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very welt weather.

While phosgene boils at 46.7°F., which is considerably below ordinary
summer temperatures, its rate of evaporation is so slow that it has to be
mixed with equal quantities of chlorine in order to set up satisfactory
vloud-gas concentrations in the field. This was the manner in whick
phusgene was employed in cloud-gas attacks throughout the war.

The toxicity of phosgene is over ten times that of chlorine, a concen-
tration of 0.50 mg. per liter being fatal after 10 minutes’ exposure. In
higher concentrations, which are often met in battle, one or twa breaths
may be fatal in a few hours.

Phiosgene appears to exert its physiological and toxic effects chiefly
through the medium of its hydrolysis products—hydrochloric acid and
varbon dioxide. Its effects upon the upper air passages of the bedy,
where moisture is relatively small, is therefore comparatively slight.
With pralonged breathing, however, sufficient phosgene is decomposed in
the bronchi and trachea to produce marked inflammation and corrosion.
These effects reach their maximum in the alveoli where the air in satu-
rated with water.

Unlike chlorine, phosgene produces but a slight irritation of the
=ensory nerves in the upper air paseages, so that men exposed to this gas
are likely to inhale it more deeply than they would equivalent concen-
trations of chlorine or other directly irritant vapors, For this reason,
phosgene is very insidious in its action and men gassed with it often have
little or no warning symptoms until too late to avoid serious poisoning,
Generally, the vietim first experiences a temporary weak spell, but other-
wise feels well and has a good appetite. Suddenly he grows worse, and
death frequently follows in a few days.

Concerning the physiological action of phosgene, which is typical of
the lung-injurant agents, General Gilchrist sAYyS:

Alter gussing with phosgenc there is irritation of the trachen or bronchi; coughing
in ot 8 prominent wymptom, and disruptive emphysema i practically never seon.
After moderaly gussing, o man may feel ahle to carry on his work for an hour or twue
with slight symptoms, but he may hecome suddenly worse, may show evidence of
extreme cyanosis, and subsequently may pass into collapse. There are records of
men who have undergone a phosgene-gns attack and who seem to hawe suffered
-lL;htly. but have died suddenly some hours later upon ntumptmg physicsl effort.

P v edema ap very early. This edema is at first noncellular but,
after ahout Bive hours, leucocytes are found, and later the exudate is rich in cells
After inhalation of phosgene, red blood cells are seldom found in the exudate; later
tibrin appears. Physical examination at this time reveals foecal putches of bronchu-
pneumonin. At the height of illness edems i the outstanding condition.  After the

wecond or third day, if death does not ucgt'r the «lnm fluid is resorbed and recovery
follows, barring compliention of the b h

The important immediate effects of phosgene are pr ited to the lumgs.
These changes conasist of dumnage to the uupillnriu. Thia damage may be noted o
half hour nfter gnssing. The capillaries in the walls of the alveoli are markedly con-
stricted and appeur collapsed.  Later they hecome dilated and engorged with hload,
nnd hlood stasis is the rile.  Frequently thrombi form and block the eapillaries for
wothe distance, which j the hlood stasis, This dilation nod blood stasis in
the enpillaries is the main enuse of pulmonary edema; the latter progresses mpidly
fram this time on,

A number of theories have heen advanced to explain the prod of ed
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CHEMICALS IN WAR

4. More insidiou=s in aetion.

5. Chemically more inert and, thercfore, more difficult o nentralize sl proteet
agAinst.

The principal disadvantages of phosgene are its slower physiologiceal
action on the body and its inability to discharge itself from cylinders at a
sufficient rate for cloud-gas attacks.

In addition to the foregoing, phosgene is relatively easy to protect
aguinst and for that r would prohably be displaced in the future hy
Rases of greater toxicity and more diffirult to neutralize.

Trichlormethylchloroformate (CICOOCCL,)
German: “ Perstoff”’; French: “Burpalite’’; British: * Diphosgene "'
This gas was first used in the World War by the Germans at Verdun

i-n May, 1918, in retaliation for the French phosgene shell which were
mtrodueed in February, 19186.

Trit-hIumethylthlumfummteli:! the completely chlorinated methyl
ester of formie acid and is obtained by completing the chlorination of the
wonnchlormethylehloroformate (K-Stoff). In studying the chlorinated
methyl esters of formie acid, the German chemists found that their
toxie properties increased, while their lacrimatory powers decreased, with
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The preponderance of evidence ns to 1he cause of the ﬂ.‘lﬂua !nlhnng plnmgcm
gassing is that it is due to loeal injury of the endothelial eells which results in
an incrensed capillary permeability; the other changes in 1he blood and in the cireula-
tion are secondary to the trauma sustained by the capillary wall

The injurious effects of phosgene are materially increased by physical
exertion. Frequently those parts of the lungs which have not been
damaged by the gas would be sufficient for breathing pirposes if the body
were at rest, but they are not sufficient while the body is in motion, par-
ticularly in view of the excess carbonie acid which ix formed in the hody
by the decomposition of the phosgene.

Phosgene is manufactured in industry by the original process of
direct synthesis of chlorine and carbon monoxide, a« indicated in Chart
X. The only change from the original process of moking it is the sub-
stitutiog of & catalyst (animal chareoal) for the action of sunlight.

Compared to chlorine, phosgene has the following advantages as a
chemieal agent. Tt is:

I. Far more toxic (0.50 mg. per liter at 10 minutes).

2. A little less volatile and more persistent.
3. Greater vapor density (3.5).

Llhfrigcruhr ] I Liquid phosgene ‘:‘
mp

Crant X.—Catalytic manulacture of phosgene (Row sheet).

the addition of chlorine atoms in the methyl group of their molecular
structures, Thus, diphosgene, which containa the maximum chlorine
atoms, was found to be the least lacrimatory but the most toxic of these
compounds and was for that reason substituted for K-Stoff ms the
standard German nonpersistent lethal gas for shells. An analysis of the
gas casualties of the late war indicates that, on the basis of the total
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number of fatalities, diphosgene was the principal killing gas used in
shells during the war,

Trichlormethylehloroformate is an oily liquid of specific gravity 1.65
and a disagreeahle suffocating odor. It boils at 127°C. (260.6°F.), giving
off a dense whitish vapor 8.9 times heavier than air, which persists on
open ground about 30 minutes. At 20°C, (68°F.), its volatility is 26.00
mg. per liter. When heated to about 350°C. (662°F.) or upon contact
with moisture, ax in the tissues of the body, trichlormethylchloroformate
breaks down, yielding two molecules of phosgene, thus: CICOOCCI: =
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