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This book describes methods of treating acute radiation injuries,
the therapy of patients wlth radiation injuries, and the pathologoana-
tomical changes whilich occur in the body durilng this illness.

The classification and evacuatlon of casualties in a focus of
mass Iinjury and the organization of dosimetric monitoring in the esa-
tablishments and institutions of the medical service of the GO are
degscribed, the latest data being taken into account.

This book is lntended for physlcians in all speclaltles and for

gstudents in advanced courses at medlcal instltutes.
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INTRODUCTION

Since they first came into existence the Soviet government, the
Communist Party, and the entlre Soviet nation have struggled for peace.

China, the soclallst countries, and all progressive individuals
are lIncluded 1in the true struggle for peace.

These nations are filled with determination to uphold the cause
of neace, which 1g so0 neceggary for tha mnat raptid titlding af a ernm_
munist soclety.

The entlre world knows the peaceful steps taken by the Soviet
government,

The Sovliet people are proud of their Motherland, which upholds
peace throughout the world, and of thelr outstanding sclence and tech-
nology, which created the first artifilclal satellites of the earth and
the first cosmic rockets.

The fact that the imperlalist governments have atomle and thermo-
nuclear weaponsg at their disposal obliges all Soviet citizens to be
completely famllliar with thelr propertles and the measures for protect-
ing against them.

The literature of the last few years has enabled many Soviet med-
i1cal workers to become acqualinted with the problems of radiation sick-
nesg.

However, the importance of the matter requires that all medical
workers in the medlcal service of the GO study the problems of the
classification and therapy of acute radiation injuries.

The authors' collective has set 1tself the task of assembling and

-1 -
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Systematizing thé basic problems in the. sympt

and therapy of radiation injuries caused by eéxternal add 1Rterngl ir-

radiation. .. . .. .
Data published 1n the Soviet and forelgn press (exéept Chapter 6)
and the experlence galned in practical tralning matters by the per-
sonnel of the establishments and institutions of the medical service
of the GO served as the materlals for this book.
In addition to problems of the symptomatology and therapy of
acute radiation sickness and the characteristics of radiloactive sub-

stances, comblned injuries and radiation burns, this book deascribes

1]

the basic principles of the organization of dosimetrie monitoring and
the medical classification and evacuation of casualties (Chapters 5
and 6).

In editing the book we triled to abridge the material submitted as
far as posslible, 1n order to facilitate its study by the broad masses
of medical workers. The authors congequently do not pretend to a com-
plete exposition of the problems touched on.

If this book ailds medical workers 1n studylng the principles of
the organization of medical securlty and the symptomatology, therapy,
and classification of mass radiation injuries, the authors! collective

will be rewarded for 1ts modest labors.

The Edlitor

FID-TT-63-610/1+2




Chapter 1
CHARACTERISTICS OF INJURIES SUSTAINED IN ATOMIC EXPLOSIONS

Pecullaritlies of Atomlc Explosions

The term atomic (nuclear) weapon 1s used to refer to those weapons
whose action 13 based on the use of atomic (intranuclear) energy. We
may distingulsh two types of atomic weapons: explosive weapons and
radlologlcal warfare agents.

An atomic explosive weapon 1s based on the use of atomic energy
releaged in large quantitles as a result of reactions of an explosive
character, 1.e., at the instant of explosion, It 1s designed to destroy
varloug targets and to injure the population.

These weapons now take the form of atomic and hydrogen bombs,
projectiles, torpedoes, short- and long-range rockets, and self-
propelled mlssiles.

The power of an atomlc explosion 1s characterized by the TNT equiva-
lent, 1.e., the weight of TNT whose explosion releases an energy equal
to that of the atomic explosion in question. Depending on the magnitude
of the TNT equlvalent, atomic bombs may be estlmated as belng equal to
from several thousand to hundreds of thousands of tons of TNT.

The TNT equivalent of hydrogen bombs reaches millions of tons.

An atomic exploslon 1g accompanlied by the simultaneous action of
a powerful shock wave, lumilnous radlation, and penetrating radlation,
ag well as by radiocactive contamination of the vicinlty of the explo-
slon.

An atomic exploslion can be carried out in the air above the earth

-3 -
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‘waten) Atomic explosions ave consequently referred to

_above-ground (over water), or underground- (underwater)-The point o -

the surface of the earth above which an atmospheric explosion is car-
ried out 1s called the eplcenter of the explosion.

A blindingly bright flash which illuminates an area for tens of
kilometers from the center of the explosion and 1s accompanied by a
loud noilse resembling a powerful lightning discharge occurs at the in-
stant of an atomic explosion.

In an atmospheric explosion a fireball (a hemisphere in a surface

Fa

explosion) with a temperature of millions of degrees at the explosilon
center 1s formed after the flash. The fireball shines like the sun for
2-3 seconds. The lumlinescence of the fireball 1ls caused by the presence
of 1ncandescent gases. Rapldly lncreasing in gize, the fireball rises
and cools off, becomlng a fluffy radioactive cloud. At the same time a
column of dugt and smoke rlses from the earth, giving the radloactive
cloud a mushroom-~like shape, This cloud reaches a height of 10-12 km
after several minutes and is carried in the direction of the wind for
a considerable dlstance from the site of the exploslon. Along the
cloud's path the large radiocactive particles which were thrown aloft
fall to earth, contaminating the ground and obJects below. When the
appropriate measures are not taken to protect humans and anlmals the
radloactive substances which fall in the vicinlty are dangerous for a
definite time. The greatest contamlnation of the surrounding regilon
with radloactive substances occurs 1n surface exploslons.

In an underwater explosion an enormous column of water i1s thrown
up into the alr. This results in the formation of a mass of apattered
water whlch takes the form of a dense mist. A wave up to 50 m high de-
velops at the surface of the water, presenting a danger to surface

-4 -
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Ihjurioué Factors of an Atomié Exgioéibn:

~The Shock Wave 1§ the basic injurious Tactor of an-atomic explo=
slon. More than half of the total energy of the explosion 1s consumed
in forming it. The shock wave of an atomic explosion is a region of
compressed alr under a pressure whlch reaches hundreds of thousands of
atmospheres at the center of the explosion. Propagating at very high
speed in all directlons from this center, it can inJjure persons and
destroy buildings. The greatest shock-wave destruction and injury is
caused by an atmospheric explosion at an altitude of 600-7T00 m and oc-
curs at a distance of 800-1500 m from the epicenter of the blast, de-
pending on the size of the atomlc bomb.

The shock wave can act on man in a two-fold fashion: dlrectly and
indirectly. Damage to internal organs and internal hemorrhaging may be
observed in the first case; traumas and burns caused by so-called sec-
ondary projectiles {(bricks, stones, and pleces of wood) formed as a
result of the destruction of bulldings and of fire occur in the second
case, According to the data of foreign authors, up to 50% of the deaths
in the atom bombing at Hiroshima were caused by the action of the shock
wave.

The character of the iInjurious effect of the shock wave depends
on the action of the overpressure and the distance of the people and
bulldings from the eplcenter of the explosion, as well as on the TNT
equivalent.

The extent to which unsheltered persons are inJured by the actlon
of' the overpressure may be characterized by the following guldeline
data (Table 1).

The higher the TNT equivalent of the atomic or thermonuclear bomb, g
the lower will be the pressure necessary to inflict injuries (contu-

-5 -
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A) Overpressure, in kg/cme; B) traumas
{to unsheltered individuals); ¢) mild;
D) of moderate severity; E) serlous; F)
lethal.

sions) on man. This 1s primarily due to the time for which the over-
pressure acts on the body. NDepending on the dilstance from the center
(epicenter) of the blaat, an enormous overpressure is generated at the
ingtant of explosion, reaching tens and hundreds of kllograms per
square centimeter.

The shock wave propagates ln all directions from the center (epi-
center) of the blast, 1ts injurious action decreasing as we move far-
ther from the center. One of the pecullarities of the shock wave is
its propagation rate. Within the effective radius of the shock wave
its front moves at a supersonic speed and reaches objects 1 km from
the blast site in 2 seconds, those 2 km away 1n 5 seconds, those 3 km

away in 8 seconds, and those 13 km away in 35 seconds (Fig. 1).

&

vepes

o8 s
ZMB 3 -

Fig. 1. Propagation rate of shock-wave
front. A) Epicenter; B) after 2 sec.
Protective structures (shelters) intended to safeguard the popu-
lace are of great importance. A shelter partlally protects persons

from the shock wave and penetrating radlation and completely protects
-6 -
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Flg. 2. Radll of zones of inJury of lum-
inous radiation, shock wave, and pene-
trating radlation for unprotected per-
sons in atmospheric explosiovn of a
medium-size atomic bomb (guideline data).
A) From penetrating radiation; B) from
shock wave; C) from luminous radlation;
D) distancc from eplcenter, In km; E)
extremely severe lnjuries; F) severe in-
Juries, @) inJuries of moderate severity;
H) mild injuries.

them from luminous radiation.

While houses and other bulldings on the surface are destroyed
when the overpressure ls approximately 0.3-0.35 kg/ch, a shelter com-
pletely wilthstandg this pressure and can sustain one of up to 1-5
kg/cm2 or more. Protective shelters consequently reduce the shock-wave

inJurles to the populace by a factor of 1l.5-3.

The luminous radiation lasts for several seconds, approximately

1/3 of the energy of the atomic explosion being consumed in generating
it. The injurious effect of the luminous radlation depends on the ex-
tent to which the body 1s heated and decreases as the distance from
the eplcenter of the blast Increases, as a result of dissipatilon of
the light. Despite the brevity of its action, the luminous radiation
is capable of causing burns on exposed portions of the body and tem-
porary blindness in unsheltered persons (Fig. 2).

The data 1n Table 2 characterize injuries as a functlon of the ac-
tion of llght pulses on unprotected body surfaces.

-7 -
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A) Light pulse, in cal/cm?; B) degree of
burns; C) from; D) to; E) more than; F)
lst-degree burns; G) 2nd-degree burns;
H) 3rd-degree burns; I) charring.

Depending on dilstance, the quantity of energy liberated as lumin-
ous radiation by an atomic explosion reaches tens and hundreds of cal-
orles per square centimeter. Charring, fires, and fusion of various
objects, machlnes, and structures may consequently occur under the ac~
tion of luminous radiation, partlcularly 1ln an atmospheric atomic ex-
plosion.

The action of the luminous radiatlon 1is sharply reduced when fog,
smoke, or dust are present 1ln the atmosphere and during raln- and snow-
storms. Any obstacle (a wall, armor, a roofed building, trees, etc.)
capable of castlng a shadow protects against the dlrect action of the
light and eliminates or reduces burning.

Iuminous radiation has no great injurious effect in an underground

(underwater) blast.

Penetrating radlation acts at the instant of an atomic explosion

and for a certain time after 1it, as a result of the deexcitation of the

radioactive cloud. Penetrating radlation comprises y-rays, neutrons,

a- and p-particles, and x-rays. Considering thelr range, the y-rays

and neutron flux are the dangers to man. The basic sources of y-rays

and neutrons in an atomlc explosion are the radloactive flssilon prod-

ucts of the nuclear-fuel atoms, which are found in the blast zone, and

the radloactive cloud. The penetrating radlation produced in an atomic
-8 -




of a ,stegq;idf(the,,;_gseut_;jén;:t:;l.u;c) and 10-12

) eXploSidn acts for fractiohé

seconds (the y-radiation). Under the action of neutrons -certain.sub-
stances 1in the ground-(especia11y"in—alkaiinej—sand§f;and;éia§4§611s)”
and certain metals become radiocactive. From 5 to 15% of the total num-
ber of deaths at Hlroshlima and Nagasakl were due to the action of
penetrating radiation.

The effects of radlation are consilderably reduced by varlous types
of shilelding. Thus, for example, 14 cm of earth halves the radiation
dose, 60 em of conecrete or 1 m of earth reduce it by a factor of 100,

40 cm of wood or 1 m of snow reduces 1t by a factor of 4, ete. The ;
roofs and walls of sheltering buildings thus greatly attenuate the ac- ;
tion of radiation. Penetratlng radilatlon does not have a detrimental !
effect on varilous objects and machines, wilth the exceptlon of optiles
and photographic materlals. In addltlon to the simultaneous actlon of
the aforementioned factors, radiocactive contamination (pollution) oc-
curs in the vicinity of an atomic explosion. Neutron irradiation can
lead to the breakdown of dosimetric apparatus.

The radioactive gubstances which fall in a locality as the result
of an atomic (thermonuclear) explosion may be the source of a- and B-
particles and y~rays. Thege radioactlive substances present the great-
est danger when they enter the body through the resplratory pathways,
with food or water, or through wounds or burnt surfaces.

Alpha- and beta-particles have a low penetratling power, but exert
a conslderable injurious actlon on living tlssue when they enter the
organism; thls 1s especially truc of alpha-particles, which have a
relatively high mass, energy, and charge.

A surface exploslon causes the greatest contamination of the vi-
cinity with radioactive substances. The radiation level at the blast ' ;j),

site may reach 8000 r/hr one hour after an atom bomb with a TNT eqﬁiv-




alent of. approximately 30-50 thousand tons 1s: exploded and 900 r/hr

after 6 hours. The radiation level at a diatance of 1 2 km reaches
0?03“f7h¥_éftéf”G"hGﬁfET’Thi%‘lé?él"ﬂééféﬁéégﬁfaﬁiaIﬁ"éé“ﬁiﬁé”ééés’BﬁTJ;“_ B

The size of the zone of contamination and the extent of the pollu- .

tlon depends chiefly on the character of the terrain and the power of
the blast, as well as on the wind direction and veloclty and other
meteorological condlitilons.

In an atmospherilc blast the basic mass of radiocactive fission
products rigses with the cloud and does not cause dangerous contamina-
tion of the actual focus of inJury. There may be Intensive contamina-
tion in the central zone (see below) for 20-30 minutes after the ex-
plosion and beyond the focus of injury, in the area of fallout from
the radioactive cloud. In this case we must take into account the fact
that the larger the slze of the atom bomb, the greater will be the
arca of contamination. The greatest degree of contamlnation does not
always occur at the eplcenter. Thils 1ls due to the fact that the radlo-
active cloud produced by a high-power atmospherlc blaat rises to a
great altitude and spreads in the dlrectlion of the wilnd, being carried

over the focus of injury, occasionally for a conslderable distance,

and contaminating a large area with radiocactive substances.
Radioactive substances whlch strike unprotected skin or the
mucous membranes and are not removed in time may cause dermal inJjurles,

while those which enter the organlsm may produce radlation sickness,

Just as penetrating radilatilon.

The literature contalns a great deal of information on the injuri-
ous factors of atom bombs. We will now brilefly acquaint the reader ",
with the action of the inJurlous factors of hydrogen bombs.

According to the data of the Unlted States Atomic Energy Commis-
sion on the hydrogen-bomb explosion on Bikini in March 1954, the fol-

- 10 -
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fireball produced by the explosion of a hy-

drogen bomb with a TNT equivalent of approxl-
mately 15 million tons reaches 6.5 km. The
Injurious factors of a hydrogen blast have a
conslderably greater effective radius and act
approximately 10 times as long as those of an
atomlic exploslon. The shock wave is the bhagle
injurious factor. The radius of the zone of
complete shock-wave destruction is 8 km; the
radius of the zone of partial destructlon is
32 km from the eplcenter of the blast.

Tumincus radiation causes 3rd-degree

burng over a radius of approximately 30 km,

o e e 10
2nd-degree burns over a radius of 40 km, and
Fig., 3. Reglon con-
taminated by the
products of the ex-
perlimental nuclear
explosion conducted
by the USA on 1
March 1954, A) Wind
directlon; B) r; C)

lst-degree burns over a radlus of 50 km. The
effective radius of the luminous radiation
depends on atmospheric conditions and the al-

titude of the blast.

area of regilon of
dangerous contamina- The penetrating radiatilon acts within
tion — 18,000 lan‘. 6-8 lan of the epicenter at the instant of the

explosion, 1i.e., in the zone of complete destruction, and is conse-
quently of no practlcal importance.

A fourth injurious factor, residual radloactive contamination of
the vicinity, is of greatly increased importance. The forelgn press
contains indlcations that the radloactive actlon of a hydrogen.blast
is the princilpal injurlous factor. The total area of the contaminated
reglon having radlation levels sufficlent to cause severe injury or
death to unprotected persons reaches 18,000 km2 after hydrogen-bomb

-1 -




explosions (Fig. 3). o o o B o

Contaminatlion causing high radiation iéﬁéié is ﬁggauéeaqdvér“é

radius of 15-30 ln from the epIcohter a8 & result of the fallout of—

large masses of radloactive dust. As a result of the fallout of radio-
active dust the radiocactive track in the windward direction has a
length of several hundreds of kllometers and a width of 60-90 km or
more, Accordlng to the data in the literature, the fallout of radiloac-
tive dust at a distance of 250 km from the eplcenter of the blast be-
gins 8 hours after the explosion and continues for several hours (a
mean wind velocity of 30 km/hr being assumed). If an individual re-
mains 1n the regilon of the radicactive track for 30 hours, he recelves
a total external y-radiation dose of the following magnitude:

a) at a digstance of 160 lm from the epicenter — 2300 r;

b) at a dlstance of 200 km from the epilcenter — 1000 r;

¢) at a distance of 256 km from the epilcenter — 500 r;

d) at a distance of 304 km from the epicenter

300 r;

e) at a distance of 352 km from the eplcenter — 67 r.

The total irradiation dose will increase 1f the individual re-
mains in the contaminated area for more than 36 hours.

Zoneg of the Atomle Focus of InJjury

The term atomic focus of injury refers to tQat region over which
the action of a given factor or the sum of all factors of an atomic
explosion extends and causes destructlon and casualtles.

It is customary to dilvide the focus into zoneg in accordance with
the extent of the actlon of the factors of the blast, l.e., into the
sections of the locality (destroyed city) In which the destruction and
casualties have approximately the same character.

The central zone has a radius of up to 400 meters from the epi-
center of the blast.

- 12 -
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Note: The data for all zones were taken from calculations for the

explosion of an appitrary atom bomb with ‘a TNT equlvalent of 20 théﬁ—

sand tons.

This reglon encompasses the maximum destructive and injurlous ac-
tlon of all the factors of an atomic or thermonuclear weapon. Complete
destructlon of all surface buildings, no matter what thelr strength,
occurs in thls zone. With the exception of shelters, which are of spe-
clal strength, destruction of subterranean installations 1s possirle.
The overpressure in thls zone may reach several tens or hundreds of
kg/cmz, while the luminous radilation may be expressed in terms of tens
of calorles per omg.

The zone of complete degtructlon extends approximately 800 m from

the epicenter. Buildings of all types, Including those of relnforced
concrete, are completely destroyed in this zone. Destruction of shel-
ters, except those of high strength, 1is possible. The overpressure may
reach 2 kg/cm2 or more. Both of the aforementloned zones may be charac-
terized as reglons of complete conflagration. The number of untreat-
able casualtles among the populace in these zones may be very high,
depending on the percentage of persons which take refuge in high-
strength shelters. Many casualtles receive severe combined injurles
which shortly lead to death., It must be taken into account that 1t 1s
difficult for the organizations of the local GO to enter these zones
soon after an atomic exploslon.

The zone of great (intensive) destruction, which extends for ap-

proximately 1600 m from the epicenter, 1s characterized by complete
destruction of multistory buildings and massive destructieon of single-
story structures. The shock wave creates an overpressure as high as 2
kg/cme in this zone. Radiation in the form of large light pulses (ap-
proximately 10 cal/cme) also acts here, In additlon to intenslve de-

- 13 -




of*= sheltevs, this zone 1s characterized"by“continuous an isolatedr

foci of conflagration and. a.-congiderable radiation- effect “A-large - **<:4~ﬁ~~—*-'ﬂ“—M‘;’
number of casualtles with severe combined injuries urgently requiring .
medical ald is to be expected in the znne of masslve damage. Depending

on the radiation level, the personnel of the medical, fire-control,

emergency englneering, and other services of the GO can begin urgent
emergency rescue work, primarily the rescue of casusltles.,

The zone of moderate destruction, which extends approximately

2600 m from the epicenter, 1s characterized by moderate destruction of
buildings and installatlons and lsclated fires. The overpressure cre-
ated by the shock wave drops sharply here, to 0.2 kg/cmg, but the di-
rect actlon of the shock wave on unprotected persons 1s not to be for-
gotten. Light pulses (ranging from 5 to 10 cal/cme) still have a con-
siderable effect. Penetrating radlation is of no practicael importance. :
The casualties (which may be conslderable) will consequently sustain
injurles which are severe or moderately severe and chiefly combined in
character, urgently necessitating the rendering of Ilmmediate medical
ald, It must be assumed that it wlll be possible for many organiza-
tions of the GO (public-health forces, the OPM, the fire departments,
the emergency rescue squads, etc.) to begin rescue work in this zone
and those beyond 1t within a few hours after the explosion. Protected
medical aid stations, shelters, and some clty and regional hospltals

wlll be completely spared 1in this region.

o~

The gone of 1ittle (light) destruction, which extends up to 4000

m from the eplcenter, 1s characterized by a considerable reduction in .
the effects of the injurious factors of the atomlc explogsion. The over-
pressure decreases to tenths of a k'g/cm2 and the light pulses do not
exceed 4 cal/cmg. Here all of the therapeutic-prophylactic institutions
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__.of the city will be spared and will be able to exect

__fronting them in rendering ald to the victims, carrylng out ppbji§; C-

health work, etc. In thls zone and beyond, i1t will be completely ‘
pessible for the medical, englneering-technilcal, and emergency rescue
gservices of the GO to carry out all types of activities (when neces-
sary). The access routes (roads) for automobile traffic will be com-
pletely spared, so that publlc health trafflc, just as that for other
activitles, will be able to evacuate casualtles freely or bring the
necessary materlals to them.

It is important to note that the city transportation system (trol-
leys and trolley-buses) can be mailntailned here and should be completely
converted for evacuating casualties and bringlng in the necessary sup-

plles.

The buildings which are spared (both public and residential) may
gerve as the nearest pointg for first-stage accommodation of untrans-
portable casualtleg after they are rendered emergency medical aild at
the OFPM.

The casuwalties willl baslcally have sustalned moderately severe

and mild injuries combined with lst- and 2nd-degree burns resulting

primarily from the 1indirect action of the shock wave and from secondary

fires. }

The zone of partial (random) destruction extends to 10,000 m from i

the epicenter. Thig zone is characterized by partial destruction of
bulldings; window gsashes, roofs, lsolated cellings, door frames, ar-
chitectural ornaments, ete. are damaged.

The shock wave and lumlnous radlation do not directly affect un-
protected persons. The rather small number of casualtles sustain mild i
injurles. The therapeutic-prophylactic institutions in thls zone are
all spared and can accept and render the necessary medical aild to vic-
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Characteristics of Casualties and InJuries Resulting fromban Atomic~
Exglosion -

The character of the 1nJuries caused by an atomic weapon and the

number of victims are determined from specific data for each inhabited
locality. The baslc factors which determine the number and character
of injurles are the type of atomiec weapon, the slze of the atom bombs,
the manner in which the bombs are used, the population density and
character of the constructlon in the inhablted locality, the exlstence
of shelters or temporary refuges and thelr strength, the extent to
whilch the populace has been trained in atomic defense, meteorologlcal
data, the topography of the area, etec.

As 13 well known, the flrst atomle bombs were dropped by the
Americans on Japanese citiles in August 1945. A great many works de-
voted to the action of atomlc weapons have appeared 1n recent years.
It must be noted that the casualty statistles of varlous authors are
very contradictory. On the basls of a generallzation and analysls of
the data of foreign and Soviet authors, we may conclude that the total
number of casualtiles from an atomlc bombing may vary from 30 to 60% of
the total population of a city, depending on the aforementioned condl-
tions.

Of the total number of casualties among the populace, 1/3 (30-35%)
may be beyond help, while 2/3 (65-7T0%) are treatable.

The severity of the inJjurles sustalned by treatable casualtles
may be classified as follows: mild — up to 40%, moderately severe ~ up
to 30%, and severe and very severe — up to 30%.

It may be seen from these rough data that the majority of the in-
Juries (60%) may be regarded as severe and moderately severe and less

than half of all treatable casualties (40%) will have mild injuries.
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' his constltutes one of the

atoriic weapons in contrast to “conventional' means of .des ,

 _ ... The_total number of treatable—casualties may-be—subdivided in av: "
cordance with the character of thelr inJjuriles as follows: a) traumas -
20-30%; b) burns — 20-25%; c¢) penetrating radlation — 15-20%; d) com-
bined injuries — 25-45%.

The aggregate of treatable casualtles may comprilse: traumas alone
and in combination — 55%; burns alone and in combination — 55%; radila-
tion alone and in combination — 50%.

The make-up of a simultaneously admitted group of casualtles of
an atomlc weapon 1s consequently characterized by the massiveness and
comblned character of thelr injurles.

The statistical data briefly gilven above characterize the atomilc
focus of injury and the possible casualties, as well as the conditilons
which may develop as a result of an atomlc attack; these latter must
be taken into account by the medical service of the GO. Starting with
arrangements specifically made for this purpoge, the adminlstrative
agencles of this service (staff) must handle the supervision and ma-
neuvering of all available forces and facllitles, bringing all measureg
into compliance with the time factor. It would not be erroneous to
state that this factor 1s the basls of the work of two services of the
GO, the medical and fire-control services.

In the broad sense, the organizatlion and tactics of the medical
gervice of the G0 must be taken to include the gstudy of the form and
methods of the most effective use of public health facllities and
forces in eliminating the sanitary aftereffects of an air attack.

In eliminating the sanitary aftereffects in focl of mass injury
1t 1s necessary to ensure the most flexible and yet firmest administra-
tion of the forces and facllities of all branches of the medical ser-
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“yige of. the .GO..

Nuclear Radiations and the UnitS“in“whiéhiThélere’Meaguqed .

___w«__Thgwterm_nadioactivity.refersZté#theaability:of~afsubstahcé1t0”1~7ﬁ?—

emit rays spontaneously. We may distinguish thfee types of radioactilve
radiation: alpha (a) radlation, beta (B) radiation, and gamma (vy) ra-
diation. Intensive neutron fluxes occur in atomic-bomb explogions and
in nuclear reactors.

Alpha-particles are a stream of helium nuclel. They have a double

positive charge and an atomic mass of 4. Flying out of the nucleus of
an atom, an a-particle has a high energy (up to 10 million electron
volts) and causes a high lonization density in the surrounding medlum.
Alpha-particles traverse a path of no more than 10 ¢m in alr, belng
restrained by a 0.1 mm thlckness of paper or by the horny layer of the
epidermlis. Radiloactlve substances which emlt a-rays do not cause skin
burng, but can damage the mucous membranes. They are most dangerous
when they enter the body.

Beta-particles are a stream of electrons or positrons whilch travel

at nearly the speed of light. The lonization density of tissue 1a con-
slderably less under the action of B-particles than under that of a-
particles. The former traverse a path of up to 15 m in ailr and pene-
trate to & depth of up to 1 cm in living tlssues. Beta-radlating radlo-
actlve substances are dangerous when irradiation is external, but es-
peclally so when they enter the organism.

Gamma-rays are electromagnetlc waves which are similar to x-rays
but have a shorter wavelength. These rays are characterlzed by an ex~
tremely great penetrating power, acting over distances of hundreds of
metersg. A layer of 5 cm of lead, 30 cm of concrete, or 60-80 cm of
earth must be placed in the path of the rays 1ln order to attenuate y-
radlation by 90%. In an atomilc exploslon y-rays are most dangerous on
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proton. More than 99% of the neutrons are produced durling the atomie

exploslon 1tself. These are prompt neutrons, while the remainder are
delayed neutrons. The latter are produced by the fission products of
uranium or plutonium 0.l second after the explosion. The neutrons have
an effective radius of up to 900 m. They have a hlgh penetraiilng power
and can pass through lead and other shielding. Neutron lrradiation
causes 1induced radiation in the bomb caslng, the soll, varlous struc-
tures and obJects, and the living organism.

Radioactive lsotopes of sodium, phosphorus, potassium, calclum,
etc., are produced in living organlsms on neutron irradiatilon.

All radiloactilve radlatlons produce ionization on passing through
matter; positively and negatively charged ions are formed from neutral
atoms and molecules. The dosage unlt for y-rays is called the roentgen.
One roentgen (r) is that dose of y-rays which forms 2.083-109 ion

3 of dry ailr under normal atmospheric pressure at a tem-

palrs in 1 cm
perature of 0°c. A thousandth of a roentgen 1s called a milliroentgen
and a millionth 1ls called a microroentgen. The dose rate 1s the dose
received by the surrounding medium per unit time, It 1ls measured in
roentgen-minutes, roentgen-seconds, etc. The permissible or tolerance
dose for systematlc irradiation is computed at 0.05 roentgen per day
or 0.3 roentgen per week. Thils problem 1s now belng reconsidered with
a view to reducing the maximum permissible dose to 0.1 roentgen per
week. An energy equal to 33 electron volts 1s necessary to form 1 lon

3 of alr at a dose of 1

pair in alr and the energy absorbed per cm
roentgen is 0.11 erg. The energy absorbed in one gram of 1lilving tlssue
amounts to 83.8 ergs. This quantity of energy (83.8 ergs) absorbed in
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rays are measured in- roentgen equivalents physical— -This- is that quan‘“"“*—" N

tity of a- and B-rays which lonlze 2.083-109 ilon pairs per cm3 of air.

When they pass through the tissues of the body radioactive radia-

tions have a definlte blologlcal effect whlch increases with the lon-

1zatlon density. The term lonizatlon denslty or specific ionlzation

refers to the number of lon palrs which is formed by a given type of

radlation per mlcron of free path. The greatest lonization density is

produced by a-partlcles; neutrons and B-particles generate a lower

lconization density and that produced by y-radlation and x-rays 1s

at1ll less.

TABLE 4

Blologlcal Effectliveness of Varilous
Types of Radiation

1 dwp coorser- | 1 Gap cooraer-
A Duan naayveusa B ¢ 3,,,,0, c cp"y"

Bera-wacTii B TaMmma-ayun . o+, . . 1espH | 1 ¢op I
Aanha-uacTiiltl 1§ NPOTOHH , . .- .« . 10, 01 .
TenaAobLie HCATPONL: e 5 . 02 .,
Bucipwe ueftponn (40 Mss) . . . . . 10 , o1 .

A) Types of radiation; B) 1 REP corres-
ponds to; C) 1 REB corresponds to; D) B-
particles and y-rays; E) a-particles and
protons; Fz hermal neutrons G) fast
neutrons (40 Mev); H) REB; 15 REP,

The roentgen equivalent bilological (REB) 1s that dose of ilonizing

radlation of any type which causes the same blological effect ln liv-

ing tissues as a dose of 1 roentgen of v- and X-rays. Table 4 shows

the relationship between the REP and REB for different radlatlons

(N.G. Gusev).

The degree of radloactlve contamlnation 1s characterlzed by the

quantity of radioactive substances contalned on a unit surface or in a

- 20 -

»

i i S e o e




B Jmi-§
C Hampuir 24
B it -

Konwi - 42 8

H

I

J lewenn 6 P8
K Bynsewans 05
1, tog-131
M

N

0

Keewow 133
Uesuw-134

£ Rimimi
it 0 w0t K 0t
T Knueunpaywe § 1 .
llmrwmumm[gﬁg"==qnx wV

Fig. 4. Maximum permissible concen-
tratlong of certaln radloactive iso-
topes in water and in the air of
work areas (according to the sani-
tary-hygleniec norms adopted in the .
USSR). A) Concentration in uC/liter; i
Bg tritium; C) sodlum; D) phosphorus; ,
E) potassium; F) iron; G) cobalt; H) !
strontium; Is yttrium; J) technetium;

K) ruthenium; L) lodine; M) xenon;

N) cesium; OS praseodymium; P) irid-
ium; Q) B~y-mixture of unknown per-
centage composition; R) natural
uranium; S) a-y-mixture of unknown
percentage compositlon; T) concentra-
tion in million decays/liter-min; U)
B-, y-radiators; V) in air; W) in
water; X) a-, y-radlators.

unit volume (weight) of the contaminated object.

The extent of the radloactive contamlnatlon of an area 1ls ex-
pressed in curles per m (curies/me) or ag the number of decays of
radiocactlve atoms per m2 per unit time.
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ated at - height of 1 m above trr

“The.

radiation level 1s expressed_in.roentgens-per-hour- (r/hr)““There ié:ﬁ'"""""'”‘

ce. _f‘a contaminated .area...

definite relationship between the degree of radloactive contamlnation .
expressed in curies/m2 and the radiation level. When the radiocactive
contamination of a surface 1ls 1 curie/m2 the radiation level is ap-
proximately 1 r/hr.
The extent of the radloactive contamination of the alr 1g charac-
terized by the concentration of radiocactive substances in the alr and
1s meagured as the number of atoms decayed per minute per lliter
(min/1iter). |
The degree of radioactive contamination of water and liquid nut-
rients is measured as the number of atoms decayed per minute per cm3
(min/cm3), while that of zolid nutrients is measured as the number of
atoms decayed per minute per gram (min/g). '
The maximum permissible content of B-active substances in water,
air, and food products i1s characterized by the following data (accord-
ing to the norms adopted in the USSR):
a) cotton protective clothing, gloves, equlpment, and work shoes —
up to 5 thousand decays per min 1n an area of 150 cm2;

b) plastic-film protective clothing — up to 10,000 decays per min
In an area of 150 cme. §
Figure 4 shows the maximum permissible concentrations of certaln

radioactive isotopes In water and in the air of work areas.

|
Manu- )
;;gépt (Iist of Transliterated Symbols] .
No.
1 = G0 = grazhdanskaya oborona = clvil defense
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Chapter 2
RADICACTIVE SUBSTANCES

General Characterilistilcs

When atomic weapons are used, injuries caused by radioactive sub-
stances may occur:

1. As a result of the action of radiocactive substances —the prod-
ucts of an atomic explosion.

2. As a result of the actlon of radlologlcal warfare agents.

Atomic explosions result in the formation of: flrstly, radloac-
tive fragments of uranijum or plutonlum; secondly, radicactive lsotopes
Irom the material of the bomb casing, in the soil, 1n sea water, and
in various objects and structures as a result of radlatlon induced by
the action of neutron fluxes; thirdly, dust from that portion of the
uranium or plutonium which does not particlpate 1n the chaln reaction,
this diffusing 1nto the air,

In the flrst case approximately 200 radioactive 1lsotopes of 33

30 to samarium62. All

chemical elements are formed, ranging from zinc
of these lsotopes are B- or Ba-y-active. After the exploslon they pre-
cipitate into a dust which rises from the earth. Thls dust contaminatcs
the alr and, settling slowly, the locallty of the blast. Radioactive
contamination of the environment by atomic exploslons occurs primarily
as a result of uranium or plutonium fragments. These present a greater
danger to man than the radilocactlve substances whlch are the products

of lnduced radiation or the resldue of the uranium and plutonium. The
activity of the uranium fragments reaches lO5 curies for each thousand
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tons of TNT to which the power of the blast is equal. Their half-lives

O ey Lt L ] ty

range from fractlons of a second t0 many years.
- The -most important of -the radioactiQe-fragments are-thoge of == - A

strontium, yttrium, zirconium, technetium, ruthenium, tellurium, io-

dine, xenon, cesium, barium, cerlum, praseodymium, neodymlum, and pro-

methium. The half-lives of these most dangerous lsotopes wvary from

several days to tens of years. The most dangerocus of the uranium (plu-

tonium) fragments during the first 30 days are those of lodine iso-

131 ete. ), but those of strontium, barium, yttrium, and

topes (lodine
others later take their place.

The second cage involves the formation of products of induced
radiation: radioactive isotopes of i1ron, zinc, etec., in the bomb casing;
radloactlve 1sotopes of sodium, potassium, aluminum, slllcon, man-
ganese, iron, etc., In the soil; radiloactive lsotopes of sodlum, cal-
clum, magnesium, chlorine, etc., ln sea water. All of the products of
induced radilation are B~ or pR-y-active. The greatest gquantilty ol radlo- ‘
active induced-radlation products is formed in thermonuclear explo-
slons.

In the third case that portion of the atomic charge — uranium or
plutonium — which does not enter into the chaln reactlon diffuses into
the alr. An atomic explosion occurs almost instantanecously, within a [
millionth of a second. As a result of the extremely high temperature,
which reaches tens of mlillions of degrees, a portlon of the atomic
charge 1s vaporized together with the bomb casing and scatters into
the surrounding medium in a gaseous state, not belng able to particl- 1
pate in the chain reaction. These products are a-active and are of no
material importance in contaminating the environment because of thelr
low activity.

Summarizing the above-described ways in which radioactive sub-
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" stances are formed durlng atomic explosions, we may male the following

comparisons: TS e -

e e T
|
|
I

... ...a) uranium or plutonium fragments_produce t __hés;Lc_ mass ;Qr_r_ir'_a_dtl_c’: U
actlve substances in atomic explosions, generating 99% or more of the
total radiocactivity;

b) induced-radiation products are of secondary lmportance, yield-
ing 1% of the total radiloactivity;

¢) the uranium or plutonium residues which do not participate in
the chaln reactlon and diffuse into the alr are of almost no importance.

Radloactive contamination of the vicinity of the blast depends on:

a) the size of the atomic bomb;

b) the character of the explosion (atmospheric, surface, under-
ground, or underwater in salt water);

c) the meteorologlcal conditions. !

All other condlitions being identical, the maximum contamination
of the blast area occurs in surface and underground exploslons.

Contamination of the blast vicinity 1s not particularly substan-
tial in atmospheric exploslons. The radiocactive uranium fragments re-
main In the filreball alfter the explosion and rige to the edge of the
stratosphere with the lncandescent gases. They then spread over vast
expanses of the earth 1n the direction of the wind, not ecreating any
material contamination of the Immediate vieclnity of the blast. Contam-
ination of the blast area 1ltself will be observed over a short dis-
tance from the epicenter for several hours after an atmospherlc explo-
sion. In such cages radioactlve contamination of the blast vicinlty is
caused solely by the development of induced radlation in the soil (Flg.
5).

Contamination of the blagt vicinlty reaches Its maxlimum 1n sur-
face explosions. This contamlnatlon develops as a result of the local

- 25 -




Bonee 10008
! bomwe IR’JZ.

Fig. 5. Comparison of contamination

of the vicinity by atmospheric and

surface exploslons. A) More than;

B) r/hr.
aettlling of radiocactive uranium fragments and induced radiation in the
soll. A large quantity of dust 1s drawn up into the area of the fire-
ball in surface explosions. The uranium fragments are adsorbed on the
dust. The latter, which has become radioactive, falls on the blagt re-
gion and along the path of the cloud, forming a so-called radioactive
track along the earth's surface.

In surface exploslons the contamination of the blast vicinity
around the eplcenter has a radius approximately 2-3 times greater than
in atmospherilc explosiong, whlle the radistion level 1s several hun-
dreds or thousands of times higher,

Meteorologlcal conditlons (wind, rain, snow) have a great effect
on the degree of contaminatlon of the blast vicinity with radiocactive
substances.

The greatest contamination of the blast vicinity develops when ¥
hydrogen-uranium bombs (with an outer casing of uranium238) are ex-
ploded. In such bombs natural ur'aniume38 becomes fissile uranium under
the action of the high-energy neutrons formed during the igniting hy~
drogen blast, l.e., participate in the chailn reaction.
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When a hydrogen-uraniun bomb 1s exploded Wp to 90F of the blast

energy is créated by the fission of urah;um238; in this casé the quan-

&1ty -of radiocactive  uranium fragments -may -be-1000--times-greater- than - -

that produced in the explosion of a normal atom bomb with a TNT equiva-

lent of 20,000 tons.

According to the data avallable, the area of dangerous contamina-
tion reaches 18,000 km2 or more, i.e., a reglon 300 X 60 km in size,
when a hydrogen-uranium bomb with a TNT equivalent of 15-20 million
tons 1s exploded.

The term radiological warfare agents refers to high-toxicity
radloactlve substances which the belligerants can use for military
purposes (to contaminate a locality and Injure troops,; the populace,
and animals). In order to produce radlologlcal warfare agents (RWA)
gpeclal substances are 1rradiated wlth neutrons or the radiocactive
wastes of atomlc piles are used. RWA act on man through thelr radioac-
tive radiations.

Radlologlcal warfare agents may be used in the solid, liquid, and
gaseous states. They can be scattered from alrcraft or air bombs, ar-
tlllery shells, and rockets can be equlipped with them; RWA can be used
in the form of mists and fumes.

According to data in the forelgn press, we must expect the use ol
p- and y-active substances with medium half-lives (several days to
geveral yearg) to contaminate thé alr as the first stage in such war-
fare,

The degree of contamination of a locality in which RWA are uged
may remcin dangerous for man for a longer or shorter period of time,
depending on the half-life of the substance used.

RWA may be used both in pure form and in various carrilers. These
carriers can In twrn be neutral or chemical warfare agents and may be
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in the form of powders or liquids. The less carrler there is and the = =
. : S Sl e e et e ,
finer 1ts aggregate state, the higher will be the toxiclty of the mix.

S - S A

ture.,

We will use the term radloactive substances below, understanding
1t to mean both the radloactlve products of an atomic explosion and
radlological warfare agents.

The baslc characterlstics of the action of radloactive substances
are as follows:

l. Physlcal and tactical characteristilcs:

a) contaminate the entire environment in which man lives and acts;

b} are capable ol injuring persbns in sneliters, entering iLhem
with contaminated ailr and on contaminated objects;

c) are capable cf simultancously contaminating a large area con-
talning a great many persong. In the Amerlcan view, RWA are strategilc
weapons.

2. Toxlc characterlstlcs:

a) are a source of ionizing radiation and consequently dangerous
both when they enter the body and on external irradiatilon. These are
radiotoxic poisons, which distinguishes them from CWA, which are chem-
ical polsons;

b) are extremely toxlc in negligibly small quantities by weight,
their bilologlcally active amounts belng extremely low;

¢) radioactive substances cannot be neutrallzed by elther chem-
1cal or thermal treatment and the only way to protect againgt them is
mechanical removal (deactivation);

d) have a prolonged action, depending on their half-lives, dis- & i
tribution, and the place where they accumulate 1n the body; '

e) are detectable only with speclal dosimetric ingtruments; they
produce no stimulation when they come into contact with man and are
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"not dlstlngulshed by a specific outward”appeérance, taste,” or odor.

Man cannot detect radloactive substances with his sense organs.
- The geverlty and character of the injuries caused by radiloactive"
substances depend on a number of factors:

a) the isotopilc composition of the mixture (on which the charac-
ter of its radiatlon depends), the energy of 1ts radlation, and 1ts
half-life, chemical composition, and physical state;

b) the degree of contamination of the locallty and the air;

¢) the time for which they act;

joll

) meteorologlical conditions and the character of the terrain;

~—

the condition of the organism;

O

]

) the ways 1n which they enter the body, the character of their
dilstribution within it, and the ways in whlch they are excreted;

g) the exlstence of protective facilities and the lmowledge of
how to use them.

The toxlclvy and dlstribution in the body of radloactive 1sotopes

depends on their physicochemical and physical propertiles (Zakutinskly).

The toxiclty of radlocactive substances depends particularly on their
half-lives.

The term half-1ife refers to that time in whlch half of the atoms
of a glven radloactive substance decay. Thus, the half-l1ife of uranium
is 4.5 billion years, that of radium 1s approximately 2000 years, that
of carbon 5000 years, that of lodine 8 days, that of radon 3.8 days,
etc. When taken in a toxle dose, all radloactlve substances are dan-
gerous for a period equal to 6 half-lives.

As 1s well known, radioactivity is the abllity of a substance to
emlt a- and B-particles and y-rays spontaneously. The unit of radio-
activity 13 customarily taken as the curile; this unit 1s that quantity
of any radiloactive substance in which there are 37 billlon (3.7-1010)

- 29 -




_pends QDWEhﬁthpe_Ofwradiatiqn_which_1tmemits.”A1pha-activefsubstanceé — A
are more toxic than beta-active substances when they enter the body, -
whlle the latter are more toxlc than gamma-active substances. Beta-
gamma-active substances cause the greatest changes when they strike
the skin and visible mucosa. Mixing different radloactlve substances
results in an increase 1n toxiecity. Certaln radiocactive substances
have a conslderably greater blologlcal effect than the most powerful
chemical polsonsg. Thus, while 2-3 microgrems of botulin 1s consildered
a lethal dose, 0.0l microgram of radloactive phosphorus, P32, entering
the organism and belng deposited in the bones causes lrradiation in a
lethal dose of sgeveral hundreds of roentgens (Zheno).

The chemlcal composition of a radicactlve substance determines
its actlon on the organism (entry, distribution in the body, and ex-
cretion). No matter what their mode of entry, soluble radloactive sub-
stances penetrate Into the body in larger quantities than insoluble
substanceg. Radloactlve substances which contamlnate the air 1n the
form of fumes or migts are most dangerous. All other condltlons being
identlcal, the severlty of an inJjury caused by a radloactlive substance
is directly proportional to the degree to which the environment 1s

contaminated and the time for which the substance acts.

L e AR QLR 22038 e

Meteorological condltiong affect the extent of contamination of
the alr and the blast vicinity. Rain- and snowstorms cleanse the air
of radioactive dust (aerosols), but thls increases the contamination '
of the gurface of the ground. In dry weather the wind raises dust from -
the earth and greatly lncreases the contamlnation of the air in re- -
glons of radloactive pollution. Contamination with radloactlve sub-
stances 1s less 1n open sectlons of the blast viclnity (fields with no
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substantlal grass cover and plazas or wide paved streets in citles).
Conversely, bulldings, fencés, bushes, etc. will be subject"fﬁ-thé““ﬁ
greatest- radloactive contamination-(sattling--of radioactive-duat)< The
condltion of the organism has a material influence on the extent of
Injury by radloactive substances. When the minute respiratory volume

i1s Increased, as occurs under physical stress, the quantity of radio-
active dust which enters the respiratory pathways with the ilnhaled ailr
Increases sharply. When lngested wlth food and water by hungry, thirsty,
or exclted persons, radioactive substances may be absorbed from the
gastrointestinal tract into the blood 1in conglderably larger quanti-
ties than under ordinary conditions {the increase amounting te a fac-

tor of 2-3-5).

TABIE 5
A Tonyem C
Tokenunoets | 4 on, MR ypomenn
Hao D OPTAHHIMC ues0BeKS
01 noccil‘l‘l;,l:::"m ().|l|x]lo‘;;lr0.|‘:ll'll;:,l) nech
D1 Cipomus90 ... ..... 0,1 10
B2 Panun206 . ... ..., . 1 ol
3 lMayroma239 , , , .. ... 2,5 0,004

4) Isotope; B) toxiclty with respect to
radium; C) permissible level in the human
body (uC 1ln entire body); D) strontium;
E) radium; F) plutonium.

Table 5 shows the relative toxleity of certaln radloactlve sub-

stances with respect to radium (V.I. Feoktistov).
Ways 1n which Radloactive Substances Penetrate into the Body

Radloactlve substances can enter the body through the respiratory
pathways, the gastrointestinal tract, the skin and visible mucosa,
wounds and burns, and, finally, iIntramuscularly, intravenously, and
subcutaneously (in experiments).

Radloactive substances enter the lungs with inhaled air, this
mode of penetratlon being the most dangerous In practice. Gases and
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soluble substances pass through the vast area (80 t0112

alveo]ar surface of the lungs into the blood, causing a general affec-m
tion. ‘There may occasionally be no changes in the respiratory pathways
themselves 1n such cases.

Insoluble radiocactive substances, which enter the resplratory
pathways in the form of dust and aercsols, may be trapped in the mu-
cosa and subjected to phagocytosls. In such cases radloactivity may be
detected in the tissues of the resplratory pathways several months af-
ter contaminatlon. Gaseous radioactlve substances (radon, xenon,
thoron, krypton, etc.) pass most easily and rapildly through the res-

91 %0 143

plratory pathways. Yttrium”*, lanthanum » praseodymium

ziroonium95, and other isotopes are absorbed well through the walls of

the alveoll. Isotopes such as radium226, pc:loniumElo 238

, uranium , etec,,
are absorbed poorly. On the other hand, soluble salts of these chemlcal
elements (wranyl nitrate, uranium hexafluoride) are absorbed well. In *
contrast to aerosols, radiocactive dust is retained in the upper res-
plratory passages to a considerable extent.

Radioactlive substances in carrlers are retained 1n the upper res-
piratory passages more easily as their particle size increases. Radlo-
active fumes and mists are the most dangerous, since they penetrate
deeply into the resplratory pathways, reachlng the alveoll.

Radiloactive substances can be Ingested with contaminated food and
water, by swallowing dust, with the saliva and mucus from the naso-
pharynx, while smoking, and from contaminated hands. The absorption of
radloactlve substances increases on an empty stomach, The most im-
portant factor governing absorbabllity is solubllity; the higher the »
solubllity of the substance, the greater the percentage of it absorbed,

131, cesium37 (100%), telluriumte’ (25%), and strontium’° (up
144

Todine
to 80%) are examples of isotopes which are absorbed well. Cerium
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ruthenlum™", etc., are poorly absoérbed (up to‘O;CS%): When‘faéieéefive

dust is Inhaled up to 307 of the total quanfity of radioactive sub-

e i —— — S i

stances entering the re,piratory organs passes through them 1nto the
blood; up to 12-15% of the quantity of radiocactlve substances ingested
with water and food is absorbed.

When ingested, radioactive substances remein in the stomach for
0.5-2 hours and may then be detected in the lntestine in decreasing
quantity for 3-5 days. When radioactlve substances contaminate wounds
and burns they pass Immediately into the blood, but the majority of
them, belng insoluble in the body flulds, remain in the tissues of the
wound (burn).

The toxlc effect of a radloactive substance depends on the manncr
in which 1t enters the body. Passage of radloactlve substances directly
into the blood through wounds and burns and by intravenous injectilon
i1s the most dangerous. Penetration of radiocactive substances through
the respiratory organs is also extremely dangerous.

The action of such substances ls somewhat mitlgated when they en-
ter through the gastirointestinal tract. For example, the toxlclty of
uranyl nitrate 1s 200 times less when 1t enters through the gastroine
testinal tract than when 1t 1s administered intravenously.

It must be noted that radloactlve substances are cumulative pol-
sons., V.V. Kholin has shown that both physical and physlological cumu-
lation are possible. Repeated intake of a radloactive gubgtance in con-
centrations consilderably below ordinary toxlc levels may result in 111-
ness. This increases the danger of chronlc exposure to small doges of
radloactive substances.

Distribution of Radiloactlve Substances in the Body

No matter what thelr mode of entry, radloactlve substances are
found to have a specifilc selectlve distribution in the body which de-
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pends on thelr chemical properties. The érti,fi,c,iﬂlw;',éd,igé,cgivef,iaé; P -

topes are dlstributed in the body in the same fashion as the corres-

ponding stable isotopeé.*Thus;'radioactive”iodine"1S‘dépbsitéd‘in’the”-7'ﬁ'

thyroid gland and phosphorus, strontium, barium, and yttrium in the
bones, V.V. Kholin has proposed that radicactive substances be classl-
fled into three basic groups in accordance wilth the chafacter of their
deposition in various tlssues:

1. Radioactive substances distributed predominantly in the bones

(radiumzz6

15

R strontiumeg, strontiumgo, yttrium91, phosphorussg, cal-

39 235

cium™-, plutonium2 s uranium

2, Radloactive substances digtiibuted uniiormly throughout the

14 24, xenon127, niobl 95).

body (carbon~, sulfur35, sodium
3. Radloactlve substances dlstributed in the internal organs but
having a favorite localization (iodine131 in the thyroid gland, lan-

140 141 103 106 1in

thanum and cerilum in the liver, ruthenium and ruthenium
the kildneys, and cesium137 in the muscles). Kholin's classification
does not characterize the preferential distribution of all known iso-
topes in the body with sufficilent complieteness.

This problem requires further study.

More detalled data on the distribution of radioactive elements in
various organs are given in Table 6.

These figures have been made more preclse as a result of later
experimental work.

The quantity of a radloactive substance which accumulates in a
glven organ does not of itself determine the pathological changes in
that organ. For example, strontium concentrates ln the bones, but in-
Jures both the bones and the central nervous system. An accumulation
of radicactive substances in the spleen and lymph nodes causeg changes
in the entire hematogenlc system. In addition to its general influence,
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CEABLE 6 Ll T e
 Preferential Accumulation of Radioactive ... ...
Elements Adminlstered Parenterally (Ac-
cording to Gamil'ton [Hamilton] -

A B C D
% ns. | Renounpy-
Bacuent Mephoa noaypacnaaa | wonae- il
HHR opran
EcCrponuna-89. ., , ...+ .| 53amT 65 | xoctn W
Crponunfi-90, . . . ... . 20 xer U 65 | xocru
Dapuf-140 . . . . ... .. 12,8 ans 65 KOETH
Ueamfte137 . , . ., .,.,. - 33ronal 45 | Mbuwuw X -
Hrtput9l . . . v o oo o . ." 57 nned 65 | xoctr
Jantan-140 . .., .. L. 40 uac%v 65 | newens
Uepufieldl . ., o, . 0 . . 28 ane 55 | nenens
Llepuit-144, . . ., .. . . . 275 awed 25 | xoctH
Knpascoanm-143. . . . . . . T 138 amA 30 | nevens
40 KOCTH
LnNpomerna6l e o v o0 .. . 3.7 rona 50 | newens
30 | kocrn
Nuupxouun-gs C e e e 65 anch 45 | xocrn
Pyteunit-103 . » .« o o, . 42 ans 3.5 | nouxu
Pytenuit-106 + o o o o v 4 a . 1 ron 3,5 | noukn
Tenaypl27 .« . . ... . 90 aneh 15" 1 xposy 2
Teanyp-120 o o v v v 4. . . 32 pus & | mowkm AA
Topuf-234 e e 24,5 nua 50 | koctH
flporaktunuf-231. . . ., . 3:10% ner 40 | koct
Hentynsh-239 , .. . . . . . 22 aus 60 | xocte
Mayroun-239 . .+ ., « . . 2,2:10% net 65 ! KoctH

A) Element; B) halr-life; C) % of accu-
mulation; D) organ where deposited; E)
strontlum; F) barium; G) cesium; Hs yt-
trium; I) lanthanum; J) cerium; X
praseodymium; L) prometiiium; MS zlrcon-
lum; N) ruthenium; 0) tellurium; P)
thorium; Q) protactinium; R) neptunium;
S) plutonium; T) days; US years; V)
hours; W) bone; X) muscle; Y) liver; Z)
blood; AA) kidneys.

a selectlve accumulation of radloa:tive substances in the bones retards
their growth and reduces thelr regenerative capaclty, causing palnful
osteltes, "radlation" necroses, "spontaneous" fractures, and ogteogenic
sarcomas (I.M. Verkhovskaya, P.N. Xisa2lev, N.N. Petrov, B.N. Tarusov,
et al.).

Excretion of Radioactive Substarzcs from the Body

When a radloactive substance 1s administered orally up to 90% of
it is excreted by the gastrointescinal tract. The heavy metals are al-
most completely excreted with the feces, A hundred times more lan-
thanum and cerium are eincreted with the feces than with the urine; six
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times as much cesium 1s excreted with the -urine-as- with the feces. The

rate at which radioaciive substances are excreted from the organism

“depends on Chelr ehemical properties and the places at which they ac-

cumulate; hilghly soluble substances are rapldly excreted. These in-
clude sodium, cesium, and iodine, while polonium and prascodymium are
excreted slowly and radium, wranlum, barium, and strontium, 1.e., the
substances which acecumulate in the bones, extremely slowly.

Radioactlve subgtances with high atomic welghts are the most dirf-
ficult to cxecrete from the body. They unlte with protein melecules to
form conglomerates whlch cannot pass through the kldneys. These sub-
stances are excreted with the bile, 1n the form of colloldal solutions.
There arc 1lndlcatlong that the toxicity of radloactive substances in-
creases in the colloldal state., Those substances which form soluble
salts and accumulate in the soft tlissues are most easlly excreted in
the urine. Substances which are deposlited in the hones are excreted
extremely slowly. Gases are excreted most rapldly. Gaseous radioactive
substances are excreted through the lungs, with the exhaled alr, wilthin
2-5 hours. Despite this, the respilratory passages retaln their residual
radioactivity for a considerable time (this radioactivity being due to
solld residucs). In nursing mothers a portion of the radiocactive sub-
stances lu excreted by the mammary glands, with the milk. As we noted
above, the rate at which radioactive subgtances are excreted 1s related
to thelr chemical and physlcal properties. The term effective half-
life refers to the time requlred for the body to eliminate half of the
radioactiive substances which it has recelved.

The radloactivity of incorporated radioactive substances is di-
rectly reduced by two processes:

a) as a result of bilologlcal excretilon;

b) as a result of the physical processes of radloactive decay.
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TABIE T

A . B i Tepnoa no- D
Fiepnos no. [ aysusere:
1faasanme n3orona AypacAnx3 [nig addex- Mpnueyuanne
Mt A SE(ARM) | TRBHMR | ms e e T T S T TR T e
C (am)
onn_\-xm Hanenen:
E Harpuh2d . . . . .. .. 0,62 0,60 HO panHaunu
Kamf-42 . .« 00 o 0,52 0,51 R 10 xe
Mapranen-56 . . . .. .. 0,108 0,104 | . .
Kobanpr-60 . . . . . . .. 1900 84 .
Crponnut-89 , 'g e 8 52 S ockoakn ypana
Crponuuh-80 4 Hrrpul-90 | 9100 2700 .
Urrpn-91 L. .| 87 51 .
Uupkonnh-95 4 nnobnit-95 65 48 .
Huobup95 . . . ... 35 21 N
Pyremnit-106 ., . ... .| 365 19 .
Mon131 . Po. . ..| 8 7,5 .
Llepun-144 -+ npaszeonnm-144 | 275 180 o

A) Isotope; B) half-life (days); C) ef-
fective half-life (days); D) notes; Eg
sodium; Fg potassilun; G) manganese; H
cobalt; I) strontium; J) yttrium; K)
zirconium; L) niobium; M) ruthenium; N)
iodine; 0) cerium; P) praseodymium; Q)
induced-radlatlon products; R) the same;
S) uranium fragments.

The effective 1life of radiocactive substances thus depends on
their half-life and effectlve half-life,

Table 7 glves data on the effective half.lives of certain of the
more dangerous lisotopes, these belng the products of atomic exploslon
and induced radiation.

All other condltions being ldentical, the longer the effective
half-1life the more intense will be the actlon of the Incorporated ra-

dloactive lsotope.
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Chapter 3

ACUTE RADIATION SICKNESS
Actlon of Jonlzing Radiatlons on the Lliving Organism

The bilologlcal actlon of lonlzing radiations depends on the type
of radiation, the irradiation dose and time, and the condition and in-
dividual characteristlics of the organism.

Different types of ionlzing radiation have different blologlcal
elfects on the living organlsm. Hard x-rays, y-rays, and neutrons have
a high penetrating power and cause radlation slckness on external ir-
radlation. Fast neutrons are more active blologlcally than x-rays.
Penetrating into tilssue with high energy, they enter the nuclel of
phogphorus, sodlium, sulfur, nitrogen, and other atoms included in the
makeup of the body and convert them to unstable radloactlve atoms.
This glves rise to so-called "induced" radiocactlvity, which causes the
self-irradiation of the body to ilncrease sharply.

Having only a slight ablllity to penetrate tilssue, a- and p-par-
ticles actlng from without primarily inJure the dermal tegmina. Alpha-
and beta~active substances lonlze the surrounding tissues when they
enter the body. The changes which they cause are described in a speclal
section. Tiie character of the bilologlcal reaction depends not only on
the type of radiation, but algo on many other factors. Thus, for exam-
ple, the higher and more complex the organizatlion of the bilologilcal »
entity 1rradlated, the greater its radlosensitivity. Mammals are con-
sequently more sensltive to penetrating radiation than the lower ver-
tebrates or cold-blooded animals.
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Not all organs of the 1iving organism havu the eame sensitivity

to penetrating radiatlon. The hematogenic organs and gonads, especially

the tissue of the testes and ovarles, are most sensitive.kThe sterlliz-

ing and genetic actlon of lonlzing radlation affects them the earliest.

The most resistant organs and tlssues are muscle, cartllaginous, and
bony tissue. Only large doges of ionilzing radiation are sufficlent to
Injure them. It was shown above that the character of the blological
reaction depends on: a) the reactivity of the organilsm; b) the local-
ization and size of the lrradiated surface; ¢) the intensity of irra-
diation; d) the lrradiation dose.

The same irradlation dose may cauge Injuries of varying extent,
dependlng on the reactivity and reslstivity of the organlsm, factors
assoclated with the reslstance of the nervous system, immunobiological
actlvity, the condition of the cardiovascular system, etc.,

Among the factors which weaken the organism are hunger, fatigue,
sleepleggness, and various injurles and dlseages. Protein starvation,
in which the nutrition of vitally important organs — the braln and
heart — 1s dilsrupted, is especlally detrimental. It greatly lncreases
the sgensitivity of animals to radlatlon and reduces their gurvival
time after lrradlation., Infants and the aged are most sensitive to
ionizing radiation. The severlty of Injury depends to a considerable
extent on the localization of the irradlated portion of the body. Ir-

radlation of the abdominal organs 18 most dangerous. It yields the

game effect as whole-body lrradiation, 1l.e., causes radiation sickness.

Irradiation of the extremities has the leagt effect with respect to

the development of radiation sickness. The severity of a radiation in-
Jury also depends on the slze of the irradiated area. Thus, for exam-
ple, when the human body 1s subjected to whole-body p-irradiation in a
dose of U400 r severe radlation glckness develops, while irradiation of
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of :a.20 x 20 om area Of the body in the same dose does not lead to ra-- -~ |

diafibﬁigiékhess,‘being“accompanied'bninb§‘ébeiéf veagtion, T ff‘ o
_v_w__Aéuta_radiétidnﬂsicknessmdevelops on a singlélmassive'exposuré”tO”*‘*
lonlzing radiatlon or on repeated irradiation in sufficiently high

doses. Prolonged irradiation of the organism in very small doses still
exceeding the maximum permissible levels can lead to the development

of chronic radiatlon sickness after many months or years. One of the

most important factors determining the severity of the bilological re-
action 1s the lrradlation dogse. No visible symptoms of 1llness whatso-
ever develop on whole-body lrradlatlon of man in a dose of 50 r. The
glight changes whlch occur in the blood in this case are rapldly re-
stltuted wilthout therapeutlc measures and thils dose 1s consequently

taken as the maximum permisslble dose under particular condltions.

TABLE 8

Probable Results of Masslve Whole-Body b
Irradlation of Man

B
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A) Dose in roentgens; B) irradiation

sequelae; C) % mortality; D) from; E) to;

F) more than; G) no symptoms of 1llness;

H) mild radiation sickness; I) radlation

sickness of moderate severity; J) severe

radlation sickness; K) extremely severe \
radiation sickness.

T T 2 R ———

Table 8 gives rough data on mortality and the development of

RTURVE WY YYD ST

acute radilation slckness as a function of absorbed dose on massive
whole-body 1rradiation.
The basic effect of lonlzing radiations 1s the formation of 1ons.
- 40 -




IOﬂjZins radiation primarily alters the body fluids, by 1onizing watcr

The formation of' _the free radicals. H,MOH, H02, and H202 depreases the

activity of _enzyme systems, disrupts histogenesis, causes degenerative

changes in the cells, and leads to a depression of tissue growth and
regeneration.

As a result of lonization the complex molecules of proteins, fats,
carbohydrates, salts, and other substances are converted to simpler
toxic substances foreign to the organism which cause toxicosis. The
nervous system plays the most important role in the further course of
acute radiatlion slckness.

Irritatlon of the tissue receptors resulting in disturbance of
thelr structure occurs at the instant when a radlative agent comes
into contact with living tlissue. The damaged receptors send an excess
of stimulli Into the central nervous system, throwlng it into a state
of extreme exciltation (N.A. Kurshakov). Electroencephalographic inves-
tigatlon of patients at the begilnning of radlation sickness Indicates
that the biloelectric activity and excltabllity of the cortex lncrease
at this time.

The changes which develop in the varlous branches of the central
nervous system cause a disturbance of nervous regulatlon, this belng
the basic factor in the development of further pathologlcal processes,
i.e., metabolic disturbances and distortions of organ structure and
function. The phenomena involving the gastroilntestinal tract which are
characteristic of acute radiation sickness may serve as examples of
such pathological processes; they include nausea, diarrhea, and vomlt-
ing, these being caused both by intoxication and by overexcitation of
the neural apparatus. The depression of gastrle secretion accompanied
by achylla which 1s characteristic of the subsequent course of radia-
tion sickness must also be assoclated wlth the state of the nervous
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;system,r he neural apparatus which was overexcited during the 1n1tia1

D o met T v ITwe ML v

period now_being depressed.:~w’«~-f

_While emphasizing the declsive role of the nervous._ system, Soviet . ___W:WVL___.

authors by no means deny the significance of other important factors
such as humoral influences. As 1s well known, during acute radiation
slckness the blood 1s rich in toxic products, which enter it from the
InJured tilssues.

The pathologlcal processes may also cause humoral shifts to ocecur
in the organism.

The current Sovlet and forelgn literature expresses the opinlon
that the hypophyseal-adrenocortical system plays a decisive role in
the pathogenesils of acute radiation sickness (P.D. Gorizontov, V.B.
Rozen, V. Lorents),

The activity of the hypophysis, which is a gland with a complex
diverse tunction, 1s assoclated especially closely with the nervous
system. At the begilnning of the detrimental action of lonlzing radia-
tilon the protective resources of the organism are mobllized by excita-
tion of the sympathetlc nervous system and secretion of adrenaline,
which has a direct stimulatory action on the cells of the anterlor
lobe of the hypophysis (P.D, Gorilzontov),

There 1s actually a marked increase 1n the functioning of the hy-
pophysis at the beginning of radlation sickness. The hypophyseal hor-
mones scereted into the blood stimulate the activity of other glands,
primarily the adrenal cortex (Uayt, Patt). This phenomenon must be in-
terpreted as a manifestation of the protective reaction of the organ- '
ism to irradiation.

The role of the adrenal glands in the course of acute radlation
sickness has long been known. Removal of these glands sharply increases
the gensitivity of animals to the action of lonlzing radilation, while
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~the depression of their funotioning observed at the height of acute )

: radiation sickness has a. negative influence on the course of the 111-

ness, gausing a disggggsnce_gg_hemggynamigs,gnd suppression of Immuno-

blologlcal reactions.

1

"In certaln cases," says N.A, Krayevskly, "we must take into ac-
count the role of changes in the adrenal glands as a direct cause of
death."

All that has been sald above conflrms that endocrine changes have
an undoubted influence on the character and course of acute radlation
sickness.

The views of Sovliet sclentlsts on the mechanlsm underlylng tne
biological actlon of ionizing radlatlong differ radically from those
held by a number of forelgn authors. Japanese lnvestligators suggest
that radiatlon has a direct action on the most radiosensitive tissues
and organs. As A.V. Kozlova has noted, they do not consider the role
of the nervous cystem. All of the numerous symptoms of radiation sick-
ness are treated as secondary, developing as a result of direct inJury'
to the hematogenlc organs. In the opinion of certain authors, the ner-
vous system 1s extremely resistant to penetrating radiation. The situa-
tion has been shown to be entirely different by numerous works by
Sovlet authors (I.R. Tarkhanov, M.N. Zhukovskiy, et al.), which hold
that the nervous system is very sensitive to lonilzing radiations. When
an animal organism 1s exposed to0 ionlzing radlation serious functlonal
disturbances are first detected in the central nervous system.

While not denying the dilrect actlon of ionizing radiations on
cells and the tissue destructlion which they cause, Sovlet sclentlsts
consider the neurotrophic digturbances which develop in the body as a
result of changes in the functloning of the central nervous system to
be of the greatest importance. Our sclentists thus assign the declaslve
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role to the entire reaction of the organism as a whole, the nervous

system playing the leading part

Symptomatology of- Acute -Radiation—Sickness----- m e

Various inJurles and functlonal disturbances, the aggregate of
which is called "acute radlation sickness," oceur in persons subjected
to irradiatlion 1n large doses.

This 1llness 1s characterlzed by a complex set of clinical symp-
toms which reflect the pathologlcal processes occurring 1in all organ
and tlssue systems.

Acute radiation gickness 1s characterized by a phase-like course,
1t belng posslble to differentiate four periods:

1 — the period of initlal reactions;

2 — the latent period (a period of seeming health);

3 — the periecd of marked clinical symptoms (the height of the
illness);

4 — the recovery period.

The most marked periods of 1illness occur in 2nd- and 3rd-degree
radiatlion sickness.

In addition to 1ts theoretical interest, establishment of the
phasc-like character of the clinlcal course of radiation slickness 1s
ol great practical importance, Thus, transportation of casualties and
requisite surgical interventlon are more effective when carried out
during the latent or, possibly, the flrst period than durlng the third
period, Knowlng the stages and sequence of the course of the 1llness
makes 1t poasible both to prescribe treatment at an opportune time and
to take prophylactlc measures. Thus, for example, administration of
antiblotics 1ls more effective during the flrst and second perlods, be-
fore symptoms of bacteriemla appear, than during the helght of the 1ill-
ness., Four degrees of severity may be dlstingulshed for acute radia-
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on sickmea, in accordance with the markedness of the olinteal symp-

toms and the severity of the course of the illness: =~ & e

- I = mild; - - e e e e S i ST o — e

II ~ moderately severe;

IIT — severe;

IV — extremely severe.

The severity of radlation sickness depends not only on the dose
of penetrating radiatlion recelved and the localizatlon of the lrradila-
tion, but also on the reactivity or sensitivity of the organism 1in
queation.

The same lrradliation dose may cause functional disturbances of
varying extent in internal organs, this producing different radiation-
slckness plctures. In evaluating the degree of radlation slckness, it
1s more correct to proceed from the blologlical effect of the lrradia-
tion, i.e., the clinlcal severity of the 1llness, than from the ab-
sorbed irradiation dose.

Perlods in the clinical course of radlation slckness

The first period, that of the inltial reactlons, beglns immedi-
ately after irradlation and lasts for from several hours to three days,
dependlng on the extent of the injury; the victim develops a headache,
dizziness, weakness, dryness of the mouth, and nausea and vomiting
which are not associated wlth eating and do not alleviate hls condi-
tion. The patilent 1s excited, becomes Ingomniac, and has nlghtmares or
delusions.

Loss of congsclousness, menlingeal phenomena, cardlac arrhythmia,
and dlarrhea are observed on irradiation in large doses. Dermal hyper-
emia and an Ilncrease in body temperature resulting from intensified
heat production in protein decomposition occasionally occur. Certain
changes in the blood (lymphopenia against a background of neutrophilic

- 45 a




erythrocyte stability) appear during this period. 7
_On the basis of. clinical and experimental data, I N. Ivanov-cons— -t }—"“

cludes that the character of the initial reactlon may indilcate the

severlty of the injury. According to the author's data, radlation sick-

negs proceeds more severely as the initial reaction develcps earlier

and 1s more acute. Accordlng to the data of A.V. Kozlova, A.N. Kursha-

kov, I.S. Glazunov, and I.K. Guskov, there is a complete correspondence

between the severity of acute radlatlion sickness and the character of

the 1nitial reactilon.

In the extremely severe form of this 1llness the initial reactlon

takes the form of a brilef excltatlon followed by loss of consclousness, i
a shock-l1ike gtate, prostration, delirium, and unrestrainable vomitilng.

These symptoms appear immediately after irradiatilon and pass directly

into the severe form of the 1llness with no latent period. .

In the severe form of radiatlon slckness the 1nltlal reaction de- |

velops 1-2 hours after lrradiation and continues for 1-5 days, being
marked by excitation, insomnia, intense headaches, nausea, and vomit-
ing.

In addition, tachycardla, extragystole, dlarrhea, and thirst may

appear. k
In the moderately severe form of radlatlon sickness the iniltial

reaction develops 3-5 hours after exposure to lonizing radlation. The
same symptoms are observed as 1n the severe form, but they are less
marked. All of the symptoms usually last 1l-2 days.
In the mild form of radlation sickness the initial reaction 1is .

not very marked. It appears several hours after exposure to lonizing
radiation and fades away during the first few days. It may be entirely

abgent.
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‘quration dépends on the severity of the 111ness. Tn serious “cases the'”

ﬂ~§<-The second (1atent)7period 1s tﬁe périod of apparent health Its -

latent period-is -either--entirely lacking or lasts only several hours. ——-

In the mild and moderately severe forms of the illness 1t lasts up to
3-4 weeks. The shorter the latent period of the illness, the more seri-
ous 1s the prognosis. The period of initial reactlons gradually fades
away and the patient feels himself to be considerably better, hils diz-
ziness and headache having disappeared, his sleep and appetite having
Improved, and the dyspeptic phenomena either having decreased or dis-
appeared; the only remalning symptoms are weakness and loss of appe-
tite. This period 1s called the perlod of seeming health, since dis-~
turbances continue to develop 1ln many of the organs and systems of the
victim's body desplte his lack of complaints and his relatively good
opinion of his own conditlon. The previougly intenslfied secretion of
gastric Julce now becomes depressed and leucopenla appears to replace
the leucocytosis. The lymphopenla, leucopenia, and thrombopenla gradu-
ally increase. These hematologlcal phenomena are so constant that they
are used for dlagnosing the 1lllness during 1lts latent period.

In the severe form of the lllness the pulse accelerates and the
arterlal pressure decreagses durlng thls perlod; any slight physical
stresas 1lntensifies the tachycardia and causes dyspnea. Body temperature
may be elther elevated or normal.

The third period, that of marked clinical symptoms, lasts from

the Tth-1l0th to 20th-25th days, depending on the geverity of the 11l-
ness. The vomiting, diarrhea (frequently with an admixture of blood),
headache, and dizzlness resume and ulceratlons appear 1ln the mucosa,
being especlally numerous throughout the gastrointestinal tract.
Bacterlemla develops easlly 1in the presence of the wldespread ul-
cerative processes in the gastrolntestinal tract. The resistivity of
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;;¥;th9;opgahism,peing shérply'reduced. the sapro-
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“appears.
One of the early symptoms of sepsis and a
concomitant of the intercurrent infections is a
rise in body temperature from subfever levels
to 39-40°, depending on the gseverity of the in-
Jury. An acute radiation affection may have a
lethal outcome as a result of elther infectious

complications or severe hemorrhaging.

Bleeding from the caplllarles and vessels

Flg. 6. Hemor-

rhages In the mu-~ of the dermal tegmina and the mucous membranes
coga of the small
intestlne. takes the form of ecchymoses, petechlae, vomit-

ing of blood, ncsebleeds, menorrhagla, spltting blood, and hematurila
(Fig. 6). The locallzation of the hemorrhages determines the clinical
plcture of the illness, Hemorrhages in the lnternal organs, especlally
the respiratory and digestive apparatus, may cause subsequent complica-
tlons, Pulmonary hemorrhages glve rlse to focal pneumonla. Hemorrhag-
ing in the digestive tract produces inflammatory and ulcerative proc-
esses and thelr accompanying symptoms. Hemorrhages in the vitally im-
portant organs (heart, brain, and spinal cord) are especilally danger-
ous (Flgs. 7-10).

The hemorrhagilc phenomena do not always develop simultaneously
with the drop in leucocyte count and the 1ncrease 1ln blood clotting
time, also beilng due to the fragllity of the vessels and the l1ncreased
permeabillity of the vascular walls which results from disturbance of
thelr trophics.

The trophlc changes also take the form of brittleness of the
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Fig. T. Hemorrhages in the serous
membrane of the small intestine and
the mesenterlum tenue.

nalls and loss of hair from the head and other hailry portions of the
body.

The decrease 1n leucocyte count which began durlng the latent
period becomes very marked. A leucopenla of 2000 cells/hm3 is the fore-
runner of an extremely serlous prognosis, a drop to 500 leucocytes per
mm3 frequently 1indlcating irreverslbillty of the phenomena occurring.
The granulocyte count reaches zero in severe cases. There 1s a gradual
increase 1n the lymphopenla and thrombopenia. In addltlen to a decrease
in the number of erythrocytes in the peripheral blood and a sharp drop
In thelr osmotlc resistance, reticulocytes may appear when the 1llness
takes & favorable course, thla indilcating the beglnning of a regtora-
tion of hematogenesis. Extremely marked functional disturbances occur
in all organs and systems during the height of radlation sickness, as
does a change in metabolic proceasses; the latter is described in the
following section. This period passes 1nto the recovery phase when the

1llness takes a favorable course.

The fourth periocd, or the recovery period, sets 1n extremely

slowly. The patlent's condition improves, the painful symptoms becom-
ing less marked and gradually disappearlng. The appearance of reticulo-
cytes 1ndicates a favorable outcome. The blood is usually not com-
pletely normalized. Patients who have recovered from radlation sick-
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Fig. 8, Necrosls of a tonsil.

Widespread hemorrhaging in the

mucosa of the pharynx. Ulcers

in the mucosa of the tongue.
ness continue to exhiblt leucopenia and anemla for many months. The
signs of bleedlng gradually disappear. The dermal tegmina remains some-
what pigmented, but the hair grows out. Body temperature ls normalized,
thils usually belng assoclated with suppression of the infectlous proc-
¢gses, occurrence of eplthelizatlion, and a decrease in the inflamma-
tory processes 1n the necrotic and ulcerated areas. The functloning of
various organs and systems 18 gradually restored and the patient re-
gains hils appetite when the dyspeptlc phenomena and dlarrhea cease.
The headaches and insomnla dilsappear, although a susceptibllity to
rapid fatigue, weakening of the memory, and increased irritabillity
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Filg. 9. Multiple pete- Fig. 10. Hemorrhages 1n the wall of the
chilal hemorrhages In the urinary bladder.

cortlical layer of the

kidney.

perglst for a long time. Complete recovery and dilsappearance of all
pathological symptoms usually occurs in the ml1ld (and occasionally the
moderately severe) form of the 1lllness. The symptomatology of radia-
tion sickness includes a periodlc deterloration of the patient'!s con-
dition, thils regularly belng succeeded by an improvement. This wave-
like course 1s also observed in those cases where the acute stage of
the illness becomes chronic.

Degrees of severity of acute radlation slckness

Depending on the severity of 1ts clinical course, four forms of
acute radiation siclkness may be distlnguished: extremely severe, se-
vere, moderately severe, and mild.

The fourth degree, extremely severe, was observed 1n persons ir-

radiated ln extremely large doses in the cltles of Hiroshima and Naga-
sakl. The clinical plcture of thils form 13 the least well studled,
since the patilents died very rapldly. The illness set 1n immedlately
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. after irradiation and continued for from several hours to two weeks,

most frequently terminating in death during the first two days. Ady-

PO In

“most seriously 1nJured exhibited convulsions and uncontrollable vomit-

ing, were dellrious, and occaslonally displayed meningeal phenomena

and logs of consciousness. Body temperature gradually increased, reach-
ing 39-40o lor geveral days, and did not decrease until death., The
victims dled exhibiting symptoms of disturbances of the respiratory

and cardilovascular systems.

The third, or severe, degree develops Ilmmedlately after i1rradla-

tion or an hour or two later. The first perilod of the 1llness lasts

for from one to five days, being characterized by severe excltation,

headaches, dilzziness, insomnla, and occasional delirium and meningesal
phenomena. A liquld stool 1s passed up to 10-20 times a day and there .
18 abdominal pain and hiccuping. The gastric hypersecretion which oc-

curred during the phase of increased excltability 1s soon replaced by

a depresslon of secretion whilch occasionally extends as far as achylia.

The opposite oI the phase of increased excltation sets in, i.e., pro-
tectlive inhibition of the nervous system. The symptomatology of thils
phase includes adynamla, prostration, a decrease in muscle tonus, and
a drop in blood pressure. Dyspnea, tachycardla, and arrhythmla appear
and hematuria, nosebleeds, and bleeding from cother organs are occa-
sionally observed during the Initial period.
The patient's condition improves and the latent period of the 1ll-
ness sets in on the 2nd-5th day after irradiation; thls period lasts ¢

from two to five days. All of the symptoms of the 1llneas with the ex-

ception of severe weakness dlsappear during thils perlod and the patient
occaslonally regains his appetite. The elevated temperature, tachycar- é
dia, and hypotonia are still noted.
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lasts for up to two months. The se vere he

The third period of the lllness begins on the 10th 12th ddy and '

adaches, dizziness, nausea,

and vomiting reappear. The dyspnea, tachycardia, and arrhythmia_are _

again intensified and the arterial pressure drops still lower. The
tongue and oral mucosa beccme dry and hemorrhages, cracks, and ulcera-
tions appear in them. The dlarrhea acquires a hemorrhaglc character as
a result of ulceratlcons along the Integtline. Changes in the motor and
gecretory functlons of the gastrointestinal tract serilously disrupt
absorptlon and this further promotes emaclation of the patient.

One of the threatenlng symptoms of thils form of the 1lllness 1s
bleeding. Hemorrhages develop not only in the skin and mucosa, but
also In the internal organs, this belng the determining factor i1n the
further c¢linical picture of the 1lllness. Thus, for example, hemorrhag.-
Ing 1in the myocardlum 1ls accompanied by a clinical picture of myocar -
dial infarct. Hemorrhages in the pleural cavities and lungs cause a
clinical pleture of hemorrhaglc pleuritis and pneumonia. The locallza-
tion of hemorrhages in the braln determines the complex neurologilcal
symptomatology. When the resistance of the organilsm 1s reduced hemdr-
rhages are a predisposing factor for secondary infectilon and for a sep-
tlc condition when the latter generallzes. Body temperature remalns at
high levels during all perlods of the 1llness. The symptoms of general
intoxicatlon become more intense and the blood exhibits lymphopenia,
leucopenila accompanied by a sharp formula shift to the left, and degen-
eratlve changes 1n the leucocytes; the anemla becomes more lntense.
Death may result from hemorrhages in the vitally important organs,
paralysis of the resplratory and vasomotor centers, or a concomitant
secondary infectlon, most frequently pneumonia.

The recovery period extends over a very long time, Improvement
alternates with relapses and complications. Complete recovery does not
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OCCUI’., oo T , T

.MMNThe authenia -of the central nervous system persistq for an espe-

clally long time; patients are apathetic and nactive and. their meMe i Y

orles are dlsorganized for a prolonged period.

The second degree, radiatlon slckness of moderate severity. The

initial reaction develops durilng the first few days, frequently within
3-5 hours after exposure to lonizing radlation. The symptoms observed
are the same as those of the gevere form of the 1llness, but are less
marked. The perlod of excltatlon ls soon succeeded by apathy and ady-
namia, stubborn headaches developing. Weakness, nausea, repeated vomit-
ing, loss of appetite, and a liquid stool passed up to 5 times are
noted during the first day of 1lllness. Body temperature rises to 37-

37.5° and tachycardia and hypotonila appear.

-t

All of these phenomena gradually abate on the 2nd-3rd day and the
1llness passes 1into the latent period, which lasts for from two to
three weeks. The blood exhlbits leucopenia (1000-3000 cells/mm3) ac-
companied by a shift to the left, toxlc granularity in the neutrophils,

and a moderate anemia. Partial epillation of the hairy portion of the
head 1s observed at the end of the latent period. The hair thlns out
conslderably or drops out in bunches. Complete baldness occurs only
now and again.

The third period begins with an increase in temperature to 38-38,5"
and a deterioration of the patlent's general condition. The headaches,
nausea, and vomliting reappear and a liquid stool 1s passed frequently.
Blood can be detected only microscopically in the feces and urilne. The N
nervous system exhiblts unstable pathologilcal reflexes (Gordon's,
Babinskly's, and Rossolimo's) and nystagmoid movements of the eyes.

The pulse rate accelerates and becomes lablle and blood pressure
drops.
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10 15% of patients, most frequently appeariﬁg“during the 5th 6th week

of 1llness and having a _miliary character. - a.w fowrsm o —rmmmrrm e mm - o

Ulcerations rarely develop in the oral cavity and along the ges-
trointestinal tract, the changes in the oral mucosa generally being
limited t» swelling and erubescence. The hematologlcal changes and
other clinical symptoms are distinguished from those of the severe
form only by theilr legger intensity.

Jaundice is rarely observed. Desplte a sllight enlargement of the
liver, this organ exhlblts no substantial functlonal disgturbances.

The functions of the liver are reegtablished after 3.4 months in
young persons and conslderably later in the elderly. All of the symp-
tomg of the i1llness last approximately two months. The recovery period
beging wlth a drop 1n temperature, an improvement 1ln the patlent'ls
oplnion of his own condltion, and cegsatlon of the headachesg. The in-
flammatory phenomena in the oral mucosa gradually abate and the stool
becomes normal. However, a predispositlon to disturbances of the gas-~
trolntestinal tract persists for a long tlme and the patlient's reslst-
ance to infectious dlseases 1s reduced. Relapses durlng this period
occur somewhat less frequently than in the severe form, taking the
form of a new increase in body temperature, a deterioration of the
patient's general conditlon, and the passing of a liquid stool (A.V.
Kozlova).

A patlent who recovers from this 1llness stlll exhibits a suscep-
tibility to rapid fatlgue and a loss of memory for a considerakle time,

The first, or mild, degree of radlation sickness. In thils form of

the 1llness the initlal reaction develops several hours after irradia-

tion and fades away within 1-3 days, it being possible for the malalse,

headache, and weakness tc be entlrely absent. During the latent perilod,
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moderate lymphopenia ‘and’ leucopenia. No clear dividing 1ines can b' de-fi;”

tected betweeh the periods. The leucopenia generally does not drop be~ ,“?

Low 2000-3000 "léucocytes per mm3 duringwgﬁe period of marked clinical {

symptoms. The anemia (which is frequently marked) and other changes in

the blood are usually normalized within 2-3 weeks. Patients subJec-

tlvely note perlodic headaches, dlzziness, weaknegs, and loss of appe-

tite. There are lsolated petechlae In the skin and mucosa. The func-

tlonal changes in the patlent's organs and systems are slight, the

most obvlious being a tendency to dlarrhea. The capaclty for work l1s

completely restored in the mild form of radilation glckness. i

Functional Changes Iin the Body under the Actlon of Jonlzing Radiatlons

The mechanlism by which radlation sickness develops 1s an extremely
complex process. The reaction of the entire organism involves all or- 1
gans and systems ln the pathological process. The neurologlcal symp-~
tomatology of radiation sickness 1s nonspecific and depends not only

on changes 1in the nervous system itself, but also on intoxicatlon,

anemla, concomitant Infectlons, and other factors.

The nervous system. A brlef excitation of the central nervous sys-

tem occurs at the beginnlng of the first period, this belng succeeded

by protective inhibltion. Stimulation of the receptor apparatus cauges
nyperesthesia, hyperacusis, photophoblia, and olfactory hallucinations.
Investigation of cerebral biotics reveals an Increased excltabllity

and bloelectrlic actlvity. Nausea and vomiting develop when the ves-

t1bular apparatus is stimulated and nystagmus 1s observed. Muscle 1
tonug increases at first, but thls 1s succeeded by sluggishness, ady-~

namla, and trembling of the outstretched hands. The dermal, tendon,

and perlosteal reflexes are strong and nonuniform in a number of cases,
mcningeal symptoms occasionally being observed; these latter Include
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h=~slight Kbrnig's and Laseqne's signs and rigisty Of,the occlput The ff"~

diffuse uverexcitation of.. the central nervous system enables 1t to

pass 1nto a state of protective 1nhip1 1gnLWMQL:}Mrshakoy,notes,that

generallzed massive gtimulatlion of the receptor apparstus leads to ex-
tremely severe trauma to the central nervous system, a factor which
may cause a shock-llke state. All of the gymptoms abate during the
second period, but the adynamls, asthenla, apathy, and prostratilon per-
slst., During the third period, that of marked symptoms, the headaches
return. They are stubborn and severe in character, resembling the head-
aches which occur in tuberculous menlngitls. Insomnla and nightmares
occur. Symptoms of Increased intracranial pressure appear, this ex-
plaining the dizziness, nausea, and uncontrollable vomiting whilch oc-
curs during thils perlod. The presence of increased intracranial pres-
sure 1s also indicated by congestive phenomena and petechlal hemor-
rhages in the ocular fundus. Frequent cerebral hemorrhages are noted
during this perlod. The slte of the hemorrhaglng also determineg the
symptomatology.

Subarachnold hemorrhages cause sudden losses of consclousness and
intensify the meningeal symptoms. Just as when hemorrhages occur in
the cerebral matter, the presence of subarachnold hemorrhages glves
rise to an unfavorable prognosis, since they are accompanied by dis-
turbances of resplratlion and cardlac actlvity. Recovery depends to a
conglderable extent on the severity of the functional disturbances i1n
the central nervous system. Complete recovery does not occur in the
severe form of the illness. The increased irrltabllity, trophlc dis-
turbances, and emaclation persist for a long time.

The skin and mucosa. During the initlal perlod of the illness the

dermal tegmlina are elther geverely decolorized or hyperemic, hyperemia
of the ocular conjunctiva belng especlally marked. Irradiation of the
- 57 -
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of depression of thé functioning of these glands...

of the 1llness the skin becomes dgy gqgrp;}p§;5;3§ia:rg§g;§79f,atrpphyﬁ,f,ww_

gfhéh;>fat and sweat glands. There 1s no sweat secretion, even when
the temperature 1s increased conslderably. During the third perlod of
the extremely severe form of the 1lllness petechlae and hemorrhages ap-
pear in the skin of the entire body. These occur in only 5-15% of
cases of the moderately severe form of radlation sickness (A.V. Koz~
lova).

The mucoga of the oral cavity, gingiva, and pharynx become &ru-
bescent and swollen and thelr sensltivity to heat, cold, stlmulants,
and mechanical injury increases. In the very severe and severe forms
of the 1llness ulcerations (which may reach the necrotic stage), para-
tonsillary abscesses, and necrotlc anginas occur in the mucosa. Atro-
phic and subatrophlc catarrhs accompanied by the formation of scabs
and eroslons develop in the mucous membranes of the upper resplratory
passages.

While epllation of all halry areas of the body 1s noted from the
10th=15th day onward in the severe form of the 1lllness, in the moder-
ately severe form baldness begins later, on the 15th-20th day and 1s
limited to 1isolated portlons of the halry section of the head or thin-
ning out of the hair. In these patlents halr begins to grow back 4-5
weeks after 1t 1is lost. As a result of atrophy of the halr bulbs re-
gtoration 1s only partial 1n the severe rorm of the 1llness, occurring
in the less affected regions.

The hairs which grow out after epilation are dry, thin, brittle,
and gray in places. Heallng of the ulcerations In the mucous membranes
durlng the recovery period takes an extremely long time. Irradlated
portions of the skin remain pigmented for a prolonged perilod.
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The cardiovascular oystem. No specific changes develop

cardlovascular system during acute radiation sickness Tackycardia,
-occaslonally-accompanied by-arrhythmia,—is observed“during’thé’initial-
perilod. Blood pressure drops to a hypertonic level and 1is normalized
only durlng the fourth period. There 1s an especiaily marked 1increase
in the permeabillty of the vascular walls during the third period.

When there 1s hemorrhaging In the myocardium the clinical picture re-
gembles that of myocardial infarct. A labile rhythm and, occasionally,
single extra systoles are detected during the inltlal perlod. The

heart 1s usually somewhat enlarged in croas sectlon. Its sounds are
dull during the height of the clindeal sympltoms, a 8ystollic murmur oc-
cagsionally being heard at the apex. An electrocardiogram ghows a de-
creagse in voltage at all leads, levellng of peaks, and other changes
characteristic of myocardial dystrophy. Serlously 111 patilents exhibit
prolongation of the ST Interval, compresslon and attenuation of the

peaks, and disturbance of intravenitricular conductivity (A.V. Kozlova).

The regpiratory organs. Fun:tlonal disturbances appear 1n the res-

pilratory organs in all forms of radlatlon slckness. Victims exhibit
dyspnea and a wracking dry cough during the period of initial reac~
tions. Cheyne-~-Stokes' resplration appears in severe cages, Stabbing
pains develop In the thoracle cavlity as a regult of reactive dry
pleuritis, these becoming more intense during resplration and coughilng.
As G.A. Zadgenldze has noted, resplration becomes deeper and slows
down, occasionally being arrhythmic, while pneumatization of pulmonary
tlssue 1s considerably reduced as a result of the increased filling of

the vascular network. Pneumatization of pulmonary tissue 1s reduced or

hypoventilation and atelectasis develop in various sectlons of the
lungs. Dilation of the lumens of the large bronchil and constrictlon of
those of the small bronchil (or vice versa) is observed during this
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emphysema setting 1n later,~during the height of the radiation sickIT T

ness. I

Clinical examination of the patients reveals a reduced respiratory
excurslon of the lungs, the percussion note acqulring a bandbox shad-
ing. Diffuse dry rales are heard agalnst a background of attenuated
vesicular resplration. A large number of dry babbling rales appear
during the height of the clinlcal symptoms, edema of the lungs setting
in in severe caseg., N.,M. Amosov explaing thils phenomenon as beilng due
to the fact that the developlng acinous pneumonia takes the form of
pulmonary edema as a result of the increase in vascular permeahility.
The pleura are often slmultaneously affected, this explaining the pain
in coughing and breathing.

Against a background of increased penetrability of the lung filelds,
x-rays of the thoracic cavity reveal an Intensified pulmonary pattern
with acinous shadow sections. The shadow areas usually correspond to
reglons of hemorrhaglng and pneumonic foci.

The acule or chronic focal pneumonia which develops during the
height of the third perlod complicates the clinlcal course of the 111-
ness.

The gastrointestinal tract. Loss of appetite, nausea, vomiting,

dryness of the mouth, and thirst develop during the first period. The
abdomen becomes palnful. The acidity of the gastric contents lncreases
briefly. The dyspeptic phenomena and abdominal pains hecome more 1in-
tense durlng the third perlod. The tongue becomes dry and furred or
glogsy. Ulcerations develop In the oral cavity and along the entire
courgse of the gastrointestinal tract, these frequently giving rise to
gecondary infection. In the serious form of the 1llness the ulcerations
and necrotic areas may cause perforations and this produces a clinlcal
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“ipicture of acute abdomen. As a result of a decrease 1n tonus individual

loops of the 1ntestine are. greatly extended,"this frequently cauoing a-

7 1n gastric secretion 1s followed by a prolonged depression, the total
and free acldlty of the gastric Julce decreasing; thls reduces 1ts di-
gestive capaclty. At the same time, there 1s a conslderable decrease
in pepsin activity (A.M. Vorob'yev, E.B. Glikson, et al). In studying
the influence of lonlzing radiation on the functlon of the pancreas,
R.F. Raukh was able to detect a disruption of the digestlve capacity
of the pancreatic Julce and a decrease 1n trypsin activity. Absorptlon
1s severely disturbed as a result of the disruptlion of the gecretory
and motor functions of the lntestine, thls leading to emaclation of
the patlent. Diarrhea (frequently with an admixture of blcod) develops.
In addition to the changes 1n the gastrointestinal tract, there are
functional disturbances in the liver and gall bladder. Experimental
data {A.I. Merkulov) have shown that disturbances of the secretory,
concentrallonal, and evacuatory functions occur 1in acute radlation
sickness. The dyspeptic phenomena gradually disappear during the fourth
period. The 1logs of appetite 1s the most persistent effect. The acld-
1ty of the gastric contents usually remains reduced.

The urogenital system. Even when the patlent has not eaten, a

transient polyurea develops during the first perilod, this being suc-
ceeded by passage of a reduced amount of urine, Passage of a reduced
quantity of urine with a low specific welght is observed throughout

the entire course of the extremely severe form of the illness. This
urine contains protein and a large quantity of erythrocytes and leuco-
cytes from the first day of illness. The chloride and residual~-nitrogen
content of the blood increases simultaneously. During urography, G.A.
Zadgenidze noted a depression of the secretory functlon of the kidneys.
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rIn this case serogozin secretion lasts for up to 300 mtnutes rather

than the usual 40-80 minutes.”

The disturbance of the sexual function depends on ! the e extent of

the radiation injury. In males the gexual urge 1ls decreased and the
number of spermatozoa and their mobility are reduced to the point of
complete sterility. Varilous disturbances of the menstrual cycle appear
in females, most frequently amenorrhea. In pregnant females l1lrradia-
tion can cause death of the fetus and abortion. Females who have re-
covered from radlation sickness are frequently sterlle, but 1f they
become pregnant the lnfants are frequently stillborn or underdeveloped.

The blood system. Stimulation of the hematogenic organs occurs

during the 1lnitlal period. As u result of the deposited blood and the
excltation of the hematogenic organs the quantlity of all formed ele-
ments except lymphocytes increases; the latter decrease sharply durlng
the first few days. At the beginning of the 1llness there i1s a mani-
fest neutrophillc leucocytosls whlch 1s of prognostic value; the more
marked this leucocytosls, the more severe willl be the course of the
1llness. Subsequently there is a marked shift to the left and toxic
granularity and hyrersegmenved forms of neutrophils appear. The reslst-
ance of the erythrocytes decreases. A depression of hematogenesls sets
in during the second period, reachlng complete suppression in severe
forms of the 1llness. The number of formed elements decreases as a re-
gult of hypoplasia and cell destruction. The quantlty of cells with
ghort lifetimes drops first. The 1ife of a lymphocyte 1s approximately
one day, but 1t becomes even shorter under the influence of i1rradla-
tion; there 1ls consequently a marked lymphopenila at the end of the
first day, this progressing until the lymphocytes disappear. The lifew
time of neutrophlls 1is 5-6 days. On the 3rd-4th day the number of
these elements decreasesg and a shift to the right occurs because of
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resulting 1n the appearance of young formed elements, regeneration of -

lymphoid tissue consequently proceeds so 31owly that the number of
lymphocytes In the peripheral blood'femains at a reduced level for a
prolonged perlod.

The leucopenia continues to increase during the third period. In
the severe form of the illness 1t reaches 2000 cells/mm3, a drop to
500 leucocytes per mm3 being an extremely menacing sign. Quite marked
destructive changes are observed in the leucocytes; these include vac-
uolization, toxic granularity, purplish-brown tinting, nuclear pyk-
nosis, decolorization, nuclear dlstension, and enlargement (A.V. Koz-
lzva). The tluwumbopenla is accompanied by a hemorrhagic syndrome. The
erythrocyte count 1s the last to decrease (the lifetime of an erythro-
cyte reaching 120 days). Anemila begins to appear during the second to
third week. However, as A,A. Bagdasarov has shown, intensive erythro-
cyte destruction occurs from the 2nd day after lrradlatlon onward,
this being confirmed by the increased daily billirubin content. Because
of the redistribution of blood the decrease 1in the erythrocyte content
of the peripheral bleood usually does not appear untll considerably
later. The_more serious the form of the 1lllness, the more severe and
marked is the anemla whilch develops. In certaln cases erythropoiesails
1s distorted and proceeds 1in an embryonic fashion, large hemoglobin-

saturated erythrocytes of the megalocyte type being formed; in such

casesg hyperchromic anemia develops and the color index lncreaseg to a !
value greater than unity. i
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- Regenerative phenomena are-cbserved-qur ing- the _fourth, or.recov-.

ery period. The nuiber of iymphocytes and newbrophils increases and
young forms;mmyeloblasts;*promyeloblastﬁ;‘and‘myélodytés’appéar.’A
shift to the left agaln appears 1n the white-blood formula. The number N
of erythrocytes and thrombocytes gradually increases. Hemocpoiesis grad-

ually returns to normal in complete recovery.

Protein metabolism. A whole series of pathologlcal processes (de-

pression of gastric secretion, a decrease In the digestive capacity of
the gastric julce, and ulceration in the mucosa) develop in the gastro-
intestinal tract soon after 1rradiation, disruptlng normal proteln ab-
gorption. The problem of the influence of 1onizing radiation on the
digestion, absorption, and asslimllation of proteln nutrients was
gtudied by I.I. Ivanov and T.A. Fedorova. It is obvious from the data
which they obtalned that anlmals exhiblt both incomplete digestion of

LR IR ke AT STk o AL 4 ot

proteins in the stomach and retarded assimilation of amino acids into

the tissues during radlation sickness. Such a disruption of baslec tro- i
phic processes causes animals to become emaclated and lose welght.
One of the most characteristic symptoms of acute radlatlon silck-
ness 18 the development of a negative nitrogen balance. This 1s caused
both by disturbance of trophic procegsses and Intensified tissue decom-
position. At the same time that the negative nitrogen balance develops
the total nitrogen secreted in the urine incregsses, thils also being
characteristic of radiation sickness. The content of uric acld and cre-
atine in the urine also increases. There are also observatlons which
indicate that the residual nltrogen content of the blood of irradiated
animals 1s 1increased, thils applylng particularly to creatine and urea. .
The disruption of the normal composition of the plasma protein
fractions becomes especlally marked during the third period of the 1ll-
ness. There 1s a decrease in albumins and an increase 1n globulins,
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"this leading to ‘a decreaae 1n the albumin-globulin coefficient. This

change in the plasma protein composition is partially due to the func-
. tlgnal"lnanﬁﬁigiency,oﬂqthe_liven,_in“whichlsenum;proteins—are~synthe-
slzed, and this phenomenon consequently has a certain prognostic im-
portance. The considerable changes 1n nucleoprotein metabolism should
also be mentloned. These compounds are subject to intensifled decom-
position durlng the third period of radiation slckness and thils 1la fol-
lowed by a sharp drop in the nuclelc acid content of various tlssues
and organs. Thlig phenomenon 1s qulte detrimental to protein metabolism
as a whole, since nuclelc acids play an impqrtant role in proteln-
synthesls processes.

Almost all antibodies and enzymes are proteins and disruption of
the synthesils of these compounds ilnhiblts fermentative processes and
reduces the general reslstance of the organlsm. When the 1llness has a
favorable course all of these phenomena are normalized during the
fourth perilod.

Carbohydrate-~-phosphorus metabollism 1s dlsrupted several hours af-

ter the beginning of the 1llness; the blood sugar content decreases to
140-170 mg/M, this leading to glycosurila. The glycemic curve acquires
a dlabetlc character. During the first period of the 1lllness the gly-
cogen content of both the blood and liver of experimental animals in-
creases. Beglnning wlth the second perlod of the illness, the quanilty
of glycogen in the llver decreases sharply. The baslc cause of this
depletion of hepatic glycogen 18 the state of starvatlon characteris-
tilc of radlatilon sickness whlch develops in the animals as a result of
disturbance of the digestive functlons of the gastrointestinal tract.
In the severe form of radiatlon sickness the hepatic glycogen content
decreases sharply during the third period, possibly dropping to zero,
a phenomenon which may be assoclated with lntoxicatlion of the organism
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fby the products of tissue decomposition in addition to starvation. e

- During “the fourth period of the illness both the hyperglycemia

—and the glyoogen content ‘of the blood are gradually normalized. The

most characterigtlec feature of carbohydrate metabolism during acute
radlation sickness 1s the extreme instability of the blood sugar level,
this belng caused by radiation damage to the nerve centers which regu-
late carbohydrate metabollsm. The content of phosphorus compounds
(adenosinetriphosphoric and adenosinediphosphorle aclds and creatine
phosphate) in the spleen and small intestine decrease by a factor of
2-3 during the initial and latent periods of acute radiation slckneas
and rcwaln di Lnat level untll the recovery perlod.

The blosynthesis of energy-rich phosphorus compounds in the skel-
etal muscles, liver, and brain i1s not dilsrupted.

Fat metabolism. Numerous investigations by Soviet authors (3.

Nikitin, N. Buzin, L. Larionov, et al.) have shown that fatty infiltra-
tions develop in the lilver, kldneys, and other tissues of animals as a
result of acute radiation injuries. Lipemila regularly occurs during

the later stage of radilation sickness.

When the hepatic glycogen supply is exhausted compensatory mobil-
lzation ¢f fats from the fat depots occurs under the influence of
neurohumoral mechanisms, taking the form of shifting of considerable
quantities of neutral fat from the fat depots to the liver., Thus, both
lipemia and fatty infiltration of the liver are bilologlcally useful
reactions, augmenting the reduced energy resources of the body. Accord-
ing to observations made by certain authors, disruptlons of fat metab-
olism usually increase 1n severity as depletion of the hepatic glyco-
gen supply becomes more complete. As a result of the substantial de-
pression of oxidative processes fats are oxldilzed only to ketones, the
quantity of these compounds in the blood increasing sharply; this may
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-7 cause_the onset of acetonuria, The latter- is frequently observed in .

severe forms of“radiatibn“siggnéﬁsib?'@u@4ﬁgqtﬁéfféfmlﬁél“éfages”offf

_the 11InesS e e e e - —

Mineral metabolism. Acute radlatlon sickness 1is accompanied by a

conslgerable disturbance of water-salt metabolism. The most Important
deviation from normal is a negatlve sodlum, potassium, and chlorine
balance. The majority of authors (F. Redlikh, P. Neyda, et al.) ob-
gerved a marked decreage in the serum chloride and sodium contents of
the blood of lrradlated animals. Excretion of sodium chlorlde occa-
slonally increased immedlately after ilrradiation, lndicating that this
SHOLSS LG0 G WL GA=rellon vhidiaubeis 11 @adul bluir LU LULB WEGRLY Gdudt,
the mineral-salt balance may deviate from normal as a result of the
disturbance of salt absorption from the intestine which 1s observed
during radiatlon sickness, as well as because of dlarrhea, which
causes a loss of sodium chloride and a dangerous dehydratlon of the
body. The functional insufficlency of the adrenal cortex whilch occurs
during radiation sickness also warrants mention. This takes the form
of a loss of hormonal substances, including the hormones which regu=-
late the potassium and sodium content of the blood.

Thus, a number of conditiong which affect mineral metabolism are
created during radiation siclkness.

I.I. Ivanov points out that the diasturbance of water-salt metab-
olism which occurs in the presence of radlation injuriesg has long been
known to roentgenologists and radiologlsts. In order to prevent these
phenomena, and particularly to eliminate nausea and headaches, the lat-
ter have successfully prescribed alkaline mlneral waters and solutions
of table salt for irradiated persons. In a purely practical manner,
proceeding from actual observations, radiologilsts thus concluded that
it was necessary to correct the deficiencles Iin the salt balance during
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‘radiation sickness. This p;pblém warrants eébecially serious attention ,,:}ffp_ ~

_and further study. In additlon.to.deflciencies-of -sodium, chlorine; ——— -

_@Hd,P?tEE?}Eﬂiﬂ?GEEEZiegiggion Sickﬁ§§§fiﬁ,glagwﬁharacterizedwby
;hanges in scid-alkall equillbrlum, the alkall reserves of the blood
decreasling.

Certain authors explain the lnitial acidosls as belng due to the
formation of a large number of aclid valences in lrradlated organisms
as a result of tlssue decomposition.

Pathologoanatomical Changes in Acute Radiation Sickness

In addition to functlonal disturbances, numerous organic changes
occur 1n the animal organlsm durlng acute radiation sickness lnduced
by external 1lrradlation; the character of these changes is determined
both by the 1rradiation dose and by the reactivity of the irradiated
organlsm.

The earliest and most substantlal changes occur in the hemato-
genlc organs (bone marrow, lymph nodes, and spleen).

N.A. Krayevskly notes certaln regularities in the processes which
oceur in the bone marrow as a result of exposure to ionlzing radiatlon.
Thus, at the beginning of the 1llness the production of blood cells 1n
the bone marrow 1s markedly accelerated and they are ejected in large
quantities into the blood stream. Mobllization of the protectlve mech-
anlsms of the organism and an intensificatlon of metabolic processes
also occur.

The 1ntensifled hematogenesis in the bone marrow drops somewhat
during the latent perilod and exhibits slgns of a slight normalization,
During the period of marked symptoms dystrophic changes come to pre-
domlnate over inflammatory changes, this Indicating a depression of
physlologlcal protective mechanisms.

Turning to a description of the lymph nodes, i1t must be noted that
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‘the lymphocytes and the entire lymphopoletic system are especlally sen-

sitlve to the actlon of lonlzing radiations.

Decomposition of lymphatic elementé 1s observed very early in the

lymph nodeg. This perlod of destructive changes 1s soon succeeded by

an atrophic process. In examining the spleen and lymph nodes 1t may be
ascertained that the lymph folllecles atrophy markedly during the ini- ‘
tial perilod. \
The changes 1ln the spleen merit attention because hemopolesls oc-~
curs in thls organ. After a slight lntenslficatlion of hematogenesis,
a severe depression of lymphopolesis sets 1In and the lymphocytes dis-
appear. Subgtantial morphological changes are noted 1n the nervous sys- |
tem as well as in the hematogenlc organs. The lnvestigations of V.V.
Portugalov show that structural damage 1s present in various branches
of the nervous system at the height of radlatlon sickness. The degen-
erative changes which occur in the nerve cells take the form of demye-
linization of nerve fibers and vacuolizatlon of their membranes. It 1u
possible for irreversible necroblotlc processes to develop later. His-
tologlcal examinatlions shows that not all of the sectlons of the brain
and spinal cord are altered ldentically. Destructlve changes are ob- i
served 1n certaln of them, while others exhibit reactive changes, i
which are reversible (N.A. Kravkov, V.V. Portugalov).
In L.A. Orbell's opinion, the most marked changes occur i1n those
structures which are 1ln an active state at the instant of 1rradlation.
The sensitivity of nerve tissue to lonizing radlation also depends
on the subject's age. Thus, the brains of young animals and of the
fetus particularly have a high radlosensitivity. As the animals grow
their nerve tissue becomes more reslstant to the injurious action of
lonlzing radiation.
In studying the morphological changes which occur in the brain in
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petechial hemorrhages, vacuolliza-

sclerosls of the ganglion cells of the entire brain.

The most characteristic and indicative symptom of radiation sick-
ness 1s bleeding. Thils Includes dermal ecchymoses and hemorrhages in
the mucous membranes of the braln and gastroilntestinal tract, the epl-
cardium, and the pulmonary parenchyma. Thls hemorrhaglc syndrome is
most severe durling the filrst half of the second period of radlatlon
sickness. The bleeding 1s frequently complicated by the destructive
and necroblotic processes characteristic of thils 1llness. Such proc-
egges develop egpecially often in the vicinlty of hemorrhages in the
stomach and intestlne. Dlgengagement of the necrotic tilssues leads to
Lhe formation of ulcers. Similar processes frequently develop in the
oral cavity (gums and tonsils).

The symptoms of the hemorrhagilc dlathesls begin to abate at the
end of the second perlod. In A.V. Kozlova's oplnion, the most charac-
teristic pathologlcal changes during this period of radlation sickness
are local gangrenous foci (abscesses and gangrene of the lungs and ul-
cerative colitis) resulting from infectlon conjJoined with the hemor-
rhages.

The heart 1s characterlzed by numerous hemorrhages in the eplcar-
dium and myocardium (Fig. 11). The muscle filbers of the heart exhibit
algns of protein and fat dystrophy.

The liver. Pathologoanatomical examination of the liver during
acute radlation sickness reveals conslderable morphological and func-
tlonal changes which take the form of a disturbance of blood- and
lymph-circulation and degeneratively necroblotlic changes in the hepatic
parenchyma and stroma. Glycogen dlsappears from the llver cells and a
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Flg. 11, Hemorrhaging in the
eplcardium.

fatty inflltration develops. A.V. Kozlova observed nuclear pyknosis of
the hepatlc cells and atrophy of the Kupffer cells durilng the third
perlod of radlation sickness. The dystrophic changes which develop in
the liver may ultimately lead to cilrrhosis.

The lungs. Emphysema of the lungs 1s usually observed durlng the
first period of the i1llness, while hemorrhages (frequently compllcated
by pneumonia) are detected during the second. At the end of the second
or beginning of the third period of radlatlon sickness infections be-
come assoclated with the hemorrhagic foeci, causing the development of
pulmonary abscesses and gangrene.

The kidneys. At the helght of the 1llness the kldneys exhibit
various degrees of hematurila and dystrophlc changes 1n the eplthelium,
the latter belng especlally marked in the convoluted tubules.

Changes 1n the endocrine glands are also characteristic.

The adrenal glands. There are very substantlal changes in the
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adrenal glands during acute radiation sickness. The adrenal cortex be-

comes poormin lipoids ahd atrophies. The cells of the cerebral matter T

Méalaoﬂgxhibit,a,decreasefinfchromaﬂﬂinrinclusions.—Atrophic processes T

involving connectilve-tilssue proliferation develop in these glands dur-
inz the later stage of the 1llness (N.A. Krayevskiy).

The thyroid gland. Phenomena of a dystrophic character are ob-

served 1n the thyrold gland during acute radlation sickness induced by
external irradlation. There 1s a decrease In follicle slze, hypertrophy
of the folllcular eplthellum, and vacuollzation and resorption of the
intrafollicular colloid.

The gonads. A severe attenuatlon of spermatogenecais accomnanied

by damage to the semlnific epilthelium occurs in the testicles. Atrophy

iy g i

and destruction of the maturing folllcles are observed 1n the ovaries.
Thls damage 18 caused by the well-known sterilizing actlon of radiant
energy.

Diverge degenerative changes, which are irreversible in the maJor-
1ty of cases, thus occur in all organs and systems under the influence
of lonizing radlation.

Remote Sequelae of the Actlon of Ionlzing Radilations

The problem of the remote sequelae of the actlon of lonlzing radi-
atlon 18 not only theoretically interesting, but also practically im-
portant. The Soviet literature contains a great deal of data which in-
dicates that very diverse pathologlcal procesases develop 1n the living
organism long after injJury. Thus, according to the data of A,V. Kozlova,
a number of resldual symptoms could be observed in the victims of the
hombing at Hiroshima after two years. These took the form of general
wealmess, dizzinegs, throbbing of the heart, neuralglas, lymphadenitls,
enterocolitls, and asthmatic conditions. The victims also exhibited
frequent mental disorders, which took the form of loss of memory, a
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" susceptibility o rapta mental fatigve, and sohizophvens. In

" “those per'sbﬁs subjected ;fa« the action of the ’Eiﬁi'é’iﬁg"’?éaié tib"h"rman'j:;"f T
-———feated--a-markedly-reduced- resistance toinfection, many of them conge=-~ -~ ==
quently dying of infectlous dlseases during the followlng years.
A.V. Kozlova alsc noted characteristic leukemlas wlth pecullar

courgses among the residual phenomena in persons who had recovered from

radiatlon sickness. An aplastic aremla cCeveloped first, thils belng
followed by the leukemlc syndroms. '

There 1llinesses cannot be treat:d znd the bloed ncver returns to
normal. Other authors have also pointed thls ont,

In gtudying the comnositlon of human blocd long atler injufy vy
lonizing radiation, I.K. Petrovicl: was unable to detect vomplete nor-
mallzatlon; to the contrary, the author observed a prclnngé@ diérup-
tion of this composltion, the numbe; of erythrocytes belng reduced and
the leucocyte count undergeing a congtant decirease. ? v

Analogous resulte were obteined by I.P. Usacheva, who Ltudied the
remote sequelae ol acute radlatlon ocickness in doga. The animals which
survived a massive whole-body irradiation in doges of 600-800 r did
not exhiblt complzle restoration of tne hemopoietlic functlon during a
two-year period, this indicating:

1) instability of erythropolesis and thrombopolesis; 2) reliative

leucopenia caused by insufficiencles in lymphopolesis and myelopolesis.
The animals also exhlbited instabllity of nervous-system réactions,
baldness, and symptoms of cachexla. V.V. Sokolov studled the remote
sequelae of the action of fagt neutrons on animals. When he investi-

gated the sexual functioning of dogs two years after irradlation, all

of the animals proved to be gterile, No improvement was observed when
the investigation was repeated after 3.5 years, the sexual functilon oy
stlll not being reestablished.
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radlated ahimd...a_; th eQ; belng -many iucu cations of this inm the litera-

S.P. voskresenskly and A.P. Novikova observed the development of
the offsprings of dogs exposed to uranium fission products. The authors
noted a decrease ln the number of embryos in each succecding litter;

* high percentage (more than half) ci the pupples were stillborn and
there was a hilgh mortality among the newborn animals. The authors be-
I1rve Lhar one of the important causes of this high mortality was res-
pilratory insufflclency, this belng objectively manifested in atelec-
ingls 07 the pulmonary tissue. It was also found that the formatlon of
orzarns (lungs, heart, liver) lagged behind that proper to their age
mver in lhesc animals.

cugerving thege pupples further, the investigators noted a marund
lapsing o welght and growth and a decrease 1n reglstance to the n-
lucuee of environmental factors; somc of the anlmals Jled ct' 1+ 'cea-
tious dlgeases. Certaln authors also belleve that the offspr « of §i
radlated anlmals are characterlzed by functional disturbar - .. Involv-
ing the central nervous aystem, these taking the form of incrcusged ex-
citability and reactivity. Many years of observation of the olfapring
ot irradiated mothess has shown that they age prematurely and have a
shortened 1lfe span. Plummer obtained verv interesting and indicative
data when he examined several hundred chlldren from the ciiv of Hlro-
shima.

The suthor noted a high pervcentage of deformitles and stillbirths
and a hign mortality among newborns many years later In the offspring
of persons injured by radloactlive substances and externzl lrradiation.
The newborns exhlblted an extremely low resistance to environmental
factors and died of Infectlions, helminthlasls, and toxlc dyspepsia.
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Ionizing radiation alqo has a: destructive 1nf1uence on. the visual or-

“"géns; wheén an organism 1s exoosed to fast neutrons cataracts develop

——long after injury; leading to complete blindness, According to the

data of A.V. Kozlova, 18.9% of the children born to parents lnjured i1u
the bombilng had congenital deformities. The author cltes the Interest..
ing results of pathologoanatomlcal cxaminatlons of 700 newborns (pre-
dominantly stillbirths or infants which died during the first few days
after birth). 1ll% exhibited severe congenital deformiiles which ren-
dered them unvlable; these included lack of a braln, hydrocephaly,
lack of an anus, congenital lack of bones, etc.

Tmperfecitions in the development of the cardiovascular system énd
the bone~muscle apparatus predominated among the anomalies.

The offspring of parents exposed to ionlzing radlation are thus
little fitted for survival.

The remote sequelae which occ¢ur when radiloactive substances enter
the body are still more dangerous.
thege substances are a source of continuous irradiation, occaslonally
for many years. Once in the body they are subJect Lo varilous chemical
transformations, but thls does not alter thelr radloactive propertles
at all.

V.N. Strel'tsova and Yu.I. Moskalev studied the remote sequelae

1hy 100

ol' Introduction of the radiocactive 1sotopes Ce , Ru , and Srgo

into the body. These lnvestlgatlons revealed the following, mechanlsms:

1uu’ which is absorbed primarily by the llver, into

Intreduction of Ce
the body led to the gradual development of tumors In tie gastrolntes-
tinal tract, mommary and endocrine glands, and liver,

Introduction of Ruloo into the body cauged the development of ul-
cerative processes in the large intestine, perilarteritis, neurosclero-
sls, and sott-tissue tumors. When Sr90
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was 1ntroduced into the body,

In contrast to external Llrradiation,
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it uesﬁselectively and persistently deposited 1n ‘the skeleton, this »,—J—;Aj

the development {occasionally over—a—period offmany years) of-osteos ——

genlc sarcomae, Development of leucoses 1z one of the remote sequelae
of Introduction of radloactive strontium into the body.

Thus, when radloactive substances enter the body they are retained
for a prolonged period and form a constantly acting radlation focus.
L. Prosser has pointed out that it 1s possible for malignant tumors to
develop in pergons working with radium 8-10 years after contact begins.
All this necessitates attentive and careful handling of any source of
Ltonizing radiation.

Since radioactlve lsotopes have come ilnto use in medlcine and in-
dusiry, sclentifically proven protcctive measures must be put into
practice in work wlth radioactive 1sotopes.

Prophylaxlis of Radiatlon Sickness

The cxperimental 1lnvesgtigations of recent years have to a conslid-
2rahle extent clarified the blological action of lonizing radlation;
1n this connectlon methods of protecting the living organism from lon-
lzing radiations have been proposed. These include many prophylactic
meagures. Among the numerous prophylactic measures suggested by both
roreign and Soviet authors, organlc sodlum-contalning compounds (eys-
teine, glutathione, and B-mercaptoethylamine) warrant our attention,
xperimental data (Smit and Patt) have shown that intravenous injec-
tlon of a cysteine solutlon 5 minutes before irradiatlon has a marked
protective effect. Preclsely the same 1s true of glutathione (see the
works of Ye.P. Kronkayt and higs colleagues), which considerably reduces
mortality among 1rradiated animals when administered several minutes
before lrradiation., The author gave the animalg a subcutsneous injec-
tion of 4 mg/kg of a 10% glutathlone solutlon. It must also be noted

- 76 -

"3999,'196:119@ by T

v

7 ikt




that one_ of the important properties of glutathione is its ability to

accelerate the regeneration of hematogenic organs 1nJured during irra-

”gigt1ggl_ﬁgth_80yiet_ﬁsp¥a.nArbuzov;ﬂI;I; Barashnhikev, @.T. Chernenko)”
and foreign authors (Z.M. Bak) have now pointed out the good protective
properties of B-mercaptoethylamine., In the opinlon of the aforemen-
tioned Investigators, this compound 1s of low toxlclty and is an ex-
tremely effectlve preparation wlth respect to protective action in the
presence of radiatilon injurles. According to the data of Bak et al., a
single intravenous Injection of 200 mg of p-mercaptoethylamlne prevents
the symptoms of radlation slckness. However, interesting new iiudica-
tions of the gtlll greater probteciive effect of a combinatlon of adren-
allne and acetylcholine have recently appeared 1ln the Soviet litera-
ture (see the works of L.F. Semenov and Ye.P. Prokudina). Subcutaneocus
injectlon of these drugs lmmedlately after lrradiation led to survival
of 35% of the animals so treated, 100% of those in the control group
dying.

The protectlive effect of this combination of adrenaline and
acetylcholine took the form of attenuation of the symptoms of radia-
tlon sickness, accelcratlon of the functional restoratlon of the hemato-
genlc system, and reduction of the at'fection of the gmall intestine.
Comparing the action of this combinatlon wlth the eflfecllveness of the
begt-known protective compounds, the authors obtalned iInteresting data,
Thus, admlnlistration of cystelne produced a total of 1% survival, g-
mercaptoethylamine led to 15% survival, thlourea producec 24 survival,
and a combination ot adrenaline and neotylcholin: produced 5% sur-
vival, 1l.e., the highest survival rate. JSodium sallcylate 1s also a
drug which reduces the effects of lonizing radiation.

According to the observatlons of N. Beu, intraperitoneal Injec-
tion of sodium salicylate in a dose of 500 mg/kg for a week before ira
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radiation sharply reduces the mortality among 1rradiated animals (to R

50%, as. against 100%.1n the control group)~vﬂ-“”-ﬂf*f

VNarcotics are. also drugs which protect against penetrating radia--

tion. Mortallty ls lower among animals whilch recelve morphine before
irradiation than in the control group. Barblturates have a very marked
protective effect.

Prophylactic measures also include sufficlent protein 1ln the diet
of lrradiated individuals, since proteln starvation heightens the sen-
sltivity of animals to ionizing radiation and lncreases mortality after
irradiation. Certain Soviet authors (I.I. Ivanov, V.S. Balabukha, et
al.) rccommend that nitrogen be supplied parenterally in order to pre-
vent the development of a negative protein bglance after Ilrradlation.
Varlous preparations of proteln hydrolysates are used for this purpose.
However, as experimental and clinical data have shown, Internal admin-
Istratlon of these preparations 1s unwise, since both dlgestion and
protein assimllatlion are disrupted in the presence of acutc radiation
affections. Injection of protcin hydrolysates directly into the blood-
stream has the desired effect.

In connectlon with the dilsruptlon of carbohydrate metabollsm in
irradiated animals, which 13 characterilzed by 1nstabllity of the blood
sugar content, certaln authors recommend that an artificial hypergly-
cemia be set up before irradiation as a prophylactic measure, this re-
ducing the mortalilty among irradlated animals.

In order to prevent the increased vascular-wall permeablility and
fragllity which occurs after irradlation, Sokolov recommends prelimin-
ary administration of vitamin P in the food (the experimental animals
receiving lemons for 30 days before irradiatlon). Such enrichment of
the body with vitamin P reduces mortallty by 104.

Antiblotics are employed prophylactically to prevent the develop~
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ment of bacterlemia. The lowest mortallty among irradiated animals 1is
observed when they are given streptomycin. Pathologoanatomical examina-
tion showed that dogs which received antibiotics exhibited less marked
hemorrhagic phenomena, ulcerations of the intestine almost never being
cneountered.

The protective rroperties of certain hormones warrant mention.
According to the observations of K.V. Taber, adrenocorticotropic hor-
mone halts the radiation reaction and has no side effects. In the opin-
ion of certain foreign authors (Ye. Valdonio and G. Kallidari) adrenal
cortex extract (cortigen B) alleviates the radiation reaction and re-
duces nausea and vomiting.

All protectlve drugs may thus provisionally be classified into
those which slow down the radiochemical reactions and those which re-
duce the radiosensltivity of the organism. Desplte the wealth of drugé
suggested, completely reliable prophylactic measures have still not
been found.

Prognosis of Radlatlon Sickness

The prognosls of radiation sickness depends on the dose and pene-
trating power of the type of radiation in question. The distance be- ..
tween the victim and the blast site»is also of great importance. Ac-
cording to the data of A.V. Kozlova, persons no farther than one kil--
ometer from the eplcenter died. Victims at a distance of two kllometers
developed acute radilation sickness with a mortality of 50%. Mortality
was highest among children and the elderly. The lethality of radiation
sickness also increases when burns, wounds, and secondary infection
are present. The general reactivlity of the organlsm also plays a large
role, Any manifestatlon of insufficiency and enervatlon of the central
norvous system during acute radiation sickness thus lndicates an un-
favorable prognosls. Among the laboratory data, a sharp drop in leuco-
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cyte count points to a poor prognosis. When the number of leuccceyte:s
drops below 100 per mm3 the patlent usually dies. The sedimentation
rate 1s alsc of prognostic importance. Death frequently occurs wnen
the sedimentaticn rate is from 60 to 90 mm per hour.

First Ald and Treatment of Acute Radiation Sickness

Acute radiation sickness 1s treated during two stages of medical
evacuation: during the first stage, in the region of the cafastrophy,
self-help and mutual aid are glven and medical aid 1s rendered by
first-ald stations and health forces. Emergency medical aid is glven
at the OPM, as well as in other surviving medical institutlons; during
the second stage speclalized ald and treatment is completely handled
by suburban hosplitals equlpped for this purpose.

The basic principle of the treatment of acute radiation sickness
1s complex therapy conducted in accordance with the clinical course of
the 1llness and the individual characteristics of the victim. Early
applicatlion of all possible therapeutic measures moderates the subse-
quent course of the 1llness and prevents complications.

In prescriblng drugs it ls necessary to take into account the al-
tered senslitivity of patlents with radlation sickness. Thils change may
take the form of elther an increase or decrease 1n sensitivity. The
treatment must correspond to the period of the illness. During the ini-
tial and latent periods measures must be taken in the OPM as far as
possible. The victim must be moved to a fully equipped hospital at the
beginning of the perlod of marked c¢linical symptoms.

The complex of therapeutic measures 1ls successively put into ef-
fect durlng both stages of evacuation.

Pilrst stage. Medical first aid. Exposure to radlation is fre-

quently conjoined with mechanical traumas, burns, and other Ilnjuries.
Self-help, mutual aid, and first ald rendered by aid stations and
- 80 -
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““In mild and moderabely severe radiation sickness the victims'
general -condition remains satiSractory for the first few hours after
lrradiation. Even when the symptoms of the first period of radiation
sickness appear patlents are able to go to the OPM under thelr own
power, In the severe and extremely severe forms of the 1llness the
victims should be transported on litters ag far as possible, since
walkling or any other physlcal stress complicates the course of the
illness.

No matter what the severlty of their lllness, all of the vietims
pass through the admitting and classiflylng section of the OPM, which
is equipped with radiologlcal monltoring equlpment; here they are di-
vided into two groups: 1) those contaminated with radiocactive sub-
stances and 2) uncontaminated persons.

As far as posslble, these two groups are gilven medical ald in dir-
ferent areas.

When the radiation lnjury results only from external lrradiation
1ts severilty 1s delermined by the clinical course of the i1llness, the
readlngs on personal dosimeters, and data furnlshed by radiologilcal
surveys. |

Victims with a mlld form of radiation siclness who exhlblt no
symptoms do not require hospital treatment and can be moved later,

When excltatlion, insomnia, tremors, and disturbances of cardiac activ-
1ty appear in the victims they are glven cardlac stimulants (stro-
phantin, camphor, and cordiamine), sedatives (barbamyi, bromine, and
pantopon), and other drugs. The nausea and vomiting are alleviated by

gastric lavage. Administration of a physlologlcal salt solutlon and &

5% glucose solutlon parenterally is indicated in cases of uncontrol- ;':";
lable vomiting and dlarrhea. Penicillin is given in a dose of 100,000
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to 200,000 units for prophylactic purposes. ) ) _'77' ' o it
Sedatives (pantopon, barbamyl, bromine, and valerian) are pre- i
sdfibed fbr»ﬁil victiﬁsrbeforé fﬁfthef ff;néﬁaffabioﬁ;-eﬁén wheh thére -
are no marked symptoms of 1llness.
Second stage. Speclalized medlcal care, In the specially equipped

auburban hospitals the patlents recelve specilalized medical ald and
comprehenglve speclallzed treatment 1s carried out. The initial meas-
ures In this treatment will depend on the amount of ald rendered at
the OPM, the perlod of illness, and the individual characteristilcs of
the victim,

The treatment of acute radlation silckness may be classified into
the following measures:

I. During the 1lnitlal and latent periods:

1) physical and mental rest — a rigld bedrest regime;

2) a rational diet;

3) careful treatment of the skin and mucosa; !

L) prescription of sedatlves during the period of excitatlon;

5) administration of cardiac stimulants when cardlovascular in-
sufficlency ls present;

6) early and prolonged use of antibiotics and sulfamide prepara-
tions;

7) measures to prevent dehydration and symptoms of intoxication;

8) adminlstration of dimedrol and other desensitlzing drugs;

9) measures to reduce the nausea, vomiting, headache, and other
symptoms of the i1llness.

II. It is recommended that the followlng measures be taken during
the helght of radiation sickness, in addltion to those put into effect
during the initial and latent perilods:

1) transfusion of blood and liquid blood substitutes;
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2} transfusion of a leucdcyte mess and pregcfiption ;f:dfﬁés,
which stimulate bone-marrow activity and cause a leucocytic reaction;

3) prescription of hemostatic drugs and those which reduce the
permeabllity of the vascular walls;

4} administration of drugs which increase the immunobiological
resistance of the organism (Acad. Bogomol'ts'! ATsS, Filatov'!s tissue
therapy, etec.);

5) hormonal preparations.

IITI. It 1s recommended that the following messures be taken during
the resolution perlod of radiation sickness In additlon to those put
into effect during the preceding pericds:

1) administration of drugs which stimulate hematogenesls;

2) bplood transfusions;

3) broadening of the diet to produce increased nutritional value;

4) therapeutic exerclse;

5) prescribed walks;

6) physical therapy.

Treatment durilng the inltial and latent perlods. Physical and men-

tal rest are necegsary throughout the entire course of treatment. Bed
rest from the beginning of the 1llness untll the recovery period 1s
necegsary for patilents with moderate and severe forms of acute radla-
tion sickness.

Consldering the tendency of the patients to hypothermia, the tem-
perature in the ward should be kept at approxlmately 18-20°, Just as
excessive cooling, overheating of the vietim has an unfavorable influ-
ehce on the course of his l1llness. During the perlod of excitatlon 1t
1s desirable to darken the victim's room and 1soclate him from nolse
and other stimuli as far as possible.

The patlent 1s best seated while -vomiting. When the patlent is in
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serious conditlon his head is turned to the side and care is taken
that the vomitus does not flbw into the respiratdry passééés. Afﬁéf
vomiting the patient 1s glven a weak solution of boric acid or soda
with which to rinse his mouth. When the patient 18 in serious condi=- 1
tion his mouth 1s washed out with solution from a rubber bulb or Es-

march jar.

Rational nutrition 1s based on the principle of a mechanlcally

and thermally sparing diet.

The patient's food should be liquld or of a gruel-like consistency,
coarse and irritating substances being excluded; 1t gshould be given in
small portions 5-6 times a day. As far as 1ts thermal character is con-
cerned, the dlet should be high 1in calories, rich 1n proteins and vita-
mina, and enaglly assimilable. Soups and purees ol groawies and vegetables,
eggs, meat ples of liver and ground meat, thin porridges of varilous
grains, cooked filsh, pot cheese, dry white bread, fruilt Jjellies, and
compotes are recommended. Therapeutic preference among food products
must be given to curdled mllk, sour milk, and keflr. R.S. Mostova,

A.M. Yugenburg, and others recommend the use of acidophilous soured
milk, this having an cspecilally favorable action on the intestinal
flora in their opinion.

As for beverages, it is wlsest to prescribe frult, berry, and
vegetable Juilces, sweetened tea with milk, and mineral water. If it 1s
impossible to adminlster vitamins in the food, polyvitamins are pre-
acribed.

When the patient 1s unconscilous nutritive substances are adminis-
tered in enemas, as well as by intravenous and subcutaneous infusion :
of glucose and protein-containing liquids. When there 1s gastrolntes-
tinal bleeding the diet must be especlally rigld, food being given in
small portions every three hours. Only liquid food (ice cream, milk,
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soft-boiled eggs, and thick soups) are given until the bleeding ceases.
It 1s lmportant to make sure that the intestilne functiéné normally.
Belladonna and laxatlives (rhubarb, purgatin, and mineral oil) are pre-
scribed during the first few days of spastlc constipation.

Either gastric Julce or a solutlon of hydrochloric acid containing
pepsin and pancreatin 1s prescribed to increase the patlent's appetite
and normalize hls digestion.

Care of the skin and mucoga 1ls carried out for prophylactic pur-

poses from the beginning of the 1llness.

Consldering the reduced trophics and heightened gsensitivity of

t+tha Adermal +tarminn nand mainAna m
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traumatic factors. In the presence of Infections the slightest injury,
heughlinm {he teeth with a toothbrush, or tlic use of hotl-waler bLollles
or ice bags can disrupt the integrlty of the tegmina and permit the
entry of lInfectlon.

Dry skin 1is smeared with neutral fats or creams to molsten 1it.
Measures to prevent bedsores are taken durilng the flrgt few days of
11lness when the patient 1s in serlous condition. The hailr falls out
during radiation sickness. Special attention must be paid to oral hy-
glene. It 1s wige to keep the oral cavity clean during the latent
period of the 1llness in order to eliminate additional sources of in-
fection. The mouth 1s rinsed with disinfectant solutions (boric acid,
rivanol, potassium permanganate) before and after each meal. After eat-
ing the interproximal spaces are cleaned with a cotton ball moistened
with a 3% hydrogen peroxide solution and the mouth 1s agaln rinsed. In
the seriously 111 the oral cavity 1s rinsed with solution from a Es-
march jar equipped with a long rubber tube bearing a glass tlp. When
ulcerations are present cotton pads molstened wlth antiblotic solutlons
(blomycin, peniciliin, furacillin, germicidin, sanazine) are applled
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to them after the mouth 1s washed out. In addition, it 1s recommended. W
that the ulcers be smeared with a 1% solution of methylehe blﬁe'ihkhb%' A

glucose once a day (after dinner).

Sedatives are prescribed when the patient is 1n an excited state. .

The patlient must be ensured rest at the beglnning of the 1lllness, bro-
mides or convallaria and valerian beilng prescribed. When the excita-
tion and insomnia are very marked barblturates, promedol, and morphine
are admlnistered 1ln ordinary therapeutlc doses, the individual charac-
terlstics of the vlctim being taken into account., However, prolonged
use of soporifics 1s unwlse, especilelly 1n cases of severe injury.
Aminazine has an easparially favnrahle sedative action. In addi-
tion to reducing respiratory activity and having a soporiflc and sooth-
inp, effect 11 13 able to halt vomiting and hiccuping. A large dose of '
the drug, up to 0.4 g, 1s prescribed to end the acute excitation and
it 1s then administered in moderate doses (single doses of 0,025-0.05 g .

and a daily dose of 0.1-0.3 g).

It is necessary to take into account the fact that, when used in
conjunction with other narcotics, soporifics, analgesicas and anti-
spasmodics, aminazlne intensifles their actilon.

Cardiac stimulants (caffeine, camphor, cordiamine, strophanthin,

etc.) are prescribed only when cardiac activity is disrupted. Just as
the other drugs, cardlac stimulants are administered internally in or-
dinary doses as far as possible. When the 1illness 1s conJjoined with
angina pectoris, validol or a nitroglycerine solution 1s prescribed
first and the cardlac stimulants are then adminlstered. Any consider-
able drop in arterial pressure requires 1lmmediate subcutaneous injec-
tion of caffelne and camphor.

Antibiotics are used for prophylactic purposes from the moment

when the victim comes under a doctor's care. Penicillin 1s adminlstered
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prophylactically 1n doées of 3009600-460,0067uﬁits once a day or every
other day, the dosage being increased to 2-3 million units per day for
therapeutic purposes. It must be kept in mind that the site of an in-
Jectlon may serve as an infection atrium. It 1s consequently wise to
use novocillin, biecillin, and other long-acting antiblotic prepara-
tions, which reduce the number of injections. Administration of bilcil-
1in has the advantage of making use of the marked antihistamine action
of thig drug. Phenoxymethyl penicillin (a penilcillin preparation) 1is
prescribed for internal adminlstration for prophylactic purposes. Con-
sidering the fact that infectlous compllicatlons may be caused by a
combination of several speciles of microorganisms, V.L. Troitskly, R.V.
Petrov, V.D. Rogozkin, and other authors recommend that antiblotics
willi 31fferent spectra of actilon be used Jointly; no less than two an-
tiblotlecs should be administered simultaneously. When antiblotics are
used for a prolonged period the bacterla may become resistant and slde
effects may develop; this is avolded by changing the antiblotlics every
4.5 days.

Terramycln, levomycin, and synthomycin are most effective 1n
treating intestinal infection. Synthomycin, aureomycin, and levomycln
are prescribed for infections caused by gram-negatlve bacterla. Because
of the tendency of patients with radiation sickness to develop stoma=~
titis biomycin must be prescribed with great care, since it occasion-
ally causes stomatitls by itself and can aggravate an exlsting process.

P.D. Gorizontov, N.V. Rayeva, and others have shown the effective-
ness of oral administration of antiblotics for radiation injuriles.

When antibiotics are adminlstered orally and by inhalation their con-
centration in the sites of microorganism accumulation is Increased.
However, this method of administering antibiotics does not maintain
the requisite concentration in the blood and they are consequently ad-
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ministered intramuscularly as well as by 1n@a1ationrqp_ogg;}g{i@@ggﬂ';m,

two éﬁtibiotics are given simultaneously one of them ls administered ¢
internally and the other lntramuscularly. N.V. Rayeva, M.N. Fedotova, .
and other autho;s recommend that antiblotlcs be used in conjunction .

with antihlstamines, antihemorrhagica, and vitamins (dimedrol, citrin,

and vitamins of the C, B, and PP groups) in order to avoid undesirable
side effects.

Sulfamide drugs should be prescribed early in the 1llness, in com-

binatlon with antliblotics; it is recommended that phthalazole be ad-
ministered internally only in cases of dlarrhea.

Considsiing the avility of pullamide preparailons to intengirly
leucopenia, the morphologlcal compositlon of the blood must be moni-
tored with cgpeclal care when they are used. I

Detoxication measures are Intended to prevent the intoxication of

the organism which manifests ltself during the first period of radia-
tion sickneas. One important therapeutic measure 1s phlebotomy fol-
lowed by blood replacement. As P.D. Gorizontov has shown, thls measure
is effective when carried out 1-3 times no more than three days after
irradiation, approximately 10-30% of the circulating blood {400-600 ml)
being let. Phlebotomy and blood replacement on the 5th day of 1llness
or later aggravates the course of the sickness. Both citrated blood
and polyglucin (preparation L-103) can be used as blood substitutes.
Such blood replacement has the same effect as massive blood transfu-
sions (P.D. Qorizontov).

In order to avold tissue dehydration and to maintain the water-
;alt equilibrium, up to 2 liters of physiological solution and a 5%
glucose solution or a speclal salt infusion are administered subcutan-
eously. G.A. Levchuk and V.Ya. Lavrilk recommend that an infusion of :

BK-8, the hydrolysate TsOLIPK, and L-103 be given when the liver is
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damaged. In the opinion of these authors, in addition to their detoxi-
cating influence, blocd substltute solutions ald the organism ih ﬁfé-
venting hypoprotelnemia and serve as parenteral nourishment. Infusions
of polyglucin, amincpeptldes, and protein hydrolysates are especlally
effective.

Low-molecular-weight polyvinyl pyrrolidine preparations (periston)
have good detoxicating properties. They are infused in doses of 250 to
500 ml daily during the first three days, depending on the severlty of
the toxicosis (A.V. Kozlova).

A.A. Bagdasarov recommends the use of transfusions of proteiln so-
lutlion No. 1, which not only have a lavorable effect on the detoxlca-
tion of the organism and the normallization of metabolic processes, but
algc prevent the development of hemorrhages, early erythrocyte hemo-
lysis, and hypotonia. Transfusions of thias solution are easier but no
less effective than blood transfusions; they are glven dally in a dose
of 200~250 ml for the flrst three days, then every other day until a
total of 6-T transfusions have been administered. This solution 1is not
subsequently administered in order to avoid hives, edemas, and other
allerglc reactions.

Dimedrol has a nonspecific desensitizing action. It reduces the

smooth-muscle spasms caused by hlstamines, has a sedatlve, soporific,
and antlemetic effect, and strengthens the vascular walls.

Dimedrolt!s therapeutic effect on radiation sickness takes the
form of a decrease in dyspeptic dlsturbances, a retardation of loass of
welght, a decrease 1n leucocyte count and arterlal pressure, and a re-
duction of the manifestations of toxicosis and the hemorrhagic syn-
drome. It is administered internally in a dose of 0,03-0.05 g one to
three times a day. Because dimedrol depresses the secretory function
of the stomach it 1s wilse to adminlister it two hours before or two

- 89 -




hours after eating. When this timing 1s used the inhibiting influence

of the drug on gastric secretion has already ceased by meal-time.

.When necessary dimedrol is administered Intramuscularly and intrs-

venously as a 1-2% solution. When injected intravenously the drug is
dlgsolved in 75-100 ml of an isotonic sodium chloride solution and ad-
ministered by the drop method. The course of treatment lasts approxi-
mately 10-15 days. Dimedrol is most effectively used in conjunction
with pyridoxine and nicotinic acld, which are administered'internally

in doses of 0.02-0.05 g 2-3 days a day. If it is impoesible to take
nicotinic acid internally, it 1s administered intravenously and intra-
muscularly in the form of a 1% solution. Pyridoxine 18 produced in am-
noules containtne 1-2 B m and oo 5 54 solution, the roguisite quantity
being adminlstered intramuscularly.

Symptomatic measures. When perslstent nausea and vomiting are
present, it is wise to adminlster a hypertonlc sodlium chloride solu-
tion and prescribe aeron and phenocoll.

When respiration is depressed or arrested 1t ls necessary to ad-

minister carbogen, atropine, caffeine, camphor, and other drugs in or-
dinary doses; lobeline and cytitone usually have a negatlve effect and
their use 1ls contraindicated. Severe headaches are relleved by pyrami-
don, analgin, and phenacetin,

Treatment during the helght of radiation sickness

Transfusions of leucocyte mass are glven when a severe progresaive

leucopenia 1s present. Introduction of leucocytes into the blood stream

has both a substitutional and stimulating effect. Consldering the im-
portance of leucocytes in the protective functions of the organism,
their abllity for phagocytosis, and thelr part in the production and
transportation of lmmune bodies, A.A. Bagdasarov recommends repeated
intravenous transfusions of leucocyte mass (every 2-3 days in a dose
of 1.5 million leucocytes until 8-9 transfusions have been glven).
Drugs which stimulate bone-marrow actlvity and cause a leucocytic
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reactlon are prescrlbed for less marked leucopenla. Sodium nucleld is
administered internally in a dose of 0,1-0.2 g three timeéra‘day or
intramuscularly in a dose of 5-10 ml of 2-5% solution for this purpose.
The course of treatment lasts 10-12 days. In order to intensify the ac-
tlon of thils drug it is administered in conjJunction with pentoxyl or
the latter 1s administered alone in a dose of 0.2-0.3 g of No. 1 pow~
der three times a day.

Tezan 1s also a leucopoletic stimulator, being adminlstered lnter-
nally in a dose of 0.01-0,02 g 3-4 times a day or intramuscularly as a
0.1-0.5% solution; it may also be administered in drops (a 0.5% solu-
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n 204 alechsl), 10215 drops being taken on eating, Teucogen hos
an acllon analogous to that of tezan and ls adminlstered internally in
a dose of 0.02 g 3-4 times a day.

Hemogtatic drugs., The hemorrhaglec syndrome 1s baslcally distin-

gulshed by three factors: disruption of the permeability of the vascu-
lar walls, an increase in the fragility of these walls, prolongation
of blood-clotting time, and thrombocytopenia.

Therapeutic measures must consequently be almed at these phenom-
ena. The permeabllity of the vascular wallg 1s reduced by prescribing
intravenous injections of calecium chloride in a dose of 10 ml of 10%
solution and rutin, which has the ability to reduce the brittleness
and permeability of capillaries, in a dose of 0.02 g three timesg a day.
The latter drug should be given in conjunction with ascorblc acid,
since vitamin C not only has a hemostatic effect, but 1s also a syner-
gist of rutin. Vitamin P (citrin) is administered in analogous fashlon
to rutin, In a doge of 0.05=0.1 g three times a day. Vicasol, a prepa-
ration of vitamin K, is adminlstered in order to improve blood clot-
ting (internally in a dose of 0.0l g 2-3 times a day or intramuscularly
i1 a dose of 3-5 ml of 0.3% solution).
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A.A, Bagdasarov and others recommend transfusions of thrombocyte

- - i

mass to reduce the thrombopenia.

Drugs which increase Immunoblological resistance are prescribed

for anergy. .

A.I. Smirnova-Zamkova, P.Ya. Sologub, and others have shown that
early admlinistration of stimulatory doses of ATsS [ACS] to irradisted
dogs reduces the extent of the dystrophic changes and hemorrhagic syn-
drome, as well as stimulating regenerative processes in the lymphoild
and hematogenic tissue.

Fllatov's tissue therapy (for the vitreous body) is recommended
when nrotracted trophiec diaturhannea are nragant,

A comblnation of small doses of bromine with caffeine, sodium
benzoatle, and strychnlne niltrate hag the most favorable effect in the
functional restoration of the nervous system. The administration of
strychnine should be perlodic 1n order to prevent any possible cumula- -

tive effect.

Intravenous or Ilntramuscular Injectlons of small quantities of
long-~-stored lsogenilc banked blcod has a stlmulating effect,

Hormonal preparations are prescribed for numerous hormonal dis-

turbances. Deoxycorticosterone, adrenocorticotropic, pitultary hormone,
and other hormonal preparationg are adminlistered in ordinary doses.
However, they must be used with caution. Thils problem 18 still being
studied further.

Treatment during the recovery period

During the recovery period the therapeutic measures employed dur-
ing the prior clinical perilods are used only when necessary. Hemato-
genic stimulators should be widely used during this period.

Blood transfusions. A.A. Bagdasarov, N.A. Kurshakov, A.K. Gus'w

kova, and others belleve that transfusions of whole bloed and its com- ;
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ponents are effective 1n acute radiation sickness. Such transfusions

are espeelnlly necesgary ln the extremely severe and severe forms of

the 1llness. When shock, hemorrhsging, wounds, or burns are present
blood transfuslons are indicated for all forms of radiation sickness.

P.D. Gorizontov and V.D. Rogozkln note the great effectlveness of
transfuslons of whole blood and erythrocyte mass during the recovery
period. According to A.A. Bagdasarov, transfusions of ciltrated bloed
begun on the U4th-5th day after irradiation intensify erythrocyte decom-~
position and aggravate symptomg of a hemorrhagic dlathesis. Trangfu-
sions of citrated blood are consequently contraindicated from the 4th
to the 15th dav and tranafusions of fragh and Ary ploems are substdl
tuted when necessary.

Puriyy, vike perlod of greatest depletion of the hematogenic system
transfuslons of whole blood may act as an extreme stlmulus and cause a
negative reaction. Transfuslons of whole bhlood and erythrocyte mass 1ln
large quantltles are consequently contraindicated during the latent
period and height of the illness. Blood transfusions are prescribed 1n
accordance with the cllinical course and period of the 1llnesg. Whole
blood 1s best prescrilbed in dosesg of 3-7.5 ml per kg of body welght,
while erythrocyte mass and plasma should be admlnistered in doses of
0.5-2 ml per kg of body weight.

When shock, hemorrhaging, wounds, or burns are present transfu-
sions of whole blood (200-400 ml) or erythrocyte mass (100-120 ml per
transfusion are prescribed during the initlal period. The transfusions
are given dropwlse and should obey all of the rules for such opera-
tions (M.N. Pobedinskiy, N.A. Kurshakov).

As P.D. Gorizontov has shown, a temporary change 1in blood compat-
ibility may occur after irradiation (especlally when large doses are
received); the cross-compatibllity of the blood of the irradlated re-
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cipient and that of the donor 1s consequently tested before each trans-_

fuslon. Undesirable post-transfusion reactlons frequently'occur in }rf
radiéted perscns even when the blood is compatible. P.D. Gorizontov
and V.D. Rogozkin recommend that small quantitles (20-30 ml) of the
compatible blood to be transfused or 5-6 ml of a 1% dimedrol solution
firast be administered Intravenously together with glucose and ascorbic
acld in order to reduce thege reactions.

Hematogenic stimulators are prescribed in conjunction with blood-

substltutes and have the greatest effect during the fourth perlod.

At the beginning of the 1llness, during the perlod of brief over-
stimulation of the hematogenic system, the use of hemostimulators is
contralndicated 1n order to avoid further overexcltation.

Intravenous injectlion of suspensions of bone-marrow tissue and
intraperitoneal inJjections of spleen tissue have a beneficlal influ-
ence on the organism {N.A. Kurshakov).

Antianemine, which 1s admlnistered intramuscularly in a dose of
2-4 ml once a3 day until the hemoglobin count increases, ylelds espe-
clally favorable results. Kampolon, a simllar drug, is adminlstered in
a dose of 2-4 ml daily or every other day. When there 1s no vomiting
liver extracts are administered internally in a dose of 1 teaspoon 3-4
times a day. Vitamin 312‘ a drug which has a marked hemopoiletlc actien,
18 prepared from liver extracts. This vitamin ls produced in ampoules
containing 30, 100, 500, and 1000 pg per ml of preparation. It is ad-
ministered in doses of 1 ml subcutaneously or intramuscularly. The
frequency of inJjection and the total quantity of the drug adminlstered
depends on the morphologlcal composition of the blood. Vitamin B12 is
given both as a hematogenic stimulator and as a nuclein-metabollsm
stimulator. The action of vitamin BlQ is intensified when folic acild
is given in a dose of 0.02-0.04 mg. Only preparations of 1iron and
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hematogens should be administered in mild forms of anemia.
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Chapter 4
COMBINED RADIATION INJURIES
General Characteristics of Comblned Injuries

In an atomic blast individuals are subjected to the simultaneous
action of several lnjurious factors. Thils results in the occurrence of
combined inJjuriles: a comblnation of radiation sickness with burns,
wounds, and other traumas. ‘l'hese injuries may take their course agalnst
a background of radlation siclness caused by external and internal 1r-
radlation.

B.M. Khromov recommends that all combined radiation injurles be

divided into two classes: 1) combinations of any mechanical or thermal
trauma with radiation sickness, but without contamination of the wound
surface by radloactive substances; 2) "mixed radlcactive injuries," in
which the wound surface 1g contaminated wilth radicactive substances.
It 1s well known that the general and local reslstance of the
body decreases, hematogenesils and the phagocytic actlvity of the leuco-
cytes 1s depressed, bleeding develops, tlssue regeneration slows down
greatly or ceases, protein and other forms of metabollsm is disrupted,
and avitaminosis develops during radlation sickness. Ionlzing radia- j
tion causes varilous degenerative necroblotic and necrotic processes 1in
cells and tissues and the reproductive capacity of the cells of vari-
ous tlssues 1s somewhat reduced, 1.e., the capacity for tissue regen-
eration 1s decreased (B.M. Khromov). Under thege conditions the resist-
ance of the body to trauma 1s reduced and the usual course of the lat-
ter 1s altered. Even a slight inJjury can develop into a serlous proc-
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ess which wears the patlent out.

The aggravatlng effect which radiation sickness and wounds have
on one another greatly lntensifiles the necrotic processes. Necroses
and other complicatlons most frequently set in during the period of
marked clinical symptoms of radlation sickness. The combined action of
traumas and lonlzing radiation leads to a severe affection, even when
each factor 1is not in itself sufficiently severe to cause serious dam-
age to tissue or the entire body.

Wounds and burng are easlly infected and shock, collapse, sepsis,
and other complications frequently set In. The heallng of wounds and
burns or the knittine of fractures is rather alow againat a backzround
of radiation sickness, proceeding with numerous complicatlons. Traumas
complicate the courge of radlation sickness, while the latter recards
and Impalrs the procesgses which act toward the restoratlon of any
traumatic injury. The "symptom or syndrome of mutual aggravation" de-
velops.

Comblned injurles are treated in accordance with the general
scheme of successlve step~by-step treatment; 1ln the flrst stage of med-
ical evacuatilon (in the OPM or hospitals which have been spared) first
ald 1s rendered 1n accordance with vital indicatlons. The treatment
glven here includes administration of gsera and antibiotiecs and applica-
tion of aseptic dressings. As far as operatlons at the OPM are con-
cernad, surgical interventions are performed only when vital indica-
tions so require (hemostasis, tracheotomy, suturation of the open pneu-
mothorax, amputation of limbs, etec.) and wounds and other injuries con-
taminated with radlioactive substances are surglcally treated. Radical
surgical treatment is performed during the second stage (4in speclal
suburban hospitals). In addition to local surgical treatment of wounds,
attempts are made to prevent shock, intoxication, infection, and bleed-
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ing, radiation sickness is treated in complex fashion, and measures are ;

taken to eliminate radloactive substances which have entered the bodj.

Considering the fact that increased bleeding appears In the pres- i Lo
ence of radlation injuriles between the third and tenth days after 1r- .
radlation, B.M. Khromov draws the followlng conclusions: 1) all opera-
tive interventions in patients wlth combined radlatlion injurles should
as far as posslble be performed before symptoms of radiation sickness,
particularly bleeding, appear; 2) when later operative intervention is
necessary speclal attention must be pald to preventing bleeding and
even slight hemorrhaging must be carefully staunched.

The amount of antitetanus serwn ordinarlily adminlstered for any
trauma must be increased by a factor of 2-3 in the presence of combined
injuries (R.V. Petwrov, P.N. Kigelev). Antigangrene sera are aiso more
effectlive 1n increased dosages and in combination with antibiotiecs.
According to the investigatlons of Ye.M. Karpova, 5-7 times as much
antitoxin 1s required to treat gas gangrene during acute radlation
siclkmess than under ordinary conditions.

B.M. Khromov, A.N. Berkutov, and others emphasize the necessity
of stimulating regenerative processes ln order to accelerate the heal-
ing of wounds, burns, and fractures., Dressings of vitamin-contalning
ointments, Vishnevskly's ointment, novocalne blocks, tilssue trans-
plants, physical therapy, repeated transfusions of small doses of
blood or its components (erythrocyte or leucocyte masses), and prevena
tion of anemia and avitamlnosis are recommended for this purpose.

In thils case 1t is very lmportant not to overburden the patient
with numerous drugs and procedures and to take into account the stage
and characteristics of the course of the radlation iInjury and the
wound (B.M. Khromov).

Rational complex treatment conducted 1n accordance with the c¢lin-
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lcal course of the 1llness and the individual charaéterist;cs of the
victim increases the number of favorable outcomes of combined injuries.
Wounds o Cem

In an atomic bomblng wounds are inflicted primarily by secondary
projectiles (fragments of buildings, pleces of glass, and other ob-
Jects). They may be limlited to soft-tissue damage or accompanied by
bone fractures and damage to internal organs, blood vessels, and nerves.

Wounds may be contaminated with sand, dirt, scraps of clothing,
and radloactilve substances (the latter are described in Chapters 2 and

5).

Primory frootment of wounde and operatlive intervention 1ln casual-
tles wlth radiation sickness should be performed as soon asg possible,
vefore the period of marked clinleal symptoms begins. Antlsliock drugs
must be adminilstered during the primary surgilcal treatment of wounds,
which is carried out by ordinary surgical methods under both local and
general anesthesia. In all cases where depression of the respiratory
center ocours (chest wounds, pulmonary edema, anoxla, etc.,), morphine
1s contralndlcated or should be used wlth care., When there are massive
injurles and a shortage of experienced anesthetists, T. Sirs (on the
basls of experience in Japan) feels that ether is the least dangerous
anesthetic, an exception belng cases of penetrating thoraclc wounds,
where ether anesthesia 1is contraindicated.

I.Ya. Tikhonin, I.S. Kas'yanov, and others note that novocaine
blocking of the solar plexus and splanchnic nerves in conjunction with
infiltration anesthesia by Vishnevskiy's method makes 1t posseible to
perform experimental operatilons during varilous stages of radiation
sickness and produces considerably fewer complications than ether anes-
thesla when there are multiple body wounds involving gastric and in-
testinal resectilon.
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'>Healing of wouhds by difect unioﬁria the most favorabie. It 1s es-
peclally lmportant that the healing time of wounds be réduéed in the '
presence of combined injuriles and that healing be completed before the
height of the 1lllness sets in.

Administration of antlblotics and sera at the OPM prevents the
development of wound infectlons. All wounds should be tightly sutured
after surglical treatmert and administration of antiblotlcs. Secondary )
treatment 1s carried out when a treated wound suppurates and the su- k

tures opern.
Suturation of wounds l1ls contraindicated 1n the following cases:

4 am s
3

1) when 1t ia impoasible to remove a1l af +he nonvinbhls tizzus;

2) when subsequent emergency evacuation is necessary;
3) du:rine the third periocd of acute radiation sickness;

4) when the wound has not been completely freed of radiocactive

substanceg;

5) when there are symptoms of anaeroblec and other Infections.
N.V. Belokonskaya notes the following characteristlcs of the
course of wounds during radlation sickness: &) a wider zone of traumat-
1c muscle necrosis 1s formed and it persists for a longer time In the
wound; b) the leucocytlc demarcation line between the healthy and dam-
aged muscles develops later and is less marked; c¢) there are hemody-
namic disturbances in the vicilnity of the wound (plethora of the ves-
sels, more marked tissue edgma during the flrst few days, petechial
and grosser hemorrhages dwring the first two weeks); d) there 1s a re-
tardation of muscle~tissue regeneration. The hemorrhaging and reduced
tissue regeneration promote the development of secondary infection.
Ieucopenla results from the areactive condition of the body, even when
there are suppurative-septic complications; the typical c¢linical plc-

ture does not develop.
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Early local and parenteral administration of antiblotics (peni-
cillin, bilomycin, streptomyein) at the time of the initisl surgiéai
treatment is recommended to prevent suppurative-septic complicaﬁiéns.

Streptomycin adminlstered immedlately after treatment of a wound
and for the next nine days promotes heallng by direct unilon. All that
has been said above applles to the treatment of combined inJuries be-
fore the third perlod of acute radlatlon sickness begins. However, we
do not mean to exclude cases of surgical intervention during the ac-
tual height of the 1llness. Such interventlon ls usually performed 1ln

accordance with vital indications and 1s more complex and more diffi-
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1. Blood transfusions on the day before the operation and during
it,

2. Administration of drugs which Intensify blood clotting (cal-
cium chloride, vitamin B;,, vitamin K).

3. Reducing the operating time and the extent of the surgical in-
terventlon as far as possible.

4, Continuous presence of hemostatic drugs in the body during the
operation, thils belng necessitated by the lncreased tlssue bleeding
which ocecurs durilng radlation sickness.

It 1s also necessary to take lnto aceount the fact that patients
with radlation sickness wlthstand any type of anesthesla poorly; 1t is
congequently preferable to use local anesthesla ln such cases, It 1s
not recommended that wounds be sutured when operative intervention 1s
performed during this perilod.

Fractures

When radilatilon sickrness ls conjoined with bone fractures the
courses of the two processes complicate one another, In the presence
of fractures radiation sickness takes a more severe course, this in
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turn disrupting fracture-~healling processes. e

Accordihg to experimental data 6ﬁtained 6n animaié %& A.G. Zeﬁ-
lyan, fractures heal more slowly against a background of radlation
sickness. The observed delay in bone regeneration varles on the aver-
age from 10 to 25 days. This slowing down of osteogenesls 1s most
marked during the helght of radlatlon sickness.

In studylng this process, V.I. Stetsula noted the followlng char-
acteristics of bone-tlssue regeneration: a) a delay in the prolifera-
tion of the cellular elements of osteogenic tissue during regeneration
and in their differentlatlion; b) acceleration of the differentiatlon
7th Aday; ¢) recrganic
the newly formed bone tlssue beglns earlier and takes an accelerated
course; d) formation of a volumetrically small callus. This disruption
of bone regeneration ls caused by the development of radiation sick-
ness and by local depression of restorative processes In the bones.

These characteristlcs of the course of bone fractures during
radlation silclkness are of both theoretical interest and practical im-
portance., Careful lmmobilizatlon of the injured portion of the body
not cnly improves the later course of the fracture, but also prevents
shock. A sparing method 1s used to restore the correct arrangement of
the bone fragments, all rules of anesthesia belng observed. Consider-
ing the reduced reactivity of the organism, penicillin or other anti-
blotics are prescribed for prophylactic purposes even in the presence

of simple fractures. In cases of compound fractures antiblotics are

also introduced into the wound after it is carefully surglcally treated.

It 18 necessary to keep in mind the rather rrequent development of os-

teomyelitlis and suppurative-septic complications taking the form of

phlegmon, erysipelas, anaeroblc infectlons, etc. Considering these

characteristics of their course, the closing of a wound after surglcal
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treatment must be handled very carefully. Radical treatment of the
80ft tlssues ls carried out even when 1t 1s lmpossible to close the
wound. Widespread reéecfion of thé bonevfrégméhts is héf pe;ﬁiésiblé,n
since this frequently leads to the formation of a false articulation.

Intraossal fixation of fragments is used only as an extreme meas-
ure in 2nd- and 3rd-degree radlatlon sickness. As a result of the fre-
quent development of an infectious-necrotic process around the spine
traction 1s employed only in the mild form of radiation siclness. Prin-
cipally plaster casts are used in treating fractures.

Even in lst-degree radlation sickness the period of immoblliza-
Liow must be lasieased by wue-Iourth of the ordinary time. ''his period
must be even further extended in 2nd- and 3rd-degree radiation sick-
ness.

Prolonged-Pregsure Syndrome

When the shock wave causes bulldlngs to collapse and heavy ob-
Jects to drop and under other conditions indivliduals may be trapped
beneath and crushed by debris for a conslderable period of tlme, It is
posslble that the external tlassues may not be damaged in thls case.
However, such closed soft-tlissue wounds resulting from compression
cause a severe condltion called the compression syndrome. The severity
of this condltion depends on the time for which the pressure acted and
the extent of the injuries, as well as on the localization of the
trauma. The more widespread. the trauma and the more prolonged the com-
pression, the more serilous 1s the prognosis.

The clinical picture of this syndrome may be divided into three
periods: early, Intermedlate, and late.

During the early perilod, which lasts 1-2 days, the symptoms of
the 1llness are not very marked and the victim's condition remains sat-
isfactory so long as the pressure was low and of short duration.
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Under powerful compression, the 1limb turns blue after 6-8 hours,
a severe massive edema devélops, and Biisteré fiiléatﬁiégrﬁm;é;gaéi8;77
hemorrhagic fluid appear on the skin. The victim exhiblts very marked
symptoms of intoxication: adynamia, depression, and apathy develop.
Hypotonia accompanied by & rapld weak pulgse sets in. Symptoms of hemo-
concentration appear: the amount of hemoglobin and the number of eryth-
rocytes in the blood increase. The amount of wurine excreted is sharply
reduced and 1t contains protelns, free and lixiviated erythrocytes,
and other formed elements.

The intermedlate perilod begins on the thilrd day. In severe cases
gymptoms of acute hepatlc insufficiency develop and the patients dle
on the 8th-10th day, exhibiting signs of aszotemic uremia. Blood pres-
sure 18 normal or somewhat elevated during this period. Body tempera-
ture increases to 37.5=-38.0°,

The edema and pain in the injured limb gradually abate. In milder
injurles the signs of hepatlc damage decrease after 10-12 days and the
third period of the illness begins.

During the late period the pain in the injured limb recurs, sec-
tions of necrotic skin and muscle appear, and suppwative-septlc com-
plications easilly develop agalnst the background of the latter. Neutro-
philic leucocytosis and anemla appear.

Treatment during the early period reduces to immobillzatlon of
the limb, analgization, and.administration of cardiac stimulants and
antishock drugs. Transfuslons of plasma, banked blood, therapeutlc
serum, or blood-substitutes are given.

The patlent recelves a rich diet and a large quantity of sodium
bilcarbonate (2 g every three to four hours).

A lumbar novocaine block is set up when the quantity of urine ex-
creted is considerably reduced. When symptoms of Increasing azotemic
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uremla are present durlng the intermediate period all‘measg;egmqumg;;y
used to cope with this condition aré emﬁloyéd.

In order to reduce the toxle phenomenérwide—inoisioﬁs are médé ﬁn
the injured limb and the fascial shcaths are opened.

Ordlnary treatment of the wounds and necrotic sectlons la pre-
scribed during the late period, antibiotics belng widely employed.

When the compression syndrome is comblned with radiation silckness
administration of peniclllin 1s prescribed from the firgt day after
InJury onward.
Burns

Treatment of burns against a background of radlatlion sickness is
a gerious problem, since such injuries may be massive 1in character and
constltute the most numerous group. Burng are classlfied as light,
thermal, radiation, and chemical. When injuriles caused by lonilzing ra-
diation and burns are simultaneously present conditlons are created
for the mutual aggravation of these two processes. The severity of a
burn 1s defilned by two factors: its degree and the area affected. The
affected body area 1ls expressed as a percentage in accordance wlth B.
Postnlkov's system or Uolles' "rule of nlne": burns on the head and
neck — 9%, on the upper limbs — 9%, on the lower limbs — 18%, on the
anterilor surface of the trunk — 18%, and on the posterilor surface of
the trunk — 18%. The clinical picture of such burns has certain charac-
terlstlc pecullarities: wldespread hemorrhaging 1s obscrved at the slte
of injury, regeneratlve procegses arec severely depressed, granulations
are decolorlzed, absent for some time, and easily injursble when they
appear again, and putrefactlon of the damaged tissues 1s occaslonally
observed. Sloughing of the scab and clcatrization of the burns are de-
layed and the scars formed ulcerate easily.

Ye.V. Stakhovskiy and 0.S. Mesharev have established that the
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microflqra of combined burhs are not particularly unusual, conslsting.

of staphylococcl, streptococei, protei, etc. They noted that microbes

could be cultured more frequently from the blood and various organs

when burns were conjoined with radiation injurles. The exlstence of
toxemia in an organism weakened by radlation siclmess leads to the de-
velopment of Infection. Widespread suppuration, abscesses, phlegmon,
erysipelas, and sepsls frequently develop; anaerobic Infections ocour
occaslonally., The development of infection 1s also furthered by the
fact that granulation tissue, which 1s known to be a barrier, is ab-
sent from the regilon of the wound surface for a considerable time as a
result of the reduced regeneravive capacity of the cells and tissues
(B.M, Khromov).

The victim exhiblts severe intoxication as a result of decomposl-
tion of the tissue of the burn surface and absorption of the toxle
products thus formed. Burn shock frequently develops.

N.N. Priorov suggests that the following phases be dlstinguished
in the clinlcal pilcture of thermal burns (these occasilonally overlap
and are combined with one another): shock, toxemia, infection, and re-
paratlive phenomena. He emphasizes the severe changes which occur in
the body, these including hemoconcentration, an increage in the resid-
ual nitrogen content of the blood, a decrease in chloride content, de-
velopment of acldosls, changes in metabolic processes, and disturbances
of the activity of the liver, kidneys, and other organs. The treatment
of combined burns and radiatlon sickness must be complex as a result
of the multiple disturbances which occur. Against the background of
radliation sickness shock, plasma loss, hemoconcentration, and intoxica-
tion must be prevented and local treatment of the burn simultaneously
carried out.

Firgst aild for burns in the focus of injury consists in extinguish-
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ing smoldering clothing, exposing the burn surface (1t is impossible
to tear off or soak off clothing which adheres to the burﬁ; 1t must be
cut around the edges of the Burn), and apﬁl&ing an aseptlc dressing.

N.N. Priorov recommends that pain-relief measures be taken, stand-
ard olatment dressings applied, and sera and antiblotics be adminls-
tered at the OPM (or a city hospital which has been spared)., Morphine,
caffeline, glucogse solutions, and novocalne blocks are used to prevent
shock. The most effectlve means of hringing a victim out of shock isg
to transfuse blood and blood-substiltutes. The blood is injected Into
an artery in 3rd- and 4th-degree shock.

V.A. Polyakov, I.I. Revzln, and V.A. Marsgkly have suggested a
£1lm of rapld-setting liquild plastlc for the initlal covering of burns.
This film can be packaged and uscd for first ald and self-nclp. The
liquid plastic 1s applled to the burn surface and, after gseveral min-
utes, becomes a dense, transparent, elastic, airtight film. A solution
of fast-setting No. 6 plastic contailning analgesics and antiblotics
hag now been developed.

Thils fast-setting liquid plastic makes 1t possible to glve first
ald to a large number of simultancously admitted burn cases.

During the second stage of medlcal evacuation by the GO, all re-
quired ald is rendered in a special hospital for burns. The primary
surgical treatment of burns in casualtles of lonlzing radiation i1s
carrled out by ordinary methods, with preliminary analglization and ad-
minlstration of antibiotics. Nlirous oxlde 1s recommended as an anal-
geslec 1n addltlon to morphine and novocaine.

Patlents bear up poorly under extenslve necrotomy, shock fre-
quently ensulng as a complication., In addltion, the tissue bleeding 1s
of ltsell an obstacle to operative interventilon.

N.N. Priorov recommends:
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l. Measurement of the area of the burn surface by”P§§?q;5§y:srori

Vil'yamin's method or by the "method of nines" before treatment 1s be-

gun.
2, Cleansing of the skin around the burn with a 0.25% solution of

ammonlia water, alcohol, or ether. The burn surface is treated with
physiological solutlon from an irrigator.
3. Removal of large and medium-size blisters. |
4, Application of pads moistened with penilcillin (1000 units of
penicillin in 100 ml of & 0.25% novocalne solution) to the burn sur-
face. Four-layer gauze pads impregnated with vaseline oll or vaseline ' ;
are placed above these, After applying a thin layer of cotton the burn
surface is uniformly bandaged (the fingers are bandaged separately).
The dresslng 1s removed on the 8th-10th day when there are no compllca-
tlons.
5. Application of dressings which promote more rapld dlsengage-
ment of necrotic tlssue to 3rd-degree burns of wlde extent: these
dressings are wetted with hypertonic salt solution, a 5% solutlon of
magnesium sulfate, or ronldase, which promote rapld enzymatic cleans-
ing. A skin graft from the patient's own body should be performed soon
(2-3 weeks) after the necrotic tissue disengages. When it 1s impossible
to use the patient's skin, homotransplants and heterotransplants,
l.e., cold-preserved transplants, are employed.
6. Cleansing of the affected area with hydrogen peroxide or phys-
lologlcal solution when the face 1ls burned; blisters are opened at the
base. The burn surface 1s smeared with a penicillin emulsion and left
exposed.
T. Washing chemical burns under running water for 5-10 minutes.
The affected area 1s then treated with a wesk solutlon of an antagonis-
tic substance: alkall burns with 1% acetic or ciltric acid, acld burns
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with a 2-3% soda solution, and phosphorus burns with a 5-10% magnesium .
sulfate solution, | S

Because of -the inevitable Infection of burns a comblnation of an-
tibiotics 1s administered parenterally as well as locally from the
first few days after Injury onward. Colimycin 1s used when protei or
Bacillus aureus and Baclllus pyocyaneug are detected 1n the wound.
Physlological solution (up to 4-5 liters per day for 2-4 days) 1s ad-
ministered by the drip method to prevent dehydration and intoxicatilon.
P.D. Gorilzontov recommends Belen'kly's therapeutlc serum as a tolerable
inexpensive blood substltute. Blood substitutes, plasma, sera, or
whole bleod are administered as indications warrant.

Liberal drinking of a mixture of one teaspoon of table salt and
1/2 teaspoon of soda in a liter of water or mineral water is prescribed
to prevent hypochloremia and acldosis. A 10% of sodium chloride l1s ad-
ministered intravenously 1n a dose of up to 50 ml per day. Simultane-

us Intravenous injection of 50 ml of a 40% glucose solution and sub -
cutaneous injJection of 10 units of insulin are prescribed.

When symptoms warrant antishock drugs are admlnlstered and other
antishock measures taken.

N.N. Priorov recommends the llquild preparation '"ronidase" for pre-
venting loss of plasma, cleaning the wound surface, and obtainlng bet-
ter granulatlon. When thils preparation is used the wound surface 1is
rapldly freed of ulcerations and epithelized, N.N. Priorov agslgns
speclal importance to the fact that scars become softer and more elas-
tic and contractures of the Joints are considerably reduced under the
influence of "ronidase."

The aforementloned author recommends that burn cases also be

parenterally glven B.I. Zbarskly and A.G. Bergauz's preparation called

"

"Parentpit," which contailns amino aclds, the components of human tlg-
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sue pndteins. This drug is administered orally>1h a dose of 5-10 g per
day for710-30 days. ' R
When burns are conjoined with wounds contaminated by radioactive
substances surgilcal treatment should be conducted as soon as possible.
N.N. Priorov conslders the most rational method of treating 3rd-
degree thermal burns to be exsectlon of the damaged tissue and immedi-
ate plastic repair of the defect formed wilth banked homotransplants
and heterotransplants. He emphasizes the necesslty of performing varl-
ousg dermoplastlc operatlons as early as possible; these promote very
rapld healing of burns and prevent compllcations. During the recovery
perlod speclalired divislons of the burn hospital and other therapcu 2 !
Instiltutions will be used for carrylng out physical therapy and ortho-
pedlc trestment, therapeutic exerclses belng used to eliminate con-
tractures, faulty limb posltlon, and other residual phenomena.

Cloged Cerebral Traumas

If closed cerebral traumas are conjolned with radiation slckmess,
the two processes complicate one another and make the prognosls worse.
Such combined inJuries to the nervous system have a definite peculilar
clinical course,

During the 1initial period of the lllness symptoms of cerebral
trauma come to the fore; these include disruptlon of cerebral blood
circulation, loss of consciousness and reflexes, meningeal symptoms,
and occaslonal meningeal hemorrhaging.

All of these phenomena can completely mask or color the manifesta-
tions of radiation sickness, 1.e., the initial reaction of the nervous
system to the actlon of ionizing radiation.

As a result of the cerebral trauma the manifestations of radiation
slckness which appear during the height of clinical symptoms are far
more marked; the period of adynamia 1s more prolonged, the depression
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of the central nervous system ls more marked, and the trophlc disturb-
ances acquire a stable character. When closed cerebral traumas are
present all processes acquire a retarded, sluggish character and re-
covery is prolonged. ‘

A.D. Zurabashvili, A.A. Kvallashvili, Ye.M. Semenskaya, et al.
noted that radiation sickness takes a more chronic course when closed
cerebral traumas are conjoined with experimental radiation injuries in
dogs. The manifestations of radlation sickness were moderated, the
dogs survived for several months, the depression of leucopclesis was
less marked, and the pathomorphological changes were more chronic in
nature.

Treatment. If meningeal symptoms occur during the first period of
combined injuries to the nervous system a diagnostlc puncture is in-
dicated 1n order that the cerebrospinal fluid may be analyzed and the
cerebrospinal pressure determined.

Combined inJjuries to the nervous system basically require bed
rest and protective theraspy. In V.A. Baron's opinion, morphine and al-
cohol are contraindicated, particularly when there are injuries to the

trunk. The same author recommends liberal drinking of preparations

which intensify diuresis and administration of vitamins C, P, K, andf -

B12 in order to detoxicate the organlsm. The first three vitamins are
to eliminate the increased permeability and fragllity of the blood
vessels, while the last 1s to stimulate hematogenesis. Administration
of antibilotics (penicillin, streptomycin, and biomycin) is indicated
when combined neural injuries are complicated by Infection.

Shock

The c¢linical picture of shock 1z characterized by the following
diagnostic symptoms: the patient is pale, adynamic, and his face 1s
occasionally cyanotic. The arterial and venous pressure ls sharply re-
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duced, the tongue 1s dry and coated, the face and extremltles are cov-
ered with a sticky cold sweat, the pulse 1s weak, rapld, .and thready,
respiratlon is depressed and shallow, the heart sounds are thuddlng, s
the abdomen 1is soft, and the llver is enlarged. The patient ls depressed
and responds to gquestions with difficulty.
Shock requires immediate medical ald, without which the patlent
dles.
It 1s necessary to take into account the speclal sensitlivity of
such patilents to cold, the first necessity thus belng to keep them
warm (with hot-water bottles, hot drinks, and coffee wilth brandy).
In the presence of combined radiation injuries traumstilc shock is
treated in accordance with the general prlnciples of complex therapy.
Speclal measures are:
l. Elimination of the flow of pailnful stimull from the site of i
the trauma (immobllization of the limb, novocalne blocks, narcotics,
sparing transportation, etc.). |
2. Eliminating oxygen starvation and increasing blood pressure by
means of transfusions of blood and antlshock blood-substitutes.
3. Administration of antihistamines (dimedrol, phenamine, ete.).
It 18 now the patilent's blocod pressure and resplration rate rather
than the erythrocyte and hemoglobln counts which are considered to be
criteria of the severity of his conditlon., A drop in blood pressure to
below 80 mm Hg is an absolute indication for blood transfusion, infu-
gion of physiological solutlon having no effect in such cases (Bray-
tsev). Considering that shock 1s accompanied by a decrease in the quan-
tity of circulating blood, administratlon of caffeine and camphor when
the blood stream 1s belng destroyed 1s not very wise.
The blood pressure must be elevated as soon as possible by blood
transfusions or administratlion of i1sotopic solutions, & careful con-

-112-




version then helng made to the use of cardlovascular stimulants.

V.T. Mitrofanov used an antishock polyvitamin for treating radia-
tion shock. The patient was given a solutlon of vitamlns Bl’ Bps Bys
Bla’ and PP, and folic, pantothenic, paraaminobenzole, and ascorbilc
aclds in physlologlcal solution or 5% glucose intravenously. He ob-
talned a stable increase in blood pressure, an improvement in the oxl-
dative capacity of tlssue, and an enrlchment of the body in vitamins.

E.A. Asratyan, using Pavlov's teachings on the curative role of
protective inhibition as his basls, proposed sleep therapy for shock.
Plrogov also mentions the necessity and wilsdom of prolonged sleep for
ghoclt patients.

Surgical intervention in shock patlents is performed only in ac-
cordance with vital indications, when the operation itself 1s an antl-
shock measurc,

As for evacuation, victims with lst-degree shock can wlthstand it.
Patlents with 2nd-, 3rd-, and 4th-degree shock are untransportable and
are hospitalized in the antlshock ward of the OPM, where all necesgsary

antishock meagures are taken.
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Chapter 5

INJURIES CAUSED BY RADIOACTIVE SUBSTANCES AND
PRINCIPLES OF THE ORGANIZATION OF DOSIMETRIC MONITORING

Dermal injuries The action of the lumlinous raaiation producsd by

an atomlc exploslon cauges ordinary thermal burns of different degrees,

1t beilng necessary to differentiate these from dermal injurleg caused

by the action of ionizing radiations. Acute and chronic dermal inju-
rles develop on exposure to lonlzing radlatlons. Acute affections de-
velop during masslve lrradiations accompanylng an atomic exploslion or
after a short Ilnterval when the victim 1s exposed to medium and large ]
doses. Chronlc dermal affectlons arise as a result of prolonged irra-
dlation in small doses.

™o ways in whlch lonizing radiations may act on the skin may be
differentiated in injuries caused by atomlc weapons:

a) dermal affection resulting from the action of penetrating ra-
diation at the instant of the atomlc blast (y-rays, neutrons);

b) dermal affection resulting from the actlon of radloactive fall-
out which directly contaminates exposed sectlons of skln and clothing
(B-particles).

A dermal affection of a certaln degree develops in accordance
with the dose of radlant energy absorbed by the tissues. Four degrees
of dermal affection may be distinguished (see Table 9).

Thus, in those cases where severe dermal affections develop on
whole-body exposure to penetrating radlation they always occur against
a background of severe general symptoms of acute radiation sickness.
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TABLE 9

Rough Data on Degree of Dermal InJury as
a Function of Absorbed Dose Recelved
during Exposure to Penetrating Radlation

(v-Rays)
Al‘lommucnnnB,&I‘r C  Hssnanme
1013 U PEHTTE-| sanp. HOPAKERHE Paunnz peaxuna | Crpurwh nepuoa
HAX AeHAT
g‘ i
400—500 1 |Cy6apuremaroa-|G Orcyrerayer | Hokoao 3 ne-
Huft aepMaTur Avan {MECTHO
03 ter HabaK-
RathcA wieny-
WEHHE  KOXH,
Aerkas  nwr-
MeHTaUHR)
500—800 I | I3putemaros- J(patxonpemeu-"l(ﬂo 2 Heaean
HHE ACPMATHT | - HaR spHTema
800—1200 | It |LByancanmfi [M Yepes 3—4 | N 6—10 anent
ACPMATHT qaca BO3nHKA-
ar RRDAMTH-
Hag sputema
K OTeK
0 P |
Couwe 12001 14 | Sissennuit nep- [QBcaen 3a 06 | ROtcytersyes;
MATHT AYNCHHCM BO3+ WMl 3—5 Ineh
HHKaer CH-
HIONMKaA  SpH-
TCMA M BWpa-
weHHuft orex

A) Absorbed dose, 1n roentgens; B) degree
of injury; C) type of injury; D) early
reaction; E) latent period; F) suberyth-
ematous dermatitis; G) none; H) approx-
Imately 3 weeks (peellng and slight pig-
mentation of the skin are observed lo-
cally); I) erythematous dermatitis; J)
brief erythema; X) up to 2 weeks; L)
bullous dermatitis; M) marked erythema
and edema develop after 3-4 hours; N)
6-10 days; 0) more than; P) ulcerative
dermatitis; Q) cyanotic erythema and
marked edema develop after 1lrradiation;
R) none or 3-5 days.

Erythematous dermatitls 1s observed approximately 2 weeks after
whole-body irradiatlion in a large dose as a result of an atomlc blast.
The bullous and necrotic processes which occur at stilll larger doses
virtually do not have time to develop, since the patient dles as a re-
sult of the whole-body irradiation before local processes can arise in
the dermal tegmina.

Table 9 1s important in peacetime practice (x-ray therapy of lim-
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1ted portions of the body). In atomlc exploslons the entire body is
usually lrradlated with penetrating radiation and general symptoms of
acute radiation slckness rather than local processes in the skin come
to the fore.

Conversely, the second way 1n which the skin may be injured by
lonizing radlation, i.e., by radloactive fallout (contact exposure to
B-radiation), is of great importance when atomic weapons are used.

When the skin is subjected to p-lrradiation by radloactlve sub-
stances the local affectlons of the skin may proceed wlthout symptoms
of general radlation injury or with only slight symptoms of such a
process.

The local reaction of the skin to exposure to lonizing radiation
greatly resembles 1lts reactlon to sunburn. The only differences are a
longer latent perilod, damage to deeper layers of the skin, and a more
prolonged and persistent course for the former.

The following periods may be dilstingulshed in the course of acute
dermal affections caused by p-radlation:

1. The early reaction of the skin to irradiation.

2, The latent period.

3. The period of acute inflammation of the skin.

4, The reccvery period.

5. The perlod of late sequelae and compllcatlons.

The earlier and more marked the first period of the 1llness and
the shorter the latent perlod, the more severe wilill be the later course
of the affectilon.

Dermal affectlons are characterized by the followlng genersal pecu-
liaritids: extremely slow healing, and formatilon of atrophlc scars and
trophlc ulcerations with a tendency to malignant degeneration. All
other conditions beilng identical, the areas of the skin covering bony
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prominences of the skeleton (the wrists, superciliary arches, anterior !

surface of the shank, etc.) and those in which large surfaces of skin

are in contact (the axillary and inguinal folds, the genitals) are
most affected.

The first period (early reaction) appears several hours, or more

rarely several days, after irradlation and takes the form of erythema
of varylng degree. Petechia in the skin indicate a serious injury. Af-
ter several hours the erythema may become cyanotic and a slight edema
of the skin may develop. The erythema may last 2.3 days. All of the
symptons then dianppear and the second pericd begins.

The second (latent) period lasts for from several days to three

weeks., There are virtually no clinical symptoms during this period.
The victims have no complaints and exhilblt no changes at the site of
inJury. The latent period is of great prognostic importance: the
shorter 1t is, the more severe wlll the further course of the process
be. When the duration of the latent period 1s from several hours to
3-5 days tissue necrogis wlll develop later; a bullous affection will
occur when this period lasts for from 6 to 10 days, while only a mild

erythematous affection will occur 1f 1t 1s more than 12-15 days long. )

The third pericd {that of acute inflammation of the skin) begins

with the reappearance of erythema. When radlatlon burns are present
this erythema has a reddish-brown or, quite frequently, bluish color.
The skin-ls edemic and has a glossy appearance, When a finger 1s
pressed agalnst 1t a long-lasting depression is left, thls indlcating

tissue edema. As a result of the edema and cellular infiltration the

injured secilon 1s somewhat thickened and is ralsed above the surround-

Ing tissue. Decolorlzed areas iIndicate developlng dermal necrosis. The

appearance of petechial hemorrhages in the gkin is a symptom of a poor
prognosis.
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Several days after the erythema recurs the epldermis is peeled
away from the derma by the edemic fluid and blisters appear, the derma
forming thelr bottoms. These blisters may cover the entire area of af-
fected skin.

Large changes are observed in the tissues; these include destruc-
tlon of the cellas of the skin and 1its inclusions, shedding of the
nalls, dilatation of the caplllary network, disturbances of the perme-
ability of its walls, and hyalinosis of the vessels. Nerve endings are
destroyed and trophlc changes which propagate to deeper-lying tissue
develop., Ulcers are formed in severe cases. The entlre process 1s ex-
tremely pailnful; it 1is accompanled by severe palns, a burning sensa-
tlon and numbness. When broad areas of the skin are affected the
patient's body temperature 1lncreases and he exhibits symptoms of gen-
eral intoxication. He becomes listless and drowsy, hls appetite de-
creases, and a headache appears.

Depending on the severity of the iInflammatory-necrotlc changes
the period of acute inflammatlion of the skin may last for from 2 to 8
months.

The fourth (recovery) perilod. The recovery period for different

degrees of dermal affectlon varies. Thus, hyperpigmentatlion with sub-
sequent peelling 1s observed for 1.5-2 months in erythematious derma-
tltis. The coursge of bullous dermatitls lnvolving superflclal blisters
also usually proceeds favorably, the blisters gradually belng resorbed,
the erythema and edema abating, and eplthelizatlon proceeding rapidly
under the membrane which bounds the blister. The entire process takes
approximately one month. It is followed by peeling and pigmentation in
individual sectlions. When the affectlions are more severe and erosions
and ulcers develop, the process takes a longer course, atrophic scars
accompanied by easlly relapsing ulcers and fissures developing. The
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regeneration process 1ls extremely slow. In severe affections eplthell-
zatlon and cilcatrizatlon remain uncompleted, unhealing trophic ulcers
being formed in the central areas. Tissue sclerosls 1s progressive.
The epithellum and dermal clcatrices formed have a sharply atrophle
character. Erosions and ulcers easlly develop in the scar tlssue.

The prolonged ulcerative process leaves the patlent in constant
danger of the development of sepsls, erysipelas, and amyloidosis for
many months and years. When a dermal affectlon occurs against a back-
ground of acute radlation sickness the prognosis for the former be-
comes worse, slnce regenerative processes are depressed stilll further
and sepsls easlly develops.

The fifth period (that of sequelae). In erythematous dermatitis

the dryness of the skin and loss of elagticlty persist for a long time.

In bullous dermatiltls the atrophic processes continue for a pro-
longed period, the halr on the affected areas falls out, and thc
acbaceous and sweat glands disappear.

Bullous or gangrenous dermatiltis may be followed by the develop-
ment of dlafiguring atrophic and kelold scars with a tendency to malilg-
nant degeneration.

Dermal affectlons caused by p-radlations musgt be differentlated
from chemlcal dermatltes, sunburn, erysipelas, eczemas, bllstering,
and other diseases. Differentlal diagnosis 1is alded by: 1) knowing the
radiological setup; 2) detecting contamination with radicactive sub-
stances; 3) a large number of identical injurles; 4) the appropriate
symptomatology.

The prognosis for dermal injuries caused by B-radiation under con-

ditions of mass injury depends primarily on the accompanying acute ra-
diation slckness induced by external irradiation or incorporated radlo- i
active substances.
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Severe injuries are usually in exposed areas of the skin, which
are contaminated to the greatest extent by radioactive fgllout. Cloth-
ing attenuates up to 40% or more of the p-radiation flux, Areas of the
skin protected by clothing are usually affected to a lesser extent
than exposed areas.

First-degree dermal affections, which encompass half of the body
surface, may endanger the victims! lives.

Prophylaxis and first ald for contamination of the skin by radio-
active dust incurred in mass 1lnjury conglsts in removing the dust from
the dermal tegmina and clothing as rapldly as possible (see the sec-
tion on partial ganiltary treatment and dccontaminatieon), since the dan-
ger lies in contact exposure to B-radiation on direct contamlnation
with radioactive dust. This prophylaxis and first ald must be given at
the OPM.

Dermal affections with marked clinical symptoms are treated in
the followling manner at the suburban hogpitals of the GO.

During the perlod of development of hyperemia and edema dermal
affectlions are treated in virtually the same manner as thermal burns
of corresponding severity. Use of cltral dressings is recommended when
paln and severe itching are present. Intraarterial administrations of
2-5 ml of a 1% novocaine solution or circular novocaine blocking with
a 0.25% solution are recommended. These measures may halt or attenuate
the course of the process in the skin,

When bullous or bullous-necrotic affectlions are present the skin
must be carefully rubbed with alcohol and a sterile gauze pad applied.
The contents of the blisters are then drawn out with the aid of a
syringe. The membranes of the broken blisters must then be removed.
The affected portions of the skin are washed with physioclogical solu-
vion or a weak solution of potassium permanganate. Ointment dressings
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are then applied (cltral dressings, penicillin ointment, synthomyein

emulsion, aloe ointment, tezan emulsion, or geksepg;). '

Gekserol, a pepsin solution, or aloe ointment 1s used to clean
the ulcerated areas.

Treatment of dermal affectlons caused by p-radiations proceeds
slowly. The principles previously worked out for tregting dermal af-
fectionas caused by poisons of the yperite type must be observed i1n
treating such affectlons, these including:

a) avoidance of nonsystematlc use of various drugs, it being un-
derstood that the results of the treatment will not be lmmedlately vis-
ible;

b) conslderation of the three stages of a dermal affection (ery-
thema and edemza, i.e., the stage of exudation, the stage of slow dis-
engagement ol necrotic masses, and the regeneration stage), the appro-
priate drugs belng used for each stage;

¢) active prevention of secondary inééction and suppression of
such iInfectlon if 1t should occur;

d) systematic conduct of general restoratlve treatment, proper
care and diet, and observance of a therapeutic-protective regime.

The patllent should be agsured complete bed rest and a full-value
diet. All surgical interventions and changes of dressings should be
carried out in complete accordance with the rules of asepsils and antil-
serais. The ratieont's food chould be high in calories, easily asaimil-

le, and rich 1in proteing and vitamins; he should be given plenty of

o
[=s

liquids.

It 18 necessary to exclude agents which irritate the skin (mechan-
ical stimull, traumas while changing dresslings, use of irritating or
caustilc drugs, and exposure to sunlight, ultraviolet, infrared, or
x-raysh When severe persistent pain is present promedol, omnopon,
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fenadon, and morphine are prescribed 1ln addition to internal novocaine
blocking. Ointments contailning anestezin are applied locally. It 1s
recommended that affected llmbs be splinted to ensure complete reat.

Repeated transfuslons of blood in fractlonal doses, plasma, and
sera are prescribed for general strengthening of the body and stimula-
tion of regenerative processes. Blood 1s transfused in doses of 100 to
150 ml with intervals of 3-4 days between transfuslons. A course of
tissue therapy [vitreous body, aloe) or Injections of Bogomol'ts!
serum are recommended.

Dimedrol 1is administered internally 1n a dose of 0.05 g 2-3 times
a day and calcium chloride is given intravenously in a dose of up to
10 ml of 10% solutlon as desensitizing agents. Layge doses of vitamins
C and B are lndlcated, as 1ls vitamin K to reduce hemorrhagic symptoms.

When B-irradlatilo.r occurs jointly l(external y-lrradlation in con-
Junction with contact Be-irradis+ion) a dermal affection may develop
against a background of radlntion slckness: 1t 1s consequently neces-
sary to carry out complex therany of the vadiatlon system 1in accord-
ance with the scheme recommended ln additlion to local treatment of the
skin.

Characteristics of the Course of Radlatlon Sickness when Radlpactlve
Substances faler Lhe Body

The c¢linteoa: picture of che radlatlion slickneass which develops

when radloactive nubgtanceg penetrals the Lody differs somewhat from

that of tue radicidin Llckness wnich presuite {1om external irradiation:

1) the initial resz:tlon usually has .o svipioms; ) the latent period

1s shorter; 3) the perivds of the iiiaes: ~re¢ 1°e3 clearly distingulsh.

able. Such symptoms of acute radiation alckness auy revere emaclatilon,
hemorrhaging in isolated sections of the skin, and shedding of hair

during the height of the 1llness are frequently absent; 4) the 1llness
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has a longer course and the recovery perlod sets In later. The pres-
ence of lncorporated radioactive substanceé results in thelr having a
contlnuous prolonged action on the body. As 2 rule, the systems through
which the radiocactive substances entered and the excretory organs are
most affected; those portions of the body 1n which a given radioactive
substance is selectively deposited are also injured. When radioactive
substances éﬁter through the respiratory organs the latent period is
reduced to several hours, symptoms of general intoxication appearing
even earlier (headache, drowsiness, sluggishness, and depression). Ex-
ternal contact exposure to radloactive dust frequently results in the
development of local catarrhal and catarrhal-suppurative conjunctivitis,
laryngitis, pharyngitils, bronchitis, and inflammation of the lungs.
Pneumonia usually has a hemorrhagic character and a severe course.
Leucopenia develops later, during the helght of the illness, and 1s

not of the same extent as it is on whole-body irradiatlon with the
penetrating radiation of an atomic blast.

When radioactive substances enter through the gastrointestinal
tract the intestine 1s the most severely affected. Experiments on ani-
mals have shown that the large intestine 1s particularly afflicted,
being one of the organs through which radioactive substances are ex-

creted. Widespread inflammatory and necrotic changes may occur in the

intestinal mucosa.
Ieucocytosis appears during the first few days of illness, but is i

usually less marked than after external irradiation. Thrombopenia de-

velops considerably later. Depending upon their point of entry, radio-

actlve substances first cause an inflammatory reaction, this being

rollowed by necrosis, tissue destruction and decomposition continuing

at'er they have been excreted. A secondary infection (sepsis, erysip-

clas, or an ~naerobic Infection) easily develops when wounds and burned
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areas are contaminated with radloactive dust. Tlssue decomposition con-
tinues for wceks after the radloactive substances are eliminated. Heal-
Ing proceeds extremely slowly.

The mos: characteristic dirferéence between the late period of
acute radlatlon slckness caused by external ilrradiation and that of
aflcetions produced by radicactive substances 1s the possible develop-
menl of malilgnant tumors at polnts of preferentlal deposition of the
radloactive substances.

First Aid or Contaminatlion with Radiocactlive Substances

1. A pas mask must be put on the victim. When no gas magk l1s
avallable the patient's face 13 covered with any material (nrafanahls
molstened) folded into several layers. Partial sanltary Lreatment and
partial decontamination are carrled out to remove radloactive sub-
stunces from the visible dermal tegmina, clothing, and si.oes.

2. Speclal care must be taken to protect the wounds and burned
areas I'rom contamlnation with radloactive substances by approprlate
dressings.

3. The mucosa of the, eyes, nose, mouth, and throat are carefully

§
washed with pure water.

4}, Measures are taken for rapid evacuation of the vietim from the
contamlnated area.

The principles of treatment for Incorporated radioactlve substances
are:

1. Ellminatlon of the radloactive substances from the body as
rapldly and completely as possible. Since radloactive substances in
the body camnol be neutralized or suppressed, the only elfective method
ol dealing with them 1s to removz them f{rom the bhody by any avallable
means.

2. Use of the general complex treatment developed for acute radia-
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When radioactive substances are iugested with cdﬁtamiﬁé'jjje‘_@' watér
and food.vomilting must be induced mechaniocally ormby—emetics—éa;cepper-
sulfate soiutlon ov apomorphine}. The patlent 1ls then piven 25-30 g of
a suspension ov varilous adscrbents (actlvated carbon, bone meal,
bavium sulfate, and kuolln) and a coplouvs gastrle lavage is performed
atter 10«15 minutes.

After a brief rest the adminlsiratlon or adsorbents and the gas-
iric lavage arc repeated as Indieat lons warrant. Admi-istration of g
large dose of salline laxatlves b=lore (he lavage tube 1l& wvithdrawn may
be recommended, Fatty laxatives should not be used, since they promote
Lthe dissolvlng mmd absovpllon of certain radiloactive substances., It is
wlse L0 admlulster repcaloed high enemas 3-5 hours after radloactilve
substances enter the gasirointestinal tract. For three days 200 ml of
5% magnesium sulfate 1s gilven every 5-6 hours and 1 g of the adsorbenta
is administered N-5 times 1 day.

All of these measurcs (vomiting, gastric lavage, and laxatives)
qve elfectiive if they aie taken soon after the radiovactive substances
enter the body. It is desirable that they be carriled out within the
rirst nalf houwr o1r the rirst hour and a half, These measwres must con-
sequently be faken in the Ji~s+ ata station {OIM),

In order Lo aceclerate Lhe excretilon of radloactive substances by
the kidneys the patient is given a larpge omount of Clulds, liqulds are
Aadministered sutcutancously or intravenously, and theobromine, diure-
tin, and other dluretics are given at the same time. Merkuzal 1s con-
traindicated.

Enemas (prerciably siphon) are recommended from the second half-
day after poisoning with radloactive substancec onward.
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When radloactive substances enter the lungs a portion of-t ra

dicactive dust is always swallowed, the measures taken must conseéuently;‘

be the same as those described above for entry of radioactlve sub-
stances through the gastroilntestinal tract. Expectorants (ipecac,
thermopsis, and senega) and prophylactic inhalations of antiblotics in
aerosol form are also prescribed. Nevertheless, a certain quantity of
the radloactive substances 1s usually retalned in the body and causes
radiation slckness, the general principles of whose treatment are
glven above (see Chapter 3).

All of the aforementioned measures not previously taken may be
employed durlng further treatment in the suburban hospitals. Drugs
which form chemical complexes can be used to accelerate the excretion
o' radloactive subgtances from the body. These drugs form chemical com-
pounds wilth the radioactive substances and promote theilr elimination.
This results in a sharp Intensification of the excretilon of such sub-
stanccs. Prime among the complex-forming drugs are EDTA (ethylenedi-
amlne, tetracetic acld) and kompletsin. Both of these preparatilons are
adminigtered by intravenous injection in sterile 10% aqucous solutions,
The inJectlons are glven twice dally for three to four days and then
discontinued ror three to four days. They are contlinued in the same
manner after thls latter perlod has elapsed, The entlre courgse of
treatment laata one month.

The dally dose of kompletsin and EDTA is 40-50 ml of 10% aqueous
solution. Each dose of these drugs 1s 20-25 ml of 10% aqueous solution.
It 1s recommended that these drugs be administered Intravenously by
the drip method in an isotonic sodium chloride soluticn over a pericd
of' 3-4 hours.

Diseases of the llver, kldneys, and urinary pathways are contra-
indicatlons to the use of EDTA and kompletsin.
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In addition to the complex-formlng drugs, administration 6f large
amounts of liquids and of diuretics should be continued. -

Diaphoretics and succagogues may be prescribed. Vitamin Bl’ which
acts as a complex-forming agent with radiocactlive substances as a re-
sult of the sulfur which it contains, should be adminlstered. Injec-

tion of vitamin B2 intensifles the oxidation-reduction processes in

the body, also promoting more rapid excretion of radioactive substances.

When radiocactive substances enter the body through the respiratory
organs administration of complex-forming drugs by inhalatlon may also
be recommended. This promotes removal of the radioactive substances
with the sputum. |

During treatment 1t is necessary to monitor the changes in the
radloactivity of the blood, urine, and feces, as well as the sputum 1n
certain cases.

Changes in the radioactivity of the blood and excreta are con<
trols which indicate the effectiveness of the measures taken to elim-
inate radiocactive substances from the body. Radiocactive substanceé;are
excreted most intensively during the first-third-fifth days after Lﬁ
polsoning, while they are still in the blocd and soft tlssues. Later,
as osteotropic radiloactlve isotopes accumulate in the bones, thelr ex-
cretion 1ls greatly hampered by the low activity of the metabolic proc-
esses which occur in bone tissue.

In clinical practice varlous combinations of thyroid and parathy-
roid hormones, ammonium chloride, viosterol (vitamin D2), and calcium
and magnesium gluconates are uscd Lo accelerate the elimination of
radium and strontiwm deposited in the bones, as is periodic alternation
of high- and low-calcium dietis.

Summarlzing the material given above, the following methods may
be recommended:
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1. Mechanical removal of radicactive substances (vomiting, gas-
tric lavage, absorbents, enemas, expe-=torants).

2. Utllization of natural physiological mechanisms (diureties,
succagogues, diaphoretlics, hormones, etc.).

3. Use of complex-forming agents (kompletsin, EDTA, sodium
cltrate, etc.).

A fourth method, internal administration of synthetic lon-exchange
resins, also presents good prospects. The term synthetle lon-exchange
resins refers to cross-bonded polymers containing acld or basic radl-
cals and capable of exchanging thelr cations or anlons for those cone
tained in the solution (according to P. Kreych).

In the body these resins are capable of exchanging the lablle
ions of their large molecules for those of the radloactlve subatances,
then heilng excreted in company with the latter. This method requires
further experimental development.

Special features of care of patients. The patients' excreta (sa~

liva, sputum, urine, and feces) are radioactive for the first 3-5 days

and can be dangerous to those in the area. It 18 necessary to instruct

medical personnel in the proper care of the patients. All excreta must

be collected and burled at & depth of more than 1 m in specilally desig-
nated areags far from any populated locality.

Patlents severely contaminaled with radloactive substances must be
lsolated for the first few days. Precautions must be taken 1n render-
ing aid to such patients, sincc otherwise the medical personnel will
be contaminated and the entire area will become polluted with radiloac-
tive substances.

Characteristics of the Clinical Course of Wounds aud Burns Contaminated
wlth Radloactlve Substances

The characteristics of the clinical course of wounds and burns
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contamlnated by radloactive substances result from a two-fold mechan-
ism:

1) the local action of ionizing radiation on the wound surface;

2) the general action of radloactive substances which enter the
body.

Wounds and burns contaminated with radioactive substances do not
differ in outward appearance from ordinary wounds during the flrst few
hours, and dosimetric monltoring of all wounds and burng in persons
coming from areas of radloactive pollution must he carried out in or-
der to detect contaminatlion. The majorlty of the radloactive substances
produced by an atomic hlast are poorly soluble in body flulds and Ye-
main in the tissues of wounds and burns for a prolonged period, having
only a local actlon. As B,M. Khromov has shown, the duration of thiél
perlod depends on the followlng factors: the physicochemlcal proper=
tles of the radloactive substances, the quantity of these substancesf
which enter the wound, the extent of operative intervention, and the
individual characteristics of the vietim. It is consequently important
for practical purposes to know that, since the majority of the radlpw
active substances deposited in a wound (burned ares) remain in the
superflclal tlssues for a more or less brolonged perilod, they can be
removed to a considerable extené by appropriate treatment. Tt 1s asg-
sumed that up to 3/! of the radioactive substances are [ixed in the
wound (burn) tissues and the remailnder enters the blood and spreads
through the body. The extent of the detrimental action of the ionlzing
radiations on the wound surface depends on the time for which the ra-
dicactive substances remain in the wound (burned area). various degen-
erative, necrobiotic, and necrotilc processes develop In the tlssues of
the wound surface. The abllity of the cells in this area to multiply
is depressed or completely suppressed. As B.M, Khromov hag noted, the
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pecullarities of a course of wounds contaminated by radioactive sub-
stancea Include frequent complication by suppurative, and occasionally
anaeroblc, lnlections and slow epithellzatlon accompanied by formatlon
of decolorized granulations which bleed casily. Heallng consequently
proceeds conslderably more slowly than in ordinary wounds. Considering
the extent of the detrimental action of radioactive substances on
wounds and the body as a whole, thelr role and importance cannot be
overestimated. When an ameptic dressing ls applied to a wound, & oOne
slderable portion (approximately half) of the radiocactive substances
are absorbed wilth the exudate by the cotton-gauze pad; the other half
can be removed during surglcal treatment. Up to 20% of the radiocactive
substances may enter the body through the wound and become dangerous
during the first 2-3 hours.

The primary surglcal treatment of wounds contaminated with radio-
active substances must be carried out as early as posslble because of
the danger that such substances will be absorbed into the body and
their local actlon on the wound. The baslc principle of thls treatment
1s maximum removal of the radicactive substances from the wounds. A
novocalne solutlon to which antiblotlcs have been added or ether anes-
thesla are usually used for analgesia; according to the experimental
Investigations of B.D. Zabudskiy; the latter almost halves the resorp-
tion of radloactive substances. The skin around the wound must be care-
fully cleansed of radioactive substances before the wound itself 1s
treated.

B.M. Khromov recommends the following methods for the primary sur-
slcal treatment of wounds contaminated wlth radiloactive substances. It
must first be proven by doslmetric monitoring that the wound is con-
taminated.

The skin in the viclnity of the wound is first cleaned of radio-
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active substances, being repeatedly washed with a soap solution (3-5%).
The author [leels thal Lhe use &l ether and benzene is contraindicated
in such cases, slnce these compounds promote more rapid absorption of
the radiocactive substances. The skin in the vicinlty of the wound 1is
then shaved, washed again, dried, and treated with iodine. Mechanlcdl
treatment of the wound itsell 1s then begun, foreign bodies, blood
clets, and areas of crushed and necrotic tissue being removed from its
surface.

The wound is then copilously and repeatedly washed with sterile
water or physiologlcal or soap solution, as well as with a weak anti-
septic solution, in order to remove the radiocactive substances.

When radical removal of radloactlve substances from the wound 1s
required, 1lts lips and bottom are exsected. In this case it is neces-
sary to remove all foreign bodies which may serve as ccllectors of
radioactive substances.

The wound surface 1s again washed and suwujected to dosimetric
monitoring. Further surgery depends on the extent to which the wound
has been cleaned. If only a small quantity of radiocactive substances
remain in 1it, primary suturation is recommended when there are no sur-
gical contraindications. If a considerable guantity of radioactive
substances remains in the wound after surgical ireatment, primary
suturation is contraindicated. Suturation of ..ch wounds creates a
closed cavity and the rad.oactive substances =are completely absorbed
into the body with all the detrimenial consequences which follow from
this.

As 15 well known, retcention of radloactlive substances in the body
can lead to acute or chronlc radiation slclmess. All thls forces the
surgeon to exercise care in his actions. In general, all surgical
treatment ol radioactive wounds niust be carried ocut with punctilious
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precision and precautions must be taken to protect the medical person-
nel from con‘amination with radiozctive cubstances (working in an iso-
lated operating room or on isolated tables in gloves, gowns, and masks
and decontamination of instruments, medical materials, and dressings).

All that was said above about wounds contaminated with radioac-
tive substances 1s equally true of thermal burns.

wounds and burns contaminated wlth radlocactlve substances heal
siowly. Consldering this fact and the possibility that radiation sick-
ness may develop in patients with such injuries, they must be evacu-
ated to special suburban hospitals.

The problems of the surgical treatment of wounds and burns and
the classiflcation of casualtles require further study and solution.

Frotection against and Prophylaxls of Contaminatlon by Radioactive
Substances

Gas masks and equlpment to protect the skin must be used in those
portions of the focus of atomic injury which are contaminated by
radioactive substances.

Gas masks protect against radloactive aerosols and dust, shleld-
ing the eyes and resplratory organs. When no gas masks are available
it 1s necessary to cover the nose and mouth with a molst materilal
(handkerchief) f'olded into many layers and to breathe through it. The
principal task involved 1in protection in sreas ¢of radiocactive contam-
iratlon is not to permilt radilnactive substances to penetrate into the

respiratory organs. Gas masks are consequently fthe main means of pro-

tecting persons in environments contamlnazted by radloactive substances.

Radioactive gaseous uranium (plutonium) debris — krypton and
Xenon — are not trapped by filter gas masks. As radiocactlve dust accu-
mulates in filter gas masks they may become unfit for use. Such gas

miasks must be kept In storage; after the radioactive substances decay
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Pg. 12, Individual protective devices: a) gas
mask; b) protective cape which protects the cloth-
ing from liquid poisonous and radloactive sub-
stances; ¢) protective sult, gloves, boots, and
socks which protect the skin and clothing from
radloactive and polsonous substances, ’
they are agaln fit to be used. '

Isolating gas masks (the KIP-5 etec.) must be used for profeotion
againgt inert radloactlive gases.

Dust respirators are used for protection agsinst aerosols under
laboratory conditions. )

Protective capes, gloves, and socks and protective pults of vari-
ous types (Fig. 12) can be used for protecting the skin, clothing, and
shoes. When there are no speclal devlices for protecting the skin,
various handy articles can be used (Fig. 13). Sheets, woolen blankets,
raincoats. etc. can be used instead of protectlve capes, sacking can
be wrapped around the feet over the shoes to take the place of protec-
tive socks, and ordinary leather boots, rubber galoshes, felt boots,
etc. can be used in place of speciali boots., Protective clothing and
gas masks reliably protect agalnst a~ and p-active substances, but not
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against y-rays.

Devices for pretecting the skin include protective capes, protec-
tive socks of rubberlzed fabric, and gloves. They are used in conjunc-
tion with gas masks for protecting the respiratory organs, skin, cloth-
Ing, and shoes from contamination with poisonous substances and radio-
active Qust.

These devices are intended to protect the populace as they leave
contaminated areas. In individual cases they can be used to protect
the personnel of organizations of the GO.

In conjunction with a gas mask, & protective sult or coveralls
with a rubberized cap, rubber boots, and protective gloves oan be used . .
for working in a contamined area. These outfits are intended for the |
moblle uhits of the G0, which must work in contaminated localitiles. ‘

Protective aprons, socks (of rubberized fabric), and gloveq (rub-v;“
ber) are used in conjunction with a gas mask or gauze mask for perfor@a”_
ing decontamination work on goods, transport equipment, and buildings.
They are intended for work in decontamination areas (SOP, ODO, or OPM);

Protective filter clothing (PFC) can be used for protesting the
skin of the personnel of units of the GO from exposure to radloactive
dust and polsonous vapors. Protective filter clothing can elther be
impregnated with speclal substanées or unimpregnated. A PFC outfit in-
cludes cotton coveralls of specilal cut impregnated with speclal sub-
stances, mens' underwear, a cotton cap, and two palrs of cotton socks,
one of them impregnated with the same substances as the PFC.

The underwear, cap, and unimpregnated socks are used for insulat-
ing the skin from the protective filter ¢lothing Impregnated with ape-
clal substances.

Gas masks, rubber gloves, and rubber boots are used in addition
to the PFC set to protect the regpiratory organs, hands, and feet from
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Flg. 13. Handy protective devices: a) rubberized rain- n
coat; b) vinyl chloride raincoat; c¢) leather Jacket; B
d) protection of feet with handy items. ;

exposure to radloactive dust or polsonous vapors, =

The units of the medlcal service of the G0 can be equlpped wi%h

both impregnated and unimpregnated protective fillter clothing., The.
coveralls of the PFC outfit can be lmpregnated by the perasonnel of tn§ :

units themselves. Aqueous solutions of speclal pastes are used forlii
this purpose (2 parts of paste to 1 part of water). Three liters of

solution are required to impregnate one PFC outfit,

The solution muat be prepared before impregnation. Rubber gloves 5
g
can be worn to impregnate (he PFC. 5

The dry Impregnated protective clothlng cannot be lroned wlth a 2
hot 1lion.

Care must be taken to preserve the integrity of the entire PRFC
outfit when working in a focus of radilocacrive contamination.

If the integrity of the coveralls, boots, or gloves i3 disrupted,
the damage must be immedilately repaired.

Partial Jdecontaminatlion of the protectlive clothing, boots, and
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gloves must be carried out after leaving the focus of radloactlve con-~
tamination; thls is done by careful wiping or shaking or by washing
the radioactive dust off with water. The PFC must be taken off only at
sanitary-processing statlons.

Protective devices made of speclal-formula polymer materials are
widely used under laboratory conditions for protecting the skin (they
include sults, coveralls, aprons, and oversleeves). These devices have
good protective properties, resist acids and alkalls, and are easlly
decontamlnated.

For protection against y-radiation it 1s necessary to leave the
contaminated area rapidly or to take cover in a shelter,

wus masks and protective devices cannot be removed at will in
areas contaminated by radloactive substances; one cannot drink, eat,
or smoke. Unless necessary one must not sit or lle on the ground or
contaminated objects or go through dust-covered bushes and high grass.

The time for which one remains in a contamlnated area must be
kept to a minimum.

On contamination with radiocactive substances 1t is necessary to
conduct partial sanitary treatment and decontamination as soon a8 pPOS=
pible. In order to accomplish this the hands must either be carefully
washed with soap Iln uncontaminatéd water or, when there is a shortage
of water, the exposed portions or the skin must be wlped wilth damp
pads (rags or handkerchiefs) in order to remove the radloactive dust
from the surface of the skin. At the same time, 1f 1s necessary to
shake or wash the radioactive dust from the clothing and shoes, 1.e.,
partial decontamination must be carried out.

later, on leaving the contamlinated area, radiometric monitoring
musi{ be undergone. When contamination exceeding permissible levels 1s
detected the individual in questlon must be subjected to complete san-
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ltary treatment in the clean-up area. During complete sanitary treat-
ment the contaminated individual must wash carefully wilth hot water,
goap, and a plece of bast. It 1s especially necessary to wash the
hairy areas of the skin and hard-to-reach places (folds of skin, wrin-
kles, under the nalls, and places where two areas of skin are in con-
tact), where large quantitles of radloactive dust may be retained.

For reliable removal of radloactive substances during partlasl and
complete sanitary treatment it is necessary that the mouth be washed
out and the nostrils, nasopharynx and audltory canal be rinsed with
water, It 1s also recommended that the teeth be cleaned.

The quality of complete sanltary treatment 1s checked with a
radiometer, Clothing, shoes, and other personal articles contamlnated
with radloactive substances belonglng to casualties and patients muat
be decontaminated in specilally equipped decontamination areas (the ODO
of the OPM).

Various articles and objJects are decontaminated by scouring, shak-
ing, beating, rubbing, washing, laundering, etc. In decontamination it
is necessary to achleve mechanlcal removal of radiloactive substances
from contaminated objects.

The organization and executlon of complete sanitary treatment of
those of the populace who have ndt incurred wounds, burns, or other
injurles falls to a sanitary service set up to treat persons and de-
contaminate clothing. This service is based on community orgenizations
and institutions.

One of the institutions of this service 1ls the clean-up station
(SOP)., The medical service of the GO should maintain close contact
with this service and furnish medlcal supervision of the quality of
its work. In addition, the nurses who work at the SOP must furnish med-
ical aid for mild injuries and wash out eyes and noses when necessary.
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The SOP's are based on existing community instltutlons and their per-
sonnel must handle the organlzatlon and executlon of decontamination
measures for large segments of the populace, )

During the warm season complete sanitary treatment may be carried
out in uncontaminated open bodies of water, the dlrection of water
flow belng taken Into account.

When SOP's are organized in temporary or adapted accommodations,
the followlng requirements must be satisfiled:

1. The 30P must be set up near the principal routes by which pera
sons will leave the focus of stomlc injury; access to 1t must he easy
80 that supplles may be brought in.

2. The grounds of the SOP and the area about it must have a suf-
ficlent water supply.

3+ There must be shelters on the grounds of the SOP or in the ima
medlate vicinlty.

The sanitary treatment of injured persons must be carried ouf in
the organizations of the medical service of the G0, Complete or parw
tial sanitary treatment of injured persons can be conducted in the
clean-up and decontamination (disinfectlon and degassing section of
the ODO) of the OPM. It should be noted that the ODO can be used as an
independent subdivision. High-capacity groups can be set up from sev-
eral ODO's when necessary to ensure sanitary treatment to a large por-
tion of the populace.

Public-health admisslons personnel should be accommodated and
used at stations for the sanltary treatment of persons contaminated by
radioactive substances.

Frinciples of the Organization of Dosimetric Monitorlng

The detection of radioactive substances in the air and on the
ground 1s called radiation surveying. Radiatlon surveying has three
- 138 -
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baslc goals:

1. To determine the extent of radloactive contamination and the
radlatlon level in a given locality.

2. To determine irradiation doses.

3. To determine the extent of radloactive contaminatlon of vari-
ous objects, persons, and animals whilch have been in a contaminated
area.

Dogimetric monltoring 1s a constituent of radiation surveying.
The second and third tasks of radiation surveying are essentiaslly the
goals of doslimetric monltoring.

Medical workers must always know the results of the radiation sur-
vey or, as it were, the radiation conditions.

Radiatlion surveylng 1s conducted with the aild of dosimetric ine
struments. Four types of doslmetric instruments are used, each of them
having its own designhation: indlcator, roentgenometer, radiometer, and
dosimeter.

Indicators show the presence of radloactive contamination. This
1s the fundamental instrument In radlation surveylng. It glves posla
tive readings when radiatlon levels of hundredths and tenths of an
r/hr are present.

Roentgenometers are a basic instrument of radlation surveying.

They make it possible to measure accurately the radiation level (dose
rate) in r/hr. The working range of roenligenometers 1s from O to 400
r/hr (Figs. 1l4a and 14p).

Beta~gamma-radiomeiers are designed to determine the contamina-

tion of various obJjects wlth beta-gamma-actlve substances. They express
the degree of contamination in the following measurement units:
a) quantity of B-decays per cm2 of the obJect's surface per mine
ute; the working range is from 100 to 1,000,000 decays per cm2 per min;
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Fig. 14, General view of radiometer
(a) and its use for measuring the
contamination of an object (b).

Fig. 15. Qeneral view of roentgen-
ometer, A) Instrument panel; B?
head phones; C) probe.

b) the radiation level in mr/hr, from O to 20 mxr/hr.

The packaging (case) of every dosimetric instrument contains a
logbook and instructions with a description of the instrument's layout
and the rules for using it.

The boundaries of the area of radioactlve contamination are deter-
mined from the indicator or roentgenometer readings in a given local-
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Fig., 16. Werning signs: &) for
a radiation level of 0.1 r/hr;
b) for a radiation level of 50
r/hr. A) Contaminated; B) r.

Fig. 17. The boundaries of contaminated

areas can be Indicated in the above

faghlion 1f no warning signs are avall-

able. A) Contaminated with radioactive

substances; B) r.
ity. The boundaries of the area of contamination are assumed to be at
a radiation level of 0.5 r/hr, those of the area of intensive contam-
ination at 5 r/hr, and those of the area of dangerous contamination at
50 r/hr. The boundary of a contaminated area can he indicated by a
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yellow flag (caution) and that of an area of intensive contamination
by a red flag (danger); the boundary of an area of dangerous coniamina-

tion 1s designsted by two rows of alternating red and yellow flags. It

18 recommended that the data obtalned in radilation surveying be used

as a hasis for Indlcating the radlatlon levels in a locality with aspe-
clal markers, especlally in those arsas which persons may enter. These
markers should contain the following information: a) the date of the
measurement; b) the exact time of day when the dose rate was measured;
¢) the dose rate (radiation level).

The information on the marker may appear as shown in Figs. 16 and
17.

The total irradiation dose can always be determined from the data
on the dose rate if the time for which the individual in question re-
mained in the area of radloactlve contamination ls known. The pefmid;
slble dose for man on systematlc irradlation 1s 0,017 roentgens per'
day.

However, under extreme clrcumstances massive whole-body irradia-
tions in doses of up to 50 roentgens are permissible, not presenting
any danger to health and life.

Dosimeters measure the total irradlation dose ln roentgens. Dosim-
eters may be individual or collective. Individusl dosimeters are de-
signed to indicate a maximum dose of 50 roentgens.

The total irradiation dose can be less precisgely determlned by
the computational method. Graphs and tables are employed when this
method 1s used, Table 10 1s an example of such a table,

Let us solve two problems by way of example:

Problem No. 1l: A victim of an atomic bplast 1l in an area of radio-

actlve contamination for two hours after the blast, the measured radia-~
tion level veing 0.5 r/hr. The total irradiation dose received from
- 142 -
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TABLE 10

Change 1n Dose Rate as a Function of
Time Elapsed after Blast (Standard Table)

Mounocth foza n D Mownocte Cc 03 8

Bpema & uuny1ax B‘:‘I‘“‘:c' Fpmnrcmx Bpeus n wacax -B‘gj',:"n' P!ﬂ'rreuu
° 1 Em. 100 0,8 ] anc‘ 1,0 8,2
2, 45 20 2, 0,5 70
3. 35 23 3. 03 12
5, 20 3,0 4 , 02 74

8 . 15 33 5 ., 0,15 7.18
12, 7 43 8, 0,08 79
18 , 46 50 10 ., 0.07 8.2
% , 3,0 5.2 20 . 0,03 85
PO , 22 5,8 30 ., 002 88
8 , 1.3 6.0 5 , - 90
100 . bt gla

200 , - 93~

<L

A) Time in minutes; B) dose rate in r
C) dose in roentgens; D) time in hours;
E) min; F) hr.

X3

the radiocactlve substances contaminating the area ls consequently 7°°
roentgens.

Problem No. 2: A vietim of an atomic blast is in an area of radio-

‘actlve contamination for two hours after the blast, the measured radia-
tion level being 15 r/hr,

What 1s the 1rradiatlon dose in this area?

Solutlon: In the case.in questlon the dose rate exceeded that
shown In the standard table by a factor of 30. The total irradlation
dose will thus be 30 times greater. We may set up the following pro-

portion:
05:7=15:x

15.7
X = 5 =2i0r.

In order to solve problems Nos. 1 and 2 1t 1s necessary to take
' into account the fact that the actual irradiation of both victims i1s
conslderably higher if they were in an unshlielded area at the instant
of the blast and were subjected tc the action of penetrating radiation,
since the total l1lrradlation dose equals the dose received at the in-
stant of the blast from the action of its penetrating radiation plus
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the dose recelved after the blast as a result of radiation from the
radioactive substances contaminating the area.

Knowing the irradlation dose, during the first or seéond period
of acute radiatlon sickness we can roughly determine the degree of
severity of the 1lllness and declde on its prognosis.

The basic tasks of dosimetric monitoring in the organizations and
Instltutions of the medlcal service of the GO are:

a) to determine the irradiation dose received by viotims admitted
for treatment and for personnel of units of the G0 working in the
atomlc focus or at decontaminatlon stations, clean-up stations, ete.;

b) to determine the extent of contamination with radicactive sub-
stances of clothing, shoes, public-health vehicles, various types of
medical supplies, and persons coming from the atomic focus (their slcir,l,_“',
the surfaces of their wounds and burns, their blood, and their exorata)f;

¢) examination of food products and water for contamination with
radloactive substances.

Dosimetric monltoring must be carried out in all mobile units and
fixed institutlons of the medical service of the GO.

Responsibility for the execution of dosimetric monitoring lies
with the supervisory personnel of the units and institutions of the
medlcal service of the GO,

The supervisors of the units and instltutions of the medlcal ser-
vice have glven large tasks 1ln the organization and execution of ac-
tual ald to the chief radlologists of the various staffs of the ser-
vice, the radlologists of the USEB, and the radiological units of the
specilallzed medical-aid group.

There are appropriate laboratories in the classification-evacua-
tion hospitals and the main and specilalized suburban hospitals for
clinical examinations of blood and excreta. -
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Redlometrir dlvislons of the laboratories of the medical service
of the Q9 based on the publlic-health and epidemiological statlions have
been sel up for sanltary-hyglenlc investigations of food products and
water.

Finally, radlologlcal stations have been set up in the medical
gervice of the Q0 to train dosimetrists and personnel for technlcal
Inspection and repair of dosimetric apparatus. These are based on the
exlsting x-ray stations, chalrs of radiology and roentgenclogy, and
other roentgenologlical and radiologlcal institutlons.

During the first stage of medical evacuatlion, at the first-aid
stations, dosimetric monltoring has the followlng tasks: L

a) classification of the victims into those contaminated byA#égio-

active substances and those not contaminated; -
b) determination of the rough irradiation doses recelved by fﬁq,

viectims, proceeding from thelr anamneses and the radiation conditiaé?;
c) determination of the completeness of the decontamination ofg:

clothing, shoes, and medical and household health supplies, the comég e

pleteness with which radiloactive substances have been removed from gi
wounds and burned areas, and the quality of sanltary treatment;

d) monitoring of the irradiation doses recelved by the personnel
of the OPM and the units attached to the statlion in question whiech
work in areas of radloactlve contamination.

In order to execute Lhese tasks thz OPM includes a laboratory .
staffed by slx persons, these being a laboratory director, three com-
bined laboratory workers and dosimetrists, and two combined nurges and
dosimetrists. Dosimetric monitoring occuples two men in the RP of the
OPM and one man lIn the decontaminatlion area. The two nurses carry out
dosimetric monitoring In the operatlng and dressing department (one)
and in the sanitary treatment area of the ODO (one). The laboratory
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chief must monltor the irradiation of the personnel of the units at-
tached to the station. All of the dosimetrists are equipped with B-y-
radlometers. Radiologilcal (radiometric) laboratories for exemining
blological media (blood, urine, feces, sputum) for radioactive sub-
stances are organlzed in the hospltals of the suburban zone, primarily
the SEG and the maln hosplitals. It is wise to have a similar labora=-
tory in the speclallzed hospital for radiation injuriles. In addltion

to tralnlng dosimetrists and laboratory workers in specilal instltutlons

or in groups, it 1s wise to acquaint all medical personnel with the
principles of the dosimetry of lonizing radiations.

Timely detectlon and removal of radloactive substances 1s one im-
portant measure for preventing or reducing the injurious action of
lonizing radiations on man or animals.

The work of the dosimetrists In the RP of the OPM includes deter-
mining the extent to which the vaictims admitted are contaminated (see
the chapter on classification). Two dosimetrists must work in the ODO
of the OPM, one in the area where clothlng ls decontaminated to detera-
mine the completeness of this decontamination and the other (a nurse)
in the sanltary-~treatment area to determine the effectiveness of this
treatment.

The nurse-dosimetrist who works in the operating and dressing di-
vision monitors all wounds and burned areas before surglcal treatment
in order to detect radioactive substances, also performing this func-
tion after the surgical treatment in order to determine the complete-
ness with which the wound or burned area has been decontaminated (the
radioactive substances have been removed).

A second, no less important task of the medical nurse-dosimetrist
in the operating and dressing section of the OPM 1s to detect radioac-
tive substances on instruments, apparatus, other objects, and dressings
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in order to determine the necesslty for and completeness of decontam-
ination. Partial decontaminatlon of the supplies of the larger units
(publlic-health forces, medical squads) is carried out by the personnel
of these squads when they leave the contamlnated reglon. Decontamina-
tion must be performed in gas masks. If measursement establighes that
the medical supplies (stretchers, bags, kits, etc.) are still contam-
inated in excess of the permissible level after partial decontamination,
the unit and 1ts equipment are sent to the decontamination area of the
clean-up and decontamination station or to the 0DO of the OPM for com=
plete decontamination. After the supplles are completely decontaminated
the same is done for the indlividual protection devices and completeh“
sanltary treatment then follows. ‘j o
Decontamination of medical instruments must be carried out in tkﬂ“
operating and dressing section of the OPM or in the operating units "‘1‘:
hosplitals which have been spared. »??
Instruments can be decontaminated by the following method. :@L
The instruments are washed in a hot soda solution in order to pEs
move blood clots (or pua); then in running water, and when no traceaqf
of blood turn up in two or three trays they are carefully scrubbed -
with brushes and gauze or cotton pads to remove mechanically the radioa
active substances. When the instruments are contaminated with radio-
14*), cobalt (co ), strontium (8r89),
etc., 1t 1s wise to fi1ll the trays with dllute solutions of sulfuric

active iron Fe59), cerium (Ce

or nitric acid (for rapld removal of the radloactive contaminants).

After being washed and mechanlcally cleaned the instruments are
subjected to dosimetric monitoring; when there are no radioactive sub-
stances they are sterilized, whlle when such substances remain thay
are returrned to be further washed, the solutions in the trays being
changed. Instruments should be decontaminated only in gloves.
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When dresslngs are to be decontaminated the outer wrapper must be
removed from the bandage, cotton, or gauze, measures being taken to
prevent the radioactive substances on the wrapper from coming into con-
tact wlth the bandage or cotton. The dressing wrappers, as well as
water or solutions in which instruments or wounds and burns were
washed, must ba collected in a speclal vessel and burled at a depth of
no less than 1 m.

Partial decontamination of public-health vehicles ls carrled out
as they leave the contaminated region by automoblle maintenance per-
sonnel. This culminates in mechanlcal removal of vislble particles of
dirt and dust with rages, those portions of the automoblle wlith which
the gservice personnel came into contact most frequently being gone
over two or three times (levers, doors, etc.).

Complete decontamination of public-health vehlcles 1s carried out
at vehicle-decontamlnation stations (or areas). It is accomplished by
washing the vehicle with pressurized streams of water or by mechanlcal
removal of the contaminants (with rags or scrubbers); individual com-
ponents or units must be Qashed in kerosene or benzene and radioactive
dust can be removed (from the hood or cab, for example) with a vacuum
cleaner.

We mentloned above that one of the tasks of the OPM is dosimetric
monitoring of the 1irradlation doses received by the personnel of the
units attached to the statlon. The OPM 1s equipped with a collectlve
dosimeter (a DP-21 or DP-22) for this purpose, This outfit includes
200 1Indilvidual dosimeters and a charge-measuring device.

The laboratory director of the OPM furnishes lndividual dosimeters
to the units which are to work in areas of radlocactive contamination.

It is not necessary to issue an individual dosimeter (Fig. 15) to
each member of a unlt to determine the rough lrradlation dose. If the
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personnel of a unit such as a sanitary brigade work in one area, it is
sufficient to 1lssue individual dosimeters to one or two of the members
of thls brigade. The dose recelved by each man in the briéade can be
evaluated from the dose received by these persons. It 1s necessary to
keep a flle card on the dosimetric monitoring of each unit of the G0
which works 1n an area of radioactive contamination.

The radiologlcal stations have the task of checking the technical
condition of all dosimetric apparatus and eliminating slight technleal
troubles in their operation (including checking the correctness of
readings). The radiological stations must serve as the base for the ..
initial and advanced training of dosimetrists. )

The laboratories of the medical service of the G0 are organized
to examine food products and water to determine whether radioaotive:;
substances are present. Such laboratories may be based primarily on
publlc-health and epidemiologlcal laboratoriles and speclalized insti-
tutes. All personnel of the laboratories and quality-control units of
food plants must be trailned in the selectlon of tests, tranepoptation
of food products, and detection of radloactive substances in such prod-
ucts and in water.

In the laboratorles of the animal- and plant-protectlon service
of the GO examlinationa are made of forage, agricultural products, and
water for indlcatlons of radioactive substances and to determine the
necesslty for and completeness of decontamination. All of these meas-
ures are intended to keep animals or persons from ingesting radioac-
tive substances with thelr food.

A clean-up and decontamination section (for disinfection and de-
gassing) 1s set up in the OPM.

One of the principal tasks of thils section is to decontaminate
clothing and shoes and carry out sanltary treatment of casualties (the
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remainder of the populace and, in certaln cases, persons having mild
injuries can receive sanitary treatment and have thelr clothing and
ghoes decontamlnated at the clean-up stations of the service for sanl-
tary treatment of personsg and decontamination of clothing of the GQ).

Decontamination of clothing and shoes and sanitary treatment of
cagualties at the ODO simultaneously solves the problem of protecting
the personnel of the medlcal departments of the OPM from contamination
with radloactlve subatances.

The admissions personnel of c¢lty hospitals which have been spared
should be prepared to decontaminate clothing and shoes and carry out

the sanitary treatment of casualties. .

When necessary, floors (not rooms) should be set aside in these
hospitais for the decontamination of clothing and shoes. o

In the suburban region decontamination of clothing and shoes ani
sanitary treatment of casualtiles hospitalized there 1s carried out by
the admitting and classifying departments of the SEG's or maln hospl-
tals, The remaining casualties are treated in specialized hoapitals,
where dosimetric monitoring i1s also set up.

It was noted above that radiological laboratories for determining
the content of radloactlive substances in blological media are set up
in the classifying and evacuating hospitals and the méin hospitals.
Testa for analysis may be sent to these laboratories from other subur-
ban hospitals.

When radioactive substances enter the body both the patlent him-
self and his excreta are subjected to dosimetric monitoring. When the
radloactive substances are uniformly distributed throughout the body
the blood is also Investigated during the first few days after contam-
ination. In order to make correct calculations when only small quanti-
tles of radloactive subatances are excreted 1t 1s necessary to take
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into account the background radlation. Background radiation is caused
by the presence of natural radicactive elements and the action of cos-
mic rays. Thus, for example, the natural radiozactivity of the soll is

2.10"8 A1 pp-20

curies/kg, that of river and sea water is 10 curie
per liter, and that of air 10'13 curie/liter. The natural radiocactivity
of a 24-hour urine specimen averages 1000-3000 decays per minute or
0.004-0.0013 pncC.

Dosimetric monitoring is also carried out for the early diagnosis
of and determination of therapeutic measures for wounds and burns con-
taminated with radioactive substances. A.T. Sautin recommends the fol-
lowing method for this purpose:

a) in order to remove the radioactive substances the skin aroﬁnd
the wound or burned area is treated for a radius of 10-15 cm with qot-
ton-gauze pads moistened with water or with a 2-3% solution of citric
acid when the contamination is of conslderable extent. In order to .}
avoid additilonal introduction of radloactive substances into the‘WSﬁﬁd
the cleaning should be carried out from the wound toward the periphéry;”
the liquid not being permitted to flow into the wound.

When the injured or burned area is large (more than 10 X 15 cm in
area) the contamination of the surrounding skin is not reflected in
the results of the dosimetry;

b) in order to determine the total radiocactivity the head of a
probe (sensor) is held at a distance of 1-1.5 cm from the surface of
the wound or burn for 1 minute. The total radioactivity 1s expressed
In decays per minute per cm2 or, in accordance with the radiation from
the wound, in mr/hr;

¢) in order to determine the degree of contamination a pilece of
sterile filter paper 3 X S cm in size (several pileces when the wound
1s of large size) is held against the wound for one minute, the number
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of decays per minute per cm2 in these filter papers then belng deter-
mined with & p-y-radiometer;

d) when deep multiple wounds are present a sterile cotton-gauze
pad 1s introduced into the cavity formed for one minute and then dos-
imetered.

The suthor emphasizes the wisdom of determining the contamination
of wounds and burns during the first 5-8 hours, since the quantity of

radioactive substances l1s gradually reduced by sbsorption. When wounds

and burns are contaminated with radioactive subatances the greatest

tissue radioactivity is found around the injury, while induced radiae,fi

tion produces an identical tissue radioactivity throughout the entire -
body. In order to distinguish superficial contamination with radlocace
tive substances from induced radiation A.I. Sautin reconménds careful
wiping of the area of the skin under investigatlon wlth a ootton-sﬁuﬁ;
pad which is then dosimetered. The pad wlll be uncontaminated if in-

duced radiatlon is present.
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Chapter 6
GENERAL PRINCIPLES OF THE CLASSIFICATION AND
EVACUATION OF RADIATION CASUALTIES

The term medical classification refers to the division of casual-
ties and patients requiring the same therapeutic and evacuation meas-
ures into predetermined groups in accordance with medical lndications
and the amount of aid which can be rendered in the stage of mediecal
evacuatlon in question and in subsequent stages.

The term "classif}cation" and the basic principles of this pro-
cedure were first formulated by N.I. Plrogov. The problem of the medi-
cal classification of casualties and the sick in the theater of mili-
- tary operations was later worked on by V.A. Oppel, N.N. Burdenko, and
a number of)other Soviet sclentists.

In i1ts modern sense the classification of casualties and patients
is the basic condition which ensures execution of a scientifically
grounded system of step-by-~step treatment with evacuation as warranted.
When messlive casualties occur as a result of the use of weapons of
mass inJury medical classification becomes of prime importance in the
general complex of medical care. Rapidly and skillfully conducted
clagsification is obllgatory for the timely rendering of medical aid
and rapld evacuation as warrante?.

Clear and rapid medi-al classification requires a good medical
tralning and the abillity to become famillar rapidly with a large num-
ber of varied casualties. In some cases it 1ls necessary to decide to
which group a8 given casualty (patient) belongs from external signs of

- 153 -




injury and questioning.

The importance of medical classification 1s especially great when
it 1s necessary to reduce the amount of medical ald rendered and post-
pone & number of therapeutlc and prophylactic measures.

Considering what has been sald above, all personnel of the organ=-
izations and institutions of the medical service of the G0 must be in-
structed in the baasic rules for medical classification in the various
stages of evacuation. This does not mean that any definite standard
(formula) must be developed, since medical classification is not a
rigld procedure, its content being completely dependent on the specific
general and medical arrangements which have been made, the amount of
ﬁedical ald to be rendered in the various stages of medical evacuation,
and other conditions.

Medical clsssification must be based principally on dlagnosis and
prognosis, and there 1s consequently no practical necessity for dif-
ferentlating four types of medical classificatlon ~ diaegnostie, prog-
nostic, intrastation, and evacuation-transportation., Two baslc types
of medical classification, intrastation and evacuatlon-transportation,
must consequently be carried out at each medical station.

Intrastation classification determines the order in which patients
g0 to the funotional subdivisions of a given medical gtation, the char-
acter and severity of their injuries being taken into account.

Evacuation-transportation classiflcation determines the hospital

(beyond the station in question) to which the patient will go, during
which stage (I or II), how he will get there (automobile, ship, air-
plane, railroad), and in what position (sitting, lying).
The medical service of the GO has adopted a two-stage system of
medical evacuation.
The organizations and institutions which render first aid and in-
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1tilal medical treatment are the first stage of medical evacuation.

Ingtitutlons where casualtles receive speclalized care and treat-
ment are the second stage of evacuation. .

Durlng the rfirst stage of evacuatlon, l.e., in the focus of injury
itself, first aild 1s rendered to casualtles by the personnel of the
health brigades and other large units and by the nurses of the PSQ.

The goals of the 1nltlal medilcal classification of vietims are to
render them urgently needed medical aid as soon as possible and evacu=
ate them to the nearest treatment statlon rapidly and rationally. In
the focus of mass injury these statlons are most frequently first-aid
stations (OFM) or hospitals which have been spared. ;

In a remote area of the fileld of operations the nurses of the PS&
and the commanders of the publlc-health brigades organize the search
for and removal of casualtles after having become familiar with the
sltuation, render firgt ald, and classify the victims. When these
tasks are done the nurses of the PSG and commanders of the publin-
heal.:. brigades must make sure that the medical personnel first treat-
casualties with arterisl hemorrhaging, penetrating wounds of the ab-
domen, chest, and skull, widespread burns, and symptoms of severe acute
radlation sickness.

After the casualtles recelve first ald they are brought to a tem-
porary station for assembling the victims (VPSP), one or two of these
being set up for each SD in accordance with the apecific sltuation,

(In some cases such stallons need not be set up.)

At the VPSP the nurges of the PSG carefully check the correctness
of the ald rendered, giving orders when necessary or themgelves adjust-
ing the tourniquets, splliuts, and dressings which have been applied;
they also determine the order in which casualties will go to the med-
ical statlon of the OPM and the positions which they will take in the
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vehicles which transport them, the latter depending on the severity
and character of their injuries.

This selectlve approach to and order in the rendering of first
ald is Intended to make such ald timely and to permit the casualties
to be removed from the focus of InJury as rapidly as possible,

The nurses of the PSG 1n the focus of mass InJjury thus supervise
the public-health brigades in their rendering of medical ald to the
vietims and classify the casualtles according to the severity of tpeir'
injuries so as to determine the time and sequence of their removal to
the OPM and other city hospitals. L

Execution of these tasks is one of the decisive factors in sayv :

the lives of the severely injured and in improving the outcome nf tH
treatment of casualties. T

The nurses of the PSG will not be able to locate and separd%b ‘E;
casualties with wounds contaminated by radioactive substances. Whan ;f o

they find a person with symptoms of acute radiation slckness they muat
send him to the OFM or the nearest city hospital on a stretcher.

No other measures are required for this group of persons.

Among the unconsclous victims with traumas and burns may be some
with severe and moderately severe acute radlation sickness. Certaln of
them may exhibit vomiting, dizziness, and other gymptoms of this 1llla
ness. After being given flrst aild for their traumas and burns this
group of persons must be sent to the OPM on stretchers. Intrastation
and evacuation~transportation classification must be carried out at
the OPM.

Intrastation classification at the OPM 1s baslcally executed by !
the admitting and classifylng sectlion., This department is one of the
most lmportant in the station. If the classification of casualties at
the OPM 1is organized and carried out skillfully the victims will re- :
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celve the necessary aid at the proper time and better conditions will
be created for the work of the other departments of the station and
the hogpitals in the second stage.

The basic princlples of the medical classification of casualties
with radiatlion injuries in the PSO of the OFM are: 1) presence or ab-
sence of radiocactlve contamination, this being determined with radiom-
eters in the RP and 2) the severity of the injurles, this being deter-
mined by the clinlcal symptoms, the readings of individual dosimeters,
or the data from the radiation survey, which has established the radia-
tion level in each zone of the focus of inJury.

All of the victims admitted to the RP of the OFM are divided into
two groups:

&) when the level of radloactlve contamination exceeds the per-
mlssible norms the casualtles are sent to the ODO for sanitary treat-
ment and decontaminatilon;

b) casuwalties having a level of radloactive contamination below
the permissible norms or not at all contaminated with radioactive sub-
stances are sent from the RP to the sdmitting and classifying sectilon.

Patlents Iin serlous conditlon requiring immediate surgical aid
are an exceptlon to this rule. These will most frequently be victims
with hemorrhages, shock, severe combined injuriles, burns, and frace-
tures of maJjor bones and persons irradiated in doses of more than 600
roentgens.

Despite radloactive contamlnatlon exceeding the permisslible level
victims in this group must be sent from the RP to the admitting and
classifying department or directly to the operating and dressing sec=-
tion, where they must be subjected to partial sanitary treatment and
decontamination and given immediate medical (surgical) aid in accord-
ance with the indications of contamination. Thelr clothing and shoes
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are sent to the 0ODO.

From the admitting and classifylng section of the OPM victims
with radiation injurles are sent directly to the evacuatlon department
for later evacuatlon to suburban hospitals when they exhibit symptoms
of acute radlation sickness, to the operating and dreasing department
when vital lndicatlions show them to require operative intervention and
dresslngs, and to the antlshock ward when they are in a state of shock.

Victims exhilblting marked early symptoms of acute radiation sicke
ness must be included among the seriously injured.

Clinical examination of radiation casualties 1s not possible at
the OPM. In order to solve the problems of evacuation-transportation
classlification 1t i1s necessary to take Into account the victim's gen-
eral condition, the presence and severlty of symptoms of acute radla=-
tlon sickness, the time of thelr appearance, the lrradiation time, and
the approximate ilrradlation dose recelved.

Cagualties who received an approximate irradiation dose of 100 to
200 r and exhibilt symptoms of the mild form of acute radlation sickness
do not require immedlate medical ald and can be evacuated from the OPM
to the suburban hospitals in the second stage. This group of vietims
can be evacuated in sitting position, by sutomobile or other means of
transportation.

In working in the OPM it must be understood that mild symptoms of
radiation sickness during the first and second periods can later lead
to severe affections with unfavorable outcomes.

When combined injuries which include radiation affections are
present, classification at the OPM 1s based on the victim's condition,
the prevalence of a given type of injury being taken into account.

When the estimated irradiation dose 18 200 r or more and symptoms
of acute radlatlon sickness are marked the victim 1s sent from the OPM
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to a suburban hospital. As a rule, these are litter patlents. Untrans-
portable radiatlon casualtles, 1ncluding those with combined injuriles,
are kept at the OPM and can be evacuated to the nearest c¢city hospltal
on stretchers.

It 1s important to note that viectims with open wounds and burns
must be gsubjected to careful dosimetric monitoring in the operating
and dressing department in order to determine whether radiocactive sub-
stances are present in the wounds or burned areas, a lookout also belng
kept for debris, which produces a conslderable radiatlon level.

It is known that the presence of radloactive substances in &
wound or on a burned area is a great danger to the vietim's life; re-
moval of the radioactive gubstances from the weund or bhurned areg and
extraction of radiocactive debris are extremely necessary and must be
conducted as soon as posslble at the OPX.

A 00 medical card must be filled out for each vietim in the ad-
mitting and classifying section of the OPM (see Fig. 17).

In addition to the ldentlification section, the card notes the
character of the injury, lts localizatlon, the dlagnosls, and the
basic therapeutic and prophylactic measures taken,

The G0 medical card i1s filled out at the OPM or one of the other
units or hospilitals of the first stage and must accompany the vietim
until he recovers or dles. The cards come with strips of four differa
ent colors: black lndicates that the vietim must be lsolated, red that
he requires immediate medical ald, yellow that he has been injured Ly
chemlcal warfare agents, and blue that his wounds are contaminated
with radiocactive substances. If the victim requires Iimmediate medical
ald all the strips are torn off except the red one. When radloactive
substances are detected on his clothing or shoes, in his wounds, or on
his skin or burns only the blue strip 13 retained.
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After the vlictim has received sanitary treatment, his clothing
and shoes have been changed or decontaminated, and the rqdioactive
subgtances have been removed from his wounds or burns the blue strip
is torn off.

The cards are supplied in pads of 100,

The medical recorder slmultaneously fills out the G0 medical card
and its stub (see 1llustration below). The card 1s torn off and sent
with the victim, whlle the stub is kept in the admitting-classifying
or evacuation department of the OFM or is retained by the clty hospital
and serves as the basic document on which medical reports are written.
When treatment ls complete the stub of the G0 card must be sent to the
administration of the classifilcatlon and evacuation base which directs
the work of the OPM in question.

The reverse slde of the card 1s used for specilal notes by the doc-
tors of the medical divisions of the OPM or the city hospltals. Here
the physiclan can indicate facts to which the personnel of the medlcal
brigade must pay special attention, the care which the patient should
have en route, and other important informatilon.

On the reverse glde of the card is a place for recording the suca
cessive gtages of medilcal evacuation. The medlcal personnel attending
the victims can make notes here when necessary. Speclal notes may be
written on the reverse slde of the stub by the medical personnel of
the admitting and classifying department of the OPM or of whichever
hogpital filled out the card.

Evacuatlon-transportation classiflcation 1ls carriled out by the
evacuation division of the station. In addition, problems of evacus=-
tion-transportation classification can be resolved in the operating-
dressing and admitting-classifying departments of the station, 1.e.,
in those sections where the victim recelves medical aid or 1s dlagnosed.

i s o



In conductlng evacuatlion-transportation clagsification at the OPM
the victims must be divided into three groups: those wilth mild injuries,
those transportable casualties wilth moderately severe injuries, and un-
transportable patlents with severe lnjJuries. Persons in the first group
can be sent to hospitals for the slightly injured by vehilcular trans-
port or on foot, whlle those in the second group are sent by vehilcular
transport through the medlcal asslgnment post to the SEG or_main hog-
pltals. Untransportable patients must be evacuated on stretchers to
the nearest clty hospital which was spared. Depending on conditions,
hospitalization and treatment of untransportable casualties can be ora
ganized in spared bulldings near the OPM. Untransportable casualtiea
cannot be permitted to acocumulate in the OPM, since thls can consider-
ably hinder its work.

In evacuating casualties from the OPM the character and severity
of thelr injuries must be taken into account. Persons exhibiting symp-
toms of radlation injury alone or In combination with other traumas
and burns must be moved in individual automobiles as far as poasible,
Thils enables them to reach the speclalized hospitals most rapidly and
facllitates the work of the MRP.

The above-described principles of the classification of victims
with radlation injurles are observed in the hospiltals of the bombed
clty.

However, the classification principles used in these hospltals
may differ from those employed in the OPM. Let us first point out that
spared clty hospitals may handle different volumes of medical care.
This might apply to institutions which deal only in the surgical treat-
ment of wounds, lmmobilizatlion, and dreessing, while others may render
speclalized medlcal aid, including gross operations and the hospital-
lzation and treatment of certain types of casualties.
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In contrast to the OPM, the indications for evacuation to the sub-
urban zone may be conslderably narrower here, especlally during the
initlal period. In this case the city hogpltals must considerably ex-
pand the volume of medical care which they render, taking all measures
necessary to ensure hospitalizatlon of the maxlmur number of casual-

tles, since evacuatlion during the postoperative period 1s extremely

Having completed his job in the focus of mass injury, the chlef
of the firast-ald statlon supervises the preparing of medical reports

(see 1llustration) on the movement of casualtles over a definite period
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The medical classiflcatlon of radlation casualties durlng the
second stage 1ls conducted principally in the classification and evacua-
tion hospitals and main hospltals and has the following purposes:

a) to locate individuals inJured by incorporated radiocactive sub-
stances and take measures for treating them rationally;

b) to find persons with symptoms of acute radlation sickness so
that they may be hospltallzed and treated in specilalized institutions;

¢) to find persons whose clothing or shoes are contaminated with
radloactlive substances so that they may undergo speclal sanitary treat-
ment and decontamlnation;

d) to find persons whose wounds or burns contain radioactiveﬁéﬁb-
stances and take lmmediate measures to remove them. L

In order to achieve these goals the SEG and main hospitals musﬁi
have radiometric apparatus, including equipment for detecting radicas- _

tive substances in blological medlas, areas for decontaminating cloth-

ing and shoes, separate operating and dressing units, and personnel
with instruments for treating wounds and burns contamlnated with radiOnﬂ
actlve substances and for extracting radloactive fragments. -
In the admitting and classifying sections of the SEG and main hos-
pltals patients may be divided Into those whose skln, c¢lothing, or

shoes are contaminated with radiocactive substances and must be sub-

H 1
3

Jected to sanitary treatment and decontamination and those transport-
able casualties wilth incorporated radloactive substances or symptoms
of a glven form of radiatlon sickness. Thls latter group 1s sent to
the hospitals for radiation injuries; untransportable casualties or N
those 1n need of immedlate medical aid, including those with combined
injuries, are hospitallzed and treated on the spot.

It may be seen from thils scheme for the evacuatlon of casualties
that those with mild injurles are separated at the OPM and surviving
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clty hospltals. A large role in the correct assignment of casualties
to hospitals 1s played by the medical assignment stations (MRP) set up
on the main highways leading from the city. Traffic from the clty car-
rying casualties or groups of walking wounded with mild acute radia-
tion sickness can be separated at the MRP and directed to the hospl-
tals for the slightly Injured for treatment and observation.

When injurles are comblned wlth acute radiation sickness the vica-
tims ocan be sent to hospltals equipped to handle cases of the type
corresponding to the injury most dangerous tc the organism.

It 18 convenlent to differentiate the casualties in hospitals for
radiation injuries into the following groups:

a) persons with incorporated radioactive substances requiring sys-
tematic observation and speclally trained personnel for thelr care;

b) persons with a given form of acute radiation sickmess;

¢) persons with combined injuries (radiation sickness and wounds,
burns, fractures, etc.).

Congidering that these hospitals must ac¢cept casualties with com-
bined injurlez, they must have operating and dressing units and wards
for casualties with anaerobic infections.

Victims who have been lrradlated in doses of 200-300 r or more
may later be sent to these hospltals from burn, traumatologlcal, and
other specilalized hospitals before the third period of acute radilation
slckness sets in; at this time the traumas and burns are not dan-
gerous to the organism.

We should note certain problems in the evacuation of patients
with radiation sickness. Medlcal evacuation is that complex of meas-
ures intended to remove wound cases and patlents in need of treatment
from the focus of injury by transporting them to hospitals.

The system for evacuating casualties used by the medlcal service
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of the GO 1s based on the princlple of "evacuation by destination”
which has proved completely Jjustified as used in the military medical
service of the Soviet Army. '

In essence this principle means that after the casualty is given
flrst ald and classified during the first stage of medical evacuation
he 1s sent to a specialized suburban hospital.

Speclal hospitals where the necessary personnel, equipment, and
medlcine can be concentrated must be set up for radilation injurles.

This principle can and must be employed by the medical service of
the G0, consldering the pecullarities of 1ts work.

The following must be consldered pecullarities of the medical
evacuation practiced by the GQ0:

a) the relatively short routes for evacuating casualties, averag-
ing 100-200 km, the routes under fleld condltlons reaching several
thousand kilometers;

b) the hospltals used for treating casualties in the medical ser-
vice of the G0 are usually fixed, while under fleld condltlons they
are moblle,

While military evacuation usually involvas males aged 18-50 years,
the medical service of the G0 must evacuate casualtles which may in-
clude a conslderable number of wzmen, children, and elderly persons.

In carrying out thils two-stage principle of treatment and evacua«
tion by destination, the medical service of the G0 must ensure that
victims with radiation injuries reach gpecialized hoapitals as rapidly
as possible.

One of the pecullarities of the evacuatlion of casualties with
radlation injuries 1is thelr relatively good condition during the first
and second perilods of acute radlatlon sickness when they have received
comparatively small irradiation doses (200-300 r).
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The transportation of radiation-sickness patlents affects the
course of their 1llness unfavorably and this group of pa;ients should
consequently be evacuated during the first and second periods so that
they are in the specialized hospitals when the third perlod of thelr
1llness begins.

In addition, 1t is well known that certailn of these victims go
into serious condition during the third period,-an unfavorable outcome
frequently occurring. Physical stress after irradlation aggravates the
courgse of radlation sickness, shortens the second period, and makes
the outeome of the i1llness worse. It 1s consequently necessary to set
up transportation for such casualtles at the OPM when they are classi-
fled.

In resolving questions of evacuatlon-transportation classifica-
tion, physicians should not proceed merely from the viectim's opinion
of his own condition, but be gulded by the estimated absorbved dose and
the character and severity of the symptoms of acute radiation sickness;
he should declde the time and place of evacuation, the type of trans-
portation to be used, and the patlent's condition. If casualties with
radlation sickness are to be evacuated during cold weather, all neceg=~
sary measures must be taken to prevent chilling; the vehlcles and evac-
uatlon stations must be furnished with winter blankets, heaters, hot
drinks, etc,

The basic principles of medical classification and evacuation
given above apply only to atomic (traumatological) focl of injury. The
medical classification and evacuatlon of cssualtles in bacteriological

or chemical focl of injury have thelr own pecullarities,
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