances which nakes them dangerous
in terns of terrorist use, as it was outlined in The Foundati on.
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Insecure HCN — storing/producing facility upwind from a popul ated
area is an obvious target for conventional attack w th expl osives.
Besi des, those agents play well-known role in assassinations and
contam nation of food stocks, such as recent KCN contam nation of

tomato juice batch, in which Al Quaeda are primary suspects.

Cyani des are probably the nbst inportant generally toxic CWA's. HCN
seen sone action in WN I mxtures, when the French used Vinsennite
(50 % HCN, 30 % AsCL3, 15 % SnCL3, 5 % chloroform and Mangannite
(46 % HCN + 54 % AsCL3), while the British released mxture of
50: 50 HCN/ AsCL3 (apparently, without any colourful nanme attached).
However, delivery neans of the tinme were not sufficient to create
necessary battle concentrations and expectations about mlitary
ef ficiency of HCN have failed. Zyklon B, used in Nazi concentration
canps, consisted of Ca sul phate (in accordance to sone sources - Ca
oxal ate) inpregnated by HCN (40 % of Zyklon B powder by nass).
Si nce W1l i nproved delivery met hods allow creating
concentrations of HCN reaching 10 ng/L in |ow atnospheric lair for
a short period of tinme. Concentrations that high would be
absolutely lethal for nmasked personnel, due to both skin resorbtion

and exhaustion of mask filter capacitance for HCN

HCN (AC) is a colourless transparent liquid with the infanous snel

of bitter alnonds (different sources | came across tell that 20, 40
or 60 % of humans do not detect this snell). HCN vapour is known to
alter the taste of tobacco snobke and make it intolerable, thus
providing additional enpiric nean of detection. Tb = 25.7 C, T
freezing = - 13.3 C°, C max = 873 ng/L(20C°), which allows creating
lethal concentrations by evaporation under 1 mn exposition.
Det onation-sensitive, in fact liquid NCN is an explosive nearly as
potent as trinitroglycerol, providing the detonator was applied.
M xtures of HCN with air are also explosive, generating volune
(vacuum) explosions. Density p = 0.6894 g/ cnt (20 C), & = 0.947.
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Conpletely niscible with water, but water solutions are easily
hydr ol yzed. Viscosity is very low, this HCN is famous for being
easily diffused through porous materials (e.g. garnments) and highly
absorbed by various objects (even rubber would absorb HCN, 2 g HCN
per 100 g rubber; food, red bricks, wood and even concrete can
absorb HCN). LG50 = 2 ng x min / L; LD50 cut = 100 ny/kg; LD50 per
os = 1.0 mg / kg (1.8 ng/kg for KCN and 2.4 ng/ kg for NaCN). NATO

ammunition marking: 1 green ring and | abel “AC GAS'.

Cyanides mainly act by binding to the Fe3 in the cytochrone oxi dase
conplex (cyt a-a3), thereby preventing reduction of iron and
inhibiting the final step of oxidative phosphorylation in the
respiratory chain. Apart from cytochrone oxidase, CN anions inhibit
other netalloenzynes (catalase and peroxidase — Fe3+;, succinate
dehydrogenase (Fe-S); SOD (Cu, 2Zn); carbonic anhydrase, alkaline
phosphatase and al cohol dehydrogenase (Zn); xanthine oxidase,
xant hi ne dehydr ogenase, al dehyde and sul phite oxidases (M) and
gl ut at hi one peroxidase (Se). Besides, cyanides form cyanohydrins
with enzynes containing carbonyl group in the active centre
(pyri doxal phosphat e- dependent enzynes, for exanple glutamate

decar boxyl ase — contribution to cyani de-i nduced sei zures ?).

Interestingly, HCN exists as two tautoners: nitrile and isonitrile
( HCN <-> HNC- ) and isonitrile is far nore toxic than the nitrile.
At room tenperature HCN contains 99-99.5 % of nitrile and 0.5-1 %

isonitrile, which is mainly responsible for its toxicity.

Since cyanides are frequently encountered in nature, nultiple
nmechani sms of their elimnation exist. It was calculated that in
humans 0.017 ng of CN- are elimnated per kg weight / mn, thus HCN
does not follow the classical Haber’'s Law. Miin elimnation path
for HCN is via mtochondrial rhodanese (thiosul phate reductase) -

catal ysed transformation of CN into SCN in the presence of
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sul fane sul phur (from Cys or Mt). Oher enzynes that netabolise
CN- include mercaptopiruvate sul phurtransferase and cystathi onase.
Met haenogl obin, NO, heavy metals and carbohydrates all scavenge

cyani de ani ons.

Light HCN poisoning is manifested by feeling the snell of bitter
al nronds (but see the comment above), netallic taste and bitterness
in the nouth, “scratching” in the throat and nose, dizziness,
fatigue, weakness. Medium stage HCN poisoning adds noise in the
ears, pulsation of tenporal arteries, nausea & voniting, gasping
for air, speech difficulties, bradicardia, pain in the chest,
nmuscl e weakness. Micose nenbranes and face often turn pink. As
severe poisoning devel ops, hyperpnea follows, skin is pink, pulse
is slow and tense, consciousness is dimed, affected are excited

anxious, afraid of dying, experience angina-like chest pain,
stagger, pupils are dilated. Then the consciousness is |ost and
intense tonic-clonic seizures develop. During the seizures skin is
bright pink, pupils dilated, exophthalma, corneal reflex is
absent, pulse is slow, blood pressure is normal or slightly
el evated, breathing is arrhythmc and infrequent, wurination and
defecation often take place. Seizures nmay |last from several minutes
to several hours and are followed by paralysis, coma and cardiac

arrest.

Lightning form of cyanide poisoning leads to hyperpnea in 15
seconds, |oss of consciousness and fall in 30 seconds, apnea and
seizures in 3-5 mn, com and cardiac arrest in 5-8 mn Oal
cyanide poisoning is sinmlar to the inhalational, but develops

slower, in 15 — 30 mn.
A comon msconception is to think that cyanide-caused death is

imediate or followed by a conplete recovery. Recent studies

suggest that death could be delayed for up to 8 days. Neurol ogica
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sequel ae of HCN poisoning can be delayed for as long as year and
are excitotoxicity — related (simlar to changes observed after
severe CO poisoning; include peripheral neuropathies, difficulties
to concentrate & nenory disturbances and, in sonme patients,

Par ki nsons-1i ke syndrone).

Treatnment of cyanide poisoning is based upon conbination of
enhancing natural netabolic elimnation of cyanides and chem cal
scavengi ng of CNanions. Enhanced enzymatic detoxification is done
via providing additional sulfane sul phur, since its availability is
a rate-limting factor for mtochondrial rhodanese. Usually sodium
thiosulfate (30 % solution, 20-50 m i.v.) is enployed: Na2S2C3 +
CN = SCN- + Na2S(s.

Since in high loads of CN natural detoxification of cyanides
causes only a slow fall in blood plasma CN-, imediate CN binding
is required. This is performed by several means, such as
nmet haenogl obin-form ng conmpounds (anylnitrite to sniff (1m
ampul ae, every 10-12 nin) sodium nitrite (1 % solution, 10-20 m
i.v.), 4-dinethylamnophenol (15 % solution, 3-4 ng/kg i.v.),
cobalt-containing CN-conplex-fornmng antidotes (dicobalt edetate
(15 % solution, 10-20 m i.v, hydroxycobal amne), or cyanhydrin-
form ng substances (glucose (10-20 m 20-40 % solution i.v.),

di oxyacetone). Consider the follow ng reactions:

MetHb (Fet+++) + CN- = CN(Fe+++)MetHb (therapeutic level is ~ 30 %
Met Hb)

Co2 EDTA + 2 CN- = (CN)2 Co2 EDTA

O=CH (CHOH) 4- CH2OH + HCN = NC- CHOH (CHOH) 4- CH2OH (the forming of
cyanhydrine with glucose).

NB!': in fire victins fatalities have ~ 5 times HCN concentration in

bl ood plasma then survivors. CO and HCN show synergism as they

bl ock tissue oxygenation on two different |levels. Thus, in cases of
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cyani de poi soning conbined with fire/ gunpowder/etc., snmoke |owering
| evel s of functional haenpglobin with MetHb—formers is undesirable.
Use cyanhydrin—producing antidotes. In oral cyanide poisoning give
pot assi um permanganate solution (1:1000), induce vonmiting and
follow with antidotes listed above. Synptonmatic treatnment of
cyanide poisoning may include admnistration of diazepam and

chl or promazi ne.

Cyanogen Chloride (CK) is an colourless gas which snmells HCL. Tb =
12.6 C, T freezing = - 6.5 C, C max = 3300 ng/L (20C), which

allows creating lethal concentrations by evaporation under 1 mn

exposition. Detonation-resistant. Density p = 1.218 g/ cm (4 C),
O = 2.1. Water solubility is low, hydrolysed on HCL and HOCN at
room tenperature, however air hunmidity does not lead to fast CLCN
hydrolysis. LC50 = 11 ng x min / L, death would occur in 1-15 mn;
not toxic transcutaneously. CK is a strong irritant at |[|ow
0.0025 mg/L. In WVNI CK was

2

concentrations, irritation threshold
used in mxture with AsCL3.

Arsine (SA) is a colourless gas which snells garlic. Tb = - 55 C°,

T freezing = — 116.3 C, C nmax is not applicable as it can only be
depl oyed via arsenides hydrolysis (2AsAL + 3 H20 = 2AsH3 + AL20
al so see the Note on Binary Wapons in The Foundation). M xtures of
AsH3 with air in range between 4.5 — 68 % are explosive. d = 2.69.
Chemical properties are outlined in inorganic chemistry literature.
LG50 = 1.8 ng x mn / L; concentrations below 0.01 ng/L are safe.

Not toxic transcutaneously.

AsH3 bl ocks erythrocyte catalase, resulting in H2O2 accunul ation
and haenolysis. Haenolysis leads to liver and spleen necrosis;
nephrons are cl ogged by deconposing red blood cells (possibility of
ki dney failure); anaem a causes CNS hypoxia (primary cause of death
in acute AsH3 poisoning). Depending on the concentration of AsH3,

synpt ons _of poi soning occur after 2-15 hrs latent period; if the
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concentration is very high — after 20-30 min. If the latent period
is below 3 hrs, the poisoning is severe; 6 hrs or nore — nedium or
light. Poisoning starts with dizziness, headache, weakness, nausea
and vonmiting. Wine turns red (haenoglobin) and then dark brown
(haematin), liver and spleen are enlarged, fever and jaundice are
observed. I n severe cases anoxia and seizures follow, death occurs
in 2-8 days. Dispersed netal arsenides are highly toxic and can
cause skin necrotisation. Traditional chelating antidotes for
arsenic (see data on Lewsite) are inefficient against AsH3,
cystam ne sulphate nust be used in conjunction to synptomatic

treat enent.

Phosphine is a colourless gas which snells cal cium carbide. Th = —
87.8 C°, T freezing = — 133.8 C°, Cnmax is not applicable as it can
only be deployed via phosphides hydrolysis (Ca3P2 + 6H20 = 2PH3 +
3Ca(OH)2). & = 1.17. Chenmical properties are outlined in inorganic
chemstry literature. 1.5 ng/L kill after 10 min exposure, 0.3 ng/L
are absolutely lethal; concentrations below 0.01 ng/L are safe. Not

toxi c transcutaneously.

PH3 does not cause haenolysis |ike AsH3, but induces |ung oedema.
Poi soning synptons include headache, dizziness, shortness of
breath, weakness and nausea. Mdriasis and |oss of consciousness
follow Death occurs in several days from lung oedema or cardiac
arrest. Survivors of acute phase suffer from liver necrosis and

pneunoni a.
As outlined in The Foundation, nmain mlitary value of arsine and
phosphine lies in their ability to oxidise on porous surfaces

rel easing significant anounts of heat, thus |eading to unmasking.

Tetraethyl |ead (TEL) is a colourless volatile liquid wth

pl easant aromatic snmell. Tbh = 200 C°, T freezing = - 130.2 C, C
mx = 4.6 ng/L, & = 1.65. Highly lipid soluble, solubility in water
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0.2-0.3 ng/L (0-30 C). In large concentrations can penetrate skin.
Toxicity of TEL is well-described in industrial toxicology sources.
TEL t ends to cause wi despread cerebral and cerebel | ar
neur odegeneration, presumably secondary to mcrovascul utare danage
in the CNS. Light intoxication is manifested by headache, insomi a,
nightmares, loss of appetite, coordination disturbances, gastric
pain, vomting, diplopia, pallor and shaking hands. Severe TEL
poi soning induces delirium dinmed consciousness, sweating, weight
| oss, ataxia, coma and death. Depending on the concentration/ dose
synptons appear in 1-12 hrs, poisoning is prolonged and lasts for
weeks. Survivors suffer from irreversible denmentias and cerebellar

at axi a.

Di oxi ns are nentioned here because of the role 2,3,7,8 — TCDD
played in Vietnam war (only about 3 tons of pure 2,3,7,8 — TCDD
dropped, mllions affected) and industrial accidents (BASF in
50’ es, Seveso (ltaly) in 1976 etc.,). Vast anmounts of data on
dioxins toxicity is available in industrial and environnental
toxicology literature, thus interested readers are referred
el sewhere: toxicity of AhRp |igands goes beyond the scope of this
course. It deserves to be nentioned that nmany of TCDD s toxic
effects can be explained by TNF-alpha overproduction, growh
factors (e.g., EG) pathways over-activation & cytochrome P450
1A1 / 1A2 induction. In humans, chloracne, psychol ogical changes
(e.g. depression), severe weight loss and i mmunodeficiency are the
mai n synptons of dioxins poisoning, liver enlargenent is rare. Even
if the delivered dose exceeds |lethal by orders of mmgnitude, first
synptons of poisoning will develop in 7-8 days, death would not

occur earlier than 2 weeks.

Metal carbonyls , such as Fe(COS5 and N (CO 4, were weaponi zed by

Germans during WV I, since they were (and are) considered to be
efficient at defeating gas nask filters, especially when used as

solvents for other chenmical warfare agents. Surprisingly, nmnetal
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carbonyls toxicity differs from toxicity of CO Vapours of netal
carbonyl s cause cough, suffocation, headache, dizziness, vertigo,
fever, delirium seizures and death from pul nobnary oedema, which
devel ops in 10-15 hrs post-exposure. Fe(COS5 is a yellow liquid, Tb
= 102.7 C, T freezing -20 ¢, C max = 310 ng/L (18 C), & = 1.46.
Nl (CO4 is a colourless, highly volatile liquid, Tb = 42.8 C, T
freezing -25 C, ©

and can penetrate skin. Wwen in contact with gas mnmask filter

2

6. Metal carbonyls are highly lipid soluble

charcoal, they deconpose to CO, corresponding netal and carbonyls
with different nmetal coordination nunbers, such as Fe2(CO9 and
Fe( CO) 4.

Suf f ocating Agents.

This group of chem cal warfare agents consists of conmpounds which
selectively target lung tissue and cause lethal |ung oedenn.
Maj or/ cl assical representatives of this group, such as phosgene,
di phosgene and chloropicrin are obsolete mlitary <class C
conpounds. However, since phosgene is mass-produced and w dely used
in chemcal industry, incidental (or intentional, in case of
terrorism) release of it may present a serious threat. Al so, nore
advanced suffocating agents were/are in devel opment, which nakes
frequent statenments about “suffocating agents being obsolete and

irrelevant” rather questionable.

Phosgene (CG, COCL2, is an colourless gas which snells hay or
rotten apples. Since olfactory receptors are rapidly desensitised
by phosgene, its snell is quickly lost, meking olfactory detection
of phosgene very unreliable. In presence of phosgene, tobacco snoke
has flat netallic taste. CG Th = 8.2 C, T freezing = - 118 C, C
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max = 6370 ng/L (20C°), which allows creating |lethal concentrations
by evaporation under 1 min exposition. Detonation-resistant.
Density p = 1.4203 g/ cn? (0 C), & = 3.48. Water solubility is 0.9
% at 20C°, dissolution is acconpanied by hydrolysis. Highly
l'i pid/oil/organic solvent soluble. LG50 = 3.2 ng x mn / L; not
toxic transcutaneously. Phosgene accounted for up to 85 % of
chem cal warfare death cases in WVWI. It was usually deployed in
m xtures w th diphosgene, chloropicrin, chlorine, SnCL4, AsCL3,

car bon di sul phi de and so on.

The mechani sm by which phosgene causes |ung oedema is unclear.
I nhibition of carbonic anhydrase, alkaline phosphatase, cytochrone
C oxi dase, ATPase and | actate dehydr ogenase in l ung
epitheliumcapillary lining were all suggested. Ad theory about
HCL, produced by phosgene hydrolysis in the lung, causing |ung
oedena is erroneous. Phosgene would have to release 800 tines nore

HCL by hydrolysis for this theory to work!

In winter phosgene cloud persists for 3 hrs, in sumer — 30 mn or
less. Initial or reflectory stage of CG poisoning is manifested by
sensing the snell of phosgene, unpleasant taste in the nouth, eye
irritation, cough, nausea and may not be present at all. Latent
period lasts from30 mn to 24 hrs, the shorter is the period — the
lower is the chance of survival. During the latent period the
af fected do not show any signs of poisoning, even if several |etha

doses of phosgene were inhaled. Any exercise during the |atent
period significantly deteriorates the prognosis and may precipitate
the end of the period and sudden collapse. As the intoxication
devel ops, burning in the larynx and cough appear. Poi soned gasp for
air, cough worsens and becones painful, skin turns blue, increasing
quantities of frothy while or yellowi sh fluid (1-1.5 L per day) are
expectorated. Later the fluid beconmes pink - tingled, and a
mushroom | i ke efflux of pink foam may appear at the nouth of dying.

Bef ore death skin often turns grey, breathing becomes sporadic and
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arrhythmc, pulse is fast and weak, naxinmal blood pressure falls
bel ow 70 nm hg. Death occurs in 2 days. Survivors are at risk of
devel oping secondary lung infections and pulnonary arteries

thronbosis. Chronic bronchitis and | ung enphysema nmay fol |l ow.

Wen the concentration of phosgene is above 5 ng/L, after a few
gasps for air the poisoned falls, skin turns purple — blue, seizure

takes place and death occurs in 2-3 seconds.

Post-nortem the nmass of affected lungs is increased from 500 — 600
g (physiological nornm) to 2.5 kg, since nore than 30 % of bl ood
plasma crosses into lungs. This is why phosgene and related
poi sonings are often referred to as “dry drowning”.

Treat nent of phosgene poisoning is linmted to standard treatnment of
pul nonary oedema (oxygenation, steroids, diuretics, etc.,). Cains
that hexamethylenetetramne injections (20 mM 20 % solution i.v.)

during the latent period are efficient need to be verified.

D phosgene (DP), CCL30OCOCL, is an colourless liquid that also
snells hay or rotten apples. Tb = 128 C°, T freezing = 57 C, C

mx = 120 mg/L (20C), which my allow <creating |Iethal
concentrations by evaporation under 1 mn exposition. Reasonably
detonation-resistant, may deconpose to two nol ecul es of phosgene.
Density p = 1.6403 g/ cn*t (20 C), & = 6.9 Hi ghly

l'i pid/oil/organic solvent soluble. LG50 = 3.4 ng x mn / L; not
toxic transcutaneously. Toxicity of DP is identical to toxicity of
CG the main difference being higher persistence of DP vapour cloud

(0.5 = 3 hrs in sumer; 10-12 hrs in winter).

Chloropicrin (PS), CCL3NO2, is a colourless oily liquid with strong

irritating snell. Inmpure PS is yellow — green (chlorine and

ni trogen oxi des presence).Th = 113 C°, T freezing = -69.2 C, C max
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= 184 ng/L (20C°), which may allow creating |ethal concentrations
by evaporation under 1 mn exposition. Det onat i on- unst abl e
deconposes to phosgene and nitrosyl chloride. Density p = 1.6579 g/
cnt (20 C), & = 5.7. Highly lipid/oil/organic solvent soluble.
Solubility in water 0.16 % (25 C). LG50 =20 ng x min / L; liquid
chloropicrin causes skin burns. Unlike phosgene, PS is a strong
irritant/ lachrymator (IC50 = 0.2 ng x mn / L), thus it is
frequently classified as a riot control, rather than a suffocating

agent .

Synptons of PS poisoning include nausea and voniting (thus
“vomting gas”"), severe l|achrymation, gastric pain, loss of
consciousness (due to the chloroformlike narcotic effect).
Pul nonary oedema devel ops when PS concentration exceeds 0.1 ng/L
and is acconpanied by internal haenorrhages, often in nyocardi um
The mechani sm of oedema devel opnent is unclear, but seens to be
different from phosgene intoxication, since CG and DP injected i.v.
had no effect, while i.v. PS still causes |ung oedema. Exposure to
2 mg/L PS for 10 nmin quickly causes death. Treatnent of
chl oropicrin poisoning is synptomati c.

QG her hal ogenated nitroal kanes which supersede PS toxicity by a

large margin were proposed as novel suffocating agents.
Tetrachl ordinitroethane is crystals which nelt at 130 — 140 C. It
is 6 tines nore toxic than PS, and 8 tinmes nore potent than PS as
an irritant. Fluoropicrin, CF3NO2, was reported to be remarkably

lethal and is runmoured to be weaponised by Israel despite

unfavour abl e physical properties (Tbh = -31.1 C). It causes severe
bout s of cough fol | owed by sudden deat h. Si mm
tetrafluordinitroethane O2NCF2 - CF2NO2 is even nore toxic wth

nore appropriate (for an offensive agent) physical properties (Th =
57-58 C°, T freezing = -41.8 C, & = 1.595). It was reported to be

mass- produced in the US
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Chlorine trifluoride (CLF3) is a colourless gas with slightly sweet

snell, liquid CLF3 is yellowgreen. Th = 11.76 C°, T freezing =
-76.3 C, C max = 5369 ng/L (20C°), which allows creating |ethal
concentrations by evaporation under 1 nin exposition. Density p =
1.8662 g/ cn* (10 C), & = 3.2. Violently reacts with water,
organic materials and nany netals. Concentrations above 0.3 ng/L
are absolutely lethal even with a short exposure. CLF3 produces
severe skin and nucosal tissues irritation, nucosal tissues
ul ceration, laryngospasm suffocation, rapidly developing |ung
oedema or lung gangrene at higher concentrations. Liquid CLF3 (or
hi gh concentrations of CLF3 vapour) causes deep necrotic skin and
subcut aneous damage. It is also capable of setting wood, paper and
textile aflame. The exceptional offensive value of CLF3 lies in its
ability to destroy gas mask filters (porous charcoal!) and
protective NBC garnments, as it was mentioned in The Foundation. It
is truly positioned on the boundary between chenical and incendiary

war f are agents.

Sul phur pentafluoride, (Z), S2F10 is a colourless highly volatile
liquid. Tb =29 C, T freezing = -92 C, Density p = 2.08 g/ cnt (0

C). Z was proposed as a cheaper and easier-to-store-and-deploy

alternative to CLF3. It is not hydrolysed by water at room
tenperature and is less reactive then CLF3, while still being able
to cause severe damage / overheating of gas mask filters. By its
toxic action Z resenbles phosgene, but was reported to be several

ti mes nore potent.
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Irritants (Riot Control agents).

Riot control agents are designed to incapacitate, rather than
injure or kill. The difference between their 1Ct50 and LCt50 is by
orders of magnitude, thus ICt50 is the nost useful value when
describing toxicity of irritants. Nevert hel ess, in certain
conditions irritants can be lethal: enclosed space, susceptible
individuals (children, elderly, asthma sufferers) and so on. Sone
of the irritating agents possess significant toxicity and are
described in other chapters of this course (cyanogens chloride,
phosgeneoxi me, chloropicrin). The first riot control agent to be
used was ethyl bronpacetate, enployed by police in Paris (1912).
The majority of irritants used in WW I (e.g., bronobenzyl cyanide,
br onbacet one, ethyliodoacetate, xylilbromnide) are now obsolete and
replaced by nore efficient agents. They are not covered in this

course.

Irritants are conpounds belonging to various chemical groups (see
the list of Riot Control agents forrmulas on Figure 6), many of them
are SN2 (substitution nucleophilic second order) — type alkylating
agents. No definite nechanism explaining irritation produced by
those compounds is known, with an exenption of capsaicin action.
Classification of irritating chem cal warfare agents on sternites
and lacrimators, which existed before the end of WWII is somewhat
obsol ete, since nodern irritants tend to conmbine both nodes of
action. Although, it could be useful to outline those nodes, as
various agents may “enphasize” one “type of irritation” over the

ot her.
Lacrimator action is defined as burning and stinging pain in the

eyes, conjunctivitis, running tears, blepharospasm and tenporary

vision inpairnment. CN (chl oroacetophenone) is a classical exanple
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of a lacrimator that does not have significant sternite activity.

Sternite action is defined as severe irritation of upper airways,
mani fested by violent sneezing, burning in the nose and pharynx

tightness in the chest, restrosternal pain radiating to back and
arns, pain in the teeth, jaws and ears, severe headache caused by
nmucous nmenbrane congestion in paranasal cavities, nausea and,
sometimes, vomting. C assical exanples of sternites are arsenic-
containing irritants, such as DA, DC and DM Modern irritants like
CS, CR and pelargonic acid norpholide also possess sternite

activity.

Al gogenic action refers to conpounds ability to cause pain, “nettle
effect” is a specific case of al gogenic action when a substance is
applied on the skin surface. Capsaicin is the nost frequently
nmenti oned al gogenic conmpound, CH agent is a “pure algogene”.
Practically all riot control agents possess certain degree of

al gogeni c activity.

CS, o-chlorobezlylidennmalonodinitrile is white crystals with taste

and snell of pepper (though, it does not appear to act on capsaicin
receptors!). Th = 315 C°, T nelting = 95 C°, C max = 0.00012 ny/L
(20C°), which does not allow creating incapacitating concentrations
by evaporation under 1 min exposition. Detonation-resistant.
Density p = 1.04 g/cmt (20 C), & = 6.5. Solubility in water (20C)
0.01% , easily dissolved in benzene, chloroform acetone, dioxane.
LG50 =61 mg x min/ L; 1C50 =0.02 ng x min / L; lung damage nay
occur above 2.7 nmg x min / L. NATO amunition marking: 1 red ring
and | abel “CS TAC' for shells/bonbs, “CS R OI" for grenades and gun

cartridges.
CS is used in solutions and pyrotechnic mxtures containing 40-50 %

CS. Tactical preparations CS-1 (fine powder containing 5 % silica

gel mxed with CS, persists on terrain for up to 5 days) and CS-2
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(another siliconized CS-1 - based mxture, persists for up to 1.5
nonth) are deployed by mlitary, but not police. Typical conmercial
sel f-defence CS sprays contain 2 % CS, police sprays go up to 20 %
CS (though 1’ve encountered 60 % speci nen once), gas gun cartridges
usually contain 80 ng CS and are | abelled with yellow plastic caps.

CS conbines sternite and lacrimatory action, causes irritation of
wet skin. The effect lasts for ~ 30 mn. Tolerance to CS can build
up. In high doses, l|iberation of CN-anions contributes to oral, but
not inhalational toxicity of CS. Reports that CS is a teratogen

exi st but need verification.

CN, o-chl oroacetophenone is white crystals with pleasant flowery

snell. Inmpure CS can be yellow or grey. Tbh = 245 C°, T nmelting = 59
c, C mx = 0.11 ng/L (20C), which my allow creating
i ncapaci tating concentrations by evaporation under 1 nin
exposition. Detonation-resistant. Density p = 1.321 g/cnt (20 C),
O = 5.3. Solubility in water (20C°) 0.1% easily dissolved in
majority of organic solvents. LCt50 = 10-11 ng x min / L; 1CA50 =
0.08 ng x min / L; NATO ammunition marking: 1 red ring and | abel
“CN TAC' for gas generators, “CN R Or” for grenades. Dispersion
preparations such as CNB (10 % CN, 45 % CCL4, 45 % benzene), CNC
(30 % CN & 70 % CHCL3) and CNS (24 % CN, 38 % PS and 38 % CHCL3)
were developed in the US for mlitary use. Typical self-defence CN
sprays contain 2 % CN, often in mxture with 2 % CS or 15 %
capsaicin; gas gun cartridges usually contain 80 ng CN and are
| abelled with purple/dark blue plastic caps, CS / CN - mxture

cartridges have white plastic caps.

CR, dibenz[b,f][1, 4] oxazepine is a yellow powder. Tb = 339 C, T
nelting = 72 C, C max = 0.0012 ng/L (20C), which does not allow

creating incapacitating concentrations by evaporation under 1 mn

exposi tion. Detonation-resistant. Density p ~ 1.0 g/cnt (20 C), d
= 6.7. Solubility in water (20C°) 0.008 % weasily dissolved in
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majority of organic solvents. LG50 = 350 ng x min / L; Q50 =
0.005 nmg x mn / L. CRis a very potent irritant which conbines
sternite, lacrimatory and algogenic action while being free from

adverse effects on | ow ai rways.

Capsaicin is white crystals with taste and snell of pepper.

Capsaicin is not soluble in water, but is easily dissolved in
al cohols, ethyl ether and chloroform Tbh = 65 C°. Detonation-
unstable; wusually used in self-defence and police sprays wth
concentrations ranging from2 to 20 % often in mixture with CS and
CN. Cassical algogene acting on capsaicin receptors. Its painful

burning effect may last for up to 1 hour.

CH, 1-metoxy-1,3,5-cycloheptatriene is a colourless liquid. Th =
184 C, C max = 0.008 ng/L (20C°), which does not allow creating

i ncapacitating concentrations by evaporation under 1 nmn

exposition. Detonation-unstable. CH is easily dissolved in majority
of organic solvents. LO50 =~ 120 nmg x nmin / L. CH is a pure
al gogene, its vapour causes strong pain while in contact with skin

surface, as long as CH concentration exceeds 0.025 ng/L.

Pel argonic acid norpholide is colourless crystals. Tb = 120-130 C
0.95 g/cnmt (20 C).

Not soluble in water, but weasily dissolved in polar organic

(0.5 mm hg). Detonation-unstable. Density p

solvents. LG50 = 58 ng x mn / L. Conbines sternite, lacrimtory
and al gogenic action. As a lacrimator it is 5 times nore potent
than CN, while as a sternite it is conparable to DM (described
below). Effects of this conmpound tend to wear of faster than
effects of CN and DM

Irritating Arsines are first efficient sternite agents to be

di scovered and deployed. Wiile having little or no effect on the
eyes, those conmpounds produce extrene irritation of upper airways,

whi ch occurs after a short latent period of 5 to 10 minutes. This
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period and the fact that early gas masks did not have an “anti -
snoke” filter (while irritating arsines are used as toxic snokes)
lead to the efficient use of those compounds to force unmasking at
the end of WV | (see The Foundation). Being arsenic-containing
conpounds, in large doses irritating arsines can cause systenic
poi soning, characterised by pulnonary oedenma, general weakness,
weight loss, nmalaise, hypotension, severe linb pain, ataxia,
par est hesi as, paralysis, unconsciousness and ki dney damage. DA and
DC, but not DM cause severe skin irritation and even blistering
(in large concentrations): conpare with “Dicks” and Lew site.
However, vesicant effects of DA and DC are transient and far from
being as serious as dermal effects of true vesicants. Properties of

sternite arsines are sunmari sed in the table bel ow

DA DC DM
ICt50 mg x mn/ L 0. 015 0. 025 0.02
LCt50 ng x min/ L 15 10 15-30
T boiling, C° 333 346 410
T nmelting, C° 44 31.5 195
Density, 20 C, g/cn? 1.422 1.45 1.648
Cnmax, ng / L 0. 00068 0. 00015 0. 00002
A 9.1 8.38 9.57
Water solubility, 20 C, % 0.2 0.2 ~ none
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Pure DA and DC are colourless crystals; inpure products are grey to

dark brown solid substances or viscous, senm crystal liquids. DA
snells garlic, DC — garlic and bitter alnmonds. DM is bright -
yel l ow needl e — shaped crystals without snell. Inpure DM is green.

Besi des water, DMis not easily dissolved in nmany organic solvents,
apart from acetone. Since DA and DC are detonation — unstable and

difficult to store, they are mainly replaced by nore stable DM

Treatnment of irritant poisoning is limted to decontamination wth
water & soap or 6 % Na2CO3 (3 % in case of NaHCO3) solution. Local
anaesthetics nmay be required. “Antisnoke mxture”, containing 40 m
ethyl ether, 40 m chloroform 20 m ethanol and 10 drops of 10 %
amoni a solution per anpoule is produced for mlitary use in sone
countries. In case of general intoxication by organic arsines
appropriate antidotes should be adnmnistered (see the chapter on

Lewi site).

A note on irritants as neans of self — defence: while 2 % CS or CN

are efficient to repel casual attacker, violent persons in the
state of affect (stimulant overdose, psychosis) nay not be readily
susceptible to the effects of these riot control agents, even if
hi gh concentrations are applied. However, capsaicin and capsaicin —
containing mxtures tend to do a good job. Dogs are also not very
susceptible to CS & CN, while 2 % and nore capsaicin would
i ncapacitate a raging canine; “AntiDog” sprays sonetinmes given to

postmen contain 2 % capsaicin in sticky oil.

A note on irritants and terrorism while those conpounds are not
lethal, they are relatively easily available and may be used if
one’s aimis to cause panic. In enclosed space (underground, plane
etc.,) irritants (especially mxtures of irritant arsines with CN)
can inflict severe injuries. Wereas usually an attacker does not
want to see his attack detected until the casualties start dropping

injured or dead, history knows cases when irritants were used to
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nmask use of nore lethal agents, for exanple vesicants. |t m ght
take place when irritant attacks are an expected routine or when
the attacking side is not proven to have lethal agents in

possessi on.

Psychotropi c | ncapacitants

are cheni cal warfare agents designed to cause prolonged
incapacitation of the affected by producing acute psychotic
condition, leading to panic, chaos, denoralisation and inability of
victinse to defend thenselves. A vast selection of psychotom netic
conpounds was tested to fit this role, including indolylamnes,
phenyl al kyl am nes and pi peridines. Even though LSD-25 hydrazi de and
PCP hydrochloride (mlitary code “SN') canme close to fulfil the
criteria for mlitary grade psychotoninetics because of their
exceptionally high physiological activity, difficulties in their
mass manufacturing and efficient delivery hanpered the efforts to
depl oy them as chem cal warfare agents. For exanple, only 0.0025
ng/ kg LSD-25 orally are incapacitating, while for 5 upm-sized
particles ID50 is 0.0056 ng/kg. However, LSD-25 is degraded at its
nelting tenperature (83 C°) and cheap LSD 25 mass production nethod
is not currently known. Thus, only a single conpound, BZ, was
sel ected out of hundreds of thousands substances tested to be
depl oyed by military. BZ was synthesised by John Bill in 1955,
ironically, as a potential antidote for organophosphate poi soning.
After determining its high psychotom netics activity in 1961, BZ
manufacturing facility becane operational in Pine Bluff Arsenal
(1962); field testing of BZ was finished by 1966. Destruction of BZ
stores by the US is clained to be conplete by 1987. However, Iraq
has manufactured significant anounts of BZ (designated “Agent 15"
by Iraqgi forces) by 1991 and there were clains of mlitary BZ use

in Bosnia in 1996.
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BZ, 3-quinuclidinyl benzilate is white crystals without taste and
snell. Tbh = 412 C, T nelting = 190 C (168 C° for racemate), C nax
= 0.0005 ng/L (20C), which would not allow creating incapacitating

concentrations by evaporation under 1 mn exposition. Detonation-
resistant. Density p = 1.33 g/cnt (20 C), & = 11.6. Solubility in
water is negligible, easily dissolved in chloroform and other
hal ogenat ed hydrocarbons. LCt50 = 110 ng x mn / L; 1C50 = 0.11 ny
Xx mn/ L (particle size 1.0 pun); 1D50 per os 6.2 pg/kg ~ 0.5 ng
per person. NATO ammunition marking: two red rings and |abel “BZ
GAS". In 1970 the price of manufacturing 1 kg BZ was 44 $ (conpare
wth 4 $ per kg Sarin).

HO
)
/Nﬂyoo ®

BZ
BZ is wusually deployed in pyrotechnic mxtures (50 % BZ, 23 %
KCLAB, 9 % S and 18 % NaHCO3 in US mlitary) due to its high
thermal and detonation stability. BZ solution can penetrate skin:
5-10 % absorption was reported for propylene glycol solution, in
DMSO percutaneous transfer of BZ increases 25-fold; if BZ is

delivered transcutaneously, its effects are del ayed by 24 hrs.

BZ is a very potent antagonist of central nuscarinic receptors,
described as being 3 tinmes nore potent than scopol anine. Since
central antinuscarinic effects of BZ tend to dom nate peripheral
mani festations, BZ has a large safety nargin and usually does not
cause death exenpt cases of individual sensitivity. In sensitive
i ndi vi dual s / hi gh doses ventricul ar fibrillations and
t her noregul ati on di sturbances nmay occur. BZ poisoning is manifested
by mdriasis, dry nmouth, dry flashed skin, tachycardia, dizziness,

nmuscul ar weakness and ataxia. In 30-60 mnutes orientation is |ost;
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patient is restless, delirious, hallucinating, out of contact wth
reality and may not respond to external stimuli. Pulse reaches 150
— 180 beats / mn, hypertension and urinary retention are observed.
At this stage unnotivated aggressive behaviour frequently takes
pl ace; negativism (doing opposite to asked/proposed, negative
perception of the surroundings) mght render the affected dangerous
for others (especially if s/he is armed). This negativism is a
great advantage of BZ over LSD-25 and Co, from the attacker’s
vi ewpoi nt. Another advantage is rather predictable effects of BZ if
conpared to LSD-25, response to which is strongly dependent on
af fected individuals mndset / enotional state. BZ psychosis |asts
for from 2 to 4-5 days; recovery often acconplished by paranoid
delusions and is followed by a deep sleep. As expected, ammesia for
the period of BZ psychosis is frequent and the affected may not be

aware of his/her actions in the psychotic state.

BZ i nt oxi cation treat ment consi sts of adm ni stering
antichol i nestherase drugs, such as physostigmine, am nostigmnne or
galantamne (e.g. amnostigmne 1-2 m 0.1 % subcutaneously every
1-4 hrs) and propranolol injections (0.1 % 1-3 n i.v. slowy) or
tablets (0.02 nmg 3-4 tinmes a day). Trifluoroperazine (2-3 m 0.2 %
subcut aneously) was recommended to block hyper excitability and
aggression; synptonmatic treatnment against hyperthermia nmy be
needed, especially in hot climte. Interestingly,
anti chol i nestherases do not appear to be efficient first 4 to 6 hrs
of BZ intoxication, but they do speed up recovery to a significant

extent.

A note on other nmeans of incapacitation :

Quite a selection of “non — psychotropic” compounds was tested as
possi bl e incapacitants due to coordination disturbances or malaise
they are capable to induce without being lethal. Exanples include

oxotrenorine, |IDPN (3,3-imnodipropionitrile), |X and aponorphine.
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O factory assault enploying scatol & nercaptanes was considered,
but found to be inferior to the use of traditional riot control
agents (see the chapter devoted to those conpounds). Besides, a

casual gas mask would protect against it. Physical neans of

i ncapacitation include utilizing noise (for exanple, 9 Hz
infrasound induces panic in humans, so does PB-carbolines
adm ni stration!), nm cronwave bombar dnent and hi gh intensity

photostimul ation (flash bonmbs). At the nonent, especially on the
nmass scale, those nmeans are sonewhat substandard if conpared to

nodern irritants or BZ.

Nat ural Toxins As Chem cal Warfare Agents.

Akin to the psychotoninetics case, a great deal of natural toxins
was tested and tried, but only few fulfil the requirenments laid in
The Foundation to the extent of being actively produced and
depl oyed. This chapter deals with mlitary/terrorist attack aspects
of clostridial neurotoxins, staphylococcal enterotoxin B, ricin,
anthrax toxin and fusariunftrichothecene fungal toxins (so-called
“Yellow Rain”). Due to the nature of the course it does not cover
utilisation of live organisms. However, a brief reference table
covering properties of mmjor biological agents is provided for the

interested (Figure 7).

Four of the agents covered here are proteins. The advantages of
using proteinaceous toxins as warfare agents include their
incredibly high toxicity, ease of mass production using nodern
technol ogi cal nmeans and their natural “nodul ar design” which could
be altered to neet specific requirenments. Although, a Ilot of
probl ens encountered when using proteins as drugs are stunbled upon

when proteins are enployed for nefarious ains. Al protein toxins
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are detonation-unstable, require specific nmeans of long-term
storage and delivery (aerosols, 1-5 uym particles only), are easy to
detect at spot (abnormal concentration of protein in the air) and
be identified nore specifically later (express-detection ELISA kits
etc.,). Once the threat is identified, casual gas masks or even
respirators provide decent protection (protein toxins do not
penetrate skin, although they (e.g. ricin) can damage it) and
antiseruns can be enployed as specific antidote therapy nmeans.
Vaccination can be / is used to inmunize popul ation against those
subst ances. From the terrorists st andpoi nt, del i very of
prot ei naceous aerosols is a very conplicated task, however, using
natural toxins to contanminate food stocks is a great threat,
amplified by difficulties of distinguishing such attack from a
naturally occurring outbreak (consider naturally occurring botulism
and intended clostridial neurotoxins contamination of food known to

be a potential source of clostridial infection).

Many non-protei naceous substances, such as palytoxin, fungal
trenorgenes or saxitoxin are sufficiently toxic and stable to be
enpl oyed as warfare agents; however their manufacturing is too

expensive to deploy those substances on a mass scale. Though, they

can still be used for contam nation of foodstuff on a limted scale
or assassi nations. W  deal with vesicant/ inmunosuppressive
fusariunftri chot hecene t oxi ns here, af | at oxi ns are wort h

considering since lrag was found to possess a stock of munitions
filled up with sone 2200 L of aflatoxins mxture by the end of the
Qul f War.

Agent XR is anorphous clostridial neurotoxin A weaponized by the
US in 1975 (Pine Bluff Arsenal). It is a very fine grey powder
without taste or snell. XR is hygroscopic and fornms stable
lyophilised gels in watery solutions (pH = 2-7). At 100 C XR
solutions in water are hydrolysed in 10-15 mn. In cold stagnhant

water (wells etc.,) XR persists for a week. Dry XR is resistant to
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sunlight, bacterial decay and tenperatures between -30 and + 50 C°.
XR gels with preservatives can be stored for as long as 13 years
(0-4 C, darkness). XR can be delivered using aerosol generators or
aircraft dispersion tanks. Toxic cloud persists for up to 12 hrs.

Dry XR LG50 = 0.00002 ng x mn / L, XR gels LG50 = 0.0001 ng X
mn / L; percutaneous XR LD50 = 0.000002 — 0.00004 ng / kg; oral XR
LD50 = 0.000057 nmg / kg, meking it the nobst toxic substance
currently known (estimated 15 000 tines nore toxic than VX).
Clostridial neurotoxin A works by cleaving core synaptic vesicle
docki ng/fusion protein SNAP-25 at G nl97-Argl98, which leads to
conplete inhibition of neurotransmtter release. The cleavage is
done by (zinc-dependent endopeptidase) L (light, 50 kDa) chain,
while H (heavy, 100 kDa) chain selectively targets the toxin to
not oneurons. Synptonms of XR poisoning correspond to synptons of
naturally occurring botulism (latent period from several hrs to 2-3
days, nuscle weakness, dry nouth, nausea & vomiting, mdriasis &
diplopia, swallowing difficulties, aphonia, nuscle paralysis). Wen
several lethal doses are administered by inhalation, death occurs
in 2-3 days; when the lethal dose is exceeded by 100-1000 tinmes -—
in several hrs. If XR is injected / absorbed from a contam nated
wound, latent period |lasts from several dozens of mnutes to a few
hrs. Survivors of XR intoxication suffer from facial mnuscles

paral ysis and diplopia for quite a few nonths.

Treatment of XR poisoning is based upon a conbination of trivalent
equine antitoxin (give it i.v. as early as possible, since it can
only neutralise circulating toxin) and supportive therapy
(artifical wventilation etc.,). Vaccination against XR can be
enpl oyed as a preventive neasure. However, anti — clostridial
neur ot oxi ns vaccine is not efficient in 10 — 30 % of the popul ation
and inmunity to XR appears only after 4 weeks or nore. Besides

doses of XR exceeding LD50 by 1000-10000 tinmes (not that difficult
to achieve, see lethal doses / ~concentrations values above)
over whel m t he i rmune response.
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Agent PG is pure anorphous staphylococcal enterotoxin B (SEB,
weaponised by the US in 1975). It is a snowlike white powder
wi thout taste or snell. PG is hygroscopic and fornms gels in water.
It is nmore stable than XR dry agent resists heating up to 80 C
and does not lose toxicity after 30 mnutes in boiling water. PG
can be delivered using aerosol generators or aircraft dispersion

t anks.

The toxin is a bivalent nolecule with two distinct interaction
sites. One binds to MHC class Il nolecules; the other one interacts
with variable parts of the T cell antigen receptor. Thus, SEB
bel ongs to a group of superantigen bacterial toxins, together with
pyrogeni ¢ exotoxins of Streptococcus pyogenes and toxic shock
syndrome toxin-1 (TSST-1) produced by Staphylococcus aureus (see

t he scheme bel ow).

\

T-cell receptor.

. Super
Antigen antigen

B

MHC class Il molecule

a N

How super antigen toxins, such as SEB (“Agent PG') work.
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PG is a very efficient incapacitating agent. Wen inhaled or
swal | oned, PG causes salivation, nausea, vomiting, pain in the gut,
bl oody diarrhoea, weakness, sedation and body tenperature fall.
Synptons of PG poisoning appear after several mnutes - several
dozens of mnutes (inhalational route) or 30 mn - 6 hrs
(ingestion) and last for approximately 24 hrs. During this period
the affected are conpletely out of action. PGICt50 = 0.02 ng X mn
/ L, 1Ct10 = 0.0005 nmg x min / L; oral ID50 = 0.0004 ng / kg, |D10
= 0.000015 ng / kg. LO50 and LD50 exceed | Ct50/1D50 by 250 tines;
death rate in poisoned by PG does not surpass 5 % In very high

concentrations of inhaled PG death may occur from | ung oedena.

Anthrax Toxin is suspected to be weaponised as well as anthrax

spores; spores and toxin can be wused in mxture, since an
interesting inverse correlation between sensitivity to pure anthrax
toxin and B. anthracis spores was observed in various species.
Since no information on defined mlitary anthrax toxin fornul ations
is available, it is not possible to outline physical properties and
toxicity range of anthrax toxin, since it would depend on a
preparation. Anthrax toxin is a mxture of three proteins, nanely
anthrax lethal factor (LF, 90 kDa), anthrax oedema factor (EF, 89
kDa) and anthrax protective antigen (PA, 83 kDa), responsible for
delivery of LF and EF across the nenbranes of target cells. Anthrax
oedema factor is a calnodulin-dependent adenylyl cyclase that
participates in Bacillis anthracis — induced inmunosuppression of a
target host (think about the role of B-adrenoreceptors in
| eukocytes!). We are mainly concerned with action of LF/ PA conplex

her e.

Macrophages are the main target affected by LF/ PA conplex. PA
forms seven-fold symretry pores in the lipid bilayer, letting LF
t hr ough bi ol ogi cal menbr anes. LF is a zi nc- dependent

netal | oprotease (sinmilarly to clostridial neurotoxins!) wth
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undefined intracellular targets. Action of LF on nacrophages
i nvol ves nassive release of pro-inflammtory cytokines (such as IL-
18 and TNF-&) and nitric oxide, at hi gher  concentrations
hyperstimul ati on of nacrophage oxidative burst by LF results in

free radical s-nmediated cell lysis within 60-90 mnutes in vitro.

Wiile inhalational anthrax is a grave disease that usually lasts
for 1 to 6 days, anthrax toxin poisoning via various routes is
mani f ested by inmedi ate shock, fall of blood pressure, collapse and
sudden death, explained by the nechanism outlined above. Death
occurs in mnutes or even seconds. Corpses darken and decay
rapidly, probably due to the oxidative stress-nediated tissue

lysis.

Ricin (W is nore fanobus for its role in assassinations, however it
was studied as a chenmical warfare agent since WW I and weaponi sed
in the US during WWII (“Wbonmb). It is a heat-stable white powder
wi thout taste and snell, LD50 in mce = 2.6 pyg / kg, LD50 in humans
is approximately 1 ng per 70 kg person. Ricin is very easy to nass-
produce (1.2 g froma kg of castor seeds), since it is a by-product
of castor oil manufacturing: ricin remains in the “castor neal”
after oil extraction and is salted out readily. Ricin consists of
B-chain (31-36 kDa), which binds to cell nenbrane surface
carbohydrates with configuration of D-galactose and initiates
translocation of the snaller (28-31 kDa) A-chain into the target
cell. A-chain is Nglycosidase that inhibits protein synthesis by
renovi ng adenine (position 4324) from the 28 S RNA of the 60 S
ri bosomal subunit, efficiently preventing binding of the elongation

factor 2.
Synptons of ricin poisoning are delayed by 8-24 hrs even if

nmultiple lethal doses are received and are strongly depended on the

route of adnministration. Ricin inhalation |leads to the devel opnent

www.manaraa.com



of acute pneunpnia and death in 36-48 hrs from pul nonary oedena. |n
or al poi soning nausea, vomting, fever, thirst, sore throat,
abdomi nal pain, diarrhoea and anal haenorrhage are prevalent.
U ceration of stomach & small intestines and necrosis of nesenteric
l ynph nodes are observed post-nortem Injected ricin & systenic
ricin poisoning cause fever, mdriasis, headache, liver and spleen
enl ar gement , anuria, cranps, vascular collapse and shock. On
autopsy, liver (Kupffer <cells = nacrophages are the primry
target), spleen, lynph nodes necrosis and, occasionally, diffuse

nephritis are seen.

Treatnment of ricin poisoning is mainly synptomatic. D-galactose
(ricin binding!), AZT and Brefeldin A (inhibition of Golgi ricin

transport) were all suggested as possible antidotes.

“Yel low Rain” is a mxture of nycotoxins originating from fungal
Fusarium Tri choder ma, Cephal osporum Verti ci nousporum or
St achybotrys species. Trichothecenes are assuned to be the main
acting conponents of the mxture, although toxins from other groups
may contribute to the mxture toxicity. It is a fine yellowsh
powder; preparations of it in viscous oily solvents are known to
exist for dispersion from high attitudes. The mxture has high
physi cochenmical stability; it can be stored for an indefinitely
long tinme and has high persistence on the contam nated terrain. Dry
Yel l ow Rain powder is non-volatile; it is highly lipid soluble and
rapidly absorbed if digested or inhaled, blood concentration
peaking in 1 hr. Yellow Rain is easy to mmss-produce by solid
substrate fernentation — taking T-2 toxin as an exanple, 9 g of T-2
are present in kg of Fusarium substrate while 2-3 g of crystalline
product can be obtained fromit in pure form

Tri chothecene toxins are fanmly of nore than 60 structurally-

rel ated conpounds divided into four (A B,C and D) subclasses. All

trichothecene toxins possess an epoxy group at C 12, 13 and a
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double bond between C-8,9 (see the formulas of well-known
trichothecenes for reference). Trichothecenes provide a rare
exanple of chemcally stable epoxide nolecules. The toxic action
appears to be determined by the structure of a side chain.
Macrocyclic trichothecenes (subclass D), represented by Roridines
and Verrucarines possess the |ongest R2-R4 side chain and are the
nost toxic trichothecene toxins known, Roridine’s A LD50 (i.v.,
nmce) being in range of 1 ng/kg. Anmong the sinpler trichothecenes
only T-2 toxin exhibits toxicity conparable to toxicity of the
macrocyclic toxins. Mlitary sources consider T-2 to be the major
acting conponent of the Yellow Rain. In nanogram quantities T-2
causes significant skin irritation, erythena, oedena, vesication
and necrosis. T-2 is 400 tines nore potent than sul phur nustard in
producing skin lesions. LCt50 of T-2 is 1-2 nmg x mn [ L;
transdermal T-2 LD50 = 2-12 ng / kg (10 tinmes |less than for sul phur
nmustard); oral LD50 = 5.2 ng/kg (rats).

The nechanism underlining toxicity of the entire thrichothecene
group is protein synthesis inhibition caused by irreversible
binding of trichothecene toxins to 60 S subunits of eukaryotic
ri bosones. Qther toxins which contribute to toxicity of Yellow Rain
include potent inhibitor of PI-3 kinase Wrtnmannin, inplicated in
Yellow Rain - induced bl eedi ng and i nmunodef i ci ency and
(sphi ngonyelin pathway activating) apoptosis-inducers Funonisines,

known to cause equi ne | eucoencephal omal aci a and i nmunosuppr essi on.

Al'l over, Yellow Rain can be characterised as a naturally derived
next generation radiomnetic and vesicant agent superior to
synthetic vesicants, such as sul phur nustard, in terms of toxicity,
detection and decontamination difficulties. Ceneralised acute
effects of Yellow Rain intoxication include anorexia, |assitude,
nausea, vom ti ng, | et har gy, weakness, di zzi ness, | oss of
coordi nati on and shock. In 3-12 hrs dyspnoea, coughing, sore nouth,
bl eeding from the guns & bl oody diarrhoea & multiple haenorrhages,
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abdoni nal and chest pain, hypotension, hypothernia and tachycardia
appear. Death is often preceded by coma, seizures and trenor.
Survivors suffer from i munodeficiency-related and ot her disorders,
simlar to an aftermath of *“classical” vesicant agents poisoning.
Chronic toxicity of Yellow Rain mycotoxins goes beyond the scope of
this course and is well-described in toxicological Iliterature:
interested are suggested to search for data on alinentary toxic
al euki a (ATA), equine stachyobotrotoxicosis, “cotton lung” and “red
noul d di sease” syndrones.

Structures of sone toxins involved in Yellow Rain action:
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Appendi x.

a) How to put on a gas mask properly:

O ose your eyes and hold your breath.
Take off your hat.

Take out the mask and put it on quickly.
Adjust the nmask to fit you properly.
Breathe out with force.

Qpen your eyes.

SRR

Al 6 stages have to be done in |less than 7 seconds.

b) Solutions that could be used to decontam nate skin and eyes:

O ganophosphat es: 5-10 % NaHCO3 or 10 % ammoni a — skin;
2-3 % NaHCO3 - eyes;

Cyani des: 5-10 % NaHCO3 - ski n;

Tetraet hyl | ead: ker osene, petrol - skin;

Vesi cant s: 1 k% pot assi um per nanganate or 2 % H2Q2 -
ski n;

2 % NaHCCB3 - eyes;

Irritants: 3-5 % NaHCO3 - skin;
Pr ot ei ns: 2 % formal dehyde, strong al cohol sol utions
— skin;

c) Solutions that could be used to decontam nate area surfaces:

O ganophosphat es: 10 % NaOH in 30 % net hanol, 10 % water or
wat er / al cohol anmoni a sol ution.

Must ar ds: 10 % water or water/al cohol nonochl oram ne
solution, 10 %di chl oram ne in dichl orethane.

Vesi cant ar si nes: 20 % water or water/al cohol NaOH sol uti on.

Irritant arsines: 5 % pot assi um permanganate sol ution, 10 %
H2O2, concentrated nitric acid.

Cyani des: 10 % NaOH solution with addition of soap
and FeSO4.
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Hal ogenat ed 20 % Na2S in water / al cohol nixture.

ket ones and
ni t r oal kanes:

Pr ot ei ns: 10 % f or mal dehyde sol ution. Strong or pure
al cohol .
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CONTROL QUESTI ONS.

Basi cs: The Foundati on:

1. Define strategic and tactical significance of nuclear,
chem cal and biol ogical weapons. Wiy chemcal and biol ogical
warfare is called “poor nan’'s nucl ear bonb”?

2. How many of the “poison gases” are actually gases at 20 C?
3. In accordance to nilitary manuals, Sarin used against
unprotected and untrained civilians causes 70 % death rate
among the affected. In Tokyo tube terrorist attack out of =~
6000 affected 15 died, which constitutes 0.25 % Explain the
reasons for this discrepancy.

4. What are the advantages and di sadvantages of using protein
toxins as warfare agents?

5. In the nedia you can often hear about “nilitary grade
ant hrax”. What does it inply?

6. Wat is extended Haber’'s Law and which value of “j”
coefficient applies to you personal ly?

7. If you are masked and wear protective gear, are you 100 %
saf e?

8. Wiat data do you need to estimate the efficiency and

outcone of a chem cal attack?

O ganophosphat e Agent s:

1. What causes death in anticholinesterase organophosphates
(OP) poi soni ng?

2. Wy excitotoxic events take place in OP intoxication and
what is their inportance?

3. Qutline treatnment / antidotes for organophosphates. Is there
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a universal antidote against thenf
4. How organophosphate agents can be related to the Gulf War

syndr one?

Vesicants / radionm netics:

1. What causes death in vesicant poisoning?

2. Describe differences between “nustards” and “arsines”? Do
all arsenic-containing chenmical warfare agents cause blisters?

3. Is there an antidote for vesicants? Qutline treatnment for

vesi cant poi soni ng.

Cenerally toxic chenmical warfare agents:

1. 0.1 pg/dl of cyanide are detected in the blood plasnma. Wat
is your course of action?

2. Cassical crine stories & filns always show victinms of
cyani de poisoning dying instantly after swallow ng poisoned
drink / food. The detective suspects cyanide poisoning after
sensing a snell of bitter alnmonds. How nmuch of the described is
actually true?

3. Wiy conpl ex therapy of cyani de poisoning is always needed?

4. \What are advantages and di sadvantages of arsine, phosphine

and carbon nonoxi de as chemical warfare agents?

Suf f ocati ng agents:

1. Do phosgenes and hal ogenated nitroal kanes act via the same
mechani sn?? \What are the main differences between those groups
of suffocants?

2. Are suffocating agents obsolete and inefficient?
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Irritants:

1. Wiich value is the nobst wuseful in assessing irritants
efficiency / toxicity?

2. Wiich riot control agents are used for police action /
sel f defence? Should self defence sprays becone l|legalised in
t he UK?

Psychot om neti cs:

1. There are thousands of hallucinogens out there, including many
wel | -known drugs of abuse. However, only a single substance was

weaponi sed on a |large scale. Wy?

Natural toxins as chemcal warfare agents:

1. Wiich conpound is the npbst toxic substance known to the
manki nd and how does it work?

2. Can natural toxins be used as incapacitants? Wat would be
the difference between using such use and enploying “classical”
riot control agents?

3. Wiy the synptons of ricin poisoning are so dependent on the
adm ni stration route?

4. Wi ch fungal toxins can be / are used as warfare agents?
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ANSWERS TO CONTROL QUESTI ONS.

Basi cs: The Foundati on:

1. Define strategic and tactical significance of nuclear,
chem cal and biol ogi cal weapons. Wy chenical and bi ol ogi cal

warfare is called “poor nan's nucl ear bonb”?

Biological warfare is purely strategic: use of biological agents
against highly nobile and trained troops is unproductive. Chenical
warfare is versatile and is well-suited for acconplishnent of
vari ous tacti cal t asks, i ncl udi ng di sl odgi ng wel | -trained,
protected and dug-in troops and naking terrain unusable. However,
chem cal weapons have strategic significance only if used on a
massive scale (e.g. by superpowers). In case of nuclear weapons
everything depends on the warhead size and type of explosion.
Considering recent advances in the field of biological/chem cal
warfare, these weapons can rival the nukes (if wused properly),
while having significantly |ower price of manufacturing &

depl oynent and being easy to obtain.

2. How many of the “poison gases” are actually gases at 20 C?

Cyanogen chl ori de, ar si ne, phosphi ne, phosgene, fluorpicrin,

chlorine trifluoride.

3. In accordance to mlitary manuals, Sarin used against
unprotected and untrained civilians causes 70 % death rate
among the affected. In Tokyo tube terrorist attack out of
~6000 affected 15 died, which constitutes 0.25 % Explain the

reasons for this discrepancy.
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Even though concentrations exceeding C max of Sarin by two orders
of magnitude can be reached via evaporation, its boiling
tenperature (151.5 C) still places (B anbng non-volatile agents.
Thus, dispersion or explosive source release are necessary for the
efficient wuse of GB. Al so, high concentrations created by
evaporation would apply only to the area |ocalised around the
contamnation site. Since limted amunts of GB were used by Aum
terrorists, that area is expected to be restricted. Besides, they

used water solution of GB rather than the pure agent.

4. \What are the advantages and di sadvantages of using protein

toxins as warfare agents?

Very high toxicity, nodul ar design and | ow production price are the
advant ages. Detonation & thernal instability, inability to
penetrate undamaged skin or protective equipnent and strong
antigenic properties (in terns of both inmunochem cal detection and

antitoxin treatnment / vaccination) are the di sadvant ages.

5. In the nmedia you can often hear about “mlitary grade

ant hrax”. What does it inply?

Stable preparation consisting of 1 — 5 pum particles containing

hi ghly virulent spores of bacillis anthracis.

6. What is extended Haber’s Law and which value of the “j”

coefficient applies to you personally?

W=j C (A -E t; unl ess you' ve served in the mlitary etc.

unfortunately your j = 1.

7. If you are nmasked and wear protective gear, are you 100 %

saf e?
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No. Gas mask filters have limted filtering capacity which would be
eventual | y exhausted. They are al so characterised by |eakage, which
can becone an issue with high concentration of highly toxic and
strongly cunulative agents. Certain agents are deployed with
bypassing gas mask filters (CLF3, S2F10, PH3, AsH3, net al
carbonyls, high concentrations of HCN / CLCN) or skin protection
neans (liquid Lewisite, thick phosgene oxinme preparations, CLF3) in

m nd.

8. Wiat data do you need to estimate the efficiency and

outcone of a chem cal attack?

Knowing the tenperature at the site of attack and the agents
boiling tenperature vyou <can <calculate its saturated vapour
pressure. Knowing the nolecular weight of the agent and its
saturated vapour pressure you can get C nax. Divide C max by 100 to
get nore realistic maxi mum concentration. Consider the neans of
delivery (see the question on Tokyo tube attack above). Conpare
your C max / 100 value with LC/IC50 of the agent. If j > 1,
increase LCt/IC values used for conparison by the factor of j. If
the exposure tinme is one mnute or nore, this would give you a very
crude estimate of immediate attack efficiency / outcone. Tables of
contam nation densities and nonogranms, show ng persistence of CM s
in different nmeteorological conditions on various |andscapes are
available to the nilitaries. Knowi ng whenever this particul ar agent

follows the Haber’'s Law is essential if cloud is persistent.

O ganophosphat e Agent s:

1. What causes death in anticholinesterase organophosphates

(OP) poisoning ?

Bronchoconstriction & excessive bronchi al secretion — caused
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hypoxia at |ower concentrations. Rapidly devel oping neuromnuscul ar

bl ock at hi gher concentrations.

2. Wiy excitotoxic events take place in OP intoxication and

what is their inportance?

Hypoxi a and excessive Ach stinulating the release of glutanmate
contribute to excitotoxic events in OP poisoning (activating Na
channels may play role in the case of VX). Excitotoxicity
contributes to seizures developnent and Ilate psychoneurol ogical

consequences of OP intoxication

3. Qutline treatnent / antidotes for organophosphates. |Is there

a universal antidote against thenf?

Ant agoni sts of cholinoreceptors conbined wth cholinesterase -
reactivating oxines are used. In the case of Soman, pyridostigm ne
prophyl axis is necessary due to the phenonenon of cholinestherase-
OP conplex aging. Reactivating oximes tend to have various
ef ficiency, depending on the OP agent they are enployed to counter.
Antinmuscarinic drugs are used in poisoning by all OPs, but have
l[imted value on their own. Diazepam i.v. is used if seizures

devel op.

4. How organophosphate agents can be related to the Gulf Wr

syndr one?
Many of the synptons |isted as signs of @lf War syndrone

correspond well to side effects of pyridostigmne bromde, given to

NATO troops in the Gulf in significant anounts for weeks.
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Vesicants / radiom netics:

1. What causes death in vesicant poisoning?

Laryngospasm / upper airways obstruction in acute cases. Severe
br onchopneunoni a in 4 - 7 days, often acconpani ed by
bronchopul monary infection and sepsis. Pul nronary oedema and
“Lewi site shock” may occur in case of L exposure, CX inhalation can

cause pul nonary oedema and pul nonary arteries thronbosis.

2. Describe differences between “nustards” and “arsines”? Do

all arsenic-containing chem cal warfare agents cause blisters?

Arsines are strong irritants without a latent period. They can
cause pul nonary oedenma and generalised arsenic poisoning syndrones.
Arsines — induced skin lesions heal faster than nustard |esions;
i Mmunosupression caused by arsines is weaker. Efficient antidotes
for arsines poisoning treatnent are well-know. DM an aromatic

arsine irritant, is not known to cause skin damage.

3. Is there an antidote for vesicants? Qutline treatnent for

vesi cant poi soni ng.

Arseni c-containing vesicants can be countered with As-chelating
agents. Na2S303 can neutralise sul phur nmustard in the bl oodstream
but its efficiency is questionable. Synptomatic treatnent directed
at prevention of secondary infection and wound-healing is

essenti al .

Cenerally toxic chenmical warfare agents:

1. 0.1 ug/dl of cyanide are detected in the blood plasma. Wat

is your course of action?
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None. Cyanides are nornal netabolites present in various tissues.
Concentrations below 0.14 pg/dl cyanide in the blood plasma are
completely normal. Besides, many of the comobn food products
contain neasurable cyanide quantities, for exanple 5-25 ng/l

cyanide in cherry juice.

2. Cassical crine stories & film always show victins of
cyani de poisoning dying instantly after swallow ng poisoned
drink / food. The detective suspects cyanide poisoning after
sensing a snell of bitter al nonds. How nmuch of the described is

actually true?

Unless there is nore cyanide than food on that plate or wine in
that goblet, death would occur in some 15-30 minutes. Instant death
from cyanide occurs when |arge concentrations of HCN are inhaled

The detective has 20 to 60 % chance of not being able to snell
cyani de, however nany reliable chem cal nmet hods of cyani de

det ecti on exi st.

3. Wiy conpl ex therapy of cyani de poisoning is always needed?

Because you need to deal with the cyanide in the bloodstream
i medi ately, before (mtochondrial) rhodanese, boosted by vyour
sul fane sul phur donors, is able to metabolise it in the liver and

ot her tissues.

4. \Wat are advantages and di sadvantages of arsine, phosphine

and carbon nonoxi de as chemical warfare agents?

Low boiling tenperatures allow deploynment of arsine and phosphine
only as products of a binary mxture reaction and CO in form of
netal carbonyls. Arsine, phosphine and, especially, CO are not as
toxic as nodern chemical warfare agents are. None of those gases

can penetrate skin. However, conventional gas mask filters are
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inefficient at stopping these agents and treatnent of AsH3 / PH3

poi soning is rather difficult.

Suf f ocati ng agents:

1. Do phosgenes and hal ogenated nitroal kanes act via the sane
mechani sn? What are the main differences between those groups

of suffocants?

Unlikely, since i.v. phosgenes do not cause pul nmonary oedema, while
i.v. chloropicrin does. Hal ogenated nitroal kanes | ack |atent period

and are strong irritants.

2. Are suffocating agents obsolete and inefficient?
None of the chemical warfare agents is obsolete, if used against
unprotected civilians by terrorists. CLF3 and S2F10 are very
chemically aggressive and can bypass traditional protective neans.
Al so, there is no adequate antidote treatment for both traditional
and novel suffocating agents.

lrritants:

1. Wiich value is the nost wuseful in assessing irritants

efficiency / toxicity?

ICt50, since irritants incapacitate, rather than kill.
2. Wiich riot control agents are used for police action /
sel f defence? Should self defence sprays becone |egalised in

the WUK?

CS, CN, capsaicin and, possibly, CR Mxtures is frequently
enpl oyed. Persistent CS/CN preparations are not wused by the
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police. Question about the UK legislation is left for you to
ponder. In nmy opinion, they are efficient neans of self-defence
and aren’t the favourite attacking weapon of thugs - they find
muggi ng or rapi ng sonmeone in a dense cloud of capsaicin/CN nixture
aerosol to be sonewhat unattractive and tend to stick to nore

traditional ways of causing troubl e.

Psychot om neti cs:

1. There are thousands of hallucinogens out there, including many
wel | -known drugs of abuse. However, only a single substance was

weaponi sed on a |large scale. Wy?

BZ has suitable physicochemical properties to be efficiently
depl oyed in pyrotechnic mxtures. It has a reasonable production
price if conpared to other psychotonmi netics. It guarantees conplete
i ncapacitation of the affected for a given tine. Negativism and
aggression are a possible bonus: opposite forces fighting each

others nmust be a remarkabl e show to observe.

Natural toxins as chem cal warfare agents:

1. Wiich conmpound is the nost toxic substance known to the

manki nd and how does it work?
Clostridial neurotoxin A 1t blocks Ach rel ease in notoneurones by
cl eaving core neurotransmitter vesicle docking/fusion protein SNAP-
25.

2. Can natural toxins be used as incapacitants? Wat would be

the difference between using such use and enpl oying “classical”

riot control agents?

PG is a very efficient incapacitant. “Cassical” vesicants in non-
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| ethal concentrations are very efficient long-term incapacitants,
the sane could be said about Yellow Rain. The safety margin of PG
is lower than the one for nodern irritants and there is a |atent
period. Besides, its action lasts for the whole day. Thus, PG is

unsui table for police or self-defence use.

3. Wiy the synptons of ricin poisoning are so dependent on the

adm ni strati on route?

Because it does not bind to very specific binding sites on cell
nmenbrane surface — D-galactose-like carbohydrates are abundant in
various tissues. Macrophages, including very sensitive to ricin
toxicity Kupffer cells in the liver, can also bind ricin A-chains

vi a mannose resi dues present in the chain.

4. Wich fungal toxins can be / are used as warfare agents?

Tri chothecenes / funonisines / wortmannin of the Yellow Rain.
Aphl at oxi n, weaponi sed by Saddanis arny. A variety of highly toxic
nycotoxins to choose fromis enornous. Both Yellow Rain toxins and
aphl atoxins are sinply one of the nobst studied nycotoxins due to
their role in causing well-docunented human and aninmal food

poi soni ng out breaks (ATA, Turkey X disease and so on).
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ARYTHMETICS OF MILITARY TOXICOLOGY.

1. Physicochemical properties of agents.

Relative density: & = & [agent] / & [air] = & [agent] / 28.9
(0°C, 760 mm Hq).

Solubility: C = C[agent in water] / C[agent in octaneg]

Saturated vapour pressure: log [P] = 2.763 — 0.019*Tb +
0.024*Tenv (Tb-boiling temperature; T env- environment
temperature at given pressure).

Volatility: Cmax = 16 M*P / T (M-molecular mass, P-
saturated vapour pressure). Real life concentrations are 10-
20 % of Cmax !

2. Tactical properties of agents.
Contamination density: A = M/S (g/m 2 or ton/km 2)

Contamination persistence: S= pl/p2 vM1*t1/ M2*t2
(p1- vapour pressure of water at 15 °C, p2- vapour pressure

of agent at tl, M1-molecular weight of water (18), t1-
absolute temperature, t2- absolute temperature
corresponding to 15 °C (288 K).

3. Toxicological properties of agents.

Dose via inhalation: D = CtV/G (C-concentration (mg/L), t-
time (min), V-breathing intensity (L/min).

Habers Law: W = Ct (W-“lethal index”, value constant for
an agent).

Extended Habers Law: W= JC (A - E)t (j-Jacquot
coefficient, A-speed of agent administration / adsorbtion,
E-speed of agent elimination)

Transcutaneous bioavailability: SVC = LD50 transdermal /

LD50 i.v. (skin-venous coefficient); SAC = LD50
transdermal / LD50 i.a. (skin- arterial coefficient).
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Classification of Chemical Warfare Agents.
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Chemical / Biological Agents Delivery Means.

Dispersion:

- Spray Delivery

- Point Source Explosive Release
- Line Source Explosive Release
- Bulk Release

- Base Ejection

Condensation:

- Thermogenerators for Liquid Evaporation

- Pyrotechnic Mixtures for Solid Agents

Reaction:

- Use of “Gas Generating” compounds

Contamination of water and food supplies.

Soil contamination.
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Chemical Structure of Riot Control Chenmiucal Warfare Agents.
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Transmissible
Vaccine efficacy

S

Likely method of human to Incubation Duration of
Agent/desease dissimination human Infective dose period iliness Lethality Persistence (aerosol exposure)
Bacillus anthracis/ Spores in aerosol No (except 8-10,000 spores 1-5 days 3-5 days High Very stable 2 doses of vacane
inhalation anthrax cutaneous) (spores remain protect against 200~
viable for years 500 LDy, in monkeys
in soil)
Vibrio cholerae/ Sabotage (food and Rare >10% organisms 12 hours-6 Zz1 week Low Unstable in No data on aerosol
cholera water); aerosol days aerosols and
freshwater;
stable in
saltwater
Yersinia pestis/ Aerosol High <100 organisms 1-3 days 1-6 days High unless Forupto 1 year 3 doses not protective
pneumonic plague treated within in soil; 270 against 118 LDy In
12-24 hours days in bodies monkeys
Francisella tularensis/  Aerosol No 1-50 organisms 1-10 days =2 weeks Moderate if For months in 80% protection against
tularemuia untreated moist soil or 1-10 1Dy,
other media
- Coxiella burnetn/ Aerosol; sabotage (food Rare 10 organisms 14-26 days Weeks Very low For months on 94% protection against
Q fever and water) (aerosol) wood and sand 1-3500 1D 1n
guinea pigs
Ebola virus/Ebola Direct contact Moderate 1-10 plaque 4-16 days Death between  High for Zaire Relatively un- No vaccine
fever (endemic); aerosol forming units 7-16 days strain, moderate  stable
(BW) for primates for Sudan
Variola virus/ Aerosol High Assumed low 10-12 days 4 weeks High to moderate  Very stable Vaccine protects
smallpox against large doses
in primates
Venezuelan equine  Aerosol; infected Low Assumed very  1-6days Days to weeks ~ Low Relatively un- TC 83 protects against
encephalitis vectors low stable 30-500 LDy 1n
virus/VEE hamsters
Botulinum toxin/ Aerosol; sabotage (food No Human LDg Hours to days Death in 24-72 h; High without Weeks in food 3 doses efficacy of
botulism and water) p.o. 1 ng/kg lasts months if  respiratory and nonmoving 100% against 22-250
not lethal support water LD in pnmates
T-2 mykotoxins Aerosol; sabotage No Moderate 2-4 hours Days to months  Moderate Years at room No vaccine
temperature
Ricin Aerosol; sabotage (food No LD,, 3-5 ug/kg Hours to days Days, death 10- High Stable No vaccine
and water) 12 days after
ingestion
Staphylococcal Aerosol; sabotage (food No Clinical illness  1-6 hours Hours <1% Resistant to No vaccine
enterotoxin B and water) from pico- freezing
gram range





