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The Doctor and the Atomic War

Much has beeu said of the need for public understanding of the new
Atomic Age. A citizenry ignorant of the vast opportunities and of the
crushing responsibilities inherent in the release of nuclear forces, is
court}ng annihilation, Iu the future, only the informed nation will
be safe.

Yet, important as it is for the average man to measure his obligations
toward the future, it is far more important for the medical mian to
understand his, The responsibility of the doctor for the safety. for

" the sheer survival of great masses of the population, if a new conflict

comes, is gigantic. For nobody seriously doubts that the next war will
be fought with atomic bombs many times more devastating than thosc
dropped on Japan.

We of the United States Army Medical Department fully realize
the gravity of the new situation that confronts the physician and the
medical research man. Though we fervently hope that there will not he
an atomic war, we cannot assume there will never he one; on the con-
trary, we must act as though one were certain. We cannot leave to
chance, or to hurried last-minute action, the technological preparations
which alone will cut down the enormous casualties if these now hombs
are dropped upon our closely packed civilian centers.

We are doing everything in our power to anticipate such a catastrophe
by study, by training, amd by rescarch: by planuing and by special
-organization of our medical forces. Through these effarts we scek to
acquaint all civilian physicians of the procedures that will he necessary
in time of cmergency. - '

Our beginnings, to date, have been modest, but our efforts are grow-
ing daily. They consist, in the main, of utilizing every item of data and
experience gained in the manufacture of the bomb in its use at Hiroshima
and Nogasaki, at Bikini, and recently Eniwetok. We can say, cven at
this early stage, that our population need not be defenseless, The trained
gombination of nuclear physicists, engineers, and medical men can

" operate to protect our Nation if it is ever attacked,

In this [ittle hooklet we have brought together a series of articles

" based on lectures delivered during our first course in atomic medicine,

- currently sponsored by the Armed Forces Special Weapons Project.
were originally published in the Bulletin of the U. S. Army
Medical Departinent and are collected here to give an over-all picture

" " of our present thinking on the subject. We hope that every doctor, in

and out of the r\rm_v,. will take this message to heart, and will cooperate
with us in a steady improvement of the defenses which we know we

: '::'._ _mwust prepare.

R. W. BLiss
MaA JoR GENERAL, U. S, ARMY
THE SURGEON GHNERAL
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IV. Evaluation of the Five Atomic Explosions

Employment of the bomb. The atomic bomb is primarily « strategic weapon,
und the cholce of target and method of employment require the evaluation of a
numbser of tactors. Thus far, Ave atomic bomba have besn detonated, three of them
under test conditions. The one factor that makes an atomic bomb detonation differ-
ent from the detonation of any other type of wespon is the nuclear radiation pro-
duced. All high-explosive weapons produce high temperaturs and high biast pressure,
and the only difference in these respects between atomic and conventional weapons
is the increased magnitude of the blast and thermal effect produced by the atomic
bomb, However, no other weapon devised to date iv capable of releasing nuclear
radlation, \

The first bomb was set off under experimental conditions from a tower near
Alamogordo, New Mexico, on 16 July 1945. The second bomb was dropped, 6
August 1945, on the city of Hiroshima from s B-29 bomber, Over 4 square miles
of the city were instantly and completely devastated; 66,000 people wers dead or
missing and 69,000 were injured. On 9 August another B~29 dropped an atomic
bomb on Nagasski, totally destroying 1.5 square miles of the city. The number of
persons dead and missing in Nagasaki waes 39,000, and 25,000 more weres injured.
‘The fourth atomic bomb was dropped by a B~29 on target vesessls assembled in
Bikini lagoon on 1 July 1946, and the fifth was detonated underwater on 25 hily
1946, Teat animals placed in various locations on the target vessels ylolded impor-
tant date on the bomb effects. This work was under the supervision of the Naval
Medical Ressarch Center.

Action of the bomb. When a mass of fissionable material squal to or greater
than n critical size is assembled, & viclent detonation will occur. The subcritical
masses of Asslonable materlal must be brought together rapidly in such a manner
that a chain reaction and detonation will occur. The bombardment of each fissionable

nucleus by neutrons results in the formation of two fragments known as fission
products. Alt nuclei do not split into the two types of fragment; therefors, many .

radicactive substances (fission products) are fiberated, The sum of the masses of
these fission products will not equal ths original mass of the split nuclei. The differ-

snce between the fimion products formed and the original mass represents the mass
of the nuclal that has besn converted into energy In the form of blast, holt. llght.

x-rays, gamma rays, and relassed nuclear particles.

The detonation of the atomic bamb generates a crushing wave of hl;h pressure. =
The bomb also liberates an enormous quantity of slectromagnetic radiations:and .. "
neutrons. The slectromagnetic radistions include infrared, visible light, ultraviolet, = ©"::°

x-ray, arxd gamma radistion. Thereafter, the fission' products formed emit gamme

rays snd bets particles. The unfisioned bomb residue emits’ .lplu particles. Sub-

stances bombarded by neutrons released st detonstion, which bacome radloactive
by induced radicactivity, may also emit nuclsar particies and gamma reys. A large
fraction of the gamma rays is emitted in the first Aash of the stomic explosion.

Nautrons also sccompany this reaction. The range of neutrons is negligible at 1,000 .

yd. bacause of their absorptien in the eir. In an underwater burt,” grester absorption
occury, resulting in induced radioactivity of the ses water. Of the constituents of
ses water, only sodium is of any significance, snd aven this element Is hazardous
for only a limited period because of ity skort half-life (14.8 hours),

At detonation, practically all of the lethal gamma radiation Is released, and the
ramaining small fraction of the total dose is given off by the resultant fission prod-
uets that rise rapidly in the bomb cloud. The column of radiating fission products
and combustion material rapidly rises into the air and begins to-mushroom out when
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the temperature of the column is equal to the temperature of the surrounding atrmos-
phere. The climatic and metsorologic conditions will govern tho diffusion, dispersion,
snd radiation sctivity of the ¢loud, The flissioned and unfissionod materisl in an
airburst will be distributed In the atmosphere; wille in n subsurface waterburst,
the adjacent water, ships, and land [acilities in proximity to the detonation will be
seriously contaminated. Fission products in the cloud may be dispersed as fine
particles of varying size, and. depending on many factors, a shower of the radio-
active material will fall on nearby areas. The fission products, therefore, present o
continuing heaith hasard for a considerable time as an aftermath of the explosion.
In general, regardiess of the technique of bomb detonation, radiosctive materials
amitting alpha and beta particles and gamma rays will be sncountered. The radio-
activity of thess substances will range from » few seconds to years. Vielent changes
in temperaturs, strong magnetic or electric fields, and drastic chemicsl interactions t
have no effect on the rate of transformation or emission characteristics of the radio- !
active substance, If an slement is radioactive, it will decay normally according to its

inherent hatl:-life. ;

In the underwater detonation of the bomb, thousands of tons of water rise in a 1 .
column, & few thousand feet in the air, followed immediately by & rapidly moving i
mass of water, constituting the base surge. The turbulent waters contsin s high
percentage of the Aulon products and unfissioned residue. Immediately at detona-
tion and for & short period thereafter an enormous amount of radiation is smitted.
Tha falling column of water and mist, depending on wind canditions snd depth of
detonation, contains a high percentage of the fssion products and unfissioned residue
that can contaminate an area of several square miles for a considerable period,

The emission of infrared, visible, and ultraviclet light occurs a few millisaconds
after the sxplosion. The ball of fire in the airburst grows rapidly in sire. As it grows,
its tempaerature and brightness decrease. Sovaral milllseconds after the initlation
of the explosion, the brightness of the ball of fire is severa) times the brightness
of the sun, Most of the infrared and ultraviolet radiation is given off after the
point of maximum intensity. The ball of fire rapidly expands from the size of the
bomb to & radius of saveru] hundred feet ot one second after the explosion. Thus,
the infrared and ultraviolet radistion comes in two bursts--an extremely intense
one lasting e fraction of & millisecond and a less intense one of much longer duration
lanting saveral seconds.

‘The heat from the Rash In sn airburst occurs in a short time, and, since there ia
no time for any cooling to take place, the temperature of a person’s skin ean be
raised 50°* C. by the flash of infrered und ultraviolet rays in the first millisecond at
a distance of over 4,000 yards. People may be injured by flash burns st even grester
distances. Gamma radistion denger does not extend nearly so far, and the neutron
danger zone is still more limited. High skin temperatures result from the first flash
of high Intensity infrared and ultraviolet and are probably sy significant for injuries
s the total doses that come mainly from the second, more sustained, ball of fire.

Effectiveness aguinst personnel. For personnel in the open, within one-half
mile of zeropoint of the airburat detonation, death would occur almost instantane-
ously or within a faw hours from the blast, heat, and radiation efects. Within a
radius of one-half mila and one mile from zeropoint, some persons would die
instantly, while » majority would receive varying degrees of injury. Qrdinary houses
and structures would suffer complete destruction or extensive damege and fires
would be widespread. Outside a radius of one mile and within a radius of two
miles from gercpoint, personnel would suffer Injuries froms flash burns and indirect
blast effacts. Outside a radius of two miles and within & radius of four miles, per-
sonnel would be injured by flying fragments and suffer suparficial wounds. Structures
would be half or partiatly destroyed within this radius, In an airburst explosion 70
percent of those exposed would suffer trom treuma, 65 percent frem bums, and
over 35 percent {from radiation.
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Delayed gamma radiatlon from the base surge is similar to immediate gamma
radiation, excapt in its nondirectional characteristics. The shielding requiremnents
are similar to those in the previous situstion, in that the sama half-thicknesses are
applicable, There are no delayed neutrons of significance; hence, special shislding
Ls of no importance in this problem. In the delayed altuation we alse have important
beta radistion. Immediate beta radintion occurs but does not travel a very great
distance from the source, bacause of the efficlent shielding furnished by air. Where
t:e base surge ls surrounding the location in question, beta radiatlon is important,
becauss the half-thickness of air Is about 4 yd, Nermal clothing furnishes sufficient
shielding to beta radiation. Similarly, thin walls and the glam in windows are
adequate, It is, of course, nondirectional and comes from all sides. The extent of
the extsrnal hazard furmnished by bata radiation Is not well understood, It is belleved
comparabls to that of gamma radiation when a base surge has besn ¢created, Alpha
radiation occurs from the nonflssioned plutonium end urenium. This radiation
constitutes no external hazerd, as the skin furnishes adequate shielding. All the
alpha rays are absorbed in the spidermis with no resulting damage to living tissues.

Internal radistion gets into the body through Inhalstion, ingestion, or injection.
This is a delayed hazard snd le possible only where one i in the base surge, the.
mushroom cloud, or an ares over which the base surge has previously passed. The
{nternal haxard genersily occurs only whete thers is glso an axternal hazard, If one
is exposed to the bass surge or is in the mushroom cloud, the extemal radiation
is often lethal without any conslderation of an internal hazard, Particularly if one
is working in a highly contaminated area after the detonation, there Is e significant,
but not necessarily lethal, degree of axternal hazard; but there ia also a very grest
internal hazaed. This is created by disturbing the dust and usually enters the body
through inhalation. An additionsl hazard exists from esting with contaminated
hands and thus getting the active material into the body through the mouth,

In the case of an atomic explosion, a small amount of this radicactive material
is in tha form of a trus gas or vapor. Almost all of it sxists on particles of dust
or droplets of water, Thess contaminated particles have a size range from 0.1 to 10
microns. The filter in & modern gas mask such s the asssult mask is belisved to
give adequate protaction, This filter is extremely efficlent. It s quits possible that
new masles will be devised that will protect ageinst atomle, biolegic, and chernical
warfare. Such & devalopment Is highly desirable. Protective clothing would be
required for wotkers enteting contaminated areas. It would probably be permesble
clothing. Its main requirement s that it should be disposable. Its functions would
be to keep contaminated material from the skin and possible later entry into the
body, Disposabllity {s desizable, as thess materials cannot be rendered harmlems by
any physical or chamical means.

Collective protectors with filters or inclosed air-conditioning systems are probably
indicated for vital installations and underground shelters in anticipation of stomie
warfars. Such items would prevent the highly contaminated air of the base surge
from entering instalistions that otherwise would furnish adequate protaction sgainst
the sffects of the atomic bomb. The development of decontemination techniques
and facilities is indiceted to reduce the long-term posibility of personnel becoming
contaminated and later having active material enter the body through the respira-
tory and digestive tracts, Such techniques will probably consist of washing away,
carrying away, or burying the active material,

Education. In an attack on a modemn city it is bslleved that about 50,000 deaths
would result from e single bomb, It s felt that, If the Individual clvillan and soldier
in such a city wers adaguately trained as to what he could do for himself after the
detonation occurs, perhapa 10,000 lives could ba saved. The development of atomie
defense for the individual will be the subject of much work in the future. The
aducstion of large numbaers of persons, both clvilisn and military, for special jobs
{n stomic warfare Is important and will probably be given te such peopls as radio-
logic safoty personnel, madical officers, civilian doctors, and civil defense tech.
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nicisny, The mathed by which the individual indoctrination and the specialized
tralning {s given will determine to a large extent the peychological preparation
that will be attained In & population. It is highly desirable that we Impart the
proper degres of knowledge to all so that each individual has a respect for the
special hazards of atomic warfare, thereby avolding the undesirable sxtremse of
excessive fear or Ignorance. This will be a difficult job and the Natlon is far from
attaining this goal at presant,

A large amount of detalled defense planning will bs required for the protection
of the Nation. It will include large-scale training of wuch specinlists us fiss fightars,
evacuation control parsonnel, first-aid personnel, and decontamination groups. Large
stock piles of food supplies, medieal supplies, and dlsaster equipmant will be
required in relstively invulnerable locations. Preparations will be reguired for
mutusl sld between cities and major instalistions. All civil and mllitary groups
must be squipped and trained in the detsction and isolation of contaminated areas.
This new hazard created by nuclear radiation is the one hazard that may not be
detected by any of the physical sensen. It requires spacial instruments and spacial
consideration. With sufficient indoctrination and a few minutes’ advance warning
of an atteck, it in quite pomible thet a 50 percent saving in casualtios can ba
effectod. This establishea the fact that development of advance detection tech.
niques and warning signals Is of the greatest importance to insure the continustion
of our present existence,

ACTIVE DEFENSE

Of less direct importance to the medical profession but of the utmost importancs
to the Nation is activa defense, which means the prevention of an stomic attack.
Regardless of our degree of preparation and protection, large numbers of cesualities
and a more Important amount of discrganization and dlslocation will occur, The
attompts of the Unitad Nations Organization to set up machinery to insure psace
in the futurs, if succesaful, will be the greatsst protection we can have against the
atomic bomb, The basle responasibilities of military orgenizations require that they
sssume that war will occur.

Regardless of the political situation, the military organizations must constantly
maintain the highest lavel of preparedness. In the case of atomic warlare this will
conslst of extanilve stock-piling of all wespons, Including atomie bombs, It will
require rendiness of retatiation forces. Bacaute of the nature of the atomic bomb,
it will require extensive protection of our ebility to retaliate and conduct an offen-
sive war. As wai seens above, advence wamning Is most important—thus an sfficient

foreign intelligence corpe is vital, Some persons have raised the provoking thought

that, becauss of the capabilities of the atomic bomb, we shall lose an atomic war
unless we attack fiest, assuming the enemy has atomic bombe. - .
A vital part of active defense that is erronsously played down in articles in the
press is the asumed futility of interception of an atomic bomb carrier. Within the
laat few weeks our suthorities on guided mimiles have stated openly that it in
their beliel that guided missiles cannot be used to carry an atomic bomb for at

least ten years. The military authorities must concentrate on the intervening years .

in which Itbuntieiplt.dthntumnmdnimdthﬂumtﬂhlyh!ﬂdm“h
have had only s fair degree of success in the interception of sircraft on bombing
missions. Thare is no sclentific resson why ocur degres of interception ‘cannoct be
raised to nearly 100 percent if sufficient money, time, and technical ability are put
on the problem. Atomic warfare presents a truly horrible outlook, It is our duty
to push to the utmost any procedure that could possibly reduce its effectivensms

against us.
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For the Record

It is no news that the war has fostered amazing
advances in science, not the least of which are the
forward steps of medicine, The Army Medical Depart-
ment with its cxpamnded research and development
program is preparing to apply many of these scientific
advancements to the postwar world. Thus the Medical
Department is keeping pace with the changing condi-
tions of global health needs by developing the practice
of total medicine.

Doctors who are looking for outstanding training in
any of the many specialtics in medicine and surgery
will find that the Army Medical Department offers
some of the best training in the world, They reccive
instructions and experience under the guidance of top-
flight Army and civilian teachers. They use the. latest
cquipment ~ wark in large general hospitals and labo-
ratories. They learn new techniques which few civilian
doctors have an opportunity to master,

For further complete information about the Graduate
and Professional Training Program offered to medical
officers write to:

The Surgeon General
Department of the Army
Room 2E526, The Pentagon
Washington 25, D, C,
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