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Civil Defense 
The Medical Aspects of Atomic and Thermonuclear Warfare 

JUSTIN J. STEIN, M A ,  and STAFFORD L WARREN, M.D., Lor Angrlcr 

IT IS iMPEuTtvE that all physicians, regardless of 
their particular interest in medicine, learn as much 
aa possible about atomic energy. Whether we ap- 
prove of it or not, scientific developments based on 
atomic energy and nuclear research have changed 
and will continue to change the whole course of our 
Lives and that of natiom. 

For many years there was considerable apprehen- 
sion that, with the growing population and economy 
of this nation, the natural resources of cod, oil and 
gas would be depleted. With the advent of the new 
atomic energy discoveries, almost limitleas sources 
are now available to provide fuel and power. Also 
deposita of thorium, which are more plentiful than 
uranium and which can be utilized in the produc. 
tion of atomic energy, are constantly being dis- 
covered. 

It is unfortunate that, at mention of the term 
arornic energy, immediately most people think in 
terms of atomic and hydrogen bombs and of their 
great datructive force. Many of the better things to 
come will result from atomic energy research. The 
concentration of effort upon peacetime pursuits has 
really just begun. Surely, then, this great new scien- 
tific discovery-the harnessing of the energy in the 
atom-will stimulate everyone to wonder, to learn 
as much as possible about it, and to encourage 
further atomic energy research. 

If we are to achieve thee developments. we must 
have peace for a long time ahead. Peace is based on 
a nation prepared not only to wage atomic war but 
to defend itself in case of attack. A well prepared 
civil defense is the key. The data prwented here are 
what every doctor should know. 

The present report is in three parts: Part I-The 
Phenomenology of the A-bomb; Part 11-Prepara- 
tions for Radiological Defense in California; Part 
111-The Management of Radiation Injuria. 

I. The Phenomenology of the  A-Bomb 
From Einstein’s theory of relativity (E=rncl) it 

is known that mass and energy are interchangeable. 
At any time there ia a decrease in m a s  as a result 
of a reaction, then this decrease in mass is con- 

verted into energy. In the Einstein equation, E stands 
for energy, m for mas, and Cg is the square of the 
velocity of light. 

In an atomic explosion the energy is released by 
a nuclear rearrangement of a suitable atomic nu- 
cleus and the matter is converted into energy. The 
sum total of the energy released by en atomic or 
thermonuclear explosion is as follows: Blast, ap- 
proximately 55 per cent; thermal radiation, 30 per 
cent; nuclear radiation, 15 per cent, of which ap- 
proximately 10 per cent is from delayed or residual 
radiation. 

Uranium is the element of highest atomic number 
that exists in nature. It consists of a mixture of 
three isotopic forms with mass numbers 234, 235 
and 238. When uranium is fissioned, only about 
0.1 per cent of its energy is released. 

In uranium ore the uranium-238 isotope consti- 
tutes 99.282 per cent; uranium-233, only 0.712 per 
cent; and the remainder is uranium.234. There is 
only one part of U.235 for 140 parts of U-238. 

When neutrons are added to U-235 nuclei, a vio- 
lent reaction taker place which raults in nuclear 
fission or the splitting of the atom into two parts 
with the further release of one to three neutrons or 
an average of 2.5 neutrons with each fission or 
splitting of the U-235 nucleus (Chart 1). The two 
parts of the atom which are split off are called 
fission products. Neutrons are electrically neutral 
particla present in all atomic nuclei except simple 
hydrogen. They are about the same weight as pro- 
tons and are approximately 1,840 t imu heavier than 
an electron. With the emission of neutrons in the 
fission of the U-235 nuclei, gamma rays and beta 
rays are also produced. Alpha rays may be emitted 
in the fissioning proccas but usuallrthey come from 
unfiuioned material. 

Plutonium-239, which is a man-made fissionable 
materiaI, will undergo fiasion as a result of bom- 
bardment by either fast or slow neutrons, jus! as 
U.235 does. It emits alpha particles and has a half 
life of 24,000 years. The half life of U-235 is 7.07 X 
108 years (107,000,000 years). 

*. 

‘ 

Plutonium is formed as follows: 
Plutonium-238 captures a neutron and becomes 

239. which has a half life of 23 minutes and decays 
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neptunium239 formed, which is a marce isotope 
having a half life of 2.3 days. It emits negative beta 
particle forming plutonium-239 (Pu.239). 

Uranium-235 and plutonium-239 are used in 
atomic bomba. 

It  is therefore noted that when the U-235 atom is 
fissioned or split, neutrons are also produced which 
help bring about the chain reaction so amssary  to 
cause the explosion. With each fission an average 
of 2 5  neutrons are added so that if the fissioning 
or splitting continua a sustained chain reaction 
may reault. 

If two unequal pmta of U-w or of Pu-239 can 
be brought together so that an overcritical mass is 
formed and held together sufficiently long, the tre- 
mendom chain reaction produced in a substantial 
nurnber of the atoms will reault in the production 
of trcmendour heat (more than a million degrees 
centigrade in a millionth of a second) which will 
cause the explosion. A critical m a  i s  one in which 
the number of neutrons being produced is greater 
than the number nceesMIy to keep the fisrion 
reaction-going at a fixed rate and when the number 
ia exactly equal to the number of electrons lost. 

The e5cicncy of the bomb w i l l  depend upon how 
long the two fragmentr of U-235 or Pu-239 can be 
held together. The more fissioning of the a t o m  
which occura, the more energy produced. The 
dticd 8k.e of a f i~ ionable  mass b that amount 
which is neeesMry to produa a sustained chain 
reaction. 
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The H-bomb is an open ended weapon because 
it is not limited in the amount of critical material 
to be used. Tritium which is used in the hydrogen 
bomb is produced by irradiating lithium metal in 
a nuclear reactor. 

The “nominal” A.bomb has been the 20 kiloton 
bomb size. Bombs of this size were exploded over 
Hiroshima and Nagasski. Severe damage from this 
size bomb will cover about 4 6  square mila. The 
radioactivity produced in this type. of bomb at the 
time of the explosion is equivalent to more than a 
million tons of radium. Improved A-bombs have 
been made so that greater eficiency bas been ob- 
tained. 

The hydrogen bomb0 are spoken of in term3 of 
megatons (one megaton having the explosive equiv- 
alent of one million tons of trinitrotoluene). For 
practical planning p u r p m  in California, the 20 
megaton hydrogen bomb is considered as prcsenting 
the worst possible disaster. The hydrogen bombs are 
city-killen. Considerable damage and dangerous 
levela of radioactivity may be expected out to 20 
mila in d directions from the point of explosion, 
depending upon wind and climatic conditions when 
the bombs are detonated. There are some observers 
who believe that, since the improved A-bombs are 
so effective, there is little need for and few targets 
wortby of the hydrogen bomb. 
Praarion fmm N P ~ =  ~.diahon* 

Becaw it has g r a t  penetrating properties, nu- 
clenr radiation either rquirea that there be pro- 
tection by shielding materials or that one be at a 
conriderable distance from the detonation. Time 
and distance are two very important facton. With 
greater distanca even without protective shielding, 
one may be completely safe. 
.k k p l i  ’ dl &msza d e  b m  uc b+rd on L 20-kiloton 

h b .  & %erw& rpci6cd. 
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The mort commonly avrihble materials for shitld- 
ing against nuclear radiation are steel, concrete, 
earth and water. The half-thickness' for steel ir 
approximately 1% inches, concrete 4% inches, 
earth 71/2 inches and for water 10% inches (see 

It bas been cathated that for an air burst of a 
20-kiloton bomb at an altitude of 2,000 feet, if an 
individual was one-half mile from ground zero, it 
would require 6 inch- of steel, or 19 inches of 
concrete, or 30 inches of dirt to reduce the radia- 
tion intensity to 100 r (see Figures 1 and 2). The 
range of the immediate nuclear reaction d a a  not 
increase in proportion to the greater energy relecw 
of the bomb. In other words, a bomb twice as big 
does not do twice as much damage. 

The bomb may be exploded in the air, on the 
ground surface, below the ground, and on the sur- 
face of or below the surface of water. The manner 
in which the bomb is exploded will depend upon the 
type and size of the bomb and, in particular, the 
military objective. A comparison of casualties for 
atomic and conventional bombs is shown in Table 1. 
Air Bunt 
An air bunt  is when a bomb is exploded in the 

air at such a height that the fire ball d o a  not touch 
the earth or water surface. A maximum of destruc- 
tive e5ect with a minimum of radioactivity remain. 
ing in the bomb arcs can be obtained in this manner. 
People would be able to enter the bombed area in 
a matter of minutes following the bomb burst after 
radiological surveys had been made. 
B d  of Fin 

A ball of h e  with considerably more than 
l,OOO,WC. of heat in ita center h formed in leaa 
than a millionth of a aecond The intensity of the 
light is such that the hrightneaa is many times that 
of the sun at midday. The glare in the sky may be 
Men for hundreds of miles if the bomb is detonated 
before sunrise. Within 0.5 of a second the ball of 
fire measures 900 feet in diameter. At one aecond 
it is more than 900 feet in diameter and goes u p  
ward at the rate of from 150 to 300 feet per second. 

Chart 2) .  

- 
tHJl.rhi+m, h dmf - d. chi-. d rbc d d  io 

9IImoa r h i d  will  h fk ndianm 1-q b7 oae.h.U. 

G R O W  
BURST 

Fi ure 1.-Foxhole t y p  of shelter of great value except 
lor t te overhead bomb explosion. 

CORRUGATED 

F 
Fiyre  %-Three feet of packed earth providn p e a t  

deal of protection 

At approximately 10 seconda it is about one-third 
of a mile from the point of explosion. At about 90 
aecdri& the rising cloud is high enough in the air 
so that an individual on the ground would be safe 
from gamma radiation (see Cham 3, 4 and 5). 

High winds occur in the immediak vicinity of the 
explosion, from the updraft; and, depending upon 
the size of the bomb detonation and the nature of 
the underlying terrain, various a -0ounta of dirt, 
r o c h  and other matenab wi l l  be sucked up into 
the rapidly rising column. The top of the rising 
column consists of radioactive oxides of the fission 
products, of water vapor and droplets, and of dust 
and other materials, depending upon the terrain at 
the site of the detonation. It takes about 8.5 minutm 
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Chafi j.-Hi& air burst effects at 10 seconds 
and 30 seconds. 

Chan 3.-R~ults  of hi lh  air bunt after 0.5 veondr 
HlOH AIR BURST-ARWNO 2.000 FEET 

4 '1.000 ,,* 

amtarion: 
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Chart 4.-High air Lurrt effects and physical appearance 
ai  1.5 seconds and 3 seeonda 

0 1.400 W S .  

I--- -7 
I . W O n S  1 . 0 4 4 V D l  

win4 n w c n r  nv (IS .noun I W ~ L S  uo - 1.4 urn. 

for the atomic cloud to reach 30,000 feet. As the 
cloud ascends it liberates heat and when it reaches 
40,OOO to 60,OOO feet its temperature is fairly near 
that of the atmosphere and it will spread out and 
form the familiar mushroom appearance. 

B I a a  Effect 
A shock wave g o a  out faster from the expanding 

gases than the expansion of the ball of fin. When 
the shock wave reacha the ground from a 2,000-foot 
burst, it may have more than 30 pounds of preasun 
per square inch (in addition to the normal atmcr- 
pheric prasure of 147 pounds per square inch). 
This pressure Iasb for about one second. It then 
decreases until it is reinforced by the reflected shock 
wave at about.1,000 yards in one second. The re- 

0 

fleeted shock wave is known as the Mach effect, and 
it increases the pressure to 24 pounds per square 
inch. At about 10 seconds, or at about 5.OOO yards 
distance, the pressure has dropped to one pound 
per square inch over that of the normal atmospheric 
pressure. 

The instant the shock wave and wind blast have 
passed with the decreased presryre. a vacuum is 
formed and the winds are reversed in direction and 
rush back at lower speeds. This phase lasts for about 
two seconds. 

The effect of the blast will depend upon the size 
of the bomb and upon prevailing meteorological 
conditions. Within a radius of one-half mile numer- 
ous individuals would die of radiation effects, of 
trauma from flying objects, and of burns. From one 
to two mila from the bomb burst there would be 
radiation injuries, bums, and varying degrees and 
combinations of different types of trauma. From two 
to three milea from the bomb burst there would be 
wounds largely from flying objects. 

TheruulI(rdIation 
Flash burns will be produced as far out as two 

mi l a  and heat can be felt to ten miles. Tremendous 
amounb of infra-red, visible and ultraviolet light 
are produced. The intensity of the effects will de- 
pend also upon prevailing climatic conditions. The 
thermal radiation is absorbed in the first three 
seconds following the explosion. Loose fitting white 
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clothing provides more protection than ti& fitting 
dar t  clothing (Figure 3). The subject of burns h 
d i d  in another paper in thh issue. 
Nurlelar Rmdiation *’ ’ 

The instantaneous radiation consistn of gamma 
rays and neutrons and forms 5 per cent of the 15 
per a n t  of total nuclear radiation. The initial radia. 
tion i dangerous to about 2,000 yards. The neutrons 
travd less than 2.000 yards before they are abyorbed 
in the air. The instantaneous radiations persirt for 
only a millionth of a m o o d  and they come from 
the chain reaction. The alpha particles have a p i .  
tive charge, low penetrability, and are absorbed in 
less than 4 inches of air and by thin layers of paper 
or clothing. The beta rays or particles produced are 
negatively charged electrons with low penetrability 
and do not constitute a hazard from the immediate 
explosion effect. Both the alpha and beta particles 
may cause serious radiation injuries as a secondary 
effect from the midual  radiation if inhaled or in- 
gested. Skin burns may also be produced. 

The delayed radiations comprise about 10 per 
cent of the 15 per cent total radiations from the 
bomb. Beta particles and gamma radiation are 
emitted by the fission products for some time after 
the bomb is detonated. 

Since most of the fiwion products are either in 
or around the ball of fire, they ascend with the 
cloud. Within two minutes after a high air bunt  the 
cloud is so far away that there is little danger from 
radiation unless ,the wind currents and “fall-out” 
are unfavorable. As the cloud rises the exposure 
hazard diminishes by distance and time; since 50 
per cent of the gamma radiation is emitted in one 
second, 80 per cent in the first ten seconds, and 
practically none after two minutes. Problems asso- 
ciated with the radioactive fall-out will be discussed 
later. 
Surface B u n t  

A surface burst is one in which the bomb is 
detonated at or close to the surface. It causes great 
damage and the blast effect is tremendous, since 
it is largely outward instead of downward and out- 
ward. More thermal radiation is produced and a 
great cloud of radioactive debris is sucked up into 
the rapidly ascending cloud. The radioactive me- 
tallic oxide particles in the cloud will adhere to the 
dirt. The contaminated dirt particles in the cloud 
become contaminated with radioactivity and latex 
fall to the earth, producing what is  commonly known 
as the fall-out 

It would not be safe to enter the bombed area 
until after studin had been made by radiological 
monitoring groups. It might be months before one 
could safely enter the contaminated area to remain 
for any considerable time. 

VOL. 83.  NO. 4 * OCTOBtR 1 9 6 6  I I ?  
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Firnre 3 . - h r e  httin white clolhing providn more 
protection from therm,! radiation than tkht filling 
clothing. 

The ingestion or inhalation of radioactive mate. 
riah may constitute a great hazard. The beta par- 
ticles can only penetrate a few millimeters of the 
intact skin. The deposition of the fission products 
of plutonium-239 or of uranium-235 in the body is 
a definite hazard. Thorough washing of the feet, 
hands. hair and other external surfacespf the body 
will prevent some of the hazard. It will also help to 
avoid, if possible, inhalation or ingestion of the 
radioactive materials. 

Packaged food or canned foods can be safely con. 
sumed providing the container is intact. Water can 
usually be safely consumed, especially if there has 
been a relatively lang interval of time between the 
bomb blast and use of the water. Beef can be con- 
sumed if the outer portion has been protected by a 
cover in some way. 
Underwater Burst 

In the event of underwater bunt, practically all 
the initial nuclear and thermal radiation is absorbed 
by the water. There would probably be no direct 
thermal injuries but there might be many flame in- 
juries from fires aboard ships and in the harbor in. 
stallations. (See Charts 6, 7 and 8.) 

Radioactive Fall-Out 
Radioactive l aU-0~;  is the term used to describe 

the great amount of radioactive metallic oxide 
particles, dirt and debris of all types sucked up into 
the cloud as it axends from the earth or from an 
underwater burst into the sky and which later fall 
back to h e  earth or water surface. 

What is important in the fall-out is the amount of 
radioactivity which it contains. The force and direc- 
tion of the winds, and the atmospheric conditions 
prevailing will increase or decrease the fall-out haz. 
ards. Knowing what the prevailing wind patterns 
are for any given area and being able to determine 
them quickly following any bomb burst, is of great 
importance. The wind patterns are constantly chang 
ing and one cannot predict what they will be on any 
given date. 
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Recently in discussing the fall-out problem. 
LibbyS made the following statement: "The nuclear 
reactions furnishing the energy in atomic and 
thermonuclear weapons produce radioactivities as 
end products. In the ordinary atomic bomb, for each 

' 20.000 tons of TNT equivalent, about two pounds 
of radioactive materials are produced. In these two 
pounds are some ninety different radioactive species, 
varying in natural lifetime from fractions of a KC- 
ond to many years. The mixture as a whole de. 
creases in radioactivity in such a way that for every 
seven fold increase in age, the radioactivity is de- 
creased ten fold. T h u  the radioactivity by w e n  
hours after the explosion has decrcdaed to 1/10 the 
radioactivity at one hour; at 49 hours to 1/100; at 
two weeks to 1/1OOO; and at threqmonths to 1/10,. 
OOO." (See Chart 9.) 
The fall-out pattern can be determined by skilled 

personnel who have the proper equipment and train- 
ing. It is very necasary to be able to estimate the 
pattern, because whole communities may be in the 
path and with proper warning they could be wac- 
uated, since it may take several haun  for the fallsut 
to reach the ground at a considerable distance. Also, 
after areas are bombed it can be determined if they 
are safe to enter and for how long a period of time. 

II. Radiological Defew* 
It can be safely said that California has one of the 

finest radiological defense organizations and plans 
in this country and perhaps the ht. - 
*Fa bmiw: llrM 
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Chan 'l.--Reaul~s and physical appcaranre after under- 
water bunt at 20 recondr and after M) seconds. 

Chart B.--Rerul~s and physical appearanre of under- 
wi t r r  bunt at  2% iilinuics. 

1.000 ID¶. 2.000 TO8 1.000 .ID% 

After the invasion of Korea in June of 1950, and 
with the formulation of civil defense plans it was 
decided that radiological defense should be a big 
factor in the planning. California is highly vulner- 
able to attack from the air and the sea and has many 
critical targets. 

Basic auumptions are as follows: 
1. An enemy exists who is capable of attacking 

2. Atomic weapona, guided miuila, high ex- 
plmivea, and sabotage are available to the enemy. 

3. The attack could be a surprise one, and if it 
were m air attack, a certain percentage of the plana 
could get through to targets here just IU our plan- 
could get to critical targets in enemy territory. 

this country. 
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4 AU important production, populntion, mili- 
tary, and harbor antera would be critical targets. 

5. Twenty-megatop thermonuclear weapons would 
be uaed. (This is ''k change from earlier wump- 
t i o ~ ;  in the beginning ody the 20-kiloton A-bombs 
were considered in defense planning.) 
E f f e  of the New Wupona 

The effecb of the 20 kiloton A-bomb have been 
described in detail. The force of the blast wave of 
the byhugen bomb may be 1,OOO times as powerful 

that of a fission bomb, but the blast and incen- 
diary effects of the hydrogen bomb would be only 
about ten times as great as those of a fusion bomb. 
The radiation hazards would be increased over the 
nominal A-bomb but not greatly except for the 
amount of fall-out produced in surface or subsurface 
bursts. 
Rddrv l  R.dioaai*ig 

The residual radioactivity with the larger thermo- 
nuclear weapons may spread downwind for dis- 
tances varying from 50 to 300 miles, depending 
upon the winds. The fall-out path could vary from 10 
to 50 miles or more in width. 

The hazard of radioactivity could extend out as 
far as 20 miles in all directions from the bomb 
center. 

Some of the changes in planning following the 
announcement of the thermonuclear weapons was 
that about 75 per cent of all first aid equipment 
should be stored more than 20 miles and preferably 
40 miles from the center of critical targets. Also 
mobile improvised hospital unib should be located 
where feasible, more than 20 miles and preferably 
40 miles from the critical target areas. 

Gnlnl Centen 
The Radioloeical Safety Advisory Committee 

surveyed the state and recommended that, since no 
single fixed location within the state could be con- 
sidered sa7e at all times, there should be at least 
three control centers established in the northern 
part of the state and preferably four in the southern 
part of the state. It was also recommended that mo- 
bile communication buses could be used if necessary 
for this purpose. The purchase of five additional 
communication b-kaa recommended to augment 
tbe two already in use. Adequate communications 
are asential to any successful civil defense program 
and this has been repeatedly demonstrated both in 
military operations and in natural disasters which 
have occurred. 
Gst of the P m p m  

Since January 1951, approximately $1,100,OOO 
has been spent on radiological defense in California. 
Almost W,OOO of this rum wm spent on radiation 

Q .. 

Q.n 9 

20 KILOTON A-BOMB' 
90 DIFFERENT RADIOACTIVE 

ISOTOPES PRODUCED 
R*D(OLcTMTY DATA 8ASCD ON A u x l w I  
ff MDIVCTIVIW RLUAINING I WW 

N T C R  BURST 

I ?  4* 14 

mnnr M V 3  

TIME AFTER BURST 

detection instruments. Instruments for both training 
and actual field use have been secured. 

Four thousand one hundred and seventy monitor. 
ing instruments have been purchased and most of 
them have been delivered. Five hundred of the in- 
struments have been obtained for use in fixed and 
improvised hospitals. (Hospital facilities and trained 
medical personnel will represent our most valuable 
resource subsequent to an attack. These must not be 
contaminated with :adioactivity from the clothing 
or by persons coming into the area.) 

Sixteen mobile radiological laboratories have 
been purchased. They are completely self-contained, 
mobile, radio-chemical laboratories, designed to 
provide accurate measuremenb of radioactivity in 
food, water, air, and soil. They also carry their own 
communications. (See Figure 4.) 
One hundred and five radiological monitor squad 

trailers were designed by the division staff and con- 
structed at Folsom prison. Each trailer carries all 
the equipment necessary for a squad of 20 radio- 
logical monitors. The equipment includes radiation 
detection instruments, mobile communication equip 
ment and other materials necessary for etficient 
squad operation. 

Bow Problem in Radef Is Amndled 
Determining the situation with regard to radio. 

I , , a T i i $  
accomplished M follok.: 

VOL. 83. NO. 4 OCTO111 191) 277 



FoUNo By A. - . .  

Figure I.-Mobile ndiolof id  laboratory. 

1. The protective services of the state, namely, 
law enforcement, fire control, engineering and utili- 
ties, have been given 1500 radiation detection in- 
struments. Selected penonnel of those services have 
b a n  carefully trained in w of the instruments and 
they have them immediately available in their cars. 

In the event of an attack the selected persons 
would determine the immediate situation in their 
area and transmit this information to evaluation 
centers which, in turn, would transmit the informa- 
tion to the designated authorities. This would be the 
first source of information, since these persons are 
on duty daily and are usually well dispersed. 

2. T h e  volunteer monitors would take over the 
basic monitoring work as soon a5 possible. They 
will be invaluable in the immediate post-attacl pe- 
riod and also in the clean-up operations which will 
be necessary for some time afterward. 

The protective services would continue to keep 
their instrumenb for use as necessary for their own 
protection and information while they were busy 
carrying out their assigned tasks. 

3. The penonnel of the 6.3 Division of Highways 
Maintenance stations have been trained in monitor- 
ing and have been issued instruments. Since they 
are scattered over the state and have fixed installa- 
tions with instruments immediately available, much 
valuable information can be obtained from them. 

The above plan should be an efficient practical 
manner in which to obtain enough data to be of 
value in estimating the fall-out problem and also 
problems peculiar to any one area. 
Training Program 

Emphasis has been placed on training in radio- 
logical defense. Training courses conducted by the 
division staff during 1954 alone provided 35 volun- 
teer monitor instructors, 57 protective services man- 
itor instructors, and 23 mobile radiological labora- 
tory specialists. Alao, three training courses were 
conducted for control center and evaluation per- 
sonnel. 

The volunteer monitor instructors who were in- 
structed and assisted by the division staff, in turn 
trained some 400 volunteer monitors and 5,000 
protective service monitors during the year. 
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NOTES 

The Radiolodst 
The radiologist because of his general medical 

training, his special knowledge of radiation biology 
and of the clinical &mts of radioactivity, will  be a 
most valuable a w t  to civil defense. He should be 
encouraged to play an increasingly greater role in 
civil defense. 

Deeoatamination 
The residual radioactivity consists of beta and 

gamma-emitting fission products and induced radio- 
active materials. Also alpha particles may be emit- 
ted by unfissioned material. 

The residual contaminating radioactivity may 
produce two kinds of hazard. (1) If it remains out- 
side the body and produces localized injuries or it 
radiates large areas of the body, and (2)  If the 
radioactive material is inhaled, ingested or enters 
the body through open wounds. 

The following are rules and notes applicable in 
the case of persons and/or areas suspected of being 
contaminated: 

1. Thoroughly cleanse the body and especially 
the hair, axillae, groins, fingernails and feet and 
hands (repeated scrubbings if necessary). 

2. Monitor suspected areas of contamination. 
3. Put on clean clothing. 
4. Evacuate affected personnel. 
5. Thoroughly cleanse all wounds. Leave wounds 

open after thorough debridement. 
6. All packaged and canned foods may be used if 

outside containers are cleansed. 
7. Even if drinking city water, boil it. The boiling 

will not remove radioactivity but will make it sani. 
tary. There will be little danger of radioactivity in 
the water stored in the mains. It should be mon- 
itored, however. 

8. Neither gamma radiation nor the external 
radiation from alpha and beta emitters will cause 
an individual to become radioactive. 

1955 Objeetivea of Radef 
With the advent of the thermonuclear weapons, 

some of the planning and problems to be considered 
are as follows: 

1. Reevaluate previous plans for distribution of 
instruments and equipment. 

2. Revise training goals, particularly with regard 
to support regions. 

3. Increase emphasis on meteorological studies 
and information. 

4. Attempt to obtain additional means of securing 
immediate post-attack radiological information. 

5. Provide assistance and advice for overall 
Civil Defense planning, w well as for individual 
civil defense services regarding the atomic and 
thermonuclear weapons and associated radiation 
hazards. 

In. The Diagnosis and Management of 
Radiation Injuries 

As was stated previously, when either the H-bomb 
or the fission type of A-bomb in which uranium235 
and plutonium-239 are used is exploded. there is a 
sudden release of energy in terms of blast, intense 
heat and light and highly penetrating invisible 
radiations. 

The initial nuclear radiation consists of gamma 
rays and neutrons. The residual ionizing radiation 
results in a persistence of radioactive substances, 
emitting alpha and beta particles and gamma rays. 

The initial nuclear radiation, which consists of 
gamma rays and neutrons, is produced within the 
first 90 seconds after fission occurs. The two to- 
gether represent about 5 per cent of the total re- 
leased nuclear energy. 

The residual nuclear radiation which remains 
after the initial 90 second period consists of the 
following: Alpha particles from unfissioned mate. 
rial, beta particles and gamma rays from fission 
products, and materials made artificially radioac- 
tive by neutron bombardment. 

It must be emphasized that all radiation is dam. 
aging to some degree. If the amount of radiation is 
slight and only a small area of the body is affected, 
the body cells may recover to such an extent that no 
obvious damage or cell injury has occurred. For 
example 5,OOO roentgens may be directed all in one 
trkatment to a skin cancer that is one or two centi- 
meters in diameter without doing much injury. 
However, if 400 roentgens were given to the entire 
body in one treatment, about 50 per cent of the per- 
sons receiving that dose would be dead within 30 
days. 

It has been estimated that the human body can 
tolerate a weekly dose of 0.3 roentgens for many 
years without detrimental injury. Every possible 
precaution is taken. however, in peaceful pursuits 
to ensure that no radiation or as little as possible 
reaches a person in the course of his work with 
radioactive materials or x-ray generating equip 
ment. , 

With proper precautions, gamma ray and roent- 
gen rays can be administered to persons who have 
cancer without producing irreparable fissue injury. 

The ionization of tissues or the absorption of the 
energy from the radiation by the tissues results in 
the alteration of cell function or in cell death. The 
effects are largely upon the cell nuclei, then on the 
cytoplasm; then chromosomal changes, reduction in 
mitoses, inhibition of enzyme production, changes 
in cell membrane permeability and other changes. 
The effects of radiation are greatest during the pe- 
riod of reproduction of the cells. There is still much 
to be learned about radiation biology, but it ia 
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........................ 

Third week 

FOLDER NAME -I 

Inflammation of mouth and 

Fever. 
Rapid emaciation. 
Death 
(Mortality probably 100 per 

throat. 

cent.) 
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Ti- AIL.. 
fi.... n 

, F i n t w e k  

L . h l  D.r (660 ?) 

Nausea and mmiting after 1 to 
2 horn. 

... ..... 

Fourth week 

........................ 

D(ad1.m L.1L.I r)rr (100 P) 

Nmaea utd mmiting after 1 to 
2 hours. 

No definite symptoms. 

&ginning epilation. 
LOSS of appetite and seneral 

Fever. 
Severe inflammation of mouth 

Pallor. 
Petechiae. diarrhea. and nose. 

Rapid emaciation. 
Death 
(Mortality probably So per 

malaise. 

and throat. 

bleeds. 

cent.) 

Y.d.nu D o u  (100-100 e) 

No definite qmptoms. 

Epilation. 
Loss of appetite and general malaise. 
Sore t h a t .  
Pallor. 
Petechiae. 
Diarrhea. 
Moderate emaciation. 
(Recover). likely unless complicated 

by poor previous health or superim- 
posed injuries or infections.) 

definitely known that the absorption of energy from 
radiation may produce temporary or permanent in- 
jury to one or more biological systems, depending 
upon the dose given. 

The sensitivity of tissues to radiation is usually 
in the following order: Lymphoid cells, polymor- 
phonuclear and eosinophilic leukocytes, bone mar. 
row, the reproductive organs, salivary glands, skin, 
mucous membranes, endothelial cella lining the 
blood vessels and the peritoneum, connective tissue, 
mu&, bone and nerve cells. The nerve cells are 
considered to be the most radioresistant 

The radiation changes produced may be early or 
late. They may be confined to small areas of the 
body, or, brought about by radiation of the entire 
body or by the inhalation or ingestion of radioac- 
tive materials. Total body radiation in large doses 
at one time may produce the acute radiation syn- 
drome and cause death in a short time. However, 
total body radiation may be given in small doses in 
the treatment of certain type  of cancer with little 
evidence of harm. Similarly radioactive materials 
may be take,, by mouth, with little harm, in the r e g  
ulated treatment of certain diseases. On the other 
hand, it may be taken accidentally in harmful doses 
such M might occur from continuow and repeated 
exposures to radioactive contamination from the 
fall-out. 

The-injudicious me of x-rap and radium by 
many of thc radiologisb in the early days raulted 
in many radiation “burns” or permanent injuries. 
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Also the studies of the radium dial workers who later 
died of bone sarcoma have been of considerable 
value in learning about the ultimate effectJ of the 
prolonged absorption of the energy of radiations. 
The probable early effects of acute radiation doses 
over the whole body are as follows: 

0.25 r . . . . .  No serious injury 
25.50 . . . . . .  Possible blood changes but no serioua in- 

jury 
50.100 . . . . .  Blo0dd.l  changes, some injury. no dia- 

ability 
100-200 . . . . .  Injury. pouible dimbility 
200.100 . . . . .  Injury and d h b i i v  certain. death possiblc 
400 . . . . . . .  Fatal to 50 per cent of subjeeta in air w e e h  
600 or more . . F a d  within a fer d ~ y s  to two weekr 

With the acute radiation syndrome (clinical syn. 
drome of radiation sickness) nausea, vomiting, and 
diarrhea usually occur the first day or two after 
lethal exposures. Increasingly severe diarrhea, and 
general malaise and fever follow. The patient may 
also be relatively free of any severe symptoms for 
the first few days. Secondary infection is a common 
terminal symptom. Pharyngitis with symptoms ref- 
erable to the upper respiratory tract may also occur. 
In 10 to 14 dnys epilation may be noted. The ex. 
posed penon may die from failure of the hem. 
opoietic system within the sixth week, but the length 
of life and the severity of the symptoms will vary 
inversely with the amount of exposure to the radia- 
tion. A summary of the clinical symptoms of radia- 
tion sickness is presented in Table 2. 

Acute Dose Probable E ~ W I  

CALIFORNIA MEDICINE 
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NOTES 

Diagmaii 
The differentiation of individuah suffering from 

the acute radiation,syndrome or from varying de- 
grees of radiatiod exposure from those suffering 
simple shock or combination of trauma and shock, 
t difficult in the early stages. 

If there is leukopenia or a drop in the lympho- 
cytea, the nausea and vomiting, shock and other 
rymptoms are probably not a reaction to merely 
being in a bombed area but to radiation exposure. 
If recording monitoring inatruments are available, 
the information they give will be a great help in 
evaluating the dosage received and the probable 
prognosis. If a11 of the individuals in a given area 
have leukopenia, this will be significant of radia. 
tion exposure. Epilation will also be significant of 
large dosage and of grave prognosis. 

Treatment 

Although there is a great deal of research under 
way to find a specific treatment for radiation injury, 
none has been found. In case of attack, a decision will 
have to he made whether persons with evidently 
lethal dosage should receive treatment in the face of 
overwhelming numbers with little or no exposure to 
radiation needing all the supplies available. This 
refers to burns and other trauma. 

The following points are of great value in the 
treatment: 

1. Complete rest and food and water are im- 
portant. The radiated individuals become easily fa- 
tigued. and with lowered resistance they are subject 
to infections. 

2. Since infection is common and with a greatly 
lowered resistance, antibiotics will be of consider- 
able value in patients with sublethal exposure. 

3. Transfusions will be of value for persons who 
have had sublethal exposure, in order to carry them 
along until the bone marrow recovers the capacity 
to nianufacture enough blood to sustain life. 

4. Intravenoua feedings for persons who are 
vomiting and debilitated and unable to take nourish- 
ment 'by mouth. 

Individuab react differently to ionizing radiation, 
and what may be a lethal dose for one may not be 
for another. 

In general, for persons having acute symptoms of 
diarrhea and bleeding from irradiation within the 
first two weka, the prognosis is poor, as it is also 
for those with purpura and extreme leukopenia in 
the fourth to sixth week. However, the longer the 
delay in the onset of evidence of extreme bone mar. 
row damage; the better the prognosis and the more 
value to be obtained from supportive treatment. 

In general, also, treatment for acute radiation in- 
jury Will not be k g u n  until about the second week, 
since persons who die sooner probably received 
dosage for which no treatment would help anyway. 

There was very little water, food, shelter or blood, 
and no antibiotics or general nursing care, for the 
Japanese who survived the A-bomb blasts. If even 
good first aid measures had been available, many 
who died might have been saved. 

U.C.L.A. khool d Medicine. Lor A w e k  24. 
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