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FIRE, EXPLOSIVES, AND WAR GASES CAUSED BY ENEMY ATTACK
(compiled by Portland Fire Department)

THEIR EFFECT AND HOW TO FIGHT THEM

INCENDIARIES ~ 3

Incendiary Bombs: Incendiery bombs mey be of any weight from 2 pounds to
50 pounds, or even more. Several types and sizes have been tried out in recent years
by different countries, but the design that has proved most successful to date is a
bomb commonly celled in Burope an electron bomb, weighing 2 pounds and consigting of
a thick-walled megnesium tube, filled with a mixture of powdered aluminum and iron
oxide called "thermite".

One large bomber can carry between 1,000 to 2,000 of these very 1light
incendiary bombs, the number usually varying with the weight of gascline carried.
They ere generally dropped from high altitudes, since they da not attaln their masximum
velocity and penetrative power until they have fallen about 5,000 ft. The bombs are
usually dropped from conteiners, each holding 10 to Z0 bombs, and the contents of
seversl containers may be released simultaneously. The bombs sprend out as they full,
and a group dropped simultaneously from 5,000 ft. covers an area of about 100 yds.
square. A6 these small bombs have very poor ballistics, they cannot be aimed accur-
etely, but precision is not essential in this case. All that is necessary is that
the bombs cover the target arsa gererally.

Effect of Incendisry Bombs: The 2 pound electron bomb, falling from
5,000 ft. will penetrate normal roof construction and a plaster ceiling below the roof
but is unlikely to penetrate the first flocr below. If not immediately extinguished
or rumoved, the bomb may burn through = wooden floor and possibly through further sur-
faces, causing a succession of fires in the building.

The number of fires that may be sturted simultaneously canrnot be pre-
cisely estimated, but the following caleulations will give scme indication of what
might be expected: In large towns in thie country the average proportion of open
spaces to built-up ureas may be taken as about 4 to 1, or about 20 per cent of the
ground space occupied by buildings. Accordingly, for every 5 bombs dropped, 1 may be
sxpscted to hit a building, and the remaining 4 to fall in streets, gardens, yards,
rivers, lakes, etc., where they would burn themselves out without doing any serious
dsmege. Supposing, therefores, that a single bomber carrying 1,000 bombs has reached
such & town, 1 hit in 5 would mean about 200 hits. But, of these, about half either
might glance off sloping roofs and not penetrate or, penetrating might fail to funec-
tion th= remeiming 100, or approximately 10 per cent of the bombs dropped, would prob-
ably cause fires. The size of the area in which these fires may oceur would depend
upon the speed at which the bomber was flying, how quickly the bombs were released,
and the height from which they wers dropped., For instance, flying in a streight line,
at 200 mph at a height of 5,000 ft. or over, and releasing 20 bombs per secund, the
bomber would drop ite 1,000 bombs in & little under 3 miles and would start en average
of 1 fire evary 50 yds. In practice, there is little doubt that attacks would be made
by squadron formations, which means, of course, that the number of fires would be mul-
tiplied by the number of planes in the squadron.

Larger Sized Electron Bombs: Since the muin object of an attack with
incendiary bombs is simultenscusly to start mere fires than can be dealt with by the
firs-fighting services normally available in a commmity, this result can best be a-
chieved by droppilng the greetest number of the smallest sized bomb that can be relied
upen to initiate a fire. The 2 pound electron bemb fulfills this requirement for
ordinary houses and the more flammable of industriel buildings. For the more fire-
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resistant type of structure, larger bombs of similar type are likely to be used, and
5 pound, 25 pound, and 50 pound sizes of electron bombs have been developed for this
purpose. Although the 5 pound bomb might be used for general incendiary bombing, it
is probable that the larger sizes would be reserved for special targets of unusual
military importance. Except that the larger electron bombs will penetrate through
several floors of & wooden building, they differ from the 2 pound sized bemb not in
effect but only in degree.

Maltiple-unit Electron Bombs: In addition to the single-unit types of
electron bomb already mentioned, there has also been dgveloped a special multiple-
unit type of electron bomb for use against certain kinds of target, such as storehous-
es, lerge factory buildings, and ammunition storage yards. These bombs usually have
& minimum weight of 25 pounds and consist of a casing containing a number of separate
incendiary units. The casing is provided with a steel nose to enable it to penetrate
a strongly constructed roof. After penetration the bomb bursts and expels the incen-
diary units over a relatively wide area. Each unit functions as a separate small in-
cendlary bomb and may initiate & fire wherever it falls. Since each unit is substan-
tially the same as & small incendiary bomb, it has about the same igniting effect,
although it doss not possess the same penstrating power as the single-unit bomb.

Other Types of Incendiary Agents: White phosphorous hes the property
of igniting spontaneously and burning vigorously when exposed to the air. Experience
has ghown that against readily combustible materials and substances which can be ig-
nited by a brief exposure to a small flame, phosphorous is undoubtedly effective. It
is therefore well sulted for use against hydrogen-filled balloons and aircraft, and
for setting fire to woods, brush, and grain fields. However, against wooden structures
and materials relatively difficult to ignite, phosphorous is of little value.

Sodium and potassium, both in pure and alloy forms, were used to some
extent as incendiary agents in the World War, chiefly in artillery shells. Although
they react vigorously with water and generate enormous quantities of heat, they do
not function very effectively as incendiaries agsinst dry meterials. Their chief uge
would probably be in conjunction with one or more of the other incendiary agents al-
ready mentioned, to prevent guenching with water, since violent explosions are spt to
result when attempts are made to extinguish such mixtures with water.

All in all, thermite proved to be the best incendiary agent used in the
World Wer because of ite high tempersture of combustion and intense localized heat
production. The greatest improvement in the development of incendiary agents since
the Viorld War has been the addition of magnesium to the thermite filling. This com-
bination greatly exceeds either material alone in ite ineendiary effect and appears
to be by far the most efficient fire producer of any material yet discovered. In view
of the immense amount of development work that has been performed in the field of in-
cendiaries during and since the World War and well-known limitations of other materisls
as Incendiary agents, it is not likely that anything other than thermite and magnesium,
ig combination, will be used until some new compound is developed and found to be more
effective.

PROTECTION AGAINST INCENDIARY BOMBS

Nature of Incendiary Bombs: While incendiary bombs may range in size
from 2 pounds to 50 pounds in weight, the most dangercus from the viewpoint of attack
an cities is the 2 pound size because of its widespread multiple effects. Thus, & 50
pound incendiary bomb can start only e single fire whereas the same welght of 2 pound
bembs may start simmltaneously =s msny as 25 separate fires over an area of several
acres, the actual number of fires depending upon the number of btombs that sirike in-
flammable targets.

It cannot be too strongly emphasized that the chief danger from air at-
tack with incendiary bomb is the probability of a large number of fires oceuring et
the same time over considerable areas. Unless these fires are ocxtinguished prompily,
they will almost certainly give rise to widespread conflagrations which may produce
enormous property damage and seriously dislocate the normal life of the commmity.

The prevailing type of smell incendiary bomb used in Burope during the
past few years is, &s already mentioned, the 2 pound electron bomb. ¥hen dropped from
2 height of 5,000 ft., this bomb penetrates any ordinary roof, including tiles, slate,
and corrugated iron, and an underlying plaster ceiling, but probably not a wooden floor
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below. It is, therefore, apt tc remein in an upper story and stert a fire, either in
the attic or on the first floor below the roof. Moreover, if the burning bomb is not
promptly extinguished or remeved, it may burn through & wooden floor and possibly
through one or mere floors below, thus causing a succession of fires.

When the electron bomb atrikes an object, the thermite filling is ignited
and burns fiercely at & temperature of about 3,000° C. for approximately 1 min., melt-
ing and petting fire to the magnesium easing, which, in turn, burns less fiercely
than the thermite for about 15 min. While the thermite is burning the combustion re-
action is very violent, jets of flame are emltted from the vent holes of the bomb,
and pieces of molten magnesium are often thrown as far as 50 ft. Since the thermite
contains its own oxygen, it camnot be extinguished by smothering, but the magnesium
must receive oxygen from the air or surrounding materials in order to burn. Except
for a few ounces in the sheet iron tail and the igniter, the whole of the electron
bomb is consumed in the reaction of combustion which makes this type of bomb very
efficient.

Methods of Controlling Incendiary Bombs: When an incendiary bombhes
penetrated a building, it becomes immediately necessary: (1) to contrel the bomb and
prevent it from burning through the floor or igniting flammable materiels in its
vieinity; (2) to subdue and localize the fire-resulting from the bomb, before it gets
beyond local contrel. It cannot be too strongly emphasized that time is of the ut-
most importance in dealing with incendiary bombs. The situation should, therefore,
be tackled as soon as possible after the bomb commences to function, in order to pre-
vent sn incipient fire from becoming a conflagration that can be extinguished only
by & fire battalion.

There are two generzl methods of dealing with an electron lncendiary
bomb: (1) the sand method; and (2) the water method. In the first method the bomb
is smothered with sand and removed to a safe place; in the second method, a fine
spray of water is played on the bomb, causing it to react more violently and burn
itself out in & shorter time. The sand method is preferable where the bomb cen be
reached before the surrounding materials have caught fire, and particularly where the
surrounding property may be damaged by the sputtering caused by the water method. On
the other hand, the water method is more effective where the fire has elready spread
and there is no danger to surrounding materials from sputtering.

The Sand Mothod of Control: As the burning bemb generates considerable
heat and glare and throws off sputtering fragments, it may be safely approached withir
2 or 3 yd., only in & crouching or prone pesition, with the operator protected by a
fire-fighting mesk or anti-gas eye goggles and heavy gloves.

A wet blanket thrown over the operator's back also offers protection
from sputtering fragments. About three-fourthe of a bucket of sand is dumped on the
floor, approximntely 2 yd. fram the bomb, and with & long-handled shovel the operator
places the sand sround and on top of the bomb. The operator then shovels the bomb
into the bucket on top of the sand remeining therein and covers the bomb with sand
from the floor. He then pleces the end of the shovel under the handle of the bucket
and carries it out of the building to a safe place. Instead of using & sand bucket
and shovel, a special long-handled scoop and hoe may be employed in remeving the bomb.
The send method cannot be used when the bomb has ceused a2 fire so extensive as to pre-
vent close approach, unless speciel protection ecan be provided.

The Water Method Of Control: In the usual case, where the bomb falls
among inflemmable material, a fire will always have started hefore the scene is
reached und therefore eloss approach to the bomb will be difficult if not impossible.
4 sprey (not jet) of water directed at the seat of the fire is the most effective
means of dezling with this sitvation and will generally be sufficient if applied with-
in the first few minutes after the bomb begins te function. The spray of water in-
creages the rate of combustion of the mugnesium by supplying it with extra oxygen,
and so the bomb burns itself out in 2 or 3 min., instead of the normal 10 to 15 min.
If water is thrown from & bucket or projected in a solid stream upon a burning bomb,

it cuuses viclent sputtering and scattering of the molten metel; hence, this procedure
is nct advisable.

fihen & bomb has been burning in a room, the heat, glare, sparks, and
smoke generated make it unwise to attempt to ampproach the bomb within zbout 10 yd. and
then only in & prone or crouching position. For this reason a pump capable of pro-
jecting & stream of water about 30 ft. (or spray of 15 ft) is required; it should be
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equipped with at least 30 feet of hose, so that the person operating the pump muy be
not less then 60 ft. away from the fire. The pump should be capsble of deiivering
gbout 2 gal. per min. through & L/8 ineh nozzle. Two operators are required to hundle
this equipment; the first directs the spruy, and the second opsrates the puup. A
third person is e£lso very useful to replenish water in the pump bucket and relieve
the pump opecretor.

It is important that the stirrup hend pump be of simple assign and rugged
construction, so that it is eaey to malntain end always roliable in en emergency. The
pump should be of tne double-action type, with all-metel pistons and velves, eapable
of dslivering about 2 gul. & min. when working &t 75 strokes per minute. The pressure
should be not lese then 1z 1b./sg. in. on & 1/5 in. nozzle at the end of 30 fset. The
nozzle should bz of the dusl-jet type, so thut the stream may be changed from a solid
jet to a fine spray by simply turning the noazle.

The first operator, wearing heavy gloves wnd a mask of goggles, approachr
a8 the bomb to a distance within renge of the jet, about 3¢ ft. and first esxtinguishes
sny fire in the ares surrounding the bomb by playing the jet of water upon it. After
the surrounding fire is put out the operater approuches cleser and plays the spray
upon the bomb until it is burned ocut.

About & gal. of water are generally required to subdue the bomb &nd ex-
tinguish the fire in an average room. Therefore, two 3-gal. buckets shouid be kept
constantly filied and placed on the top flcor, at a convenisut point to the sntrance
of the attic. If more than two buckets of water is requirsd, the first bucket emptied
can be used to carry more water from the nearest tap.

Ancther and even simpler mesns of applying water to an inceadiary bomb
ig an ordinary garden hose sttached to the nzarest fuucet in the house. If the hose
is sufficient in length to reuch any purt of the nouse, psrticulsrly the sttic, and
the municipal water supply is mainteined «t o sufflcicnt pressure at cll times, even
when large quentitiss cre being used ai the stme time to fight fires, then the garden
hose will serve the purpose and no nend pump is necesssry. The cnly difficuity about
relying upon & gurden hose is thet, when water is buing druwn in lerge qusntities by
firs engines from the city mains, it is probable that the household pressure will drop
so that & sufficient stresm could not be obtained in the attic of the house. Also,
there is always the chance thet a wuter main may be broken by & nigh expiosive bomb
during en air reid snd that the city wuater suppiy to the house mey full at ths eriti-
cal time. For these ressons, u hend pump, with buckets of water alweys availiable, is
much to be praferred tu reliance on a gerden hose, although obviously & garden hose
ig better than nothing und should be kept in rszadiness whers hend punps ure not wveil-
able.

It has been stated ubove that playing a jet of weter directly con a burn-
ing bomb czuses it tc sputter viulently znd is not recommended ws a normel practlce.
However, if the jet of wuter is large and strung snough, as from = fire noss, it may
sufzly by played directly on the bomb, for wlthough the bomb muy react vivlently &nd
throw pisces of molten megnesium tu & considereble aisteuce, the bomb wiil be cunsumed
in about 15 sec., and the fire hose deiivers a sufficient volume of water to desl with
any sputtering effects of the boumb.

Chemical fire extinguishers may alsc be used to extinguisk incendiury
bumbs, provided that tney cre of sufficient capucity and do not give rise to tuxic
gases ag products of reaction with the burning bumb. However, at least two such <x-
tinguishers will be required fur the sveruge incendiary bomb.

It is important that fire extinguishers used ageinst incendiery bombs be
of the sode acid type, or st leust one employing chemiculs that de nut tresk down in
the presence of heat end liberate toxic guses. Thus, it would be dengerous to use &
fire pxtinguisher employing carbon tetruchlorice (pyrene) or metayl bromide, since
the first compound generztes phosgens, un contact with burning meguesium, end ths
latter similerly decomposes intc toxic brumide gases.

In general the fire started by an incendiusry bemb is more importint than
the bomb itself, but nu hard ang fast rule cen be leid down ws to whden shouid be
dealt with first. A great desl depenas upen the serivusness of the fire, wnd it is
essential thut it should not be permitted to get cut of cuntrol. At tone seme time,
water should be sprayed on the bomb itself as socon &s poseible to prevent it from
burning through tne fluvor. Frequently it will be necessury first to sprey and cocl
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the atmosphere of the room before the seut of the fire can be approached sufficiently
close to deal with the bomb and the surrounding fire.

Wihenever it is appavent that the fire is getting beyond control, a call
for assistance to the fire department should be made without delay. However, the fire
department should not be called before such & crisis is reached, as it must alweys be
borne in mind that many serious fires will cecur simultaneously during an air raid
with incendiary bombs, and the efforts of the fire depertment should be directed to
the serious fires that have got beyond control of filre-fighting meens locully availshle.

Other Types of Incendiary Bomb: What hes beon said concerning methods of
controlling incendisry bombs applies primarily to the small single-unit electron bomb.
There are, howsver, other types of incendiary bomb that mey be encountered end that
should therefore be considered in formileting any scheme of defense against incendiary
attack.

It has been pointed ocut that electron bombs larger than 2 pounds would
probably be used only sgainst speeial targets but that it wes pessible that the 5 pound
size might be used in indiseriminate bembing. The principdl difference between the 2
pound and the larger sized electreon bomb is in thelr penetrative powers. Wherezs the
Z pound size will penetrate en average roof and underlying coiling, it will seldom go
through the floor below. On the other hand, the 5 pound bomb will probably penetrate
at least one or two fleors below the roof, end the larger incendiary bombs will pene-
trate additional fleoors, in proportion to their weight. Execept for this additional
penetretive power, the 5 pound electron bomb can be dealt with by the same methods of
control as the 2 pound size. The larger sizes, however, will generste such great hest
and cover so much larger areas with burning fregments that it is necessary thet spe-
cial collective-fire~-fighting means be provided to combat them.

Owing to its stsel nose, the multiple—unit incendiary bomb will undoubtedly
penetrate several floors of a wooden building before it bursts and scatters its incen-
diary units ebout in the building. The single units, however, have small penetrative
power after ejection from the main bemb end will probably not go through more than one
ordinary partition wall. The problem of dealing with the multiple-unit bomb is, there-
fore, essentially one of handling several small bombs concurrently. With regard to
each incendiary unit, the same methods of control cun bo applied as in the case of the
2 pound bocmb.

If petroleum-filled bombs are enccuntered, the rasulting fire can be smoth-
ered with sand or similar materizl or subdued with water, if care is taken not to
spread the oil. As burning gasoline or fuel oil floats on water, cere should be exer-
cised not to direct a stream of water on & pool of oil and thus spread the fire. It
is better to spray the surrounding material with water until the oil burns out or can
be smothered. Chemicsl extinguishers, particularly those of the fire foam type, are
especially effective against burning petroleun.

Fires caused by phosphorous-filled bombs are easily extinguished with sand
or water but reignite again on drying. It is therefore necessary after extinguishing
e phosphorus fire with water to keep all contaminated material wet until it can be re-
moved. TWhen & phosphorus fire is smothered with sand, the phosphorus sheould be promps-
ly removed to = safe place and there allowed to burnm out. In removing phosphorus in
sand or when wet with water, great cure should be used because phosphorus causes dan-—
gerous burns on coming in contact with the skin. In spreying burning phosphorus with
water, caution is necessary to ensure that no sputtering particles strike the operator.
Gloves and a mask or goggles should always be worn.

It is improbable that sodium or sodium potassium alloys will be used alcne
a8 incendiary bomb fillings, but it is not unlikely that these materisls may be encoun-
tered in conjunction with other incendiary egents, such 2s phosphorus dissclved in
carbon disulfide, end petroleum. The best method of dealing with a sodium or sodium-
potassium alloy bomb is to prevent the fire from gpreading by the cautiocus use of
water sprey, special care being taken to keep the water away from the bomb itself, znd
allow the bomb to burn itself out. OSmothering with send is the only practicable methad
of dealing with such fires.

Individual Fire Fiphting: If an incendiary bomb is not dealt with at an
early stage and a gerious fire is started, the situstion will usuelly cell for the re-
sources of the organized fire department, and it is accordinzly important that every
person should know the fire organization of his locality and the quickest way of ob-
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taining its assistance. However, since the vast majority of incendiary fires can be
extinguished by one or two individuals, properly equipped and acting promptly, it is:
ever more important that everyone understend that a fire resulting from a smell 2
pound incendizry bomb is &n ordinery fire and can be dealt with successfully by indi-
vidual fire-fighting methods in the vast majority of cases.

The following rules apply to fire fighting in general and to individual
fire fighting in particular:

1. Eguipment for ccmbating an ordinery fire should be kept on hand at ons
or more readily accessible locatiens.

2. Anyocne discovering a fire should first try to put it out himself, if
he ean resch it. If he is unable to get at or put out the fire perscnelly, he should
at once summon help from the nearest guarters—-neighbors, police, Air Reid Wardens,
and finally the fire department—if 1t is apparent that the fire cannot be extinguished
by local means.

3. GSince the fire resulting from &n incendiary bomb is the same asg any
other fire (except as to the bomb itself), it can be extinguished by water like ordin-
ary fires. It is only the bomb itself that requires special treatment.

4. Docrs and windows should be kept closed. If the door of a room on
fire is left open, the intensity of the fire will be inereased, the stoirways and pas-
sages will act as flues, &and the fire will soon spread all over the building. If it
is necessary to open a door, it should be opened only = minimum distence and the per-
son opening it should stand behind the door while deing so, if the door opens toward
him., Cere should be taken to prevent the door flying open.

5. In searching & burning tuilding, ths start should be made at the top
of the building and progress to the comperative safety of the lower flocrs.

6. By keeping close to the wall, it is often possible to move safely a-
ercse a4 floor or staircase that have been weskened by fire.

7. Upon entering a rcom on fire, & crouching or crawling posture should
be adopted, for the smoks and fumes are less dense nesr the floor. Hence, the air
will be purer, one can see better, and there is less danger of tumbling or falling.

&. Occupants of a building on fire, whe are not required to assist in
fire fighting, should be promptly evacusted to a safe plece.

9. The possibility of & fire traveling under &« floor,in & wall, or up &
shaft should not be overlooked, and all such possibilitics should be carefully examined
before leaving the acene of & fire.

Iire Precautions: The following simple fire precsutions can be taken in
the home at very small expenee end will add greatly to the protection of the household
during incendiury attacks:

1. Make surc that each member of the family lmows the emergency fire-
fighting arrangements for the neighborhood where the neerest fire station or fire DE—
trel is established, and how to eall the loeal Warden and to summon the regulur city
fire department if all other messures fail.

2. Clear the loft, attie, or top floor of the house of all inflemmable
materizl, such as "junk", paper, litter, and lumber, in order to reduce the denger of
fire and to prevent its spread. '

3. Arrange & sure and guick means of entry into the attic or roof space.
If' the only entrance is through a trap door, see that a ladder is kept on hand at all
times.

. 4. For controlling an incendiary bomb, it is desirable to h f

& convenient place in the top Story of the house at least four large guc;ggs?nahigggin
handled scoo orﬂshovgl, gndtgev%ral bucketfulls of dry earth or sand in z box. B
« A5 water is the best means-of putting out & fire started b -
%igigﬁbomgﬁagg éggﬁ%dtgo buckgts ;%Ggldhbe kepgnfiligg wigh water nearetheyﬁigignggf

: 3 te) e supplemented wherever pose w ti

garden hcse éong encugh to ggach from the naaregt wateg ta;htg ghergggig?nd o

. The inside of tha loft, attic, or to story of the house should b =
dered mere firc resistent by coating zll woodWork wi% £ S R
ing of 2 pounds of slaked l{me, i o§_ 50 GoEio salt,hangolcg%Fsogfcg%ét:g%gg.cun51at—

7. The floor of the loft, attic, or top story of the house should be pro-
tected by covering it with sheets of éorrugaied or plain iren (22 gauge or thicker? gr
asbestos wallboard or with 2 in. of dry sand. As the sand will considerably inerease
the welght en the floor, it should not be used until edvice is obtained from the local

authorities zg to whether the floor is st igh :
how it should be propped up for the purpcgg?g FIOSE 0 Taty We oS, Jont i, &2 nio,



WAK GASKS AND CIVILIAN DEFRWSE

The purpose of this stuay tulletin is simply to present an introduction
to the problem of war gases in relation to defense; to give & preiiminary picture of
the probtlem involved by briefly discussing the charscteristic properties, protection
reguired, aznd first-aid for four different type gases. The fundsmental problems In
civil defense, individual protection, group protection, and decontaminetion, will
not be entersd into at this time.

Definition of War Gases; A war gas 1s defined as any chemical subatance,
either solid, liquid, or gas, that can be used to produce, physiologicaily, a dis-

akling effect upon a human body. Wer geses are roleased to @mix with the air and to
produce their harmful effect upon all unprotected persons exposed to theuw. While
chemicals may te disseminatzd by numerous amsens, their use against civil populations
would probably be limited to airplanc dispcrsal by means of drop bombs and chemicsl
spray. Chemical btombs will renge in sizc from twenty pounds to six aundred pounds,
depending upon the type of gus, and when used will result In a large arce being
covered, more or leas thieckly, depending upon the nunmber of planes usca, with heavily
contaminated spots. Wnen a chemical spray is desirved, attack-type plsncs, flying
relatively low, will release streame of liguia sas which will settle to sarth as a
fine spray or mist, contaminsting cvery sxposed surface in the arce with a Light
concentration of a persistent agent. Against these two methods of cnemical attack a
trained civilian population nued have little fear, whercas a gao attack upon an unin-
formed und untralned civil population could essily producce widespread panic.

Toxicity of War Gases:; While the toxic or lethal offect, thet is, the
amount of gas required to produce a casualty, verics with the differsnt gases, one
thing is true in all eases; the effects of any wur ges wiil alwuys be in proportion
to the amount of gas present and the length of time a person is unprotected. The
stronger the gas, the greatsr will be the injury produced in & given time. However,
it is important to remember that even quantities of gus too weck to deteet by odor
will eause injury if the time of exposure is sufficient. A certain quantity of czch
gas must be breathed or come in contuct with thu body to produce @ disabling effsct,
but this reguired exposure could be for two minutes in a hipgh concentration or for
two hours in a low concentration with the saame ultimate result. Sinilarly & person
undergoing hard physical exercise breathes a much greater volume of air per minute
than a person at rest, so thet if both were expcsed to the same concentrution of gas
for the same length of time, the former would suffer the greater injury.

Classification of VWiar Cases;

Persistency: One buslizs for classification of chemical agents is the length of time
they remain in effective strength at the point of release. In this manner gases are
classified as being either persistent or nonpersistent.

The non-persistent pases are the very velatlle ones which quickly evapo-
rate when released [rom their containers, foraing visible or invisible clouds which
drift along with the wind, thus effectively covering a large area, but at the same
time gradually mixing with larger quantitics of air and becoming progressively more
diluted and less dangerous with distance from the goint of release. Thus these
agents do not remain in effective concentrution in the open for more then about ten
minutes and so ar: cald to be nonpesrsistent. However, it should be borne in mind
that on windless days znd in enclosed spsces thuse same gases may remain sffective
for severdl hours. '

The persistent agents ere less volatile ond are usually liquids that
evaporate slowly giving off dangerous vagors which form toxic concentrations and
move #long with the surrounding air. FEeing non-volatile ligquias, persisteont gases,
unless rumoved or neutralized, remuin in effective concentration in the opun for
many hours or days and in cold weother mey persist for wezks. As most peraistent
agents are also blister producing ag=nts, the combination is extremely efficient.
All personal clothing, equipment, materizl, and buildings contaninated witn persis-
tent gases must be decontausinated or destroyed before agzin being used. And success-
ful decontzmination of these ugents requires skilled and trained operators or elsc
casuzlties will surely result.



Physiolugicel Ffiect; Another method of clagsifying war geses is by thelr physio-
logical effect, as foliaws:

Tear Gases; Tear gases or lacrisators, are those which affect only the tear glands
of the eysu. They cause intecnse eye irritution and teaporary bliandness for s short
pericd with nu hermful after effect. They will probably not be used in future war-
fare except sgoinst untrained and unprotected civillan populatiocns to produca panic
and widespread disorder and cunfusion.

Example: A typicel tear ges 1s Chloracetophenons, or, as it is coasonly
called, CN. CN is a crystelline soild which is readily vaporized, yielding &4 color-
less, nonpersistent gas with an odor in low concentrations like apple blossoms. It
is reedily identified by its odor and also by its lumediate action upon the oyus.

It is effective in concentrations as Low as one onc-hundredth ounce per thousand
cubic feet of air.

Protection Required; Complcte protection is cobtained with any approved
gas mask or with & good pair of tightly-Titting goggles.

id; Normally, the offects of a tewur gae leave @8 sbon as one
gets out of the contuminsted atamosphers. One cin 2ls> stand and fuce the wind with
the eyes open and allow the wind to blow the gas from the eyes. In aggraveted cases,
the cyes can be washed with boric acid solution.

Lung Injurant Gases: These are gases which whzu breathed abtack the pulaonary
system, ceusing s burning sensatlon in the nose ond throat and e feeling of suffoca-
tion. Breathing thsse gascs results in destruction of the lung tissue, und concsn-
trations may be resdily established which will prove fatal to ungrotected pursons
after o ten-minute exposure, or result in serdous cis.bility upsn shorter exposure.
Mors capusltics from tais type of gas result in death thun from any otnher type. Lung
injursnt gases have no effect on any purt of the body exeept tho lungs.

Exsmpier A goosd exsmple of 2 lung injurant gas is Phosgenc, & colorless
nonpersistint gas, three and one-half times heavier tnsn air with 2 stifling, though
not unpleasant, odor ressubling new-wown hay. In high concentrations phosgene
causes coughing, difficulty in breataing, puins in the chest, nausca and vomiting.
In extreaely high concentrations, collapae sy be immediate. In concentr:tions mout
frequently encountered, the action of phosgene will be delayed, eSpeclally when the
concentration is real low and the exposure prolonged. Uncer such condaitions, the
almost total lack of irritation may result in a person's being seriously, if not
fatally, gzssed and not realizing it until serious syaptoas set in. Such a person
may fecl well abie to carry on his duties, only to be stricken suddenly and die
within a few hours as 2 rosult of insufficient oxygen supply.

Protection Regulred: Since all lung injurant gases aust be breithed to
be effcctive, complete protection aguinst thess ugents is obtained with a good gas
mask, if properly adjusted in time.

First Aid:; The sssential physiclogical zetionm of the lung injurents 1s
to cut down the supply of oxygen to the body tissues. Comssquently, in osrder to re-
duce oxygen requirements to the minioun, & lung injurant casualty should be put at
absolute rest. He should W asde tu lic down end not ailowed to walk to an aid
station even though he insists that he 1s able to do so. He should, us soon as pos-
gitle, be removed from the contaainsted staosphere; his squipment should be reaoved,
and nis clothing loosened, and he should be «ept wari, since colc increasss the
consuaption of oxygen by the body. In additiosn to wropping in biankets, non-slcoho-
lic stiaulants, such a5 hot coffee or tea, snould e piven; und he snould be
evucuated A5 soun £S5 possible, as un absolute litter ease. If availabie, oxygsn
shoule o acministersd. '

Vesicent Gnscs: Vesleant sgents nre thoss widch produce vesleles or blisters
wh:Tover taey come in contact with = body surfice, sitider interior or exteriar.
Expssur: to these grses produces no iamedinte sensatiosn or pzin, so often there is
delay befors the syaptois are noticed. This zbsence of Lamedizte =ffeet and the
fact thaet a concentration of e tod wedk to be uetectew can couse disabling burns
on long exposurs constitute two of the preztest dangers froa these gases. Freguent-
ly tne need for protection may not be reslized until it is too Late. The vesicants
sre nlgs encountered in the liculd fora in whien stnte they are wuch guicker szcting.
One sutstending feuture of liguid vesicants is their reusrkable puwer of penctration
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A single drop no lerger than a meteh head will psenetrate clotning or even isather
shoes and produce a hlister the size of a quurter. Wood, paint, concrete and
leather are readily penctratec and the human bedy itself has no resistance to
vesicants. It is this remarkable power of penetrating all ordinary substance that
makes protection against vesicant agents so difficult.

Exemple; The best exaample of a vesicant agent is, of course, austard
gas. uWustard ges is normally & dark-brown, oily-like liguid whlch vaporizes to &
colorless gus Tive and one-bhalf times heavier than air. It is essily recugnized by
its distinctive odor, which is similar to onions or gerlic. Areas or objects which
have been splattored with liquid mustard uppesr just as if they had been splattered
with old craniccase oil.

The first =ffect noted from mustard gas is irritation and inflaamation
of the cyes and eyelids. Then follows irritation of the rsspiratory tract, with
nasal discharge, nausesz and pain in upper front abdomen, cougn, znd finaliy redden=-
ing snd blistering of the skin. Broncho-pnsumonie is a frequent late result whers
mustérd pas has been breothed and is the ceuse of most mustard gas dsuths.

Ordinery clothing is reacily penetrated by mustard vepor, and severe
skin burns result, especially on sreas of the body which perspire frecly. The area
affectsd and the severity of the burn will depenc upon the conecentration of the gzs
and the length of exposure. Skin effects usually do not appear until fromn two to
six hours after exposure. & reddening of lhe skin, siwiler in eppearance to that
of a severe sunburn, is usually the first effect noliced. This is followed by iteh-
ing and & drawing sensation and luter by the gevelopment of blisters.

The effects resulting frow contuct with Liguid austerd are similar to
but more severe than those caused by the vapor. Thsey develop wore rapicly, often
within the hour. Severe burne reudily become scconderily infected und often result
in deep sloughing ulcers which arc slow to neal and require long hospitalizetion.

It i5 interesting to note that there is no puin irom a mustarc burn, except when the
liguid gets in the eye.

Protection Recuired:; As gustard, sither as & iiquid or  pgas, resdily
penetrates ordinary clothing and turne any part of the body with whicn it comes in
contuct, the problem of individusl protection is ¢ reai one. Not oniy is a gus mask
required to protect the facs and lungs, tut also the entire body aust be clothed in
special material which will keep out the austera. This type of clothing is neces-
sarily air-tight, which makes it cxnsusting to wear over proionged periods. Whilke
trzined men can work in this type of clothing for periods up to three hours, inex-
perienced crews become exhausted within thirty ainutes.

First Aid: The casualty should be adiately taken out of the
contaminuted atmosphere or 4rea and his contaalnated clothing reaoved. Should only
portions of the clotning be splashed with liquid mustard, these can Lo cut away. If
the face has been sxposed, wash the eyes znd rinse the nose und throct with a
saturated boric scid, wenk sodiun bicsrbonsite, or comson salt solution. If the
vapor has been breathed, treat and handle a8 = lung injurant casuslty. First aia
must be prompt for little can be done later then twenty to thirty ainutes after
exXposure.

Vapor burns on the skin may be lLessened or even prevented by thorcugh
cleznsing with soap snd water (preferably hot) iameaiutely after exposure. Cleans-
ing the exposed parts with gosoline (not containing lead tetraethyl) or kerosene
prior to the use of soap and water will facilitzte the removal of all truces of the
ERg,

Mustsrd burns or skin areas wet with liguid musterd sooulda be immediate-
ly and repestedly swabbed with & solvent such u& kKerosene, stralght gesuline, uny
5il, =leonal, or cerbon tetrachloride. Fresh cloths shoulc be used und the spread-
ing of the contzaination should be avoldeda. After cleasing with the solvent, the
effected purts should te thoroughly washed with soap end hot witer. Cloths used in

removing the liquid vesicant will be contsminated znd should be burned or buried
arter use.

A weak, freshly prepared salution of chloride of lime in water may be
used in place of the oily solvent, but this solution is itsell very irritating to
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the skin and must, therefore, be removed by subsequent wasining with sozp and water.

Fresh, uncontaminated clothing must be suppiied and all casualties re-
moved from aid-stations to hospitals as soon as pobsible. Always wesar your gas mask
and protective gauntlets when handling vesicant casualties.

Respiratory Irritant Gases: These substunces, also called sternutators or sneeze
gases, are usually disseminated as extremely minute solid particles or smoKes. They
produce intense pain in the nose, throat, and chest, followed by headache, ncusea,
vomiting and a genersl weekness. The effects, however, are not permanent, lasting
only from several minutes to a few hours ufter the victim has been renoved to the
fresh sir. These gases are doubly annoying because they readily penetrate 21l but
the finsst gas mosk canisters and are effective in extremely low concentrztions,
one-guarter ounce of the agent per one ounce of the zgent per one thousand cubic
foot of air being intolerable to an unmasked person after 2 two-minute exposure.

When a person is nauseated by an irritent gas, he will vomit =nd can not
wear 2 gas mask contimiously, and if he removes his mask he sxposes niuself to any
other g-ses present. For this reason, irritant samokes will undoubtedly ke used in
conjunction with other more lethsl types of gus, in order to increcse casuilties.
Wnen used in this wzy, irritent smoxes btecome & serious dunger in sir cttacks, owing
to their great mask-penetrative powers and effectiveness in extreasely low concentro-
tions.

Exzmple: A good example of this type of 2gent is diphenyluninechlorar-
sine, commonly known =& Adamsite. It is 2 bright yellow, crystzlline solid, which
when vaporized condenses to foram a dense cenary-yellow sacke, with a characterlstic
smoky odor. The odor is not so pronounced, however, =8 the burning semsation in the
nose znd throst which is ususlly the first syaptou produced.

Protection Heuuired: Since irritcnt smokes ure chemicrlly inuctive
solid particles, they are not removed by the chemical contents of o gus iask conis-
ter, but must be resoved by means of a very efficient mechaniccl filter. Probably
the only canister available which will reuove irritent smokes from the uir is the
Army canister. It is doubtful whether any commercicl or fire fighting canister
would be adequate.

First Aid: Hemove patient from contzainated wtmosphere, keep awey from
hest, and remove outer clothing. Flush the nose and throat with a weck solution of
sodiwn bicarbonate or of salt. The exposed surface of the body snould be washed
with soep and water.
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Type Wer Gases and Thelr Properties

Type Gas Tear Gas Lung Injurant | Vesicant Respiratory Irri-
tant

Common MName CN Phosgene Musterd Gas Adamsite

Persistency 3-10 min -10 min 3-36 hrs 3-10 min

Lowest Irri- 0.0003 oz 0.0005 oz per | 0.001 oz 0.00038 oz per

tant Cone.

per 1000 cu ft

1000 cu ft

per 1000 cu ft

1000 cu ft

Lethal Concen.| 0.85 oz per 0.50 oz per 0.15 oz 3.00 oz per 1000
10 min expos. | 1000 cu ft 1000 cu 't per 1000 ecu ft|cu ft
| .
| Vapor Demsity | 5.2 3.5 5.5
|
{ Solvents For Chloroform 0ils, Alcohol
Carbon tet
Odor in Air Apple Jew Mown Hay Garlic Smoky
Blossoms Ensilage Horseradish
Odor Detect- 0.0002 oz 0.0044 oz per | 0.0013 oz per | 0.0025 oz
able at per 1000 cu 100 cu ft 1000 cu ft per 1000 cu ft
£t
Physiological | Eye and Skin |Burns Lower Reddening and | Headache, Nausea
Irritation Lung Tissue Blistering of | Sneezing
Tissue
Protection Re-| Gas Mask Gas Mask Gas Mask and Best Type of
" guired Coggles Protective Filter in Gas Mask
Clothing Canister
ulethod of Strong Hot Steam and Bleaching Blesch Sol.
Neutralizing Sodiwn Carb. | Alkalies Powder Chlorine Gas
Solution
First Aid Face Wind Warmth, Rest fmsh with Breathe low conc.
Boric Acid Oxygen Kerosene or of Chlorine Gas
Solution Solvent and

then with Hot
Soap and Viater




