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SECTION I

GENERAL
ParagraphGene!'nJ -_______________________________ 1

Clnssificntlon______________________________________________________ 2
Fundnmentn Is of trentment ----------- -- ------------ ---- 3

l. General.-a. Until the introdnction of chemicnl wnrfnre, the
weapons of wnr depended almost entirely for their effect on the force
with which they hit enemy personnel or matériel. In contrast to this,
chemical warfure ngcnts need no terminal momentum or explosive
force to produce their full effect but have only to come into bodily
contact with personnel in either gaseous, liquicl, or pnrticulnte form.

·This Technical Manual supersedes TM 8-285, July 10, 1941, including Changes No. I, Feb­
ruary 14, 1942, wnd Chanes lo. 2, June 9, 1942.
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Gns cnn penetrnte into dugouts, emplnccments, trenches, and similar
locntions which nrc protected from gunfire. The tnrgets are groups
nnd nrens rather thnn individunls, and henvy concentrntion of chemi­
cnls is employed. Cnsunlties, therefore, do not occur singly but may
be expected in lnrge numbers when they occur. .

b. Chemical warfare agents are used to produce casualties amóng
personnel nnd nnimnls, to contnminnte food and matériel, and to con­
taminate areas to deny their use to the enemy. It may be necessnry
to discrd contaminated food becnuse of the injurious effect its con­
sumption may have on personnel. lncendiary agents will set tire to
combustible material and produce hent burns on personnel.

c. In contrast to thc first World War, because of the introduction of
the nirplnne into chemical arfare, casualties may be expected in
reserve and renr nrcns as well as in forwnrd ureas. Cnsunlties in rear
areas may be expected especially at ports, nirfields, rail centers, nnd
nlong lines of communicntion.
d. A grenter use of persistent ngents in henvy. concentrations will ·

probably be made to neutralize or force evncuntion of arens. lf
these nrens must be crossed or evncunted under henvy tire, troops will
be kept close to the ground and in contact with the chemical agent
and very high cnsunlty rntes will probnbly result.

e. Heavy concentration of nonpersistent ngents will probnbly be
employed against such targets as regimentnl or brignde reserve arcas
and other units deep within divisional areas.
f. Medical installations are subject to chemical attack, exactly as

are other militnry establishments similnrly located-chiefly mixed
chemicnl ugents from nrtillery tire, and vesicant and incendiary ngents
from nirplanes. Necessnry precautions for individual and collective
protection should therefore be token well in ndvnnce of possible
sttacks. '
g. The medical o.fficer should be familiar with manuals FM 3-5

and FM 21-40.
2. Classification.-Chemical agents are classified according to

physiological action, persistency, and tactical use.
a. Olassification by physiological action.(1) Lung irritant.An

agent which, when inhnled, cnuses primarily irritation and damnge
the respiratory trnct. Example: phosgene.
(2) VVescant.-An agent hich, on contact with the skin, produces

erythema, blistering, or necrosis of the skin. Vesicant vnpors act
the respiratory trnct like lung irritants. Eample: mustard.

(3) Lacrimato.An agent having its most pronounced action on
the eyes, causing a copious flow of tenrs and intense, though tempo­
rry, eye pain. Eample: chloracetophenone.

(4) Irritant smoke o sternutaton.An agent usually disseminated
ns un extremely fine smoke and which when inhaled, causes sneezing,
coughing, lacrimation, headache, and nausea, nll these efiects aclding
up to prodnce temporary physical prostration. Eample: diphenyl­
nminechlorarsine (adamsite).

(5) Systemic poison.-An ngent which, on nbsorption into the
blood stream, directly interferes ith physiological processes such as
utilization of oxygen by the body. Eaample: hydrocyanic acid.

(6) A agent may act on the body in more than one ay, that is,
mustard vapor when inhnled is a lung irritnnt, nnd when in contact
with the skin is a vesicant.

b. Classifcation by persistency.-The length of time an agent will
maintain an eflective concentration in the nir at the point of ralease
is called the persistency of that agent.
(1) Persistent agent.-An agent hich, under average conditions,

produces effective concentrations for longer than 10 minutes.
Ea:ample : mustard.

(2) onpersistent agent.-An agent against which, under average
conditions, no protection is required after 10 minutes. Eaample:
phosgene.

c. Olassification by tactical use.-(1) Casualty agent.-An agent
which, in the commonly usecl concentrutions, will produce cnsualties
nmong enemy personnel. Eample: mustard.

(2) Harassing agent.-An agent used to force the wearing ofmasks
and thus slow up enemy operations. Example: irritant smokes.

(3) Screening agent.-An agent vhich produces a dense obscuring
smoke in air to deny hostile observntion. Example: white
phosphorus.

(4) lncendiary.-An agent which upon ignition generates sufficient
heat to ignite combustible matériel with which it comes in contact.
It mny produce cnsualties dueto heat burns.
3. Fundamentals of t'reatment.-a. Prophylnctic mensures are

most importnnt in reducing the incidence of casunlties. Immediate
treatment following exposure is usually much more beneficia! than
therapeutic mensures applied nfter symptoms of injury appear. Pre­
ventive trentment is often specific but its efiectiveness will depend
upon the promptness of application.
• The symptomntic treatment applied after injury has been pro­

duced is usually quite dift'erent from the specitic prophylnctic treat-
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ment, and usually does little to prevent further damage. In general,
the definitive trentment of injuries cnused by chemical agents does
not difer from that of similar conditions occurring from other
causes; for example, the aftertreatment of a skin lesion cnused by
mustnrd is the snme as that for any ulcerative lesion of the skin of
like degree.

SECTION II

LUNG IRRITANTS

Paragráph
General______________________________________________ 4
Phosgene (CG) _: ..,______________________ ------- 6
Chlorplcrln (PS) 6

Chlorlne (Cl>------------------------------------------- ·----------- 7
4. General.-a. Most of the toxic agents are lung irritants to sorne

degree. With certain of these, however, under concentrations en­
countered in the field, the power to produce lung irritation is their
main characteristic. These primary pulmonary irritants are phos­
gene, chlorpicrin, and chlorine.

o. With all lung irritants a latent period of from 1 to 12 or more
hours may intervene after exposure to phosgene and is likely to be
longer than 12 hours, but it may be nbsent or very short after ex­
posure to high concentrations of chlorine. During the latent period
may be difficult to determine whether exposure has occurred. Com­

mon knowledge of the existence of the latent period may be a source
of malingering. The fact that cigarette smoke is unpalatable, even
during the latent period, may be of help in detecting malingering.

c. The most serious effect is pulmonary edema, which may be cnused
by any of the agents listed above. It is produced by irritation of the
bronchioles, alveoli, nnd the adjacent capillary endothelium, and
results in a tremendous out-pouring of fluid into the alveoli. Clin­
ically this is mnnifested by decreased expansibility of the lungs,
incrensed density (which may not be revealed by percussion note or
trnnsmission of breath or voice sounds), and the presence of various
moist rales. Physiologically, pulmonary edema seriously intederes
with the gaseous exchange in the lung and leads to anoxemia. . More­
over, the edema, changes in the capillary wall, local thrombosis, and
the increased viscosity of the blood all interfere with the circulation
through the lung and add to the anoxemia. If this interference with
the circulation is maintained, circulatory collapse may ensue.

d. 'The question may arise as to whether troops exposed to a lung
irritant are to continue in combat during the latent period, at the
risk oí precipitnting pulmonary edema, orto be evacuated immediately
and placed nt nbsolute rest. Decision must rest with the responsible
field commander, but the surgeon should advise him of the additional
hazards involved, so thnt nll íuctors muy be considerecl in making bis
clecision. Similar action with regnrcl to animnl casunlties is indicated.

e. Nitric oxides; generntecl by high explosives in shell hales and
dugouts are also lung irritants and require the same treatment.
f. The service gas mnsk nncl collective protectors offer adequate

protection in the feld.
5. Phosgene (CG).-a. Pathology.-Since field eoncentrations of

phosgene mny be brenthecl without immediate irritation, the whole
respiratory system is exposed. The effects are preclominantly in the
alveoli and bronchioles, the upper respiratory tract being little af­
fectecl. Alveolar walls and capillaries are renclered more permeable,
and the nlveoli Rll with fluid. Cnpillary thrombosis and hemorrhages
may occur. Hemoconcentrntion results from the pulmonary edema.
The skin is unaffected, but the eyes may sho a mild conjunctivnl
irritation. Retinal hemorrhages may occur secondary to anoxemia.
Pulmonary edema, right-sided heart failure, and general circulatory
collnpse are the chief causes of death.
b. Symptoms.There may be no respiratory symptoms until pul­

monary edema develops suddenly. This lntent period may last 6
to 24 hours and may be very deceptive because the individual may
not renlize thnt he has been gassed. Hence, he may not receive early
enough the rest he requires. Physical examination of the chest at
this stage may be negative. Sometimes there is a gradual develop­
ment of symptoms with redness of the eyes, flushing of the face,
incrensed respiration, and occasionnlly a pninful cough. Trnnsient
nausea and vomiting mny occur. In more severe cases the patient
may develop flushing of the face nnd coughing followed rapidly by
a deep cyanosis with engorgement of the neck veins (the blue type
of asphyxia). He becomes very uncomfortable, coughing frequently
with the produetion of bloody, frothy sputum. Even with the pul­

. monnry edema and failure of the right side of the heart, the chest
exnmination may or may not show changes in t.he percussion note;
the breath sounds and voice sounds are not intense; fine rales may be
heard over the back and sides nnd in axillae; and rough rhonchi
over the upper ehest. During this stage the patient may suddenly or
gradunlly develop cnrclinc failure maniíested by a grnyish leaden hue
of the skin, eollnpse oí the neck veins, and cold, clammy skin (gray
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or collapsed stage. Four hunclrecl to six hunclrecl cubic centimeters
of blood should be withdrawn upon the appearance of cynnosis; an­
other 500 cubic centimenters may be removed 6 hours later, and the
procedure repeated once more if ncccssary. A large bore necdle should
be used unless the viscosity of the blood makes direct incision of the
vein necessary .

c. Fuwthe treatment.Absolute rest must be continued for some
time after the ncute respiratory symptoms disappear. Resumption
of exercise should be undertaken very gradually, care being taken
to avoid fatigue or exhaustion. At first, toilet privileges may be
granted, then the patient may be nllowed to sit up for brief intervals
in a chair. Alternate walking nncl resting for short periods is the
next step. Later the convalescent should march short distances and
the point at which dyspnoe develops determined. Malingering
shoulcl be rulecl out by objective signs. Broncho-pneumonin is an un­
common complicntion ancl is more likely to occur in the first few
days than during convalescence, and it is trented ns broncho-pneu­
monia from any other cause. If anesthesia is requirecl for surgicnl
procedure, local infiltration or nerve block are the methods of choice
(see par. 37).
f. Therapy contra-indicated in ung irritant casualties.-(1) The

use of morphine and alcohol is contra-indicuted as they increuse the
immediate mortnlity from phosgene.
(2), Atropine is of no value in diminishing or preventing edema,

arid its acceleration of the hart rate renders its use cleleterious.
(3) Blood plasma is of no vnlue in thernpy of this type of edema,

and concentrated plasma is definitely harmful. ·
(4) Expectorants have no pince in the treatment of acute phosgene

edema, though they may be helpful in the convalescent period.
(6) The sulfonnmide drugs should not be ndministerecl during the

frst 24 hours after gassing ns they mny increase the initial mortality.
A temperature rise after 24 hours justifies their use.

(6) Cardiac and respiratory stimlants such as adrenalin, ephed­
rine, coramine, and metrazol probably do more harm than good in
the stage of pulmonnry edema.

(7) Surgery, except emergency mesures to save life, is contra­
indicated in the active stage of pulmonary edema.
g. P1·ognosis.-Prognosis should always be gunrded because of the

insidious nnture of the poisoning. The milder cases always recover.
Most deaths occur within the frst 24 hours. The prognosis is orse
in the pnllicl or gray than in the blue cases. Later deaths are largely
due to broncho-pneumonia. Rarely bronchitis and bronchiectasis are

type of asphyxi). He mny simulate a shock cnse his color h. . ' , ow-
ever, appearing more greenish gray than in the usual shock patient.

this gray type of asphyxia, the chest examination may yield the
snme findmgs ns occur with the blue type of asphyxia. The blood
pressure, however, is loer and the heart sounds usually less intense.
Instead of passing through the blue stage, the patient may suddenly

into the gray stage immediately after the latent period. He may
die during the gray period or some days afterward with a secondary
broncho-pneumonia. If recovery occurs from the acute phase, he will

weak and dyspneic, and because of his exhausted condition abso­
lute rest must be continued. Phosgene produces only a mild irritation
on the eye, which will clear uneventfully on symptomatic treatment.

c. Diagnosis.-Dingnosis is mnde from the history of exposure or
the sudden onset of symptoms occurring sorne hours nfter exposure.
d. lmmediate t?-eaf,ment.-(1) General.-Treatment must be started

as soon as any symptoms of phosgene poisoning appeur. This con­
sists of absolute rest, applicntion of heat (blankets, warmth, and hot
drinls), inhalation of oxygen, and venesection in the "blue" cases.
Even though rest may appear unnecessary, it is essential. Alcoholic
drinks should not be used. Morphine should never be given. Rest­
lessness and apprehension may be combated with guarded doses of
the barbiturates, but the relief afforded by oxygen inhalation is the best
means of quieting and renssuring the patient.

(2) Oaygen therapy.-Anoxemia should be relieved by thé admin­
istrntion of oxygen as soon as pulmonary edema develops. Mixture
of helium with the oxygen offers no advantage, since the difficulty
is not bronchinl obstruction but the filling of nlveoli with fluid.
Mixture of carbon dioxide with the oxygen is likewise not indicated
since there is no decrease in the carbon dioxide of the blood. Oxy­
gen administration should be stnrted as soon as pulmonary edema.
develops. This is best nccomplished by menns of an efficient nasal
mask. Oxygen administration for 3 or 4 minutes out of every 15
may suffice, provided this trentment is continued night and day as
long ns cyanosis tends to recur. The relief of cyanosis is the best
criterion by which to regulate the supply of oxygen. When a nasal
mask is not availnble, oxygen may be given by nasal catheter or the
less efficient funnel technique. lf the supply of oxygen is 1nitea. it
should be reservéd for the severe cases. . . . '

(3) Venesection.Because it can be easily performed under field
conditions, bleeding is valuable therapy for the cyanotic or blue stage
of phosgene poisoning, but it shold neve be emplo-yed in the gray
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similarly treated. Steam inhalations of compound tincture of ben­
zoin and menthol relieve the irritation ancl nllay the cough. Codeine
muy be used when the cough cannot be controlled by other mensures.
Following the acutc stage and when bronchitis develops, expectorant
cough mixtures re indicated. Broncho-pneumonia may develop on
or after the second day and is treatecl as other broncho-pneumonia. ,

e. Prognosis. Increasing cardiae embarrassment and progressive
hemoconcentration indicate a bad prognosis. A good cardiac response
and a fnlling hemoconcentration inclicates that the peak of the pul­
monary edema has been passed and that the prognosis is good. The
majority of deaths occnr during the first 24 hours. Late clenths are
due to broncho-pnemnonia, purulent bronchitis, and lung abscess.
Little permanent disability results. A few cases develop cardiac
neurosis ancl emphysemn.

7. Chlorine (Cl).-a. Pathology.There is a marked irritation
of the upper respiratory trnct, trachea, and bronchi, which may
progress to extensive necrosis of the mucous membrane of the trnchea.
nnd bronchi. With equal exposure, chlorine produces less alveolar
damage than phosgene, probably because of its greater solubility in
the moisture of the upper air passages and spasmodic closure _of the
upper air passnges preventing the gas from renching the nlveoli.
When alveolar dumage with pulmonnry edema occurs, it is similar to
thnt cnusecl by phosgene.
b. Symptoms.-Chlorine is violently irritating to the upper respira­

tory tract. Rnrely, suelden death may occur after the first inhalntion
of a very heavy concentration due to reflex action. After exposure
to usual field concentrntions, the first symptoms are a burning sensa­
tion in the throat, violent pnroxysmal coughing, ancl a feeling of
suffocation. The signs and symptoms of pulmonary edema then ap­
pear, sometimes as soon as 20 minutes after exposure. This stage is
like phosgene poisoning, plus a choking cough. Bronchitis may per­
sist for several eeks.

c. Diagnosis.The cardinal points are history of exposure, odor on
clothing, intense irritntion of upper respiratory tract with paroxysmal
cough, and persistent bronchitis during convalescence.d. Treatment.Same as that for chlorpicrin.

e. Prognosis.Prognosis is poor when pulmonary edema ha been
estnblished. Chronic bronchitis may be persistent. Sorne pulmonary
emphysema may be permanent. Most patients surviving pulmonary
edema ultimately make a complete recovery.

cansed by phosgcme poisoning. · Psychosomatic (pulmonary) com­
plaints may continue for years.

6. Chlorpicrin (PS).a . Pathology.-(1) Chlorpicrin damages
the epithelium of the entire respiratory tract. In the trachea and
large bronchi the damage is only slight and recovery occurs fairly
rapidly. The medium-sized and smaller bronchi are more severely
affected, there being more destruction and necrosis of the epithelium
than in either phosgene or chlorine cases.

(2) The chnnges in the walls of alveoli, the degree of pulmonary
edema, the dilated heart, the circulatory collapse, and the anoxemia
are all similar to those changes found following phosgene gussing.
Edema develops earlier than with phosgene, and edema of the medias­
tinal tissues is more frequent than in phosgene or chlorine cases.
Chlorpicrin vapor may procluce conjunctivitis, while the liquicl may
cause cornenl ulceration. Liquid chlorpicrin produces deep sk.in b_urns
which are prone to become septic. The vapors irritate the skin and
abrnsions tend to become secondarily infected and are slow to heal.
An acute nephritis may follow exposure to this agent.

b. Symptoms.-Chlorpicrin is a strong lacrimator though less
effective thnn the true lacrimators, and the flow of tears is the first
symptom noted. It is the most irritant member of this group. Pain
in the chest, pnroxysmnl attacks of coughing, abdominal discomfort,
and violent attacks of vomiting are more marked than in phosgene
or chlorine casualties, and persistent for a long time after removal
from the contaminated area. Exposure to very high concentrations
may rnrely cause unconsciousness and sudden denth. In severe cases
muscular eakness is marked. This is accompanied by weak, rapid,
nnd irregular heart action. Frequent exposure to small doses may
lead to un increased susceptibility, making such individunls Hable
to nocturnal attacks of nsthma when exposed to traces of chlor­
picrin. Pulmonary edema causes symptoms similar to those found
in phosgene.

c. Dw_qnosis.-The cardinal points are history of exposure; symp­
toms referable to the eyes, nose, and lungs; nausea and vomiting;
characteristic stinging flypaper odor on clothing.
d. Treatment.-The therapy in general is the same as for phosgéne.

If hot drinks aggravate the nausea and vomiting they should be
withheld temporarily. The eyes muy be irrigated with 2 percent
sodium bicarbonate solution or plain water, and the pain relieved by
eye and nose drops. Irritation and congestion of the nose may be
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f. The service gas mask protects only the face, eyes, and respiratory
tract. Protective clothing for skin protection will be issued in the
thcnter of operations (see FM 21-40).

9. Mustard (HS).-a. Properties.-Mustard is n oily liquid
only slightly soluble m water, but soluble in organic solvents (gaso­
lme, kerosene, ncetone, carbon tetrnchloride, and alcohol). It is also
soluble in animal fats and oils. It is slowly absorbed by rubber gloves
nnd clothing and thus contaminates these nrticles. It has an° odor
like garlic or horseradish. It is destroyed only by strong chemicals.
It is persistent in the summer, for 4 to 5 days in the open, 1 week in
oods; in the inter, several weeks both in the open and in woods.
However, after much shorter periods liquid mustard soaks into nncl
partially evapora tes from the terrain, and the danger of contamination
by liquid practically ceases. The hazard is then largely vapor, and
. b f "' 'it ecomes safe for men to pass quickly through the area in an upright
position. A longer time must elapse before it is safe to occupy the
area (see par. 5b, app. V). Prolonged exposure to a concentration
just detectable by odor will produce casualties in man.

b. Pathology.-(1) The rapidity ,vith which skin lesions are pro­
duced nncl the extent nnd severity are greatly influenced by eather
conditions. Vesicle formation is more severe and extensive and occurs
more rapidly during hot, humid weather. The typical mustard blister
is trnnslucent, has sloping sides, and is surrounded by a zone of ery­
thema. The blister fluid is usually clear and does not coagulate early.
Severe exposure, especially to liquid mustard, may produce an annular
or cloughnut shnped blister arranged about a central whitish induratecl
nrea.

(2) The vesicles collapse in about 50 hours. Severe lesions are fol­
loed by progressive necrosis into the lower portion of the dermis.
Sloughing occm·s in about 3 weeks followe<l by slow henling, leaving
a thin scar. Mustard burns are frequently followed by pigmentation
which may persist for long periods. There is marked irritation of the
nasal passages, trachea, and bronchi followed by edema, shedding of
the mucous membrane, and ulceration. This is frequently followed
by secondary infection and broncho-pneumonia, hich is responsible
for the vast majority of deaths. Conjuntivitis is usually present, and
corneal' ulceration, iritis, and iridocyclitis with exudation into the
anterior chamber may occur in severe cases.

a. Symptoms .-(1) Symptoms following exposure are delayed, the
lntent period depending on the wenther, concentration, and individual
sensitivity. In personnel unprotected by mnsks, eye symptoms are
generally the first toappear. These may begin 2 or 3 hours after expo­

11

Paragraph

General--------------------------------------------------------- 8l\lustnrd (HS) 9

Lewlsite ( M-1 >----------------------------------------------------·----- 10
Et hylcllchlornrsine ( ED) ------------------------------------------------- 11
Mixed vesicaht aentS..------------------------------------------------. ]2

8. General.a. While tho vesicants are employed primnrily for
their nction on the skin, vesicant vapors function also as lung irri­
tants. Conversely, sorne other agents not primarily employed to
irritate the skin may nevertheless function in this mnnner, ns for ex­
nmple certain of the irritant and screening smokes and lacrimators.
There nre two forros of blistering ngents: those which cause only local
irritntion nnd those which cause local irritntion plus internnl poison­
ing. These lntter compounds usually contain arsenic.
• Vesicants, more thnn. any other type of chemical ngents, will

poison food nnd water and render other supplies dnngerous to hnndle
until they have been decontaminated.

c. Contact with casualties contaminated with liquid vesicants will
result in vesicnnt injury to unprotected attendunts. Litter bearers
moving into dangerously contaminated areas to handle such patients
should be protected by protective aprons and heavy rubber gloves.
Depending upon the clegree of contamination, other protective cloth­
ing should be worn (see FM 21-40). Aid station attendants as a
rule do not require ns complete protection as the litter benrers.

d. Special precautions should be tnken for the reception and dis­
posal of vesicant cases in order to guard against exposure of medien}
personnel. Such cnses must not be a<lmitted to confined places until
the bulk of the liquid contnminant is removed, since dangerous con­
centrntions of vapor may accumulate. Undressing is best done in the
open or on a covered porch. ContaminntecÍ Jitters, blankets, nnd
equipment should also be left outdoors until decontaminated. Con­
taminuted cases must be separated from other patients until decon­
tnmination is complete. They should be tended in a separata section
of the aid station. Once completely decontaminated they may be
hospitalized with other types of patients. The necessity for decon­
tamination of litters and ambulances transporting such casualties
should alays be borne in mind (see FM 21-40).

e. IKnowledge of the type of vesic:mt used should be obtained from
the unit gns officer, local intelligence officer, and arriving patients,
since immediate treatment varies with the agent.
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sure to vapor, at frst consisting of a sensntion of grit in the eye and
lacrimation, then proceeding to acute conjunctivitis. Sneezing and
increased nasal secretion are early symptoms. Skin burns from vapor
may not appear for 12 or more hours, but may occur within 1 hour
after contact ith liquid mustard. The first symptom mny be severa
itching of the skin, followed by a sunburnlile erythema, upon which
blisters develop. Shortly before the development of visible blisters,
the surface of the reddened skin can be rubbed ra with slight pres­
sure and friction. Upon removal of the skin or vesicle covering, a raW,
weeping, exquisitely tender surface is exposed. Becauso of the depth
of skin destruction, mustard lesions require sorne weeks to henl, and
secondary infection is very prone to occur. There is little systemic
reaction except with extensive burns or secondnry infection. Skin
hypersensitivity to mustard may follow repeated exposure. If cloth­
ing has been removed soon after exposure to either vapor or liquid
drops, little or no burning of the protected areas occurs. However, if
the contaminated clothing has been rorn for some hours after the
exposure, burning of the skin under the clothing may be severe. Areas
of thin or moist skin such ns the perineum, external genitalia, axillae,
elbows, knees, and neck are pnrticulnrly susceptible. Deep burns are
produced by Iiquid mustnrd. Mustard blister fluid is not irritating
to normal skin.

(2) Vapor concentrations ns low ns 1: 10,000,000 will severely dam­
age the unprotected eye. Mustard burns of the eye closely resemble
those due to nlkali. The ocular injuries caused by mustard in the
first World War have been divided into three groups.

(a) Mild conjunctival irritation which will respond to sympto­
matic treatment in 1 to 2 eeks. (Seventy-five percent of cases.)
(b) Severe conjunctival injury, showing horizontal band of white

chemosis between the lids, with orange skin roughing of the cornea.
Recovery, 4 to 6 weeks. (Fifteen percent of cases.)

(o) Cornea} erosion detected by the use of 2 percent fluorescein.
This group requires base hospital care. Convalescence, 2 to 3 months.
(Ten percent of cases.) In casualties due to liquid mustard a greater
percentage falls into this group.

(3) Irritation of the upper respiratory tract is shown by hoarseness
progressing to aphonia, possibly cough, and later mucopurulent
sputum. The cough is usually nocturnal and is likely to be very
persistent.
(4) Pain, nausea, nnd vomiting may follo the ingestion of

mustard contaminated saliva. Nausea and vomiting following vapor
exposure is usually transient.

d. Diagnosis.Diagnosis is based upon­
(1) History of cxposurc.
(2) Mustnrd or gnrlic odor on skin and clothing.
(3) Itching of skin with little or no pain at frst.
( 4) Irritation of conjunctiva. .
(5) Erythema of skin followed by blistering, hich develops .some

time nfter cxposure.
(6) Blisters surrounded by zone of erythema (differentinl diagnosis

from lewisite).
e. Prophylaais.-(1) To be effective, prophylactic measures must

be institutecl witMn a few minutes. Immedinte prophylaxis is effec­
tive folloing liquid contamination, but of Iittle use after exposure
to vnpor since in this case practically all of the agent has already
penetrated the skin. Contaminated clothes must be quickly removed,
usmg the proper precnutions. The continued wearing of clothing
contaminated with mustard, liquid or vapor, will cause severe burning
of the skm. The clothes removed should be segregated until decon­
taminated. A careful technique must be followed for the removal of
liquid mustard from the skin, otherwise such nttempts merely serve
to sprend the ngent. Three steps are necessnry.
· (a) Ffrst.-Dry pads are gently applied to absorb any mustard
remaining on the skin. This action is one of dabbing, not rubbing.
Fresh pads should be used for each dabbing so ns not to spread the
agent to uncontaminated areas.

(b) Second.-The treatment agent is applied. The following four
methods of prophylaxis are recommended: .

1. Protective ointment.Protective ointment gives excellent
prophylnxis if used properly and immediately. It is to
be used by the individual soldier on himself as soon
nfter contamination as possible. A small nmount of
ointment is squeezed onto a piece of gauze, cotton waste,
hnnclkerchief, piece of shirt, or similar material and
rubbecl vigorously on and nround the affected area for
10 to 20 seconds. The ointment is then wiped off. This
procedure of applying, rubbing, and removing the oint­
ment is repeated three or four times. With this proce­
dure available to every soldier fe cases of contuminntion
with liquid mustard should come to the nttention of the
medical service, unless the man is a casualty from an­
other cause.

13 ·
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f. lmmediate freatment.-(1) Eye.-If necessary, eye and nose
drops (item No. 91090, Medicnl Department Supply Catalog) (see
par. 8, app. I) or n 2 perccnt butyn sulfate solution may be instilled
to relieve pain. Cocine should not be used since it cnuses cornea!
irritntion. The eyes should not be bandaged due to the dnnger of
pressure necrosis of the comen. Infcction must be prevented to avoid
bad end reslt. 'To accomplish this, 2 drops of an nqucous solution
of sodium sulamyd (1 gram per 30 cubic centimeters; see app. I) is
instilled into the eye every 2 hours for 48 hours and four times claily
therenafter until all acute symptoms hnve subsided. If the eye is
already infecte<l, n clouble or even a triple strength solution mny be
used and the frequency of applicntion increased, ns indicated. Treat­
ment with ntropine should be begun early and continued until healed.
A 1 percent solution of ntropine sulfate is instilled into the eye once
da.ily. Dnrk glasses or a brown paper eyeshade (one which shades
the eye from above and not a so-called shade hich completely covers
the eye) may be worn to give relief from photophobia.

(2) Skin.-Protective ointment o chlorinating agents should not
be used after erytlema appeas as they will increase the irritation.
If the skin has been contuminnted with Iiquid mustnrd, it should first
be treated ith solvents by the technique described in e above, but ·
vapor burns should not be treated with solvents. Blistered nrens
should be cleansecl gently ith soap and ater, avoiding breaking of
the blisters, ancl patted dry. Sterile gnuze should be dampened ith
amyl salicylate and placed over the blistered areas. This is then
covered with a dry sterile dressing. The itching of arcas of erythemn
may be relieved by the npplicntion of pontocnin compound ointment
(ítem No. 1K61100), or antipruritic ointments Nos. 71 or 88 (see pars.
2 and 3, app. I).

(3) Respfratory.-Nnsal pain nnd irritation may be trented by the
instillntion of eye nnd nose drops (item No. 91090).
g. Further treatment.(1) Eyes.Treatment of the eyes ith

sodium sulamyd and atropine as indicated in / (1) above must be con­
tinued. To prevent the eyelids from sticking, liquid petrolatum
(heavy), glycerin, acriflavine 1:15,000 in castor oil, or cod-liver oil
made alkaline ith sodium bicarbonate may be instilled at 4- to
6-hour intervals. Cocine must not be used. Severe cases with cornea}
involvement, iritis, or mnrked photophobia should be trented by the
ophthalmologist. Dark glasses or eyeshndes are useful for photo­
phobin, but shoulcl be removed when keratitis and iritis subside to
prevent neurasthenic symptoms. "
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9. Dichloramine-T in triacetin.Gently and repeatedly dab
the affected areas with gauze (or other similar material)
moistened with a 20 percent solution of dichloramine-T
in trincetin (see par. 6, app. I).

3. Solvcnts.-Solvents such -ns gnsoline, kerosene, cnrbon tetra-
. chloride, or alcohol may be used. A very careful tech­
nique must be followed. The solvent must not be
allowed to run from the contaminated to the unaffected
skin as it will carry the vesicant and extend the damnge.
Tho sponging material should be dampened but not
saturated with the solvent. The cleaning action should
be that of dabbing, not rubbing.

k. Hypochlortes.-Products containing active chlorine, such
as bleach, H. T. H. (grade A cnlcium hypochlorite), or
sodium hypochlorite (Dakin's solution) may be used.
Blench or H. T. H. muy be used as a paste, 1 pnrt to 1
or 2 parts of water. Because of the irritant properties
of bleach paste, it must be washed off with water in
3 minutes.

(e) Third.-Following methods in f, 3, nnd 4 above, the skin urea
is washed ith soap and water and patted dry. Following method
in 1 above, the ointment is washed off with soap nd water when the
tactical situation permits. The sponging materials contaminated in
the process must be burned or buried. · · ·

(2) I the huir has been contaminated ith liquid mustnrd, it may
be decontnminuted by rubbing strong bleach paste (1 part H. T. H. to
1 or 2 parts water) into the hair and washing off the bleach 3 minutes
later. Otherise, the hair must be clipped off. Great care should
be exercised in handling mustnrd contaminnted hair to avoid burning
the hands of the medica} attendant. • ·

(3) Liquid mustnrd in the eye demands immediate irrigation with
2 percent sodium bicurbonate solution, snline, or plain water, con­
tinued for 10 minutes. If irrigation cannot be instituted within 5
minutes, it should not be done at all. Wnshing the eye with water
from his canteen should be accomplished by the soldier as a first-aid
mensure, unless he is in the immediate vicinity of medical aid, since
time is the controlling factor. The cap of the canteen may be used
as an eye cup. Rubbing of the eye must be nvoided. Vapor burns
of the eye should not be irrignted.

(4) If mustard has entered the buccal or nasopharyngeal cavitiés,
the mouth should be rinsed and the throat gargled repeatedly with
a 2percent sodium bicarbonate solution or water.
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(2) Skin burns.(a) Fully developed lesions are treated lile
burns of equal degree from other causes. Mustard burns are prone
to secondary infection; special attention must be given to nsepsis.
Prior to definitive treatment, denuded arcas may be treated with
sulfadiazine ointment (5 percent) (Medical Department item No.
14619, 4-ounce tube; or No. 14620, 1-pound jar). Areas except face
and genitalia may be covered with sterile dressings.

(b) Application of amyl snlicylate dn.ily for severn.l dn.ys gives
immediate analgesia and lessens edema. The n.pplicntion is made
either by spraying or by dipping gauze into the drug and applying
it to the lesion. Blisters may be evacuated but the top of the blister
should not be removed.

(e) Burns nre therenfter treated ns similar lesions from other
causes. The usual accepted treatments include cleansing ith deter­
gents, debridement, and bacteriostatic ointments, or preparations
forming sterile eschars, such ns triple dye (par. 16, app. I) or tannic
acid (see compound tnnnic ncid powder, pur. 5, npp. I) nnd silver
nitrate.

(d) Pontocaine compound ointment (Medical Depnrtment item No.
. 1K61100) or nntipruritic ointments 71 or 88 (pn.rs. 2and 3, app. I) ron.y
be used to control itching. •

(e) Sluggish lesions muy be treated with crude cod-liver oil or cod­
liver oil ointment (par. 4, app. I).
(f) Infected burns nre treated as infected wounds with Dakin's

solution, sulfonamide drugs, etc.
(3) Respiratory.The persistent nocturnal cough may last for sev-.

eral weeks and is best treated with codeine.
h. Prognosis.The death rate from mustard gassing is low. The

British rate as 2.2 and the American rate was only 1.75 per 1,000 in
the frst World War. Nearly all deaths are dueto respiratory effects,
chiefly broncho-pneumonia. Skin burns heal slowly, severe burns re­
quiring months for recovery. Burns are prone to infection, and in­
fection greatly proloügs the healing time. Mild eye cases recover in
2 to 4 weeks without complication, if secondnry infection is prevented.
Severe eye cases mny require months to henl and leave permanent
residual damage. Secondary infection of the eye greatly increases
the healing time nnd residual damnge. Nocturnal cough may persist
for several weeks and interfere with sleep.

10. Lewisite (MI-1).a. Properties.-Lewisite is a liquid, poorly
soluble in water but rendily soluble in orgnnic solvcnts (gasoline,
kerosene, alcohol, etc.) and animal fats and oils. Crude lewisite has
n. geraniu.mlike, stinging odor. ith water it hydrolyzes readily to
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form nn oxide which retains vesicant and systemic poisonous proper­
ties and vaporizes very slowly. Leisite penetrates fabrics and rub­
ber, making it clangerous to ear clothing or ordinary rubber gloves
previous]y coritaminated. It is more volatile nncl less persistent thnn
mustard, making it more effective in cold weather. The vesicant
oxido formed in damp weather or on et ground may contaminate
soil for a long time and produce injury on direct contact with the skin.
b. Patholoqy.-Skin lesions are produced more rapidly by leisite

thnn by mustard and blistering and necrosis are more severe. The
lewisite blister is more opaque than the mustarcl blister, is very steep
sided, and is surroundecl by little or no erythemn. Its fluid is vesi­
cant. There may be signs of toxic changes in the viscera; arsenic

· mny be founcl in all tissues. Inhalation produces ulceration of the
upper respiratory tract nncl seconclary broncho-pneumonin mny fol-
low. Liquid lewisite in the eye causes markecl chemosis o:f the con­
junctivn, ulceration of the cornea, and marked iritis. The deep in­
volvement of the cornea often leads to its rupture with subsequent
phthisis bulbi. Blood vessels invading the cornea are straight nnd
brushlike, in contrast to the tortuous vessels o:f the mustard lesion.

c. Syptoms.(1) Symptoms clevelop enrlier nncl are more severe
. than with mustarcl. Conjunctivitis, sneezing, and nasal irritntion
may occur but the irritating vapor ill compel wenring o:f the gas
mnsk so that fe cases wi11 occur. Stinging pnin is felt by most
people immediately on contnct of liquid leisite with the skin.
Bythema develops 5 to 30 minutes after exposure, depending upon
the wenther conditions, and bullae next appear, reaching their peak
in 12 hours or less. At first the contents of the lewisite blisters are
more opaque than those of mustarcl. There is little, if any, erythemn.
nround the enrly vesicle. Arsenical poisoning may occur, manifested
by dryness and soreness of the thront, cliarrhea, nnd restlessness; lnter
other structures, such ns the liver and nervous system, mny show in­
volvement. Lewisite shock closely resembling traumatic shock may
:follow, in a fe hours, a severe lewisite burn.

(2) Liquid lewisite causes instantnneous severe pain on contnct
with the eyc and marked blepharospusm results. Severe eye lesions
are produced by even small clrops of liquicl lewisite. In general, levi­
site ncts more quickly ancl more painfully than mustard,

d. Diagnosis.Diagnosis is based upon the following factors:
(1) History of exposure.
(2) Stinging geraniumlike odor on skin nnd clothing.
(3) Prompt irritation of eyes and conjunctiva.
(4) Rnpicl onset of skin injury with pain and blistering.
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(5) Lck of erythema about the early vesicle.
(6) Associnted nasal irritation.
(7) Prcsence of arsenic in the blister fluid.
e. Pophylaais.(1) Skcin.Prophylaxis against skin contamina­

tions ith liquid lewisite should be inst.ituted within 1 minute after
exposure, since skin penetration is rapid. Contaminn.ted clothing must
be quickly removed with usual precautions n.nd treatment, if possible,
stnrted nt the sume time. The sume three steps as for prophylactic
treatment of mustard are used, though the specific remedies differ.

(a) Ffrst.-Liquid drops nre removed by quickly blotting with dry
absorbent material (see par. 9e for technique).

(b) Second.-Neutralization and removal by one of the following
methods:

1. Protective ointment.-Protective ointment gives effective
prophylaxis if used properly and immediately. It is to be
used by the individunl soldier on himself ns soon as possi­
ble after contnminntion. The method is identical with
its use for mustnrd (see par. 9e). It should not be used
after erythemn hns developed.

e. Hydrogen peroide.Eight percent hydrogen peroxide is
the best avnilable prophylactic for leisite skin contami­
nntions; if not avnilable, use U. S. P. 3 percent hydrogen
peroxide. Fresh swabs should be used for each applica­
tion nnd a careful technique used to prevent increase of
the injured area due to cnreless swabbing.

8. Sodium ydroacide.A 10 percent solution of sodium hy­
droxide in 30 percent glycerin (par. 1, app. I) may be
used if hydrogen peroxide is not available. The skin
should be sabbed alternately with this solution and
alcohol. If the glycerin solution is not availnble, a 5 per­
cent aqueous solution of sodium hydroxide may be used,
nnd water may be used ns a less effective substitute for
the alcohol.

l. Solvents.-If none of the foregoing materials are available,
the same solvents and technique described for mustard
(par. 9e) may be used.

(e) Third.-Protective ointmcnt is removed with soap and water
when the tactical situation permits. After swabbings described in
2, 8, and 4 above, the skin shold be thoroughly washedith soap and
water. Swabs must be burned or buried.
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(2) Eye.-Lcwisite vapor causes marked injury to the eye but
because the irritant vapor compels wearing of the gas mask, fe eye
casualties from vapor are anticipated. Liquid drops, however, may
destroy an eye unless properly treated. Two to four drops of eye
solution M-1 must be instillecl into a contaminated eye as soon ns
possible. Por maximm eflectiveness this solution must be used hen
and where the injury occurs, by thc soldier himself, or he shoukl be
trented by the man nearest him. This solution may prevent residual
damage if used up to 30 minutes after contamination ith lewisite
liquid. This solution is of no value for mustard contaminations but
shold be uscd for contaminntions by mixtures of leisite and mustard
and for all other arsenical vesicnnts. In case of blepharospasm the
solution may have to be placed in the inner canthus and allowed to
spread over the cornea as best it may. The eye solution M--1 is used
once only and is not rnpeated. In the absence of eye solution M-1 the
eye must be promptly washed out with wnter in the manner <lescribed
for mustard ( see par. 9e). ·
f. Imediate teatment.(1) Skin.-Por skin burns from lerisite

liquid or vapor, 8 percent hydrogen peroxide solution should be freely
appliecl. Itching may be relieved by the application of antipruritic
ointments as recommended for mustard (par. 9). If burns are pro­
luced by liquid leisite and no other treatment is available, complete
excision of the burned area may save life if done ithin 4 to 6 hours.
Multiple scarification of the contaminnted aren with immediate suction
is a alternate procedure ith limited application.

(2) Eye.Following prophylactic treatment of the eye with eye
solution M--1, the eye is trented ns for mustar<l (see par. 9/(1) ).
(3) Systemic.-Lewisite shock may be treated by measures appli­

cable to trauma tic shock.
g. Late toreatmcent.(1) Skin.-Blisters must be treated by drain­

ing or removal of the cover to prevent nbsorption of nrsenic from the
blister fluid. The blister fluid is vesicant and precautions must be
taken to protect surrounding areas. The lnter treatment does not
differ from deep burns from mustard (see par. 9g(2) ).

(2) Eyes.-Later treatment of the eyes is identical ith that for
musturd (see par. 9q(1)).

(3) Respiratory.If pulmonary irritation is present, sulfonamide
drugs are indicated ns a preventive measure nguinst broncho-pneu­
monia. Respiratory pain and discomfort mny be relieved by mensures
similar to those employed for chlorpicrin (see par. 6d).

(4) Systemic.-Genernl mensures to combnt arsenical poisoning
should be institutecl in cases with extensive burns. These include

19
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12. Mixed vesicant agents.-a. General.'The use of vesicnnt
agent mixtures may be expected either ns premixecl agents or as a
combinution of two agents directed simultnneously on one objective.
Such mixtures complicate specific prophylaxis and treatment. Attack
first the agent capable of doing thc greatest damage, ns quickly as
possible, It will often be necessary to use more than one therapeutic
agent. .
b. T'reatment of mstard and levisite miature.Lesions produced

by a mixture of mustard and levisite show characteristics of both
ngents. The area surrounding the site of contact develops un erythemn
very similar to that of mustard while the vesicle thnt forms is rnther
sharply demarked and similar to lewisite. The uction of this mixturo
is rapid and pain will be noticed within 5 minutes after contact with
the skin.

(1) Skin.-Protective ointment M4 should be used by the soldier
himsel:f as rapidly as possible, as directed in paragraph 9e. When
available, the use of hydrogen peroxide followed by clichloramine-T
in triucetin or protective ointment is considered the treatment of
choice. The site of contnmination is dabbed repeatedly with sabs
moistened (but not dripping) with hydrogen peroxide. This proce­
dure is followed by dnbbing the same area ith sabs moistened in
clichlornmine-T in triacetin or by applying the ointment as previously
directed in paragraph 9.

(2) Eyes.-If the eyes are contaminated, eye solution M-1 should
be used immedintely, as directed in paragraph 10, followed as soon as
possible by thorough irrigation with a 2 percent sodium bicnrbonnte
solution, normal saline or plain water. Eye and nose drops (ed­
ical Department item No. 91090) may be used to relieve pain. Other­
wise the treutment is that for mustard, described in paragraph 9.

SECTIoN IV

LACRIMATORS

Paragraph
bymp(oms nd trentmenft_..-----------------------------------.. l}

13. Symptoms and treatment.a. The more important lacri­
mntors nre chloracetophenone (CN), chloracetophenone solutions
(CNS and CNB), and brombenzyl cyanide (CA).
b. General symptoms produced by the lacrimators include lacrima­

tion, photophobia, and blepharospasm, also some irritation o:f the
nose and·of the freshly shnven face und in hot weather to the moist
skin. In addition, chloracetophenone solutions CNS and CNB may
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dequnte fluid intake, intravenous glucose, high carbohydrate diet,
nnd vitnmin intnke.
h. Prognosis.-Lewisite is much more dangerous than mustard.

Fntnl arsenical intoxicnation may result from an extensive burn.
Burns from liquid require longer to hel than vapor burns. With
liquid burns of the eyes, the prognosis is serious. Broncho-pneu­
monin is a dangerous sequel.

11. Ethyldichlorarsine (ED).--a . Path.ology.-Irritation of the
nose, nnsophnrynx, nnd lungs occurs. Vesiculntion of the skin is
less mnrked thnn with lewisite or mustnrd. Arsenical involvrunent
of the viscera and varied post arsenical neuritides mny occur.
Pnronychinl swellings of the finger may also be present.
b. Symptoms.-In high concentrntions there is immedinte irritn­

tion of the nose. In lower concentrations the typical nasal irritntion
may be delayed. When the reaction is delayed until after the gas
mnsk hns been put on, the untrained individual mny remove his mnsk,
believing it to be inefficient, nnd will thus get a lnrger dose of the
ngent. Other symptoms nre sneezing, n burning sensntion in the
throat, photophobia, lacrimation, nausea, and vomiting, and perhaps
blistering of the skin.

c. Diagnosis.The following factors should be considered in mak­
ing the diagnosis:

{1) History of exposure.
(2) Pungent odor of skin nnd clothing.
(3) Intense sternutatory irritunt, nnd early vesicnnt symptoms.
(4) Disappenrnnce of the nnsnl irritntion within nn hour.
(5) Presence of nrsenic in the blister fluid.
d. Pophylaais.Prophylactic measures must be applied very

rnpidly but it mny be impossible to avoid nnsnl irritation. Inhnln­
tion of low concentrntions of chlorine from blench powder in a wide­
mouthed bottle mny relieve the respirntory symptoms. Prophylnxis
of the skin is identicnl to that for lewisite (see par. lOe(l)). Prophy­
laxis of the eyes is identicnl to thnt for lewisite (see par. 10e(2)).
e. Immcdiate and late treatment.Treatment in general is the

snme ns thnt described nbove for lewisite (see par. 10f and 10g).
f. Prognosis.There are usually no serious complications from

exposure to ordinnry field concentrations, but neurological disturb­
nces and arsenical poisoning may follow exposure to high vapor
concentrations or to the liquid. Liquid contamination to the eye may
cause blmdness unless prompt prophylactic mensures are applied.
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15. Diphenylaminechlorarsine (DM) (Adamsite).-a. Patlt­
ology.-DM produces local irritation of the nose and nasal accessory
sinuses, throat, and eyes.

b. Symptoms.These consist of pain and a feeling of fullness in
the nose and sinuses accompanied by severe headache, followed by
sensations of intense burning in the throat and tightness and pain in
the chest. Irritation of the eyes and lacrimation are produced.
Sneezing is violent and persistent; the nasal secretion is greatly
increased and quantities of ropy saliva flow from the mouth. Nausea
and vomiting may also occur. Mental depression may be so markecl
tht the individual will have to be restrnined forcibly to prevent
self-injury.

c. Diagnosis.This is made from the history of exposure, and the
relatively rapid spontaneous improvement hich occurs despite the
miserable appearance and condition of the individual.
d. T1·eatment.-The mask must be worn in spite of vomiting nnd

salivation but it mny be lifted from the fnce during actual vomiti.ng.
Inhalation of clilute chlorine from bleach in a ide-mouthed bottle is
the most effective thernpeutic mensure. Inhalation of chloroform,
ether, or alcohol yapor gives some relief, but is less effective. Aspirin
may be given to relieve the headache and general discomfort. Few
cases should reach the medical service for trentment since recov­
ery is prompt and the soldier can carry out bis battle mission in
spite of sternutntors.

e. P1·ognosis.-Ordinarily nll symptoms disappear in about 1 or 2
hours, leaving no permnnent injury.

16. Diphenylchlorarsine (DA).-The pathology, symptoms,
diagnosis, treatment, ancl prognosis are similar to those of diphenyl­
aminechlorarsine (DM).

SECTION VI

SCREENING SMOKES

ParagraphGeneral 17
Whlte pbospborus (WP) 18
Titanium tetrachloride (IM)_.--------------------------------------. 19
Sulfur trioxide-chlorsulfonlc ncld solutlon (FS >--------------------------- 20HC mixture (BC)--~-: 21

17. General.-The more important of these agents are white
phosphorus (WP), sulfur trioxide-chlorsulfonic acid (FS), titanium
tetrachloride (FM), and HC mixture (HC). These smokes are not
toxic in field concentrations, but may be dangerous in the heavy con-
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ParagrapbG~nernl .14.

Diplenylaminechlorursine (DM) (admsite).-------------------------. 15
Dlphcnylchlor11rslne (DA)_____________________________ __ 16

l4. General.a. The most important irritant smokes are diphenyl­
aminechlorarsine (DM, Adamsite) and diphenylchlorarsine (DA) ;
they produce sensory irritation of the nose, throat, and eyes. Be­
cause of delayed action, symptoms may not appear in slightly exposed
individuals until after the gas mnsk has been put on. The unin­
formed, believing his mask to be inefficient, may then remove it and
become a casualty from further exposure to this agent or others
accompanying it. ·

b. Adequate protection against the irritant smokes is afforded by
the service gas mask and by collectivo protectors.

cnuse sorne mild papulo-vesicular dermatitis, especially in wann
wcnthcr, und occasionttl vomiting. Direct contuct of the eyes with
thcse solutions may cause corneal ulceration. Lacrimator cases ordi­
nnrily should not come to the attention of the medical service.

c. T1·eatment.-(l) Pro¡,hylaxis.-The mnsk should be put on and
rnpid brenathing maintained to nid removal of the agent from the
eyes, hich are kept open as much ns possible. The eyes should not
be rnbbed. If liquid or solid agent has entered the eye it should be
promptly washed out with water from the canteen.

(2) Immedate treatment.-(a) Eyes.-Lacrimators produce n
marked but self-limited irritation of the conjunctiva. When liquid
lacrimators are splashed into the eye, the nction is corrosiva and
resembles the burn of a strong acid. The instillation of a solution
of sodium sulfite (for eyes) at frequent intervals dissolves nnd
neutralizes the irritnting agent. For the formula for the sodium
sulfte eye solution, see parngraph 14, nppendix I.

(b) Skin.-For skin burns caused by the lacrimators a 4 percent
solntion of sodium sulfite in 50 percent alcohol is advised. Do not
use this solution in the eyes.

(3) Fu1·ther treatm,ent.-(a) Eyea.-Eye pain may be treated by
instilling eye and nose drops (Medien! Department ítem No. 91090).
The further trentment is symptomatic ns for other burns of the eye.

(b) Skin,-The jurther treatment is the same as for other burns.

SECTION V

IRRITANT SMOKES (STERNUTATORS)
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. d" te site of dispersion. FS smoke. f d nt the umne lll .centrations rorme t th eyes, skin, and respiratory tract
is more irrit:mt and corros1vc o h1e ' ' -

than is FM or HC. s (WP) .-a. Patlwfogy.-Particles of
18. White phosphoru . duce deep burns of the skin and

burning hite phosphorus may P' ,¿a does not follow such in­.. : but systemic po1son s ·underlying tissues, u .
juries. The smole is 7g""",, roadced, the phosplorus particles
• Syptos.Skin ?""? til air is excluded by a flm ofcontinuing to burn in the 1ssue

moistre or other material _ ,Ae from the history of exposure,Di sis. -Diagnosis 1s m:
c. iagno .- s' º k' r flaming particles may be present onodor, nn<l burns. mo mg o

or in the skin. S th · the burning phosphorus particles imme­d. Treatment.-mot 1er .. ble . :
• • • ten f anteen, or other nomnflamma e 111r-1mper-diately ith water from ca H] 5 tc 10 t• A Kc the burn under water unti. o percenv10us mnterm s. eep h' h f teeti

corper sulfate solution can be applied whict forms a protective
PI_ th ·ticles, excluding air. The pnrticles should be re-contmg on he par 1 , • • • ºf

1moved ith forceps or hemostat under water, or in airii the copper
lf t ¡ tion has bcen upplied. In add1tion, all burned surfocessuurate soIut 1its. ·ta: thit ll

should be kept covered with wet dressings unti 1 1s ceramn na1 a
particles of the agent have been removed. Further treatment is that
of ordinury hcat burns.

e. P1'ognos-is.-Prognosis is the same as thnt of any heat burn of
like severity. , .

19. Titanium tetrachloride (FMI).a. Pathology.The liquid
produces acidlike burns of the skin and eyes.

b. Symptoms.-Smoke generated by liquid FM is unpleasant to '
breathe and may cause irritation of the nose and throat, but it is
not dangerous. Exposure of the eyes to spray will cause conjunct-ivitis
ith lacrimation and photophobia. Acid skin burns are produced by
contact with the liquid. ·

c. Treatment.The eyes or skin should be washed freely with
water and then with 2 percent sodium bicarbonate solution.
d. Prognosis.--No permanent injuries nre produced.
20. Sulfur trioxide-chlorsulfonic acid solution (FS) .-a.

Pathology.-Aeid burns of skin or mucous membranes are produced
by cóntact with the liquid.

b. Symptoms.These are usually limited to an irritation of t.he
skin, mnnifested by a biting nnd prickling sensation; direct contact
ith the liquid or concentrated vapor may cause corrosive burns of
the skin and eyes.

TMI 8-285
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c. Treatment.Irrigation of eye burns with wnter shoul<l be insti­
tuted at once, followecl by flushing with 2 percent sodium bicarbo­
nate solution. Aqueous mercurochrome solution will cletect cornea]
ulceration. If painful, eye and nose clrops (Me<lical Department itero
No. 91090) my be instillecl. Cocl-liver oil ointment, castor oil, or
yellow-oxicle-of-mcrcury ointment should then be instilled and the
injured area covered with a light pacl. Skin burns shoul<l be washed
with water nnd then with sodium bicarbonate solution; later treat­
ment should be that of orclinary burns.
d. P1·og11osis.-The prognosis is good except for severe eye burns

where the outlook clepencls on the degrec of cornea! ulceration.
· 21. HC mixture (HC).-a. Pathology.-Uncler field conditions
there is insufficient absorption of the zinc salts or other components
to produce systemic effects.
b. Symptoms.There are no symptoms other than a slight suflo­

cating sensation from high concentrntions of the smoke.
c. Teatment.-None is needed.
d. Prognosis.-There are no lasting effects.

SECTION VII

INCENDIARY AGENTS

Parrnph
22;::::;~e - (TH) ..___________________________________ 23

Combustible oll lnceudlnries___________________________________________ 24
Combustible metnl lncencllnrles___________________________________________ 25

22. General.-a. The principal agents of this group are thermite
(TH), white phosphorus (WP), combustible oil, and combustible
metal incen<liaries. While used primarily to cause fires, they vill
produce severe burns if they come in contact ith the bo_dy.

b. Chemical fire extinguishers using carbon tetrachloride (pyrene)
are likely to produce toxic gases, mainly phosgene, hen this liquid
comes in contact with flnme or highly heated metal. In combatmg
incendiaries in inclosed spaces the danger from these byproducts
must be kept in mind and the gas mask used if necessary. .
c. The treatment of injuries from whitc phosphorus, which is also

a screening smoke, is cliscussed in paragraph 18.
23. Thermite (TH).-a. Pathology.-Very cleep burns of the

skin und unclerlying tissues are produced by thermite.
b. Symptoms.The symptoms are those of deep, exquisitely tender

burns.
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lowed shortly by coma, convulsions, nncl cleath. Low concentrntions
may produce headache, vertigo, and nausea.

d. D·iagnosis.-'fhe diagnosis is mnde from the odor of bitter
almonds and the rapid onset of symptoms.

e. T1·catment.-Uncler battle conditions, trentment will seldom be
practical. 'The gas mask should be put on as promptly ns possible.
An nmyl nitrite ampoule should be crnshecl in its cloth container nnd
placed in the gas mask facepiece for 15 to 30 seconds. This is repeated
every 3 minutes for three or four times. Menhile articifcial respi­
rntion shoulcl be begun nncl continued until the patient breathes natu­
rnlly. Sodium nitrite nnd sodium thiosulfnte muy be given intra­
venously. Soclium nitrite should be injectecl as a 1-percent solution
slowly in 10-cubic-centimeter doses to a total of 50 cubic centimeters
an hour, and if necessary, epinephrine should be employed aguinst
excessive fnll of blood pressure. Between the nitrite injections, 20-
cubic-centimeter doses of 5 percent sodium thiosulfnte shoul<l be
given intravenously and continued if necessnry to a total of 500 cubic
centimeters. In place of sodium nitrite, methylene blue mny be given
intrnvenously ns n. 1 percent solution in 1.8 percent sodium sulfate
in 50-cubic-centimeter doses to u total of 200 cubic centimeters. If
the pntient becomes too grently cynnosecl from the methemoglobin
procluced by this treatment, blood trnnsfusions should be given.
f. P1·ognosis.-The mortality of acute cynnide poisoning is very

high-nbout 95 percent. Efficacy of trentment is limited by the
rapid course of the poisoning and by the gravity of tissue asphyxia.
If the pntient survives an hour he ill generally recover. After
effects are rare but roa.y resemble those following cnrbon monoxicle
poisoning.
28. Arsine.-a. Physical popeties.This is a colorless, inflam­

mnble gas. It cnn be produced by the action of water on the rse­
nides of calcium, magnesium, or sodium. High concentrntions . of
nrsine are nccompanied by n gnrlic or rotten-cabbnge-like odor hich
is due to impurities associated with the gas. Low concentrations
are relatively odorless. This odor may vary slightly depending on
the source o:f the ngent. Pure arsine is odorless; the possibility
exists thnt its inhnlation in concentrntions not cletectable by odor.
may cause toxic symptoms.
b. Pathology.Arsine is rnpidly nbsorbed from the respiratory

tract and causes hemolysis of the red blood cells; damage to the
erythrocytes occurs almost immedintely nfter exposure as shown by

. increased frngility to hypotonic saline, but the cells hemolyze over
a poriod of severa} days. Destruction of red blood cells may be

SCTIoN VIII

SYSTEMIC POISONS

e. 'T'reatment.Treatment is thnt used for nny-other burn of like
degree. .
d. Prognosis.-This is the snme ns thnt for nny hent burn of hke

degree and extent.
24. Combustible oil incendiaries.a. Pathology.Deep burns
re produced, and inhalation of the combustion gases may cause
pulmonnry irritntion. . ·

b. Symptoms.The symptoms are those of heat burns produced by
fire nnd hot oíl. A productive cough may follow inhalation of the
combustion fumes.

c. Treataent.After the skin has been cleansed, burns should be
trented as ordinary burns.

d. Poqnosis.Serious ith extensive burns and with pulmonary
irritntion.

25. Combustible metal incendiaries.-a. Patliology.-Deep
burns are cnused by contact with the hot fragments.

b. Symptoms, treatment, and prognosis,-These are the same as
:for other hent burns.

ParagrapGenernL ·-------- , 20

Hydrocynnlc ncld---------------------------------~--------------------- 27
Arl<ille__ ---- - - - -------- -------- ---- -- -------- ------------------ ------- _ 28
Hy<lrogen sulfide________________________________________________________ 29

26. General.-Systemic poisons produce their injurious efl'ects
only after absorption into the body nnd cnuse little or no local
injury. The most important are hydrocyanic acid, arsine, and hy­
drogen sulfide. Adequate protection against these gases is afl'orded
by the service mask.
27. Hydrocyanic acid.a. Physical properties.-Hydrocyanic

acid is a colorless, highly volatile liquid. Its vapor disperses rap­
idly in air. It is very soluble in water and alcohol and has an odor
of bitter almonds or peach kernels. Aqueous solutions do not turn
litmus red. .

b. Patlology.Hydrocyanic acid produces asphyxia by hindering
the oxidative processes of the tissues, and depresses and paralyzes
the central nervous system, beginning with the medulla.
c. Symptoms.Pollowing inhlation of high concentrations, ver­

tigo, headache, palpitation, and dyspnoea appear very rapidly, fol­
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f. Prognosis.-The mortality is about 30 percent. Recovery may
occur even ith severe cases; others may die within 2 to 6 days.
Marked anemia and anuria are grave signs.
29. Hydrogen sulfide.a. Physical properties.This is a color­

less gas, heavier than air. It has nn odor of rotten eggs ancl may be
detectable at n harmless concentration, but the sense of smell becomes
dulled quite rapidly and even high concentrations ma.y not be rec­
ognizecl. Hydrogen sulficle is nlm.ost as toxic as hyclrocyanic acid.

b. Pathology.-Hyclrogen sulfide procluces local irritation of eyes,
nose, and throat, and high concentrntions may produce pulmonary
edema and paralysis of the respiratory center.

c. Symptoms.-These consist of local irritation of the eyes, exposed
mucous membranes, nd respiratory tract. Pulmonary edema may
result from the respirntory irritation. Eft'ective concentrations pro­
duce an increased, panting respiration, quickly followecl by uncon­
sciousness and cessation of breathing which mny be accompanied by
convulsions.

d. Diagnosis.-This may be made from the odor, rapid loss of con­
sciousness, cessation of respiration before the heart fails, and the
blackening of lead acetate paper o of a moistened silver coin by
exposure to the expired air.

e. Treatment.-Adjust gas mask quickly and apply artificial respira­
tion for long periods even though the proce<lure may for sorne time
appear hopeless. Inhalation of oxygen-cnrbon dioxicle mixtures if
avnilnble should nlso be employed ; otherise oxygen may be employed.
j. Pogosis.-Mortality from exposure to high concentration is

high. Most deaths occur soon after exposure.

SEcr1oN IX

INCIDENTALGASES
Paragraph

General-------------------------------------------------------------- 30
Cnrbon monoxlüe ------------------------------------------------------- 81
Nitrlc (nltrous) fumes .:______________________ 82
Amrnonln_______________________________________________________________ 88

30. General.-a. This group inclndes cnrbon monoxide, nitric
fumes ancl ammonia, which may be met with inclirectly in confined or
poorly ventilated spaces, or in the bombing of industrial installations.
Carbon monoxide and, to a lesser extent, nitric fumes are combustion
products hich may remain for sorne time in freshly formed shell
holes, and may seep into underground shelters and passages. Carbon

29

extreme. The kidney tubules may be filled . with casts of hemo­
globin and red cell debris. Anuria and uremia may result. Hepa­
titis is a common complicntion. .

c. Symptoms.In mild cases there may be lassitude, headache,
and malaise. With increased exposure, chills, nausea, and vomiting
occur. In severe cases, in nddition, prostrntion, blonted abdomen,
wenk and rpid pulse, nnd abdominal pins described as burning
nnd nssocinted with thirst are found; as the hemolysis progresses
dyspnoea, oliguria, hemoglobinuria, and later bilirubinuria are ob­
served. A slatelike cyanosis appears shortly after exposure, chang­
ing lnter to the color of hemolytic jnundice. The liver and spleen
are sollen and the blood appears lnked. A _tenderness of the
nerves appears at the beginning of the intoxication and from 1 to 4
weeks after the exposure polyneuritis may develop. Anemia appenrs
enrly in severe cases, the red cell count frequently fnlling below 2
million. In fatal cases death may be due to anemia, uremia, or to
poisoning of metnbolic catalysts; all three factors are no doubt
interrela ted.

d. Di.agnosis.-The diagnosis is mnde from the history of exposure,
anemia, hemoglobinemia, and hemoglobinuria. Differential diag­
nosis from paroxysmal hemoglobinuria or blnckwater fever may be
necessnry in isolated cases.

e. Treatment.(1) Treatment is directed mninly ngainst the ane­
mia and the toxic action on the kidney. If the red cell count falls
below 4,000,000 or the hemoglobin below 60 percent, 500 cubic centi­
meters of blood should be given by trnnsfusion; since hemolysis may
continua for several days, repeated transfusions are necessary. The
loss of red cells is not accompanied by loss of plasma ns in hem­
orrhage.
(2) Diuretic fluids should be given freely by mouth up to 4,000

cubic centimeters in 24 hours, or by rectum if fluids are not retained
by mouth. Mercurial diuretics are contra-indicated.

(3) Divided doses of sodium bicarbonate up to 20 grams daily or,
preferably, sodium citrate or acetate up to 50 grams daily aid
diuresis. Administration should be started early and continued as
long as excretion of hemoglobin lnsts.

(4) Glucose is indicated for liver involvement with or without
insulin, and intrnvenously if necessary. '

(5) Iron and liver extract are indicnted for anemia during con­
valescence.
(6) Resumption of physical activity should be gradual. The

diet should be hght as long as evidence of liver or kidney damage
persists.
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ncuity, to the development of br_ight pink pntches on the skin, mnrked
wenkness and coma with subnormal temperature, low tension pulse,
nnd death.

e. Diagnosis.-The diagnosis is ronde from the cherry red color of
the venous blood and bright red patches on the skin.
f. Protection.The service cnnister <loes not protect ngainst carbon

monoxide, a special canister being required. Adequate ventilation
shoulcl be provided for nll inclosecl spnces where cnrbon monoxide mny
be produced. The safety of the air in n spnce mny be testecl by intro­
<lucing a cage containing a small animal such as a mouse, rat, or much
better, a cannry. The air ill be snfe for man to breathe for at least
ns long as these animals remain unaffected.
g. 'Treatment.Remove to pure air, give pure oxygen or oxygen­

cnrbon dioxide mixture, and artificial respirntion if necessary. Rest,
blankets, and warm drinks are nlso indicnted. Blood trnnsfusions are
valuable in desperate cases.

h. Prognosis.The longer the period of coma the less the chances of
recovery. Most.of the cases recover with- early trentment. Tachy­
cardia and dyspnoea may continue for months along with central
nervous disturbances ranging from simple neuritis to mental deteriora­
tion.
32. Nitric (nitrous) fumes.-a. Physical properties.-Nitric

fumes or vnpors consist chiefly of mixtures of the oxides of nitrogen.
They are orange yellow to reddish brown in color, soluble in water,
nnd react with water and oxygen to form nitrous and nitric acids.
b. Occurrence in military operations.These gases are produced

wherever nitro explosives are used nnd incompletely detonnted or sub­
jected to slow combustion. This may occur in gun pits, armored cars,
tnnks, ship mngazines, and in mining and tunneling operntions.

c. Patlwlogy.-Irritation of the lungs is pro<luce<l, followed by the
d_evelopment of pulmonary edema. (Some local ulceration of the lungs
muy be caused by nitric acid, formed where the fumes come in contact
with moist ureas iri these organs.) In general, the pathological fnd­
ings are similar to those produced by phosgene.
d. Syniptoms.-There may be a slight conjunctivitis, rhinitis, and

pharyngitis, followed by a latent period of 4 to 8 hours with few other
symptoms. The slight sensory irritntion nnd long latent period are
responsible for exposecl individuals failing to renlize the serious danger
following inhalation of these fumes. Yellowish discoloration of the
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mnonoxide may also be formed in collective shelters :from incompleta
combustion in heating devices such as charcoal braziers. Ammonia
may be libernted accidentnlly in refrigeration plnnts or as the result
of enemy bombing.
b. Protection against incidental gases.The service mask and col­

lective protection devices furnish protection against nitric fumes, but
not against carbon monoxide or ammonia, for which special canisters
are necessary.
c. Oxygcn defidency.-Ordinnry air normnlly contains about 21

percent oxygen. However, the proportion of oxygen mny be reduced
to a dangerous degree in closed or poorly ventilated spaces such as
shelters, compartments, or underground tunnels, by human consump­
tion, combustion by fire, or dilution ith other gases such as carbon
dioxide, methane, etc. The reduction in the partial pressure of oxygen
in rarefied air at high altitudes, while mainly of concern to aviation,
may also be a factor deserving consideration in land operations at high
altitudes. When the oxygen content of air falls belov 17.5 percent a
lighted cnndle will be extinguished, nnd this is a good test · for the
snfety of the air as far as the oxygen content is concerned, since human
symptoms of oxygen deficicncy nre not noticenble until an even lower
oxygen leve} has been renched. It is obvious that the service gas mask
is of no vnlue in oxygen deficiency, nnd that in this condition either an
oxygen brenthing appratus ora mask ith a hose reaching the outside
nr 1s necessary.
31. Carbon monoxide.a .Pysical properties.Carbon monox­

ide is a colorless, odorless gas, lighter than air. into which it diffuses
rnpidly. '
b. Occurrence in military operations.-Carbon monoxide is formed

by gun blnsts, bursting_ shells, nnd interna} combustion engine exhausts.
Dangerous concentrations are apt to occur in confined spaces such as
poorly ventilated gun turrets or emplacements, in mining operations,
or m recently formed shell boles. ·

c. Pathology.Asphyxiation is produced by the union of carbon
monoxide with hemoglobin, for which it has an affinity 300 times
grcnter than oxygen, thus replacing the latter. (Ca ·b id. . ., . ar on monox1 e
can in turn be displaced from the compoundby a suficient concentra­
tion of oxygen.) As a result of oxygen deficiency, nervous system
changes occur. Post mortem examinations reveal little beyond the
characteristic cherry red color of the blood and ld h ·h ·
changes in the brain. mu 1emorrhagic

d. Symptoms.The symptoms progress from headache throbbing
of the temples, vertigo, yawning, dyspnoea, dullness, and lack of visual
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SEcTToN X

SPECIAL CASES

Paragraph
General--------------------------------------------------------- S4
Protectlon for hend .lnjury cnsunltles_____________________________________ 35
Vesknnt contnmlnntecl wo11111ls__________________________________________ 36
Employment of anesthesla for chemlcnl cnsunltles_________________________ 87

34. General.-In the care of chemical casualties, conditions may
arise which indicate the use of specinl supplies, equipment, or methods
of treatment. These will not alays be a.vnilable nnd medica} officers
must exercise their ingenuity. Examples include cases where wounds
of the head and face preclude the wearing of the service mnsk, casual­
ties where wounds are contaminated with vesicants, and the use of
general nnesthesia. for gas cnsualties. .

35. Protection for head irijury casualties.-A specml head
ound mask has been developed for pntients in gas contaminuted arcas
when head injuries or dressings prevent the use of the service mask.
This mask is in the form of a hood sufficiently lnrge to cover the entire
head and neck and nllow room for any type of head dressing. Since
there is more dead spnce in the specinl hend mnsk than in the service
musk, this space must be eliminated by the use of tape. The purified
nir supply is furnished through a tube nnd canister similar to that of
the service mask. The edges of mask must be taped securely to the
body · to prevent leaking. .

36. Vesicant contaminated wounds.-a. Operntmg personnel
should consicler the possibility that chemical contamination may exist
in penetrating or extensive wounds, such ns those of the abdomen.
If there is an odor of the vesicnnt about the wound, members of the
tenm should use approprinte mensures to protect themselves from the
vesicant, especially if the operating room is smal, confined, or poorly
ventilnted. Instruments should be clecontnmmnted by boiling in sev­
eral changes of sodium carbonate solution, or by the use of CWS non­
corrosive decontamination agent, chloramine-T, dichloramine-T,
Dakin's solution, or calcium hypochlorite solution. Instruments and
rloves should be changed after the contaminated tissue has been
debrided. Since vesicants may penetrate the surgical rubber glove
in a few minutes it is suggested that the hnnds be covered with pro­
tective ointment before the gloves are put on. Special protective

mucons membrnnes occurs only if the gaseous concentration is high.
The picture of lung irritation and edema, similar to that following
phosgcnc, is the lnst to develop. . .

c. Diagnosis.-The diagnosis is mude from the the history of ex­
posure, pungent odor, yellowish discolorntion of the exposed mucous
membranes, irritation of nose, throat, and lungs, nnd later pulmonary
edema.
f. Teatment.Same as for phosgene.
g. Prognosis.-Casualties usually die within 24 to 48 hours from pul­

monnry edema. Broncho-pneumonia is a serious complication. Con­
vnlescence is prolonged, especinlly when complicated with simul­
taneous exposure to cnrbon monoxide.
33. Ammonia.a.Pysical properties.Ammonia is a colorless

gas, lighter than air, with a pungent, cha.racteristic odor, and is ex­
ceedingly soluble in water.
b. Occurwcnce in military operations.This gas has not been used

in warfnre but mu.y be encountered in industrial accidents and
bombiilgs. ·
c. Patlwlogy.-Exposure to high concentrations of nmmonin pro­

duces prompt and violent il'ritnt.ion of the eyes and respirntory tract.
There may be edema of the glottis nnd a yellowish, purulent, pseudo­
membranous lnryngitis.
d. Symptoms.The symptoms following inhnlation of high concen­

trntions consist of a violent burning pu.in of the eyes nnd nose riccom~
pnnied by lacrimation and sneezing, pain in the chest severe coughing

. ' 'spnsm of the glottis, and signs of a terminal lung infection. Often
there is temporary reflex stoppage of respiration, and asphyxia may
result from the spasm and edema of the glottis or from swelling of the
mucous membrane of the larynx and trachea. Concentrations of 0.1
percent are insupportnble for man. Rubefaction and sometimes
vesication of the skin may follow direct contact with liquid nmmonia
or ammonium hydroxide. .

e. T1·eatment.-First-aid trentment consists of prompt removal to
pure air, nnd artificial respiration if necessary. Inhalation of the
fumes ofeak acetic acid or vinegur mny be of sorne benefit. Later
mensures are directed toward the prevention or treatment of bronchitis
nnd pneumonin. .
f. Prognosis.The mortality is high following the inhalation of

high concentrations; ith lower concentrations recovery is usually
rapid, although bronchitismay persist.
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gloves re heavy and awkard for operating work but may be worn if
the circumstances warrant.
• I the vesicunt hns penetrnted deeply, the wound must first be

irrigated repeatedly with 0.5 percent sodium hypochlorite (Dakin's
solution), followed by debridement. Subcutnneous nnd muscle tissues
contaminated by arsenicals must be extensively debrided to prevent
or minimize arsenical intoxication. Where wounds of the abdominal
cavity are contnminnted by arsenicnls, systemic poisoning will follow,
and general therapy in the form of administration of intrnvenous
fluids, especially glucose solutions, must be started at once. The
surgeon should nvoid touching contaminated areas ith his gloves,
using instruments instead. Special precautions must be taken for
disposal of the discurded contaminated tissues. Nonvesicat casual­
ties should not be touched until the surgeon and assistants have
decontaminnted thcmselves.

37. Employment of anesthesia for chemical casualties.
a. When anesthesia is necessnry for wounded cnsunlties who have
been exposed to lung irritnnt gases, local infiltrntion or nerve block
are the methods preferred, but the intravenous or spinnl routes may
be employed. When these methods nre not available nor desirable
inhalation anesthesia may be necessary. . '
• During the acute phase of pulmonary irritntion, surgicnl inter­

ference must be confined to life-snving measures, and if anesthesia is
necessary it should be as brief ns possible. When inhalation anesthesia
must be used, ether should be nvoided in favor of less irritant anes­
thetics. Spinl anesthesia may predispose to cardiovasculnr collapse
which often follows exposure to pulmonary irritants. '
c. If pulmonnry edema has developed, the trentment of this condi­

tion ill be more important than surgical treatment of any accom­
panyig injuries, and general anesthesia is absolutely contra-indicated.
If the patient survives the edema, surgicnl interference should be de­
ferred for at least 48 hours.

d. When it is impossible to furnish collective protection for surgical
operating installations, patients and operating personnel must b
protected by masking during a chemical attack. While the surgeon
and his assistants can operate when masked, it is not possible similarly
to protect a patient requiring inhalation anesthesia. When opera­
tions are necessary despite the presence in the air of chemical agents,
and inhalation anesthesia is mundatory, a closed system should be
used to furnish both oxygen and the anesthetic.

· Pargraph
·Genernl ------------------------------------------------------------ 38Lung i1'l'!t nnts ------------------------ __ 39

Veslcnnts ----------------------------------------------------------- __ · 40
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Incidentnl gnses-----~-------------------------------------------------- 45

38. General.-a. The prevention of gas cnsualties in Army ani­
mals is important in order to eliminute lost working clays for both
the animals and the attending personnel. Horse gas masks, pro­
tective leggigs, and individual covers offer horses ( and · mules) the
best individual protection. The horse gns masks M4 and M5 provide
piotection comparable to that afforded by the service mask. While
using the mask, a horse is safe from injury by nonpersistent agents
and may stand considerable exposure to vesicant vapors ithout
developing incapacitating injury. Due to bis mobility, the horse
can often avoid contaminated terrain but, if forced through an
urea within a very short time after contamination with liquid vesi­
cnnts, his legs should be protected by impermenble leggings or inca­
pacitating burns of the lower legs may result. When only vapors of
vesicants are encountered, horses mny receive extensive exposures
ithout developing incapacitating injuries, especially when pro­
tected with the gas mnsk. Individual covers may be required to
protect from nirplnne spray. Strategic proteetion of animals and
veterinary instnllations is best afforded by the avoidance of loca­
tions likely to be gassed, pnrticularly importnnt lines of communi­
cation, supply and transportation areas, and strategic positions close
to the front lines. A.nimnls should be prevented from drinking
from .water holes, trenches, or shell craters and from pasturing in
reas hich have recently been contaminnted until the forage nnd
water in such locnlities is determined to be suitable for animal
consumption. Water in deep wells or large running streams and
lakes, where the factor of dilution is great, can usually be con­
sidered to be nontoxic.
• In general, the preceding chapters concerning human cnsual­

ties resulting from exposure to chemical warfare agents are appli­
cable to nnimals. Only those agents of most concern to horses (and
mules) wi11 be stressed. Animals, pnrticulnrly horses, do not differ
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blood is concentrated (thick) and the hemoglobin content high, a lesser
amount should be tnken. Venesection reduces the intrnvnsculnr pres­
sure, relieves the heart, and accelerates reabsorption of plasma from
the alveoli.
(cY Usclcss proccdm·cs.-The infusion of normal snline, nnd injcc­

tions of atropine and especially adrenalin are useless or harmful.
Contra-indication of morphine for restless animnls is based upon ex­
perience of the frst World War.

(5) Prognosis.-If the animal sur'vives 4 days, recovery may be ex­
pected, unless broncho-pneumonia supervenes. Convalescence should
not be hurried and the animal should be slowly brought back to work.

c. Chlorpicrin.-(1) Pathology.--Chlorpicrin irritates not only the
alveoli but also the upper bronchi and trachea. Pulmonary edema mny
appear. Because of the involvcment of the upper bronchi, plugging
and consequent pulmonary emphysema may develop. Nephritis may
ulso be produccd.

(2) Symptoms.-The clinical picture is similar to that of phosgene.
(3) Diagnosis.Diagnosis is made from the history of exposure and

from any symptoms in man (exposed with the nnimals) referable to
irritation of eyes, nose, and lungs, hich is somctimes associnted with
nausea and vomiting.

(4) Pevention, protection, and immediate treatment.These are
thc same as for phosgene.

d. l'ltlod11c.-Parugruph 7 pertaining to chlorine casualties with
man is ulso applicablc to animals.
40. Vesicants.-a. General.-(!) The terms "blister" nnd "vesi­

cant" agents are misnomcrs in the case of animals. Vesication of the
skin does not ordinarily occur. While the vesicants will irritate any
purt of the bocly with which thcy come in coutact, they nlso function
as lung irritants. In general, there are two forms of vesicant ngcnts:

' those which cause local surface irritation and those which cause local
surfuce irritation plus internal poisoning. These latter compounds
usuaJly contain arsenic. More than nny other type of agent, the vesi­
cants, especially the arsenicals, will contaminate forage, water, and
gruin, and render other supplies dangerous to hnndle until they have
been clecontaminuted.
(2) Before treating vesicant agent casualties, veterinary personnel

must apply to themselves those mensures of individual and coJlective
protcction which are necessary to prevent thcmsclves from becoming
casualties from contact with the cont:uninated animnls or matériel.
b. Mustard.-(1) Ijury cused by mustawd.-(a) Incapacitating

injury to animuls wil_l be produced from contamination with liquid
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materially from men in susceptibility to most chemical agents.
However, the horse and mule show a relative immunity to irritant
smoles and lacrimators under ordinary feld conditions. When path­
ology and general symptoms previously given for human casualties
are similar in animnls, they will not be repeated in this section.
39. Lung irritants.a. General.A similar over-nll picture is

presentecl by animal cusualties on exposure to lung irritunts as is

seen with man.
b. Phosgene. (1) Pathology.Same as that reported for. man

(par. 5).
(2) Symptoms.-There mny be no respirntory symptoms until

pulmonary edema develops suddenly. The lutent period mny lnst
for ns long ns 12 to 24 hours, and physical examination of the chest
at this stnge muy be negative. Exertion during this period will
bring on nd aggravate the conclition; ubsolute rest is therefore
essentiul. Usually symptoms develop grndunlly, the nnimnl becom­
ing u11comfortnble, coughing frequently with the production of n
bloody, frothy nasal exuclate. The pulse is nt first full but becomes
rapid, thin, and lnter clifficult to detect. Dyspnoen increases as pul­
monary edemn develops. Respirntions become hurried and labored.
Little change occurs in the conjunctivn, but the nasal mucosa is at
frst injected, and as dyspnoea develops it tnkes on a pale. bluish
gray tinge. The change from the blue to the gray stage seen in
humnns is not eusily clistinguished in animnls.

(3) Di.agnosi_s.-Dingnosis is mude from the history of exposure
and onset of symptoms sorne hours nfter exposure.

(4) Immediate treatment.This consists of the following mens­
ures:

(a) Rest.-Exercise or the lightest work will aggravate the condi­
tion, especially after pulmonary edema develops. Treatment should
be carried out locnlly to avoid fatigue of evncuation. If evacuation
cnnnot be nvoided, horse ambulance or motor conveyance should be
used to evacuate affected animals, if available.
(b) Heat.-Ieat in the form of warmth or blankets should be sup­

plied so as to diminish oxygen requirements.
(c) Stimulants.Cffeine sodium benzoate might be given during

the critical stage. Oxygen therapy for animals is not practicable under ·
feld conditions.
(d) Venesection.Iarly and drastic blood letting should be prac­

ticed, 6 to 8 pmts being taken once in 24 hours. It should be carried
out ns soon ns the first signs or symptoms of exposure to ph
Pp Bl a· . osgene

u ear. ee mg IS contra-indicnted in the lnter stages. When the
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mustard, by spray from ircraft, by splnshing from bomb and shell
bursts, or by traversing recently contaminated ground. Vapors of
mustard produce less injury to animals than to man. Liquid mus­
tard contamination of the horse's skin is followcd in 10 to 20 minutes
by a Iocnl erection of the hnir cont. This is followed by edema,
serous exudation, and in some cases necrosis and ulceration. The
latter is more likely in reas partially or holly devoid of hair.
A full coat of huir causes lateral spread of the agents and results
in a shallower lesion with a shorter healing time. When horses
traverse ground upon which glistening areas of liquid mustard
can be seen upon the foliage, the exposure results in an edematous
flling around the pastern and fetlock regions, leading to intense
lameness. The fine skin at the hollow of the heel is particularly
susceptible and sepsis may be expected. However, the danger period
for horses to cross contaminated terrain is less than that for man
(see par. 9a and app. V). The horny hoof including the frog is
sufficiently resistant to be relatively unaffected.
() The eye of the horse is less susceptible to mustard vapor than

thnt of man, but the smallest drop of liquid in the eye causes serious
injury with acute conjunctivitis, keratitis, and temporary blind­
ness. There mny be a mucopurulent discharge. Necrosis of the
cornea may result in its rupture.

(e) The respirntory trnct may be less susceptible to vapor injuries
but extensive exposures of horses to mustard vapors will lead to
the sme type of injury as is seen in man.

(d) Consumption of contaminated water or forage will cause
ulcerntion of the lips and mouth and gastroenteritis, accompanied
by colic, diarrhen, and bloodstained stools.

(2) Pophylais aften contact.(a) Because the hair coat holds up
penetration, prophylactic mensures are effective longer after expos­
ure than with man. Immediate prophylaxis is highly successful,
but will seldom be possible. Healing time is shortened in propor­
tion to the speed with which decontamination is employed but bene­
fit my be expected up to an hour or more.

(b) Serubbing affected ureas with soap and water will remove
uncombined agent. Scrubbing of contaminated skin areas with a
5 percent solution of potassium permanganate is an effective field
method to neutrnlize musturd. Bleach paste (1 part calcium hypo­
chlorite to 3 parts water) is also effective, but very irritnting to the
horse's skin; it should be washed off within 5 minutes. Protective
ointment M4 may be rubbed into the hair coat for decontaminat­
ing small areas in emergency, but it is highly irritating and must
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be removed shortly after application or a severe dermatitis will
develop. The use of solvcnts (gnsoline, kerosene, alcohol, etc.) is
not a very satisfactory feld procedure to remove mustard, since
it merely dilutes the agent and causes it to spread in the hair coat.
Eyes affected by liquid mustard should be frcely irrigated within 5
minutes with a 2 percent solution of soclium bicarbonate, normal
saline or water, irrigation to be continued for 10 minutes if possible.
If equipment for such irrigation is not available, the water :from
the trooper's canteen muy be used.

(3) Treatment.-Decontamination should always precede treat­
ment. The aim of nftertrentment is to prevent secondary infec­
tion. Treatment is generally not necessry for slight injury to
skin that is not subject to friction of harness or saddlery. Treat­
rnent is like that forheat burns of like extent. No specifc treat­
ment is yet availnble for mustard brns. Cod liver oil, tannic ncid,
or gentian violet may be tried. Amyl salicylate must not be used
as it produces blistering and vesication of the horse's skin. Pain
may. be allayed by local anesthetics. Bathing with boric acid sol­
tion may help cleanse and soothe the eyes. Installntion of 1 percent

· atropine sulfate clnily may be uséd. Treatment should be directed
against secondary infection. Treatment of respirntory nnd alimen­
tary lesions should follow general symptomatic practices. Fresh
air, warmth, and nursing are essential.

c. Lewisite.(1) Ijry caused by levisite.-Leisite has a more
rapid and severe action on the horse's skin than mustard. Burns
resemble those cnused by rnustard except that they are immediately
irritant and lead to considerable restlessness. There may be signs
of systemic effects and toxic changes in the víscera. Inhalation
produces ulceration of the upper respiratory tract and secondary
broncho-pneumonia may follow.

(2) Pophylaais and aftertreatment.-Prophylactic measures for
the destruction or removal of this agent must be initinted at the
first opportunity. . Scrubbing the contaminnted skin with a 5-percent
solution of potassium permanganute or a3- to 10-percent solution
of hydrogen peroxide will reduce the amount of injury and will lessen
the danger of arsenical poisoning, even if decontnmination is some­
what delayed. Bleach as inclicatecl for mustnrcl is nlso beneficia!.
Scrubbing with soap and water serves to remove uncombined agent.
Treatment of the eye is similar to that for man (par. 10). After­
trcatment is symptomntic and like that for mustnrd injury. :Mix­
tures of this agent with mustard should be treated as for lewisite.
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b. Hydrocyanic cid.Hydrocyanic acid produces asphyxia by hin­
dering the oxidative processes of the tissues, and depresscs nnd para­
lyzes the central nervous system, beginning with the medulla. If it
does not kill rnpidly, it probubly will not produce treatuble casualties.
Animal therapeutic mesures in war therefore do not seem practicable.

c. Arsine.Arsine produces no irritation of the skin but upon in­
halation and absorption the red blood cells are hemolyzed. The kid­
neys muy be seriously aflected and anuria and uremia muy result.
Hepatitis is u common complication. A few hours after exposure to
high concentrntions patchy sweating, increased respiration, nnuresis,
and an increased temperature may be noted, followed by anemia.
Severe hemoglobinuri may appear early. Treatment consists of
diuresis, accomplished by allowing the animal free access to water and
giving large doses of sodium bicarbonate. Anemia mny be trented
by usual methods. The horse gas mask gives adequate protection.

45. Incidental gases.-Exposures of horses to incidental gases
such as carbon monoxide, nitric fumes, and ammonia are not expected
in the field. For reference as to the nction of these agents see sec­
tion IX.

a. Ethjldichlorarsine.Injury to the skin is less mrked than
with leisite or mustard. Differential diagnosis may be made by
observing symptoms shown by a man accompanying the horses.
These consist of sneezing, lacrimation, nausea, and emesis. Such
symptoms may not be shown by horses. Treatment is similar to
that for lewisite.

41. Lacrimators and irritant smokes.These agents are in­
tolerable in very low concentrations to man but under ordinary feld
conditions they have little effect upon horses and mules. Serious
irritunt effects may result when the liquid lacrimutor sprny gets into
the eyes of nnimals. Immedinte irrigation of the eyes with sodium
bicurbonate will limit the irritant effects. ·

42. Screening smokes.a . IV'hite phosphorus.(1) Effects.
Burning particles of hite phosphorus produce deep heat burns on
contact with the skin. The smoke is nontoxic.

(2) T'reatment.-Smother the burn immediately with water, mud,
or other ir-impervious materials. Ieep the burn under water until
2 to 10 percent copper sulfate solution can be applied, which excludes
air by forming a protective coating on the particles. The particles
can then be removed with forceps or hemostats. Further treatment is
that for ordinary heat brns.

b. Sulfuw trioide-chlorsulfonic acid solution (FS).This agent
is a fuming, highly corrosive liquid which upon c01itact with moisture
forms hydrochloric and sulfuric acids. It is not believed this smoke
in field concentrntions will significantly affect the horse's skin. Eye
burns may follow exposure to irritating concentrntions. A 2percent
sodium bicarbonute solution may be used for eye irrigations.
c. Titanium tetrachloride (F).Th is agent is a liquid which

hydrolyzes rapidly in contact with the moisture of air to form titnnium
hydroxide and hydrochloric cid. The liquid may produce acicllike
burns on the skin and in the eyes but it is notas irritnnt as FS. Treat-·
ment is the same as for FS.

d. HG miature.This is a solid mixture of severa! agents. The
smoke is composed essentially of zinc chloride and free carbon. Under
field conditions it is not irritating to animals. No treatment is needed.

43. Incendiary agents.-Treatment of burns from incendiary
agents is that used for any heat burn.

44. Systemic poisons.a . General.These are agents which
produce their effects after absorption into the blood stream. The
most importnnt are hydrocynnic acid nnd arsine. Protection requires
an efficient type of horse gas mnsk.
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Butyn sulfate ._ _

Benzyl nlcohoL-------------------------------------Mentho} _
Oil of In.vender _
Alcohol _

Gram& or cublc centimeter&
Benzyl alcohol______________________________________ 50. O
Stearic aci<l 30.0
Glycerin 10.0

Alcohol ' ----------------------------------- 8. O
Pontocain____________________________________________ l. O
Menthol ---------------------- l. O

a. Dissolve thepontocain and mcnthol in the alcohol and benzyl alco­
hol and add the glycerin. Place the stearic acid in a casserole and
liquefy by the gentle application of heat. Add the warmed liquid
mixture slowly to the melted stearic acid, stirring continuously with a.

,

rod or pcstle until gradual cooling rcsults in solidification of the mix­
ture. Keep in airtight oinl mcnt jars or collnpsible tubes.

b. Apply generously with rubbing to itching or painful areas of the
skin.

4. Cod liver oil ointment.
Grams or cubic centimeters

Co<l livcr oiL_______________________________________ 50. O
Pctl'Olatmn -------------- _ 50. O

a. Sterilize the petrolatum in an úutoclavc, cqol, nnd mix thoroughly
with cod liver oil. Sodium bicarbonute shoukl be added to render the
ointment alkaline (approximately 1 gram needed). If dcsired, small
amounts of turpentine or tincture of myrrh may be incorpornted to
mask the odor of cod liver oil.
• 'To be used especially with burns where the henling is sluggish.
5. Compound tannic acid powder.

Grams or cubic centimcters
Potassium chloride_____________ _ _ 0.42
Clcium chloride_.-------------------------------- .84
Snlicylic ucicL -----'--------------------- 1.0
Sodium chloride:.. _- _:__ :,_________ 10.5
Tannic acid---~-------------- 100.0

a. Grind mnterials to a powder and mix thoroughly in a mortar.
Plnce in bottle and shake to complete mixing.
b. To make compound tannic acid solution, dissolve all of this

powdcr in 1,000 cubic centimeters of distilled water; for smaller
amounts dissolve 1 teaspoonful (3 grnms} in 1 ounce (30 cubic centi­
mcters) of distilled water. On standing, the solution will be rendered
sterile and stable by the salicylic acid and éan be kept in this form.
c. Thc tannic solution may be applicd by sponging or spraying,

followed nfter 15 minutes by 10 percént silver nitrate solution used
in the sume manner, this sequence being repeated as often as neces­
snry until a frm eschar is formed.

6. Dichloramine-T in triacetin.
Grams or cubic centimeters

Dichlornminc-T .,___ 20.0.
Triacctin____________________________________________ SO.O

After the mustnrd has been grossly removed from the skin, the
arcas are dubbed gcntly and repeatedly with sponges dampened
with the solution.

7. Eye solution M-1.
a. Eye solut.ion M-1 to meet specifications of the Medicul Depart­

ment, U. S. Army.
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Grams or cubic centimeters
0.5

12.0
.2
.2
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5.0
Stenric acid 12.0

a. Dissolve the butyn sulfate and menthol in the alcohol and ndd the
benzyl alcohol and oil of lnvender. Place the stearic acid in a porce­
lain or glass casserole and liquefy by the gentle application of heat.
Add theliquid mixture slowly to the melted stearic acid, stirring con­
tinuously with a rod or pestle until gradual cooling results in solidifi­
cation of the mixture. Keep in airtight ointment jars or collapsible
tubes.
• Apply generously with rubbing to itching or painful areas of the

skin.
3. Antipruritic ointment No. 88.

FORMULARY

Alkali solution (for prophylaxis against lewisite).
l. Gras or cubic centimetere

S d. hvd, id ------------- 10. Oorum :y rox1 e _

Gl . ----------- 30.0ycer1n~-~--------------- ----=~---------- 100.0
Water, distilled, q. s. ad-----------------­

. a. 'The contaminated skin areas should be sabbed alternately and
t dl "tl odi"um hydroxide solution and w1th nlcohol.repeateIytu s id + t

b. lhis solution is to be used only if hydrogen peroaide is no
available.

2. Antipruritic ointment No. 71.

TM 8-285
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a. Dissolve sodium slamyd in clean water. Sterile water is not
required, since the solution is nutosterilizing in solutions stronger
than 1 percent.
• To prevent infection, instill 2 drops in eye every 2 hours for 48

hours, and thereafter 2 drops four times daily until ncute symptoms
subside.

c. To trenat infected eyes, double or triple strength solution (2 to
8 gramsper 30 cnbic centimeters) may be used, and the frequency of
applications incresed, as indicnted.

13. Sodium sulfte solution, alcoholie (for skin).

sodio son«e eratos)-----""""e ";
Water, distilled ------------------------------------ 50. O
Alcohol, q. s. ad ------------------------------------ 100. o

'I nlydrous sodium sulfte is used, the amount required is 2 grams.
a. Dissolve the sodium sulfite in the water and add the alcohol.
b. To be used as a skin ash against chlorpicrin and the lacrima.tors

(high concentrntions or splashes). . .
14. Sodium sulfite solution (for eyes).

Grame or cbic centimeters
Sodium sulfite --------------------------------------- O. 4Water, distillecL 25. O
Glycerin 75.0

a. Dissolve the sodimrt sulfite in the water and add the glycerini.
• To be used ns eyedrops for relief of symptoms from lacrimn­

tors.
15. Sulfadiazine ointment, 5 percent-Medical Department

item No. 14619 or No. 14620.-a. Apply ointment to broken blisters
or denuded skin ureas following coritaminntion with vesicants, or
thermal burns. Then cover area with sterile dressing.

b. Used to prevent infection of denude<l skin ureas.

16. Triple dye.
Brilliant green 1 : 400
Gentian violet 1 : 400
Aeriflavine, neutral___---------------------------.l:1000

a. A mixture is mude of equnl parts of the dyes.
b. 'This solution is applied to the burned nreu to forro a protective

eschar.

I •

Grams or cubic centimeter8
25.00
0.25

75.00

MEDICAL CORPS

aras.
10. Protective ointment-CWS, Medica! Department item

No. 91187.-For protective nnd prophylnctic nction on the skin
aguinst vesicants. ·
a. As preventive, apply liberally to unprotected pnrts of the

body before moving into an area contaminated ith gases or when
attack with vesicant gas seems imminent. Remove from skin when
tncticul situntion permits.

b. For prophylnxis, apply a. small amount on a piece of packing
tissue from protective ointment carton, a piece of gauze, cotton
waste, hndkerchief, piece of shirt, or similar material and rub
vigornusly on the affected area for 10 to 20 seconds. The ointment
is then wiped off. This procedure of applying, rubbing, and remov­
ing the ointment is repeated three or four times.
c. Protective ointment should not be used nfter erythema. appears

ns it will increase irritation. ·
11. Sodium bicarbonate solution, 2 percent.-a. This can be

approximated by dissolving 1 teaspoonful of sodium bicarbonate in
1 gluss of water. ·
• This solution is used ns a ash for the eyes, buccnl, and naso­

pharyngeal cavities following contamination by vesicant gases, nnd
as a skin wash following acid and irritant smokes.

12. Sodium sulamyd solution.
Grams or cubic centimetera

Sodium sulamyd_____________________________________ l. O
Water----------------------------------------------- 30. O

Neosynephrin HCl, 1 percenL-----------------------Pontocain _: _
Boric acid, saturated solution _

a. To be used ns drops in the eye and nose to relieve pain nnd
congestion.

b. One or two drops in eyes as needed. Two drops in each nostril.
Repeat if necessary.

9. Pontocain compound ointment-Medical Department
item No. 1K61100.-Apply gently by rubbing on itching or puinful

b. For eye contnminnted with lewisite or other nrsenicnl vesicante,
instill 2 to 4 drops as soon ns possible; do not repcat.

8. Eye and nose drops-Medical Department 1tem No.
91090.

TM 8--285
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contnminated by vapors, droplets, or dusts, especinlly of the vesicants
or nrsenicals. Exposed foo<ls on which chemical ngents can be seen
with the unaided eye should be considered spoiled and their purifica­
tion impracticable.

b. Lung irritants.This group of agents offers relatively little
dnnger to food products. With the exception of chlorpicl'Ín, these
decompose rapidly upon contact with the water in food proclucts,
to forro comparatively hnrmless hydrolytic compounds which may
alter the flavor. Therefore, decontamination may be accomplishecl
by complete aeration, supplemented where possible by subsequent
washing. Chlorpicrin, however, is insoluble in water but soluble
in fat and most organic solvents. It is therefore difficult to remove
by washing. Removal from foods of low water and fat content may
be accomplished by energetic ventilation with warm air currents.
Reclamation of supplies which are of high water or fat content,
which have been heavily contaminated ith chlorpicrin, will be im­
practicable under field conditions.

c. Lacrimators and irritant smokes.(1) It is difficult to see how
large stocks of supplies, when protected by coverings or packnging,
euld be appreciably or consistently contaminated ith a suffcient
amount of the Iacrimutors or irritant smokes to cause the destruction
of such supplies. However, this could be accomplished by a shell
exploding within a storehouse or in a stock pile. These agents are
not easily decomposed by hydrolysis and it would be difficult to
reclaim foods heavily contaminated by them. . .

(2) Decontamination of dry provisions contaminated by lacri­
mators could be accomplished by heat in a maner similar to the
removal of chlorpicrin.

(3) Foods Jieavily contaminated with irritant smokes should be
discarded.
d. Vesicants.-(1) When contaminated with liquid- mustard, foods

of hich water or fnt content are unfit for human consumption and
measures of reclaiming them can be considered impracticable. When
foods have been exposed to mustard vapor, they can be reclaimed
by the following procedures: washing with soda solutions and rinsing
with clear water intensive cookmg, or in the case of dry provisions
by extensive aeration at temperatures of 50° to 60° C. .

(2) Lewisite and ethyldichlorarsine readily hydrolyze to poison­
ous arsenical oxides. It is not practicable under feld conditions to
try to render foods safc for use following their exposure to heavy
vapor concentrations or liquid drops of these ngents.

CHEMICAL AGENT CONTAMINATION OF FOOD, FORAGE,
AND GRAIN

l. General.-a. Contnminntion of foodstuffs by chemical warfare
agents may occur from contact with vapor, sprays or splashes of
liquid, or solid chemicals, foJlowing dispersion of the ngents by land
mines, chemicnl cylinder clouds, mortar nnd nrtillery shells, airplane
spray, or possibly by direct mnnunl applicution by a retreating force.
Unprotected food, forage, and grain supplies may be contaminnted
to such nn extent thnt their consumption will produce gastrointestinal
irritationor systemic poisoning. The vesicnnts and nrsenicnls are the
most dangerous. The bulky foods and the grazing habits of animals
present special problems.

b. "'\Vhile field decontaminntion mny be difficult, large stores of foocls
nrnst not be hnst.ily condemned until available menns for decontnmi­
nation have been considered. Scarcity of supplies my at times make
reclamntion mnndntory. Prompt segregation of the most heavily con­
taminated portions may prevent or minimize contamination of the
bulk of the supplies. With proper packnging and storage precautions
gross contuminntions of food stores should be largely avoicled.

2. Nature of chemical contamination.-The vesicants and
chlorpicrin are readily soluble in fats. They will be absorbed by
foo<ls of high fnt content, and becnuse of wide diffusion throughout
the mnterinl, it mny be impossible to remove them. Coagulation of
protein by agents which are acidic or form acids in foods of hiah
protein content may limit difi'usion of the agent into the interi~r.
Hydrolysis of ncid-forming gases in foods of high water content will
allow diffusion of decomposition products throughout the mass, and
grently impnir the tnste. Foods of low water and fat content will
be relatively less receptive to contamination by chemical agents and
less difficult to decontaminate. t>

3. Reclamation of contaminated supplies.-a. General.-The
most effective and practical mesures for purifying food, forage, and
grain when contaminated with chemical agents include washing with
water or percent sodium bicarbonate solution trimming of exposed

f d . ' bsur1aces, adequate aeration, or boiling in water. These measures may
be ineffeetive if the decomposition products are toxie, as in the case
of lewisite. In general, food, forage, or grain exposed to low vapor
concentrations of chemical agents can be reclaimed by these proce­
dures. It is impracticable to reclaim provisions that have been heavily
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e. Screening smokes.-(1) HC, FM, and WP smokes are nontoxic.
They may alter the taste of foods by acids produced on contact with
moisture, but do not otherwise dnmnge the food. FS smoke is much
more acid, but foods exposed to it are safe to use after wnshing.

(2) Liquid FM (titnnium tetrachloride) should be washed from
foods with water. Liquid FS (sulfur trioxide-chlorosulfonic acid
solution) is highly corrosive and forms strong ncids on contact with
moisture. It mny render foods which cnnnot. be readily washed
unfit for use; after trimming, washing, or cooking, if the foo_d does
not tnste too acid. it is snfe to use.

(3) Unburnecl · pnrticles of WP (white phosphorus) are very
poisonous nnd must be completely removed from foods; fnts and
oils mny dissolve poisonous amounts of the white phosphorus and
should be discnrded.
f. Other agents.-Cnrbon monoxide, nrsine: nnd hydrocyanic acid

will have little effect upon food supplies. HCN is water soluble and
where high concentrations are generated foods of high water content
mny become unfit for consumption.
g. leat fom. qassed animals.-Circumstances may make it nec­

essnry to use animals for foocl after they hnve been exposed to
chemical arfare agents. Economics may justify the early slaughter
of exposed animals before te effect of such eaposure is shown
rather than to trent them. If such nnimnls are slnughtered in an
approved manner in the preliminary stnges of a war gas poisoning
nnd the organs exposed to the gas (lungs, and local areas of skin and
sbeutaneous areas of tissue exposed to vesicants) are discarded,
there is no objection to the consumption of the carcass musculature
provided the animal otherwise passes a satisfactory met inspec­
tion. This is also true of animals poisoned by arsenical agents,
since the edible tissue ill contain amounts of arsenic too smnll
to be considered toxic. Organs such as the liver. brain, heart, kidney
d I · 11 · ' ' ' 'un ungs w1 contam relatively more arsenic than the cnrcnss

musculature, and so these organs should ordinarily be discarded.
The remaining meat should be well cooked. Sections of carcass
meat under skin areas contnminated with liquid Iewisite should be
well cooked by boiling and the water poured off .

4. Packaged and stored provisions.a . In determining the
disposition of packaged and stored supplies which have been contam­
inated, consideration must be given to the nature and forro of the
contammunt as well as to the type of foodstuff ad the security
afforded by the packaging material. Some of these factors are out­
hned as follows:
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(1) Airtight bottles and sealecl tins give complete protection
ngninst vapor ancl liquid.

(2) Wooclen barrels, well seled for the exclusion of air, give
complete protcction ngninst vapor and moderate amounts of liquid.
(3) Wooden boxes, not sealed for the exclusion of air, give little

protection against vapor or liquid.
(4) Waxed paper boxes, well sealed for the exclusion of air, give

good protection against vapor nnd fnir protection against liquid.
(5) Paper wrappings give poor protection against vapor and

very little against liquid.
(6) Foil ancl cellophnne wrappings, sealed for the exclusion of

air, give good protection against vapor and liquid.
(7) Ordinary single layer packaging textiles give practicnlly no

protection aguinst vapor and liquid.
(8) Coverings of sod and earth give good protection ngninst

vapor and liquid.
(9) Open shelters give protection ngainst liquicl sprays nnd

splashes; closed buildings, ngninst both vapor and liquid spray or
splnshes. ·
(10) Generally, double layers grently mcrense the protective effi­

ciency of packaging materinls.
• When it is necessnry to store bulk foocl supplies which are

poorly protected by pnckaging, mensures should be instituted to
make the storage space as gasproof as possible, nnd the most vulner­
able foods should be placed in the least exposed positions, keeping
in mind the fnct that the vapors of chemicnl '"arfare ngents, henvier
than air, tend to nccumulate on the ground or in low places.
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b. Water from wells, waterholes, or small ponds in territory for­
merly occupied by the enemy should not be consumed until tested by a
mobil<> section of an army luboratory and fo1111cl free from poisous. ·

c. Water which has a chlorine demand exceeding four parts per
million may often be purifed in the feld in emergency (see pars. 4
nnd 5) to render it potable enough to use for periods not ecceeding
1 week.

3. Detection of chemical warfare agents in water.a, No
single analytical test has yet been devised which will detect all chem­
icl warfare agents. Taste, odor, pH. and chlorine demand of the
water are the best available feld tests, but taste and odor clone must
neve be aelied upo.

b. The pH of the water maybe tested with paper, pH indicator
strip (Medica) Department ítem No. 13260). and the following rough
check of chlorine clemnncl muy be made at the bnttulion uid station:

(1) Bmpty the contents of one water sterilizing ampoule (high
test calcium hypochlorite) into nny suitnble smnll container (e. g., u
medicine glass or waxed paper cup) and add 10 cubic centimeters of
clean water (may be mensured in a 10-cubic-centimeter syringe). Mix
by stirring for several minutes.

(2) Fill n canteen with the suspected water and clrop into it ex­
actly 3 drops of the hypochlorite solution prepnred above. This adds
roughly 5 ppm chlorine to the water.
(3) Cnp the canteen nn<l mix thoroughly.
(4) After 10 minutes, test the water for residual chlorine by menns

of the chlorine test set (Meclical Depnrtment ítem No. 94295), fol­
lowing the directions in the lid of the set.

( 5) If at lenst 1 ppm chlorine remains after 10 minutes. the water
mny be usecl for short periocls ufter chlorination, provided it is clear
und free from odor or tnste of chemical agent.

c. (1) If less thnn 1 ppm chlorine remnins in the above test, or if
doubt exists, the more nccurnte Leitch test muy be used. This test is
available in nrmy lnborntories, or in the offices of the nrmy, corps, or
division medien} inspectors. The test is carried out as follows: To
100 cubic centimeters of the water is added 1 cubic centimeter of a
standard blench solution containing 0.5 milligrams of uvniluble chlor­
ine per cubic centimeter (dose equivalent to 5 ppm). T'en minutes
after the addition of the standard bleach solution, test for chlorine
with the standard orthotolidine reagent.

l. General.-a. ,vnter snpplies of regions evncunted by the enemy
or subjected to ,previous chemical nttack must be considered dnngerous
until proved otherwise. Such water may contnin unchnnged chemicnl
wndnre ngents or their toxic hydrolytic products, or poisons deliber­
tely added by the enemy. There was no known instance of deliberate
poisoning of water supplies by the enemy in the first World War,
but it is always possible in wclls, smnll ponds, or water boles. The
larger the body of water and the greater the rate of flow, the less
will be the danger of serious chemicnl contnminntion because of the
dilution factor.
• I ater contaminated writh mustard, most of the ngent will be

found as deposit on the bottom. A film of mustard ill also be
present on the surface, while the intermediate water levels will con­
tnin primarily the products of hydrolysis of the mustnrcl, which nre
nonvesicnnt. The surfnce film of mustard will remnin only briefly
in flowing streams and only for 24 to 48 hours in still water. but
the bottom deposit may lay unchanged for months. Leisite will be
stmtified in a manner similar to mustnrd, but its rate of solution will
be much higher. The surface films of lewisite will disappenr in a
few hours while the bottom deposit will be clissolved in from 2 to a
dnys. Water should therefore be tnken from benenth the surface with
nbsolutely no disturbnnce of the bottom.

c. Personnel handling contnminatecl water should have adequate
protection, including impermeable gloves, aprons, and gas mnsks.

2. Criteria of potability.-a. Water hich is only slightly con­
taminated with chemical warfare agents may be safely used ithout
treatment ( except for usual chlorination) for short periods not to
eaceed 1 week, provided it meets the following criteria:

( 1) It has no detectable oclor or taste of chemical warfare agents.
(2) The chlorine demand of the water (see par. 3) <loes not exceed

four pnrts per million.
(3) 'The water is clear or hns only just visible turbidity.
(4) The pH of the water before chlorination is above 5.
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(2) If the chlorine remnining is at least 1 ppm, the water is potable
provicling nll other chnrncteristics of the water meet the requirements
given in pnragraph 2. If the chlorine remnining is less than 1 ppm,
the wnter is nonpotnble nnd must not be usecl until purified.
4. Puri:fication of large volumés of contaminated water.-

a. Wnter must be ithdran from the intermediate levels with mini­
mum disturbance of the surface and no clisturbnnce of the bottom
deposit. If the bottom deposit is disturbed, large amounts of liquid
mustrd or lewisite may be stirred into the water and purificntion will
then be impossible.
b. The purification of lnrge volumes (2,000 gallons) of contnm­

inated water by an army portable or mobile water purification unit is
accomplishecl by Engineer Corps water supply personnel as follows:

(1) Two thousand gallons of contaminatecl water are pumpecl into
a large cnvas reservoir and treated vith 3,000 to 5,000 ppm of acti­
vnted carbon (200 mesh), 10 grnins per gallon of coaITT1lnnt and suf- "
fi • e 'cient alkali to give the optimum conclitions for coagulation.

(2) After thorough mixing the ater is nllowecl to settle for at
lenst 30 mim_1tes. '

(3) After most of the adcled carbon has settled out, the supernatant
water IS filt~recl nt about one-fourth the usual rate through the port­
ble or mobile water purification unit.

(4) The fltered ater must be tested to see that it meets the pro­
posed characteristics for potable water outlined above.

5. Emergency puri:fication of contaminated water.-When
tho portable water purification unit is not nvailable small amounts of
water can be purifed by using two Lyster bags. Thirty-six gallons of
contnmmated water are treated in one bag with 2 pouncls of activnted
carbon (200 mesh), 1 ounce of alum, nnd 1 ounce of sodium silicate.
The treated water is thoroughly mixed until a heavy foc hs formed,
allowed to stand undisturbed for 30 minutes, and then siphoned
through a small flter and transferred to the second Lyster bag for
chlormahon. The filterecl water must be testecl to see that it ts th
P • d h · • mee e

1 opose claracteristics for potable water outlinecl abov
6. Chlorination of contaminated water.-Sine ,ji ,t · • . .- a wa er con-

aminated with chemical agents ill contain considerable orcanic
matter and ill be treated ith activated carbon prior to BI,
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it is necessary thnt chlorination be carriecl out only after filtration.
The chlorine feed line from the portable water purifcation unit must
therefore be connected to the eflluent pipe from the filter. When the
cmcrgency method of purificntion is used, the water is chlorinatecl by
the usual method in the second Lyster bng after the removal of all
uctivatcd carbon.
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APPENDIx V

MISCELLANEOUS DATA FOR MEDICAL OFFICERS

l. Useful rules on treatment of chemical casualties.-a.
Wliaf. to do.(1) Learn gas discipline yourself.
(2) Protect yourself from contaminntion.
(3) Give treatment as rnpiclly as possible.
(4) Evacua te your chemicnl cnsunlties as rnpidly ns possible.
(5) Make every effort to know the exnct etiologic agent or ngents.
(6) Examine the cnsunlty for nongas wounds.
b. lVliat not to do.-(1) Do not nllow phosgene cases which show

any symptoms to be up nnd nbout.
(2) Do not give artificial respiration to acute phosgene cnsunlties.
(3) Do not give morphine to phosgene cases.
(4) Do not use cocnine in mustnrdize<l eyes.
(5) Do not forget that there mny be latent periods with many of

the chemicnl ngents.
(6) Do not use contnminnted gloves on a nonchemical casualty.
(7) Do not fnil to look nt the eyes of nll cnsunlties.
c. 'Treatment cautions.-(1) The primary step in immediate pro­

cedure is to remove the casualty from the contaminated environ­
ment; if this is not possible, he should be properly masked or placed
in a collective protection shelter.

(2) Clothing mhich has been splnshed with a liquid agent should
be removed immeclintely. . ·
(3) Affected eyes should never be rubbed or bnndaged but should

be shielded froin light. . .
2. Questions to be asked patient in order to establish diag-

nosis.--a. When were you exposed?
• Where were you nnd whnt were you doingi
c. Did you apply any first id?
d. Do you know what agent as used?
e. What did the ngent smell like?
f. Wns it used as a gas or spray?
g. How long was it before you put on your-mask!
h. When did you remove your mask?
i. What ill effects did you frst feel?
j. How do you feel now?
k. What treatment have you hnd Y
l. Have you any other wounds!
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68

A majority of factors determines elassifcation.

m Hnvc you been sick lntelyi
· id h ?n. Did you malk or ride neret ,

· · otte taste to you ·
o. How does a Cg""_, ¡ gas casualties.'The following chart

Ev t·on char or ·
3. ac_ua 1

1 fon of casunlties nnd necessary separa-shos sorting and evacu.l
tion of vesicnt casualties in flow to rear.

From forward installations

Figures in parentheses are for bours, reuainder are for days.

69

• Persistency of mustard gas versus ability to produce casualties.­
This table shows the clanger periods to be observed when traversing
oi occupying contaminated terrain under average weather conditions.
Service dress (not impregnated) with leggings is assumed; the periods
are shorter if protective clothing is worn. Allowance must be made
for HS thickened for higher viscosity. These estimates are for open
country; add 50 to 200 percent to the danger period when in woods
of varying density. It is not safe to traverse or occupy a mustard
contaminnted · a rea until the period of dnys or hours shown in the
table have elapsed after contamination, under average weather con­
ditions. If doubt exists, gas detectors (see FM 21-40) should be
employed.

Fnvomblc Average Unlavorable

Sky..---------­ Heavily overcst. Partly overcast. Clear.
Time oí day ____ - Night or early Midmorning, late 11 AM to 4PM.morning. afternoon.

Terrain _ - - .. - - - - Le vel fiel d or Moderately rolling Broken or wooded.water. farm lands.

Ground tempera- Colder than air. Air and ground Much hotter thanture. ncarly sume a.ir.
temperature.

Winds.-------­ Steady, 0 to 4mph Siigh tly shifting, Variable, over 9
for gas clouds 4 to 9 mph Cor mph for gas;over
and for gas fired gas; slightly 12 mph for
by projectiles; shifting, 8 to 12 . smoke.
stcady, 5 to 8 mph for smokc.
mph for smoke.

Traversing ' Occupntion '

± Degree of
contaminnll on

Medium Short grass Hardsquare yards/ og grass Hard Grass anye gallons (Gi ne aes nnd rass (I to (under I round length ground::,
lnch)z over) G lncbcs)

1 25 2 to 4 1 (6) to (18) (1) to (6) 7 to 9 1 to 2

2 150 1 to 2 6 to 18 (3) to (9) Nil 3 to 4 (6) to (18)

3 720 (6) to (18) (1) to (6) Nil Ni! 1 (6) to (18)

4 Airplane (2) to (8) (2) to (3) (1) to (2) (½) to (1) Probably same as
spray from 3 above.
low alti-
tudcs (less
Cor highcr
altitudes).

Vesicant gas
casualties

Decontamination
TreatmentTreatment

Nonvesicant gas
casualties

Evacuate separatcly
unlcss completely decontaminated

Evacua.te by !ittcrEvacuation

[ Sorting ]

1----l'----¡1
j Surgical and medica)
1 casualties .

li Trcntment

4. Identification of agents by odor.-a. Do not inhale deeply;
sniff.
• Siff only once. Repentecl sniffing dulls sense of smell.
c. First sniff, then think. The memory of odors can be trnined by

practice.
d. Every perception of odor must be named. Learn odors by the

memory of the thing sniffed rather than by name of something else.
e. After ench test, breathe out strongly through the nose severa!

times. Do not sniff a ne sample until the old perception of odor has
vanished.
f. Do not smoke while sniffing. Smoking dulls sense of smell.
g. Do not forget that sometimes a heavy concentration of an agent

may be odorless. ·
h. Select for gns sentry a man with a trnined sense of smell.
5. Medica! estimate of situation--weather and terrain.a.

Classifcaton.'
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. dro en peroxide.a. Hydrogen peroxide de­6. FIela test ofh"%,""<[¿u stoula be checkéd occasionaly,
teriorates ith age. ts str • 'likel. . tan area where gas war are 1s 1 e y.especilly before moving mto • h ·t 1)

b. Apparatus (avilable at any aid station or oSpa, .

e . p . or enamelwnre cup, or 2-ounce graduate.ontamer: ape1
10-cubic-centimeter Syringe, Luer.
2-cubic-centimeter Syringe; Luer.
25-gage hypodermic needle.
Adhesiva tape, 3- by 1-mch strip.
Bottle (from Medien! Depnrtment chest No. 2).

c. Reagents.-(1) Copper solution:
Copper sulfate__--------------------------4grams (/ 0z)
Aromatic spirits of ammonia 90 cubic centimeters (3 ozs)

Mix in bottle and shake frequently. Use after 2 hours. Save for
future use.

(2) Water, clear (not chlorinnted).
d. Procedure.(1) Use clean npparntus.
(2) Place eactly 18 cubic centimeters of water in a paper or en­

nmelware cup, or graduate. Measure carefully, using the 10-cubic­
centimeter syringe. ­
(3) Draw ewactvy 2 cubic centimeters of the hydrogen peroxide

solution into a 2-cubic-centimeter syringe and expel it into the 18
cubic centimeters of water. Mensure cnrefully. Mix well.

(4) Draw eaactly 3 cubic centimeters of the dilnted sample into the
10-cubic-centimeter syringe and dry the tip nnd barrel of the syringe
with gauze or cotton. Mensure carefully.

(5) Pince the tip of the 10-cubic-centimeter syringe in the center of
the sticky side of the strip of adhesive tape, fold the ends upward,
nnd attnch them securely to the syringe barrel. Press the excess
tape tightly around the tip. (Use care not to nllow air to enter,
or fluid to escape from the syringe.)
(6) Rinse the 2-cubic-centimeter syringe with water, and dra into

it nbout 2.5 cubic centimeters of the copper solution. Attach the 25-
gnge needle and insert the needle through the adhesive tape into the
hole of the 10-cubic-centimeter syringe tip as far as possible so that
the hub of the neeclle is in firm contact with the tape, Expel the
copper solution into the 10-cubic-centimeter syringe.

(7) Hold both syringes in the coupled position and shake gently
in a horizontal plnne for 2 minutes.
(8) Invert, holding the plunger of the 10-cubic-centimeter syringe

below, and read the volume of gas present in the 10-cubic-centimeter

70
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syringe (space above the liquid). Check the 10-cubic-centimeter syr­
inge to see that the plunger is not sticking bnt is freely movable.
(9) Repeat st.eps (7) nnd (8) nbove until a constant reading is

obtained (completion of the reaction).
(10) The number of cubic centimeters of gas gives the percentage

of hydrogen peroxide directly ; forexample, 5 cubic centimeters of gas
equal 5 percent HO,. This is an.approximation only, accurate to
±25 percent.
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Chloracctophenone_____ _ _ _ _ _ __ _ _ _ __ _ 13
Chloro.cetophenonc solution CNB_.----------------------- 13
Chloracetophcnonc solut.ion CNS -- --- 13
Chloraminc-T ~ __ - - 9
Chlorinc________________________________________________ 7
Chlorpicrin - - - - - - - - - - 6
Chlorvinyldichlorarsine. (See Leisite.)
Cl. (See Chlorine.)
Classification - - - - - - - - 2
Clothing, protcctivc ---- - --- ------------ 8
CN. (See Chloracctophenonc.)
CNB. (See Chloracctophcnone solution CNB.)
CNS. (See Chloracetophcnone solution CNS.)
Collcctivc protcction -- -- -- ---------- 4
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Antipruritic No. TI..--------------------------..9,App. I
Antipruritic No. 88.·----------··---------------·· 9, App. I
Cod liver oiL - - - - - - - - - - - - - - - - - .. 9, 20, App. I
Pontocnin compound (M_edicnl Department item No.

1J(61100) - - - - - - - - . -- - -· - -- - . - ... --·- 9, App. I
Protective._-----------------------------.. 8-10, 12, App. I

Oxygen deficiency..----------------------------.-------. 30
Qxyen ther8y.---------------------------------------­
Phosgene... -----··~···-······-··--········--·····-·-,·- 5
Pontocain compound ointrnent (Medicnl Department item No.
91185) - . - - . - . - - - - - . - - . - - . - - - - - - - - .•. . • __ .. _ 9, App.'I

Protective clothing..------------------------------------ 8
Protective ointments...--------------------------. 8-10, App. I
PS. (See Chlorpicrin.)
Pulmonnry edema_ . - __ - - - - . _. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4

Anesthesin---------------------------·---···-----·-- 37
Cardinc stimulants---·- _ _ __ _ _ _ _ _ _ _ _ __ _ _ __ 5
In poisoning-

Chlorine • _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ _ __ _ 7
Chlorpicrin • ---·------ _ __ 6
Hydrogen sulfide .. ·- -·- .29
Nitric fume---·-----------------·--·------------ 32
Phosgene·-------------------·-·---------------- 5

Treatment----·------------------------------------- 5
Vemes@c{ion..--------------------------------------­

Pulmonary irritants. (See Lung irritants.)

Screening smokes ·---------------·---·-------·--·--- 17-21
Sodium bicarbonate solution---·-------------------- 9-10, App. I
Sodium hydroxide in-

Ethyldichlorarsine_..---------------------------------ll
Lcwisite poisoning .•... __ .. . ·------- 10

Sodium hydroxide solution for lewisit.e prophylaxis_.-·--· 10, App. I
Sodium sulfite solutions for eyes.-------------------.. 12, App. I
pecial cases_...---------------------------------------.. 34-37
Sternutators ·-------------·---··---·-·---r 14-16, App. IV
Sulfadiazine ointment, 5 percent . __ --·-·--------- __ 9, App. I
Sulfur trioxide-chlorsulfonic acid solution.----------------- 20
Supplies, chemical contamination.-------------------- App. II
Systemic poisons._---------------------------._ 26-29, App. IV
Tannic acid, compound_..-------------------------..9,App. I
TH. (See Thermite.)
Therapy contra-indicated in lung irritant casualties_.------- 5
Thermite ·-- -----·--- 23
Titanium tetrachloride_.--------------------------------- 19
Tree.tment:

General preventive • -· -· __ - - - 3
General symptomatic - - - - - - 3

Triple dye...--------------------------------------_,pp. I
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Fire extinguisher precautions - -- - - -- --- - - - -- - -- - - - -- - -
FM. (See Titnnium t.etrnchloride.)
Food nnd fornge contnminntion App. II
Formulnry__ •..••.. _ .•.... _ ... __ .. - .... ~ .•..... - .•... • • App. I
FS. (See Sulfur trioxide-chlorsulfonic acid.)
Fundamentals of treatment..----------------------------­

DA. (See Diphenylchlorarsine.) A . II
Decontnminntion, fo~d nn_d forng~--------------------9--1-2 Áp. I
Dichlornminc-T in trincetm solut1011__________________ ' ' PP

D. 1 1 . 11 . ------------ 14, 15iphenylaminechlorar1ne.-------------------- I4, 18
Diphcnylchlornrsine ---- - - - - - - - - --- ----- --- -- - - - - - - - '
DM. (Sec Diphenylamincchlornrsine.)
ED. (See Ethyldichlorarsinc.) . . A V
Effect oí wenther conditions on chem1cal agent_____________ PP· 67
El t b b

App. IV 54
, ce ro_n orn -.- - - - - - - - - - - - - - - - - - - - - - · - - - - 11
Ethyld1chlornrsme - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - : - - - - 20
Eyedrops (sce Nose and Eyedrops, Medical Department item
No. 01000) 9, 10, 12, 13, App. I 11,16,21,42

Eye solution M-1 (nonstnndnrd Medica! Department item) _
10, App. I 16, 42

Glucose, in arsenic poisoning --·····-------·--- 10, 28
HC mixture------·--···-· .. - - - ----- ----- ------------- 21
Hend•injury cnsunlties, protection__ - ..•.... - -- - - - ------- -- 35
HS. (Scc Mustard.)
Hydrocynnic neid.----- __ -· - - .. - . - . - ...•. - .• - -- -- --- ----- 27
Hydrogen peroxide__----------....----------------. 10-12
Hydrogen peroxide (field test for approximating strength) _ - - App. V
Hydrogen sulfide. .. - _. - - . - - - - - .: - - - 29
ldentificntion oí ngents hy odor. _ .. _ ... _ - _ - - - - __ - - .. _ App. V
Inccndinry agents .. ----------····-··-····------ 22-25, App. IV
Incidental gases.--------------------------------------.. 30-33
]ritant smokes_.-------------------------------------- ]-]
Lacrimators._------------------------------------. l3,App. IV
Latcnt period in pulmonary irritation.-------------------- 4
Lcwisite ··· ··---··---··-·-------- 10
Lung edema. (See Pulmonary edema.)
Lung irritants_.--------------------------------..4-7,App. IV
Lung irritant casualties, differential diagnosis. __ . App. IV
Malingering •..... ·-· --·-·- ---·--· --· _
Medica! officers, chemical memoranda._---------- pp. IV
Mixed agents---····-··-·-···-----··-····-··----·--·-··-
Mustard_._•... . •.• _ •. __ ·_··-···-·-·----·-··-----
M-1. (See Lcwisite.)
Nose and eye drops (Medica! Department item No. 91090)

9, 10, 12, 13, App. I 11,16,21,42
Nitric fumes..----------------------------------------. 30,32 29, 3l
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Vcsicant casualtics, difl'crential diagnosis App. V 67
Vc11icant contaminatcd wounds____________________________ 36 33
Vomiting gas. (See Chlorpicrin.)
Water, chcmically contaminatcd , App. III 5O
White pbosphorus_ ------------------------------------- _ 18 24
Wounds, vesicant contaminated....------------------------ 36 33
WP. (See Whitc phosphorus.)
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