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FOREWORD

This publication was prepared under contract for the
Jeint Publications Ressarch Service as a translstien
or fereign-language research service to the various

federal government departments,

The gontents of this material in no way represest the
policies, views or attitudes of the U, S, Government
or of the parties to any distribution arrangement,

PROCUREMENT OF JPRS REPORTS

All JPRS reports may be ordered from the Office of Technical

Services, Reports published prior to 1 February 1963 can be provided,

for the most part, only in photocapy (xerox), Those published after
1 February 1965 will be provided im printsd form,

Detajls on special subscription arrangements for JPRS social
science reports will be provided upon request,

No cumulative subject index or catalog of all JPRS reports
has been compiled,

All JPRS reports are listed in the Monthly Catslog of U, S

W%, available on subscription at 34,30 per year
. oreign), including an snnual index, from the Superintendent
of Documents, U, S. Government Printing Office, Washington 25, D, C,

All JPRS scientific and technical reports are cataloged and
subject-indexed in Tgchnical Translgtions, published semimonthly by
the Office of Technical Services, and also svailable on sbuscription
($12,00 per year domestic, $16,00 foreign) from the Superintendent
of Documents, Sewiannual indexes to Tgchnical Translations are
available at additional cost,
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Radiation Genetios

Radiatien genetiocs is a solence whioch studies the
rules and regulations of the effect ef radiation (ionise
Aing radiation, ultraviolet rays and others) en the heredity
of man, animals, plants, miorcergenisms and viruses. The
origin of radiation genetiocs is associated with the publi-
cation of work by R. A. Madson and G. S. Pilippov (1923),
who showed that ioniszing radiations are the causes of muta-
tions in fungi as well &s with the publiocation of results
of He Jo Nuller's studies (1927) on drosophila and studies
of L. Stadler (1928) en corn. '

In conngotiom with the extensive utilization of
atomio energy in humen life and perticularly in cenjunetien
with the study of space, in which the cosmonaut and living
organisms assoclated with him are subjected to the effect
of ocosmic rays, problemns of radiation genetiocs have aoquire
ed partioularly great ourrent importance, and radiation
gonetics has been converted into a rapidly developing
branch of science. Studies on radiation genetios have been
developed both abroad and in the Soviet Union. Problems of
radiation genetios are being successfully solved in the
USSR in the laboratories of Radiation Genetics of ths In~
stitute of Blophysics of the Academy of Sciences U3ISR, the
Instituts ¢f Cytology and Genetics of the Sibsrian Depart-
ment of the Academy of Sociences USSR, in the Radiobiology
Dapartment of the Institute of Atomic Rnergy imeni I. V.
Kurchatov, in the laboratory of Radiation Genetios of the
Institute of Experimental Pathology and Therapy of the
Academy of Nediocal Sciences USSR, and in the Institute of
Radiation and Physico~Chemiocal Biology of the Academy of
Soiences USSR. T

Abroad, detailed studies are being conducted at th
Oak Ridge Atomio Center, the laboratories of the University

of Illinois and Columbia University in the United States, at

the Harwell Atomic Center in Great Britain, and in the Cana-
dian Atomioc Center (Chalk River “imited), the Radiobiology
laboratories of the Atomic Energy Commission of France,
University of lund (Holland) ‘[there is a University of ley-
den in Holland and a University of lund in Sweden, but
apparently there is no University of lund in Helland)], and
in the Laboratory of Genetics of the Institute of COrops in
Hathersleben (GDR) and others. '
"The main problems of radiation genetics are the
following: 1) evaluation of the genetic effect caused by
iﬁporoalo in the radiation background in man's environment
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land the oreation of effective measures for protacting hum;;i
heredity against the injurious effect of radiation; 2) eval=~
uation and prevention of the genetic elfects of cosmic rad-
iation; 3) the development of new methods of controlling

the heredity of plants, animals, mioroorganisms and viruses
for the creation of the necessary forms for man; &) deter-
mination of the nature and magnitude of the genetic effect
of radiation on all organic forms on the sarth with the aim
of controlling evolutionary provesses of the entire bio-
sphere in the event of an inorease in the radiation back-
ground.

‘The effect of radiation on heredity is realized
througn the interaction of radiation energy with the matter
making up the hereditary structures, This interacticn is
realized against the background of all metabolic processes
sarrisd out in the ocell., The main hereditary structures ol
the ¢ell are the chromosomes, which are in ths scelil nucleus,
Heredity is recorded in the form of genetic information in
molecules of deoxyribonucleic acid (g.v.) (DNA), whioh arec
inoluded in the ochromosomes together with protein. The body
of each chromosome 18 differentiated along its length into
separata specific loci, which iiave been given the name of
genes. According to current concepts, the specificity of
sach of the genes is conditioned by the interrelationship
of four nitrogen bases~=thymine, guanine, cytoesine and
adenine, which are included in the DNA molecules, Therafors,
in a chemical respect change in the hereditary struocturas
under the influence of radiation, primerily is associated
with the effect of radiation energy on the molecular struc-
ture of DNA.

The main categories of genetic effects of radieation
are genic mutations, structural rearrangements of the loci,
chromosomal rearrangements and nondisjunction of chromosomes,
Genic wmutations are associated with a change in the chemical
structure in a microsection of the chromosome. Stiructural
rearrangements in the chromosome locus are often abous the
size of several genes. Therefore, it is frequentl - ' impos~-
slible in practice to distinguish genic mutations from
structural micromutat.ons, and they are combined under the
term "point mutations."” Chromosome breaks and the forma=~
tion of free fragments precede the occurrence . chromosomsa
rearrangements, In the event of a combination of the frag-~
ments in the original order a recovery of the old structures
occurs. In the case of recombination of fragments formed
from the breaks new combinations of gene (fragment) secticns
ocour in the form of chromosomal rearrangsments. In the J
event of a disorder of meiosis (q.v.) nondisjunsction of pairﬂd
Tarers e
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l?;auolocoun) chromozames is observed, in whieh 1ndividu.1:T
ooour with extra or insufficient numbers of individual
ohromosomes. In man the number of chromosemes is equal te
46; nondisjunotion leads to the birsh ef ohildren with 47,
b5 or other numbers of chromosoues. All these mutatienal
changes in hereditary struotures in sman lead te disorders of
developmental processes manifested in the form eof different
pathological processes. These pathological processes, trans-
mitted to subsequent generations through sex cells ocarrying
abnormalities in the chromosome structure, are called
Yhereditary diveases." If individuals contain mutations in
one of the paired homoloegous chromoswmes and thogoby shew
sabnormai characters, these mutations are ocalled “deminant."”
If the hetsroesygote does not show mutational oharacters, the
mutation is called "recessive” (see mutation). In man szex
is determined by the existence of a pair of partioculer, so-
callied sex chromosomesi: ==XX~=the female set of sex chremosomes
and XY,the malo set (see Sex). The other OLIemescuNes are
called "autosomes." The nature of inheritance of charaoters
conditioned by genes of the sex chromosomes and genes of the
autosomes ia different. Therefore, both an inhexritance eof
- sex=linked charsacters and inheritanos of the autosomal sype
ococurs, An snalysis of hereditary structures is largely
accomplished by cemprehensive study of the course of in~
haritance of characters from generation to generation and
by following the ohsrnges in the chromesome structures by
means of cytologic methods. Comprehensive analysis consti-
tutea the basis of cytogenstics, a science which ineludes
methods of cytology and genetics. Radiation causes a multi-
tude of hereditary abnormalities when embryonic cells of
organisms are irradiatad., The use of radiatienm for the
selection of mioroorganisms and plants is based on this.
This new appliocation of radiation has besn given the name
. of "radiation selection.”
. The capaocity of changing the heredity of organisms
is primarily characteristic of penetrating radistion with
high energy (corpuscular and electromagnetic). Low=senergy
photon radiation (ultraviolet rays, visible light), in tke
event of their penetration into the cell, alse causes oyto-
enetioc changes in it. The energy of ionlsing radiation
see alpha=rays, beta~rays, gamma~rays, ionising radiation,
‘neutron radiation, x-rays), when absorbed by atoms and mole~
cules of matter, cause ionization and exoitation of tlhem.
Ultraviolet rays and visible light are absorbed by cell
substanceg differently, depending on their melecular con-
iguration, and produce signs of exolitaticn in them.
The maia problem of radiatien genetlos is a study og_J
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Kne ertect of ienising radistie.. on Buman heredity. lhl.t:1
ous studies in the rield, of radiatien genetics can be di-
vided inte several trends: 1) the study of the primary
mechanisms of the aotion of radiation en heredity and study
of problems of protsoting heredity against the injurlous
offect of radiatien; 2) ssudy of the rules and regulatiene
of occurrence of mutations under the influence of ionicing
radiatien, ultraviolet rays and visible light; 3) preblems
of radiation genetics eof mammals and wman; %) problems of
genetiocs and oytelogy ef cancer and leukeses caused by ir~
radiation; 5) problems of radiation seleotion of miocro-
organisms, plants and animals; 6) problems of aspace genatics,

The main agenoy for studying the primary mechanisms
of the aotion of radiation on heredity is an analysis of the .
interaction of radiation energy with molecules of matter.

On the cell level this interaction ocours chiefly in the
nuclear supramolecular structures in the form of nuclee-
proteins of the ohromosomes, consisting of DNA, proteins
and oytoplasmio matter (different organic compaunds, water
and others). General processes of metaboiism, on the back-
ground of wvhich the effect oi ionizing radliation on the
chromosomes of the oell nucleus is realized, are involved
in this interaction. The effect of radiation on virus
particles is associated with the abserption of the energy
of ionirzing radiantion by nucleic acids «nd proteins, Om
the molecular level, primarily, a stwiy is made of the
effect of radiation on DNA, isolated from ths cell chrome-
somes oy wvirus partioles.

In first place in the analysis of the primary mesh-
anisms of action of radimtion ¢m heredity is the preblem of
the direct and indirect effects of radiation on DNA, the
molecules of which constitute the basis of the genetic
matsrial in the ohromosomes and in the bedies of the majore
ity of viruses, Ionizing rediation, penstrating iato the
vell, can directly icanize molecules of nucleic aoids (tho
direct effact of radiation) or, oy producing radiclysis of
water in the cell, can lead to the appearanca of free radi-
cals (see Jonixing Radiation), whioch, on reaching the chromo-
somes, involve thoe nucleloc acids comtained in them (indirect
effect). With the direct sotion of iomixing radiation on
the chromasome there are two possibilities: 1, <the anergy
quantum is absorbsd lecally within the LKA moleculs. Ion-
ization of the molaouls leads to the osccurrence of radia-
ticn=chemical processes in the chromosome (a bresk in poly-
nucteatide ohalins, the interaction of DNA redicals with

xygen and othcrai, whish sventuate in the occurrence of geni
;&ﬁations. which are per manent ohemiocal changes at various |
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rI;ci of the chromosome, ox in %Xe occourrence of chronolen:y

bresks leading to the appearance of fragments. The latter,
combining in new interrelationships, give rise to chremo-
somal rearrangements, 2. The radiation onergy juantum,
initizlly absorbed locally within the DNA moleculs, does
not injure the locus but migrates, reacshes a "weak' point
and causes a local injury there in the form of a genic mnw
tation or ochromosome break.

With the indirect aotion of ionizing radiation the
enexrgy quantum is absorbed in the cell by moleoules of the
wedlium surrounding the chromosome, and, primarily, by water
moleculer. Radiolysis of water leads to the appearanocs of
free radicals (OH, H, HO2) whioh, after resaching the ohromo~
semes, causs chemical ochanges in them. In experiments with
living cells as well as with solutions of IRA it has been
shown that the DNA moleoules are injured bouth by the dirset
and indirect effects of radiation. As far as the genetic
material in the chromoscmes is concerned, it is injured
chiefly by the direct effeoct of radiation. It has been
shown that the number o¢f genic mutations and chromosomal re-
arrangemsnts after irradiation with ths same dose incremses
with increase in the linear ionizatien density.

The radiogenetio effect is wmodified diffserently by
changing the conditions before irradiation, during it, and
after irradiatiocn in varlous cuses. Such factors as the
effect of oxygen, the combined action of ionizing radiation
with ultravioclet and infrared rays, the introduction of wvare
icus chemical ocompounds intao ths cell, the physiologiocal
state of the cell, the stage of the cell oycle, stc., are
most important.

With increase in the linear icnization density there
is a reduction in the roelaticnship between the genetic ef-
fect and the modifying factors.

Underlying the chemiocal protection of heredity against
the action of radiation are the following main protective
mechanisms: a) the migration of energy from the injured
chrom¢sone moleculss to molecules of protective agents in-
troduced into the cell, which form complezss with the sub=
stances in the chromosome (this is the basic mechanism of
protection against the direct aotisn of radiation); b} the
removal of cxygen from the cell (hypoxia), which proteots
against both the direct and indirect effeots of radiation;
¢) the ocapture of free radicals, formed during water radie-
lysis by the moleculss of proteoctive agents (this is the
basioc mechanism of protection against the indirect effect
0f radiation). Chemical protection egeinst radiation with a
Pigh linear ionizatlion density has been little studied. Fop
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E;; analysis of the primary mechanisms of the action of rtd:]
iation and probleoms of protection agents with a universal
action are of interest. Thus, for example, streptomycin, by
forming complexones with DNA, proteots the herseditary struce-
tures against the aoction of gamma~-rays, alpha particles,and
ultraviolet light. A% the same time, possessing the power
of protecting against ocombined effects, streptomycin is an
antimutagen, which protects the bedy against the cccurrence
¢f a natural mutational process. The latter is of essential
importance. Ths natural mutational proocess is complex and
complicated. It ocours under the influsnce of a natural
radiation background as a resuit of matabolic disorders, ;
temperature changes, and sthers. Therefere, protectian h
against it is more complicatsd than pretestion sgainst in-
dividual mutagenic factors. In man, the natural mutaticnal
process is the prime ocause of occurrence of a large number
of hereditary diseases, Streptomycin constitutes an example
of a new class of asubstances possessing antimutagenic pro=-
perties, The problem of therapy and prophylaxis of injur=
ies to suoh a complicated phenomenocn as heredity, where
"treatment" is accomplished on the molscular level, is

given a rational basis and broad prospects beocause of thase
discoveries. Working out the problem of antimutagens as-

sumes primary importance for the protection of human here=
d.itye

The genetic effect of ultraviolet rays is primarily
associated with the absorption of waves at a wavelength of
2650 A by deoxyribonucleio acid in the chromosomes. The e€fw=
fect of these rays on heredity possesses a numbexr of speci~
fio characteristics by comparison with the action of ion=- ‘
izing radiation. Of great interest is the photoreactivation ’
phencmenon, which oconsists ¢f the fact that visible 1light
{wavelength of 4360 A and others), acting on the cell after
irradiation with ultraviolet light, protects the chromosomnes
agelnst injury. The effect of visible light on heredity is
assoclated with the occurrence of & photodynamic process in
the cell, whioch constitutes the phencmenon of photo=oxida«
tions >
Quantitative analysis of the frequency of point
mutations and chromosomal rearrangemonts has shown that
variouy types of mutations are differently related to the »
dose of ioniring radiations For point mutations an expo=
nential relationship to the radiation dose has been estab~
lished. This speaks fer a straight-line rslationship ba-
tweoen the number of mutations and the dose, Chromesomse
breaks also ocour in a straight-line relationship te the dos‘.

- -
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r\;nch requires the presence of two independent chremoseme ‘1
breaks in the nucleus, inereases in prepersion to the squar
of the dose., The distance between the braaks entering inse
the interchange does net excned ome mieron. 7The offees of
the intensity of the dose for ohromessmal rearrangsaents is
dependent on two separate breaks. In She case of a single
irradiatien there are maximally favorable senditions for
the recombination of chromesemal tnrmn eoourring simul-
tansously., In the case of fractienaled irrediatien eor in
the ocase of chronioc irradiatien with a lov dose rete, oc-
ourring at different times, there are greater probabilities
for recombination in She previous epder. RBztrapolation of
experimental data on the straight-lime relationship to the
dose is evidence of the absence eof a threshheld dose for
point mutations. Therefere, after prelenged irradiation
with any law desas thava must he s cummlative effect. There
are indications that after prolonged irradiatien with a low
dose rate repair of z dersain number of rediation poiit mu-~
tations occurs; however, the possibility has not been ex=
cluded that in this case. also part of the point mutations
"is assoclated with ichromesemal rearrangements.

Previously, the main objeots of experiments on
radiation genetios were mice. General problems of radia-
tion genetics were studied on the most varied forms of vir~
uses, baoteria, protssoans, plants and animals. TFor the
purpose of modelling the radiegenetioc effects suspeoted in
man studies of monkeys ‘(Macaca mulatta) were of great im-
portance., They were begun in the lLaboeratery of Radiation
Genetics of the Institute of Biophysios of the Academy of
Soiences USSR, and then were conducted in the laberatory of.
Radiation Genetios of the Institute of Experimental Pathology
and Therapy of the Academy of MNediocal Sciences USSR, In the
state of Oregen in the United States in 1961 a .
broamroruo institute was oreated fer the study of <
heredity.in monkeys; inoluding the study of preblems of
radiation genetios. Studies of Soviet scientists have made
it necessary to revise the quantitative estimate of the ef-
fect of lonising radiation om human heredisy. Previeusly,
these caloulations were based on the data eof genetic radio-
sensitivity of mice. However, in monkeys genetic radie~
sensitivity has proved te be twe times greater than in mice.
Por the purpose c¢f a quantitative estimation of the effect
"of radiation on human heredity it is essential to know -the
conseguences of natural mutation and ocempare the additional
offect caused by the influence of ienising radiation with
them. Materisl collected in Denmark, United States and
s_!nclmd attest to the faoct that about feur percens of ohi n

(6 e v m——— ——— e R
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r;otn are affected by hereditary diseases as the resuit eof —!
the manifestation of mutations arising under the influence
of the natural backgreund of ionisging rediation, chemiocal
and other mutagenic faoters., Yor man the dose of ionising
rediation accumilated in the genads over a {omnt‘ton (30
yoars) amounts to about 3 reds. Comparing the rete of
natural mutations im man wvith the number of mutations ocsour=-
ring in monkeys after a dose of lonising radiation of 1r,

At was shown that the magnitude of the dose which doubles
the rate of natural mutations in man amounts te about 10»x.
In 1938, at the suggesation of the Soviet delegation, this
figure was accepted as the possible onme by the Scientific
Oommittes of Atomic Radiation of the United Nations. Rxper-
iments with the eifect of radiaticn on chrgmesemes in human
cells under conditions of tissue cultures (G.v.) also aut=
test to the fact that the dose of about 10r doubles the
natural mutation rate in man. -

Of the fission products appearing as the result of
nuclear .xplonigPI. of the greateat rtance to man uh
cesium=137 (0s137), strentium=-90 (Sr90) and carboa-1k (C*7),
The first two isotopes, formed in the fisslien process, have
halfelives of 30 years. ' Injuries te huﬁ embryenic calls
are caused primarily by the actien of 0sl57, whioh is uni~
formly dt”ribuud throughsut the body and emits gamsua~
rayse Sr7V is deposited in the bones, emits beta-partiocles,
the pathways of whioh are mpasured in miliimeters in tie
benes, The entrancs of 3r7° iato the body may be the cause
of develepment of osteesarcema: and leukoses of radiation
origin,

- Tor an analysis of the effect of an increased radia-
tion background on human heredity a study of hereditary
changes, which, coourring under the influence of radiation,
are not manifested immediately in the ohildren of the first
generation, will be of special impertance. Among these
changes are the following: a) dominant visible mutations
(achondroplasia, retinoblastoma, neurofibromatosis, Xline~
felter's syndrome, Down's syndrome (mongelism) and others;
b) recessive visible mutations, sex-linked (hemophilia,
some forms of musoular dystrophy and others); o) deminant
lethal mutations, both sutosomal and sex-linked, as well as
lethal recessive mutatiocons which are sex=linked., Of special
interest for objsotive and precise recording of the effect
of additional artificial radiation on human heredity is a
record of the cases of dizease caused by disorders in the
set and structure of human chromosomes. Among these dissasse

|are Klinefelter's syndrome, the XXX syndrome ?triplo-x). I
L’Nrnor'l syndrome (the Shereshevskiy~Turner=Bonnevie=-Ulrich—

- 8 —
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[syndrome), Down's syndreme, and Sturge<Veber's syndreme, ‘] ;
Ths frequemoy with which thess diseases ecceur is cempars-

tively high. Thus, Dewa's ayndreme 48 mpnifested, on the
uv.:.z,. £ cuo nevvorn sut o€ 650% m.-.;.a.:!: and
Turaer's omes tegother eoour with the same frequendy.

In the 058 of a doubling in the awilber of mutatiens
under the influence of readiatieon (by cemparisen With Weir
natural sa¥s) the st of aF mately 50,000 children
who have from birth suffered frem the offests of ths in-
oreased radiatisn backgreund eam give statistsieally sipgni-
ficant data,

Mutations in sematio cells, whioh eoeur in embryes
or adults after injury to preliferating tissues, ceastitute
a Geparate categery. Among Shese changes are leukeses and !
othatT cases of malignant growlh, partial sjbiniim, ehanges ~
in 68 S6iaT o & part of (e iris, and sShers. In suné
cases, leykoses and malignant grewsh are asseciated wish
definite ohromosomal ochanges,. I% has been showa $hat in
people siock with shrenic myelegenous leukemia one ef the
chromosomes in the 2let pailr is shortened because of daw
struction of a pertion of the genetic material in the long
arm of this chromosoms.

The problem of canocer and leukoses of radiation
origin is of definite importance, beeauss these diseases
are caused by injury to heredisary cell siruotures. There-
fore, they ocoour after the effect of lew doses of radiation,
whose effeots ascoumulate coumpletely or to a certain degree
after ohrenio irradiatien., 7The dese of ioniaing radiation
of 35=50r doubles the rate of ococurrence e¢f leukoses vhen
the bulk of the bone marrew is irradiated. Is this oon-
neotion, irradiation of ochildren is partiounlarly dangercus.

Thus, & diagnostic stSudy in pr oy ahaws a statissically
appreciable inorease in the nu:g::.of oases of leukoses in

the offspring. The great duration eof the laseat period in

the oocurrence of malignant grewth after irradiation shows

that changes in the hereditary system of the oell leading

to mslignanoy are not direotly asseciated with the ocsocure

rence of various mutations. The carcinogenic effeot of

radiation is the impetus for the genetic evelutien of tis-

sues, leading to malignant grewth. The sequelas of the

stomic bomdb explosions in Hireshima and Nagasaki with re-~

spsot to the oocurrence of radiation leukoses and cancer are
beginning t¢ be expressed only nov, It has been determined
that the number of cases of leukosis and she ocoourrence of
other malignant tumors are appreciably greatsr among people
who have been subjected to Arradiation frem these o:pltlionu'
A special analysis of the remote effeocts in mioce exposed ta.

-




o offeet of radiation frem ‘ho‘ saparimental explosien ot‘*
aten besb alse shewed the geeurrensd of leukeses and other
malignant tumers in $he animhis. AfSesr the cotien of neu=
Srons these diseases eecurred Mere often Shan usder the in-
Tluence of gemma-radiatioen. : '

The sberilising effect of radiasion en human and mem-
malian gowads i asseciated with a differentiated iInflu-
onocs en varieus Sypes of onic oells. Ia menkeys and
miee it has doeen wm Shat sest radie<sonsisive are the
type B spermategenia; ufter thom ceme the Sype A sperwate-
gonia and, finally, the spemmatecytss. Afser irradietiem in
doses which kill the type B spermategenia but are met lethal
for type A spersmstegenia a characteristic picture of Semper-~
ary sterilisy ocesurs. In this sase, a odrsain time after
the perisd af cemmlate stepility emnsed by dsath of the Righly
radiosensitivs typs B sperwatogonia, the ocapeciiy ef muisi-~
plication 1is regained at about the time of maturation of the
surviving type A spermategenmia. OCemplete sterility frem
which there is no recevery essours after deses whioh kill all
the types of spermatogenia. In man irradiation of the Sesti-~
cles with a dose of 250r causes temperary sserility, frem
whioh there is recevery after 12 weaths. After loocal irradia-
tion of the gonads complete sterility in man is saused by She
action of radiation in a dose of 3500-600r.

Studies on the radiation genetios of bacteria, viruses,
antibietic preducers, mediocinal plants and some ether organ-.
isms are essential for medioine. At the present time, ail
the strains, whlch are industrial anvibietic producers in
the medical industry of she USSR and the entirs werld«=pro=-
duoers of peniocillin, streptemycin, aureemyoin and terra=~
myoin-=have been obtained by means of radiation selection
with the utilization of ienising radiation, ultraviolet light,
radiomimetic agemts (ethyleneimine, mustard gas and others).
By ocemparison with the natural strains the produgtivity of a
number of modera strains has been inoreaseéed by thousands eof
times by radiation selection. The main center for vork en
radiation selection of antibiotic producers in the USSR is
the laboratory ef Selectiom of the All~Union Institute of
Antibiotics. Preducers of visamins and other valuable feed
and eommercial agents are also improved by methods of radia-
tion seleaction. Under the influence of radiation there is
sls0 a change in the virulence of pathogenic bacteria and
viruses. There are quite a fev examples of productien of
commercially valuable radiation mutants in wvheat, barley,
tematoes and peanuts,

i " As the result of local and general, that is, ever the
miu planet, increase in the radiation backgreund the prob-
of means of genetic adaptation of animals, plants, -
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r;ioroorganicnl and viruses to this new facter assumes 1;0‘3;-
tance. This yroblem is ef partiocularly greas current imper-
tance for man. Brperiments with plants and micreorganisms
have shown that genetic evolutien en an inoreased radiatien
background is acoomplished on the bazis of selectien of ma~
tations inoreasing the radioresistance of the organisms. In
gpite of the ideas of some foreign scientists, it is evident
that the forms and rates of genetic adaptation te the in-
ereased radiation baokground characteristio of wild species
in nature are te noe degras applicable te man. In man nate
ural seleoction has besen eliminated as an evolutionary cate-
gorye. It has maintainsd only part of its significance,
keeping doun the spresd of marked hereditary diseases, lead-
ing to mortality in childhoed, te a reductien in the nusber
of effapring, ote., and whioh havo not yet submitted to
treatment, among populations. Therefore, it iz impossibls
to proteot huran heredity against the effeot of radiatien
by evelution of his biological preperties through genstic
sdapiation. :

For the purpose of protecting human heredity new ef-
factive ochemical agentz ars needed whioh, by acting on the
body befors ircadiation, during or after it, might prevent
injury to nuclear structures of embryosnic and somatic cells
in man caused by the effeot of radiation.

Studies of space in acoordance with an extensive mede-
ioal-biologioal program and the flights of Soviet cosmonsuts
have laid the bases for space biology (d.v.); sending up
various objects on spaceships for ocytegenetic studies hesn
184 to the ocreation of space genetiocs, New it has beon es-
tablished that the spaceflight factors cauze doninant and
recessive lethals, a change in crossingover, and nondis=
junction of chromosomes in dresophila. In experiments with
mice the appexrance of chromosomal rearraingements has been
found. The same phenomena have been found in sxperiments
with plants. An analysis of the infliuence ol such faotors
a8 vibration and welghtlessness shows that they also osuse
goenetic changes. During brief flighte the effect of space-
flight factors, particularly cosmic radiatien (q.v.) on
heredity has no practioal importancs. However, the role of
this influence and partioularl, of cesmic radiation will
inorease asbharply under conditions of long flights into
space. This appliea both ts the organisms~-the participants
of the clozed scological system of the spaceship and the ooa~
wontauts themselves., At the present time, scientists are us-
ing iineaxr accelerators, nuolear reactors, and othor sources
iof 1onizing radiaticn with the aim of atudying the effects o
énry particles on the heredity of living organisms. See ...
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. also varistion, radiation siokness, meiosis, human horodié;‘

polyploidy, radiobiclogy, readiology, radiation toxicology,
and chromosomes.

Biblicgraphy

1. Dubinin N, P. robl Radiatsionnoy Genetiki (Problems

of Radiation Genetics), Mosocaw, 1361, Bibliography.

2. Dubinin N. P, Controlling the Natural Nutation Process,
Tn the Beok: Radiata. Genestika (Radiation Genetics),
Bdited by V. A. Engel gardt, p 279, Mosocow, 1962.

3. Dubinin N. P., Kerkis, Yu. Ya. and Lebedeva L. I. Effekt

Malyich Doz Radlatsil na Khromosomnyye Pg;estroxﬁi pri
Obluchenii Kletek v Kul turakh Rmbrional nvich Thanos

Cheloveks (The Rifaot ef Low Doses of Radlation on
Chromosomal Rearrangements After Irradiation of Cells
in Cultures of Human Bmwbryonic Tissues). Moscow,
b I isgo'xmbuo;gmph{' tya { Nasledst (1
ba onlziruyushehiye Izlucheniyas asledstvenncst on=
T Tzing Hadiation and Heredity), Ldited by N. P. Dubinin,
Moscow, 1960, Bibliography.

5. Iskusstvennyye Sputniki Zemli (Artificlial Barth Satel«
T iitesTy, No"iﬁE."Tg"qi‘". T

&, PritzeNigeli 2. Radiobiology, Its Principles and Achieve-
ments, Translation Lrom the German, Hoscow, L1901,
Bibliograpiuy.

7. Fritaz-viggli H. BEffects of Tonizing Radiations on Seeds.
Froce. Symp. Karlsrube, International Atomic Enexrgy
RZency, viennm, L960s

. xuller #3. J. Artificial Transmutatioen of the Gene,
delence, vol 66, p B4, 1927.

9. Fussell w. Le, Russell L. B, and Kelly E. M Radiation
Dose Rote and utatisn Frequenecy, QOpus Cit., Vel 12&,
p 1346, 1958, Bibliogruphy.

10, Schwartz B. B. and Upton A. Ce Factors Influencing the
Ineidsncs of Leukemia: Speoial Consideration of the
Rels of Ionizing Radiation, Blood, Vol 13, p 845, 1353,

1i. Stadlser L. Jo Mutations in Barley Inducsd by X-Rays and
Radium, Science, Vol 68, » 136, 1928.

12, Upton A. C. and U, 3Some Delayed Eftects of Atom-Bomb
Radiation in Mice, Cancer Hes., Vol 20, No &, » 2,
1960,

N+ P. Dubinin



' -

I |
Roadiation Myglene

Radiatien hygiene is a branch of hyglene which takes
up the study of the effect of radiocactive substances in lque
izing wadiation on wan and the group, the substantiation
and devslopment of sanitation standards as well as c¢ther
measures assuring radliatlion safety of the populstion, per-
sons working with radioactive agents, and other Ssources of
ionizing radiation. The alm of radlation hygione is the pre-
vention of disense and other pathological manifestaticns
caused Ly the asction of radioactive substances and lonizing
radiation or man. The creation of radiatlon hyglene as an
independent branch of =zcience in the Soviet Union oscurred
in the 1950's., 7The first radiatlorn hyglene lsboratories in
the Seoviet Unlan were oreated in the biophysiocs department
of the Institute of Laber Hyglene and Occupational Disoases
of the Academy of Hedical Sclences USSR. Then, cuksids of
this Instistuve, these laborstories wexe converted inte
seientific ressarch ocoenters op the radiation hyglene of
labor, radiation comaunity hyglens, protection and dosimetry
and means of individual protections Thase labsratories
sexerted « great influence on the dsvelopment of radiation
nygiene in the Soviet Union.

“tn the basis of pnumercus studies by werkers in these
laboratories the Lausls was laid fer sanitation lasgislation
in the field of radiation safety of tho Soviet Union., In
1953, the first official "Sanitation Regulations and Stand-
ards for Working with Radloactive Isctopes” were publisled
in the Seviet Union. Ir 1957 and then in 1960 these regula-
tions wers supplemented, ravised and published as the
“Sanitary Regulations feor Vorking With Radioactive Sub=
stances and 3curces of Ionizing Radiation.™ In addition,

a number of methods, guldes, instructions and sanitary
regulations were published on problems of rediation proe-
tection and radiation safety. I 1959, the §bgrn1§ Radio~

kbimicheskikh 3 Dozimetricheskikh Metodik (Collecticn of

Radiochemical and Lesimetric Mothods ),

In 1957, in leningrad, the Institute of Rediation
Hygiene of the Ministry of Heslth RSFSR was created which
directed scientific mothodological work of redlology groups
of tha sanltary-epidemlological svationse. In all the ine
stitutes of hygiens of the Academy of Medlical Sociences and
¥ a pumber of other sclentific institutions departments of
radiation hyglene were crganiged, In 1958, the affiliate
aof the lsningrad Institute of Nadistion Hygisne was ocreated,
In 1957, at the Central Institute for Advanced Training of.—.-
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3rPnylioians in Moscow a ochair 4f radiation hygiene was croaii
ed, In 1960, chairs of radiation hygiene were organized at
the Leningrad and Kiev institutes for advanced training of
physicians. Radiological groups have been created and are
being developed in the majority of oblasts and large city
sanitary=epidemiologlical stations.

The variety of formms of utilization of atomic snergy
in the national economy, science, and others as well as the
variety of means of possiblo influence ¢f radloactive sube
stances and ionizing radiation on man have been responsibls
far the development of several branches of radiation hygiene,
sach of which has a numher of trends, The following have
been most developed: radiation community hygiene, inocluding
aslements of nutritional hygiene associated with it; radia=-
tion hyglens of labor, within whish the dsvalopment of mesns
of individusl protection was initiated and became an inde=~
pendent branch. The branch of physios, whioch takes up probe
lens of protection against penetrating radiation, is a re-~
lated one, associated with radiation genetics and is being
successfully developed. .

The main trends of studies in the field of radiation-
community hygiene include the following: 1. 3Study of the
rules and regulations of behavior of radioactive agents in
the environment (in the atmosphere, soil, water bodies,
underground water), the affeot of these substances on the
sahitary state of the environment and clarification of the
role of warious factors determining the degree of accumulaw
tion, strength of fixation and degree of migration of radio-
active agents under natural conditions. 2. Determination
of the rules and regulations to which the processes of passage
of radioactive substances from the air, soil, and water into
biclogical structures and intoc the human body are suberdinatee.
3, Determination of the correlation between levels of con-
tamination -of the environment with radioactive agents and
their content in various human tissues. The signifizance
of thsse studies is determined by the need for crea.ing a
theoretical basis for the hygienic evaluation of a situa-
tion which has occurred, for prognosis and substantiation of
prophylactic weasures. Incidentally, they have made it pose-
sible "0 introduce essential changes into the method of cal~
culating the permissible concentrations of some radicactive
isotopes. 4. The study of the long-term e¢fiect of small
quantities of radicactive agents, including natural agents,
and low doses of ionlzing radiation. This study is wade u
of the determination of the dos.: of radiation received by the
organism and determination of the effect caused by this dose,,
inoinding the remote consequences. 5. Substantiation and
‘development of measures directed at the prevention of -
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rbontaminution of the environmument with radiocactivzs agonts., |
5, The Jdevelopment of metnods of sanitary control of sources
of contamination and the radiological purity of the atmos-
pheric air, water bodles, uanderground water, soil, as well as
drinking water aand food products. 7. Participation in tha
develspaent of methods of deastivation of drinking water and
fopd products. 3. M\ search for weans and the development
of methods which make it possible to rsducs the aigratien of
radioactive agents along food cinains and to limit the degree
to which they ascumulate ia the human body. 9. otudy of
warking conditions with radiocactive substanices and sources
of lionizing radiation in therapeutic-prophylactic institu-~
tions and the development of measures assuring radiation
sdafety of the personunel, patients and populatioiia

On the basis of wmatsrial chtained the division of
sanita - legislation. which regulate the sanitary condi=
tions in the svrives:r of institutions in which work is
being done with radicactive substances and emanations, is
veing furthar developed; a study is beiag made of conditions
for the removal and deactivation of radicactive waste, the
size of sanitary-protective areas around institutlions and
units which are scurces of contamination of the atmespheric
air or sources of penetrating radiation, and thne existing
permissible concentrations o¢f radiocactive agents are being
made more ezact and new ones are being developed for atmos=-
Pheric air and water as well as for the cunteat of radio=-
active agents in the human body; the same is being Jdone for
the permissible doses of ionizing radiation for the ospula=
tion.

mong the malin treads of work in the field of radia-
ticn labor hygiens are the following: 1. 3Study of workin:
coaditions during work with radicactive substances and at:.or
sources of ionizing radiation with consideration of the er-
tire combination of factors acting (weather, noise, illuasin-
ation, and cthers;, 2, Study of the properties of radioc-
active aeroscls, their tehavinr (as well as the behavior of
radigacuive gases) in work premises and means of ileir pos-
sible influence on man (inhala..o0a, peneiration chroush che
$Xin, on the visual crgans, awl others)., 3. 4 study of
worx physiolegy, general and occupational disease wuring
work with radioactive ageats and various types of ionizing
ratiatione 4, Studies in the field of individual andi Lene
21wl dosimetry of varicus oypes ~f ioaizing vadiation along
the line of providiug tue most effective metnods of sanatary
sontrel.e 5. Hyglenie evaluation of coneitions, substantia-
tien and recommendation of propaylacti- and healih Improve -
;manb measures assuring safs working conditions alonye the fol=
Fowing lines: a} lmprovement of methods ¢! their apnalication
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r?br purposes of rsducing ocoupational hazards; b) more ef-
feotive planning, from a sanitary aspect, for work and aux~
iliary premises; ¢} means of air-tight sealing of sources
of radiocactive gases and aerosols as well as ventilation of
work premises; d) soreening of sources of ionizing radia=-
tion. 6. Bvaluation of existing methods and the develop-
ment of new ones in the field of individual and group proe-
tection, dsactivation of effective surfaces, special work
clething, skin and others. 7. Introduction of corrections
and additions to appropriate divisions of sxisting sanitary
legislation in the fisld of radistion labor hygiene, ths
development of sanitary regulations for various types of ine-
stitutions, units, and others, designed for working with
radioactive agents and sources of radiation; the develop-
ment of inetructive materisls and methods guides maleing
permissible conocentrations of radiocsctive substances more
sexact and developing new ones for the air of work premises,
and the same for permissible levels of contamination of of=
fective surfaces, special work ciothes, skin,and perimissible
doses for occupational irradiation, eto,

In the field of creation rf means of individual pro=
tection and protective coverings the main trends are the
following: selection, development and study of materials
sultable for manufacturs of individual protective facili=-
ties from them (respirators, insulating suits, spacial suits,
special footwear and others) and protective coverings; the
ereation of new and perfection of existing means of indie
vidual protection designed for work under conditions of an
environment contaminated with radicactive agents; complete
testing of individual protective agents and protective cove
erings under labsratory and industrial conditions.

In the field of protection against penetrating radia-
tion and dosimetry under laboratory and natural conditions
studies are being mado of the following: the properties of
the physical paramsters of different types of radiation and
their sources; protective properties of different materials
suitahble for manufacturs of protective shields; the crea~
tion of theoretical bases and methods of calculating proe
tection for the insurances of the safety of those working
with various scurces and types of radlation; the develop-
ment of methods of calcuiating doses recsived by different
‘organs and tissues of the humsn body after external and ins
ternal irradiation; substantiation of the permissible conw
centrations of radioactive agents in the air of work premises,
in the atmospheric air and in weter, substantiation of the
permissible doses of different types of radiation, the devel
opment of new and improvement of existing dosimetrisc instrue
-ments and méthods designed for measuring various types of ~
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["Fadiation in the envirenment and deteraining whe content u#
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radigactive svistances in the human body.

Like auy other branch of hygilene, radiation hyglene
1s z comprehsnsive soisnce utilising the wmethads and results
«f studies conducted in various flelds of scisnce. ¥For tho
purpose of studying end hyglenic evaluation of the sanitary
sendition of the esviroament, dosimetric, radiochomical,
radioniologiocal, statistiowl, and other methoeds of study
used in hyglenic practice are utilixed. In the study of the
affect of radiocactive agents and ionizing raszlation on man
azrtensive use 38 made of sanitary-texicologic, clinieal~
physielogical, radiobdelogical, physisclogical, dozimetris,
radicchanmiocal, sanitary-statistical and othar mathods. Uns
of the main Tactors playing a positive part in the rapid
development of radlatien hygiese has bean the ciose asiscia-
tion ef motnods of invsestigation with axperimentsl work cog-
dutted both under laboratery cenditions and ixn naturs. The
sztensive utilizatlon of the latest electrenioc itastruments
Tor thess purpese2s, pari of whioh is being designed by phy-
gioal enginocers of hygienic institutions Based on 8pecific
eroblems, 15 making 1t possible to carry out studlies on the
surgent scisntifie lavel.,

A8 experlence has shoewn, the most suscessful and prow-
auctive form of asrganization of iavestigavions for solviag
radiatiop~itygienic problens iIs the comprehensive work of
hygiouiets with specirlists in different categories {phy=~
siuists, rad.ochomists, bexicologists, miorobiolegists,
physiolegieal eliniclans, sanitary enginesxrs, gsologists
and ethsrsi, The forms of comprehonsive work, the number
and ecavegaory ol participants mev be dilferent and arse detarw
minen Lo evaly spoeclifie ¢sase ir accerdancst with the watuzs,
voluma and conpisrgelty of the tasks or problems whieh nssd to
e soived.  In one cass, thils 1€ assured Ly ihe participa-
ton of spacialists »f dificreny categories who are Lo mals
P overious radlation-hygiens laborateories. Iao anatbher, The
coerbined partrciratios of a nuaber of laboratorios and obier
diviglons of a given institution is newvessary. For solving
sowe problems combined pasxticipation of othsy scientilic rew-
gearon, plaeing und degigning organizations of the appro=
prieve eat gories and variouv erntarprisas, etco., aionsg wioih
the radiatlon-Lyrienis Instituticw, s mes% productiyae,.
Thereby, ir all cases the hygienie nurpoesivensss of the
gtudios sheuld Lo meintainad g a clearwcud manner. Juch
{orms of werk, by making the accomplishwmwent of the tasks
easier and enriching radiation hyglens, mwake * posrible oo

fuady the planome g contyibutie; te eor limiting the offagl o

o
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hentaiog radiatien on men {rom all sides, €3 wsalize hrgienihb
roguirements lie practice were ropidiy and more completely.
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1
rﬁnmprehuﬁsivw nyglenic studles and their reallzation on tﬁ;
atomic wne~cutter, "lenin” and in the conustruction of atomie
eloctria npover stationd and sthers Canr Serve af otamples.

In working eout coilentific probless basad cn regulre-
ments or advaaced by prectice, radiatlon hygispe utilizes
all the results ¢f studies {for the needs of prantice, witn
vhiech iw ig  oyrganteally asseciated.

State saailtary coentrel of the falfillment of the rew=
guireuaeitts of spritary legislation o problems of radiation
hyglene in the 3oviet Union 18 exercised by the vodxology
greups of sanifary-eplidenmiceleogical stations. The forms of
sanivary conitrel are in principle ths same as those geners
ally eocepted in sanitation practice, including preventive
and saatacadly nspection. Lo vork, fonisev between radlology
gruung of the sanitary-eplidemiological stations and wppro=
priate selientifis research institutiens i3 creating whe
nacessary basis for thelr productive activity.

dJork in the radiation hygiene is being published in
the ferm of monograpas, collectlions as well as jourmal
articles published in the journals Glgivesns 4 Sanitaria
{Hyoienn and Sanivation), deditsinskaya Radiglosiye {(Madicey
Radielogy), fGigivena Truda i Professioncl’uyish Jabolovaniy
{Hvrgiene of Labor and Qcoupatisnal Liseasaes) and olherd.
Jzpabllao ssd othsr conferences are held vegulariy on various
peoblenst sympoesia, ete, are held, where varisus pruoploms of
radiativr hygiene are discussed. The agency which coeordie
netes soelentifie vesearch in the fi1eld of radiarion nygieus
15 sihe Subcomuitiee of Radistion Hyglene of the Scientific
committoe or (lsdical Radiclogy. See alse doses of Jonizing
Avcdiation, Antiradiation Protection, Radicactive Haste,
Aaniuisotepa Laboratory, Hadiation Texivology.
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Radiation Conditiens

The radiation conditions refer to the state of a
lecality aftsr an atomic or thermonucliecar explesion on or
nver it {the doundaries of the suspected areas of contawi-
nation, radis tien levels, ete.). The explesions of atemic and
thermenucleay weaponry are associated with production of a large mumber of
radiosctive substances,whiash inelude chiefiy nuclesny {ission produajﬁ
{see Atomic ieapons). Their totai activity can reach 1O
curies, which corresponds to¢ hundreds of millions of tons
of radium, In addltion, the 3011, waler, variocus structurss
and nther objects in the explosion area bacome radiosactive
[a¢ the result of neutren irradisticon). Thus, for sruapls,,,
the soil acquires an induced radiocactivivy wnich reaches .07
wriss or more after a ground sxplosion.

The sentamination of a locality along the routs ef
passage of a cloud is called a "radioactive cloud trail.'

AlL objects, scll, vegetation, wvarious structures, egulip~
ment and people coming inte the area of the cloud trail are
centapinated radioactively because of the fallout of finely
disperased radieactiva particles on them., Centamination of
Faod proaducts and water, the consupption of which can be the
causs of internal contamination of man, is of particular
danger. Such coantamination can be prevented by using moeans
3f group protection (see Snelter) or of individual protectioen
{sez Cas Mask, Antiradiation Prrtection). For the purpose

af determining the radioacilve contamination of fuod proeducts
and water in the area of the cloud trail radliometric studles
are used (see Radiometry Under Military~Fielid Conditions).

The forms and sizes of contamination areas along the
trail of the radiosctive ¢loud depend on the type and pawer
of the explosicon, the naturs of the locality and the soil,
the weather conditlons (direction and speed of *the wind and
others}. As a rule, the clend trall is of an elliptical
sigar shape with the ratio of the lengths of transverse and
longitudinal axes belng 1:6«1:1C, The dimensions of this
ellipse can reach a langtbh ¢f 500 kilomotexrs and a width of
60 kiivmeters after the explosion ¢f a megston biomb. Theve-
by, the invtensities of radiation deses along ihe axis of the
Ltroil asount to huadress of voentgens pev bour. In oxder to

avoid injury to people in a vontaminated locality and to

erganiize pregerly the combat activity of troeeps after the

nse of nuclesr weapoens by an enemy, & necessary condition

is the prediction of probable boundaries and levels of copnw-

taminacion, which sre subsecuently made moereg axact on the g
| hasis of data of padiation sarvey,

n ———
.-

For vire purpose of predictions the follawing data are
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rﬁbeded: the type and power Jf the explosion, the locatlon
of the epicenter (center) of the explosion, the average wi
speed and directign in the given area. According to these
data, the orientation limits of the suspected areas of con-
tamination with different radiaticn levels are recreated
with the aid of special ellipscidal stencils on a map,

that is, the radiation conditions in the locality are deter-
nined. :

Evaluation of the radiation conditions in the local~
ity as a factor affecting the behavior of troops includes

the follewing: a) determination of the effect of contawin-
ation and irradiation on the fighting capacity of the pere
sonnel, that is, determination of possible casualties; b}
caleulation of the radiation doses which the parsonnel can
racaiva doring time spent in the. contaminated locality and in
going around the lecality; o) detorminaticn of the wmost ax-
pediant actions and protective measures directed at reducing
the injurious effect of radiocactive contamination (working

ocut travel routesz, selecting the type and determlning ihe

rate of movement of transport, ths expediency of using various

.types of shelters, etc.); d) protection of the troops

against the possibility of radicactive contamination from

an approaching radioactive cloud,

For the purpose of determining the radiation condi-
tions and for more thorough subsoguent svaluatioen of it a
radiation survey is made by special military units, Among
its tasks are the folilowing: timely deteotion of radio-
active contamination, designatlion of the bhoundaries of the
contaminated areas with warning signs and finding msans of
goetting around the contamineted areas. Radiaticn survey
san be conducted by means of desimetriec instruments from
ajirplanes (helicopters), tanks, armored carriers or dosi-
metrists on foot.

For accelerated caloulatlions of doses received hy |
personnel on contaminated territory, for rush dsetermiuation
of the time of the beginning and length of time necesssary
for getting around the cloud t.ail, for determinatior of
the permissible duration of stay on ocontaminated territory
by personnel, etc., spscial tables, graphs, nomograms and
dogsimetric rulers are ussd., Undsrlying all these auxiliary
methods are calculated formulas which can be used directly
aliso. For exampls, the expected dose rate (Py) at any time,
-t hours, after the explosion can be determined. from the
formulat FgsPy*t™™*", where P; igz the known dose rate at

a certain time (for example, an hour after the explosion).
The total dose I (in ») received over several hours during a
ths interval betwsen ¥y and t, hours after the explosion ¢ap

be expressed by ths following formula:
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wnere Py is the dose rats inrcenigwns/hr. one hour after the
explosion: t1,. t2 are the times in hours ufter the czplos
siane

The choice of ane method or ancther for obtaining
the data depends con the volume of problems posed and the
time given over fur making a decision. According to the
data of the foreign press, for these purposes ths utillza-
tion of special comput rs, which not only predict the poz~
sible radiation conditions but alse evaluate different wvare
iants of solutions for the organization of combat activity
of troops on a contaminated locality, i3 most promisinge
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Rediation Injurise in Combat '

Combat radistion injuries are aonditions cansed by the injurious
tactors of atosde (thermomialear) weapons, namely, peretrating racdistion
and raddosctive agents (sez Atomic Weapona). A

Under the influence of penotruting radiaticon (gaves-radiation
and peutrons) disease develops whick 4s knmowm by the nwee ef *rediation
siokness . ¥ (q;d'.). .

The neatron flur arising dering explosions of nuclear wepons is
very brief (it lasts frastions of a sucond)and covers s much smaller
aves than the ares of solld destruction from the effect of the shock
weve, within limdtz of which people die of mechanical injury. Hoewever,
under scme conditions, in sufficiently puwerful engineering structures
near the cploentor of the Llast pereeme can he left intsct uhc hava been
subjectad TO THG BTIECT Of TNe NEULran iiuxe Fass dajukies walh Wio
type of radiatien will apparentiy occur if the so-called neutron boumbs
aye used. It should be kept in mind that in the organisa injured hy
nsutrons induced radicectivity ococurs. Az ihe result of this, such an
orgadam becrmds & seouros of lonizing radiation and begins to exorete
radieactive gubstances in ths wrine and stocl. In taking care of such-
injared persons the rules of persons) hygiene should be observed with
pertiounlar cara. It sheuld be kept in mind that by means of radioe
metrie axsimination of the exerstimns and blood of people with induced
atoactdvity the dose of neutren rediation which they have recelved
can e determined.

After the affects of Migh deces of peneirating radiation (more
than 50 r) indury can scour to the musan skin which has been called
*radiation burn" (see Purne). However, after tha effect of wuch doses
on 3 large body surface a aerlous general oondltien coturs which can
toad to death even haffore the complots development of the radistion
burne A steictly leocalized slin injury with large doses of guwdse
quantz is rot wery 1ikely in a combst situvation.

Indnries by penetrating radistion 4in wartims can be oibhar
acute or shrerde (see Aadiation Sicimess). Theraby, it showid be kept
in mind thet acute cases ccour not only from a single massivs irradiae
waon bnt alse after repeated effacte of Low doses of pamue-quants.

Fopr porpeses of preventing iojury by londzing readigtdon in wartime the
persdssidle doses of penetrating radiation huve bsen eatablished (asee
oses of Tondzing Radiation). However, additional irradiation can
cause the rediation syndrome. Thase considvrations should be taken
into consideratdon by small and large untt covmmanders.

For purposes of timely dlagnesis and progosis of penetrating
radiation injuries a dosimetric rediation control 1s set up for servios
mey and some categories of persons workdng in the civil defenss systenm.
| With Zids 2im n view,thay are supplied with individual desimeters (aee |
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r&'mﬂ‘!). People injuried by gamma~radiation are not dangerous to —T
those around them.

Various sngineering structures serve as protection against the
offect of penstrating radiation: slit trenches, tremches, blindages
and special siwlters (see Anti-Atemic Pretestien, Anti-Radiation Pre-
taction, Shelter). Howsver, the degree of protection will be different
in all tiwse cases, -

Injuries by radioactive agents areated during the exploeion of
raclear weapons oceur by two means. Mirst of all, when they are on the
surface of the ground, on wespons, on combat equipsment and means of
transportation, on elothing, footwear, gear or directly on the skin,
radioactive agents ast en man with gamma-radiation, osusing rediztion
sicknens. Coming in oontact with the skin or eclothing, they, in addit-
ion, act on the body with ths beta-particles which they emdt, causing

ntm oS ot Sun LA
radiatlion burns (with doses of bsta-radiailen of ne less tham 800-1000

red), Uscendly, radioactive agents can cause rediaviun injuries by
penstrating into man's intermal milieu, chiefly, through respirstory
organs as well as through the gastrointestinal traet (the inmcorporation
of radicactive agents). Centamination of wound and burn surfaoss with
radicactive dust is also poesible; however, the danger of absorption

of radicactive agents is smll in these cases. Penatration of redio.
active agents inte man's intermal milieu is associated with tho develop-
ment of radiation sickness, which clinieally is similar to the sickness
veourring from external irradiation tut shows osrtain differences (see
Incorporation of Radleactive Agents).

In order to protect troops and the population in a timely way
from injury on territery econtaminated with rediocective agents a radia-
tion survey is made of the locality (see Hadistion Conditions), and
various objects, water and food suspested of contamination and emtam-
inated with radiocactive agents are subjected to & dosimetric eontamins-
tion check (radiomatrie check). '

Protection of the skin against contact with radiocsctive agents
and against the effost of betaeradiation is aasured by the atilisation
of different kinds of shelters and anthorized equipmsat for antichesical
protection of the skin (see Clothing)e Ordinery clothing only parily
protects the siin ageinst the effect of beta-particles, The respiratary
orguny are protscted against radiosctive agents with gas masks (q.7v.)
and by speddal respiraters.

4s has been mexntioned gbove, r2:c'osotive agents on the alothing
ané skin represent a danger to the health of the person contaminatsd by
them., In addition, radiosctive agents which are present there can sonhe
taminate the alr and surrounding objects, as the result of which pers
sons eontaminated with radicactive agents are dangerous to those around.
Theralore, those contaminated with rediczotive agents must be subjected
to a special medical processing (q.v.). In giving medical aid to thoss
Ao ured. by incerporated radiomotive agents it should be taken into
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rcen'sideration that the radloactive agents oxereted from the body 4in t
stool ant urine cen conteminate the patlent!s enviromment. Therefore,
medical personnel taking care of such patients should observe strictly
the rales of personal hypiene,

At the sorting post of any stage of medical evacuation (see
atages of ledisal Evacuation) persons with combat radiation injuries
are divided inte two proupg: a) those contaminated above the permiss-
ible levels and b) those whe are not contaminated or contaminated withe
in the limits of permisaible levels. The first growp includes persons
in whom radiocactive apents are found by means of o betaegams-radio-
meter on the elothine, footwazr, rear or skin in quantities exceeding
the pormiscible contamination levels. The second group includesr those
contaminated Dy penetrating radiztlon, bty incorporated radiocactive
agents, and persons wlth contamination by radiczetive agents which dees
not exceed the pevmissible contamination levels,

Thove contominated with radionctive apants nhove the perndssibls
levels are supjesiod L) partlal MeQledl prucesninyg a. woe cwins o8
medical evacuation which render first ald by o physiclan (regimental
aid stotion), wd 4o coiplete medical processing at the stages of
medleal evacuation which ronder qualified and speclalized medlozl care
(divislon adad station, seperate medisal detachment and hospital e

MRaomosis »f radlatlon injurie. at the stages of medical evacuse
tion whieh render firet 2id by 3 physician is bazet on the radiation
history (when and where the injweed person was in the ares of atomic
r thermenuelear) explosion , what protective messures he took, whether
e was in a loosllity contaminated by radicactive agents, whether he
was ip contact with articics, food or water contaminated by radioscitive
apents, and obhers), on the complaints and dbiective ¢iinicel manifestae
tions of the sickness =3 well as the dats of radiowetric {gualitative
and muentitative) sivdr of the skir, mucus from the moubh, nose and
wound surfaces. At the stages of mediesl evacuzblon which render
gualified medierl aild the readings of individval dosimeters sre
ubilized, ip addition, for the detection of redistion injuries sustainsd
in eombat. The deta of indlvidual desimetric check car be wbilized alse
ot the stapes of padical evacuntion wh'ch render first ald by & physiclen
not only urder ciremunctances where there is a low rate of dniunry (where
there are 1o mess cammalidas): In specislized therapeutie institutione
T data of elldeal-ddapnoscie laboratorr tests are alse wtilized for
makling the dizgpasds of "radlution dnjurv."  In these instiintions
redometiie stuties ove nade oy means of apperatus vhlch moke 4t
potsible o obtain a sore accurate ldea of the radiosnctive apsnts which
have asused the piven indusr,

In 14104y oul the inltlal medlecal record cards on persops with
radloaetive inbuwdes sustained in asombat the blue stydp 12 left on the
cavde,  AF the injursd person wo daveerods to theose arownd, the black
amd yellow sirips are alsc kept on bis card {see Forward Area Iedical %[
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The treatment of psrsons with ra.cﬁ.at:i.on injuries is conducted,
in scaoordanes with the nature anc severity of the injury, largely in

varlons apecinliead institutions. For the adld ferms of injury treat.

ment ocan be glven also in convaleccent commande.

As the result of simmltensous or successive effects of the
injurious faotors in molssar weapons (the shock wave, light, penstrate
ing radiation and redicactive agents) the radistion injuries sustained in
cobat aoquire a combired nature. Complisstion of radiation injuries
with wounds and werious injurias ocaused by ardinexy weapons %is possille.
Injuries by penetrating radistion and rodicesotive agents can also be com-
bined with the effsctas of chamicel and bacteriologiorl weapons.

In combined injuries varicus deviations from the typicsl course
of the slclnes:, caused by the zation of each of the injurlous factors
separataly, can oconr.  As the result of this, in such injuries, a spec-
i, wppromch is required to the sclution of theraputic~evacuation and
evacuation-transportation problems (sea Combined Gombat Injuries).
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Radiobiology

Radiobiclogy (from the Latin radins-<ray; Gresk bios--life; and
logoz=~study of) is the acience of the efisct of ioniaing radiation on
Living organiams (ses Iondzing Radiation). The blological effect of
other radiations-evisible 1light, ultraviolet and infrared rays ss well
as radio waves--is studied by other diseiplinesz: by genarsl blology,
blophysics, pkysiology, ophthalmolegy, hyglens and plysiotherapy.

Radioblology wae oreated as an independent branch of scienoe in
accordance with the requirements made on bGlology by the discovery of
x~rays {q.v.) in 1895, by the detection of radicactivity in 1896 (q.v.),
by tha {anlstion of radium in 1895 and the utilization of new emanations,
unknown in a biologicsl reapuot, in medical practioce and wvardows branches
of vhs netional saonomy shortly after this. Turing tha first 40 yoars
radioblology deveioped chiefly in the interesis vl violugivwl Buus il
tion of the therspeutic use of x.rays (see Radlology, X~Ray Therapy) and
the gawmaw.radiation of radium. For thess purposes a atudy was made of
the rezctions of tissues and orguns under sunditions of the pathologieal
process, At the zame time, under the influencs of observations of the
hermfu) side-effects of radlation,studies were underteken, dirsctsd at
investigoting the reactions of heslthyr inimels, thelr organs and
tissues. Thess studles acquired firet lmmortance with the diseovery
of artificisl rediosctivity in 193%, with the production and utilise-
tion of artificlsl radioactive agents and the development af nucelear
energetics. The Use of Atomic Weapons (q«ve) by the United States ina
the attack on the cities of Hiroshima and Nagusakl (19%5), es the result
of which a large rmumbar of poople were sipozed to readistion injury,
atiracted conslderable interest to the problems of radiobislogy and
stimalated the rapld development of this science,

Therefore, radiovlclogy was developsd in the first half of the
20th century in conmmotion with the detection of natural seurces of
radinactivity and the mastery of artificis) sourcss of lonizing redia-
tion. Under these new corditions iomiging rediations and radicactive
luotopes came .0 be lwportani environmental factors. It was necessary
to evaluate t ¢ radlatlion levela acting on the 1iving world and deter-
mine the biclogloal significance of natural radiation, tc find out
the relative blologlzal effectivencss of wardous kinds of radiation,
the gsouress of which had been obtalned by man, to determina the
quantitative relationships of tha radiation offect (the dose-sffect
relationship), to clarify the influance of the characteriatiocs of
spatial and temporal distribution of radiaution on the radiation sffect.
Along witk thase ‘tasks the ereation of radicblology was determined by
the meed for learning the primary radiastion-physical and rediation-
chendezl provesses uanderlying tha bielogical affact of iondlzing rediatiop.

ﬁm‘. the same time, {he study of the Indtisl changes aml partly of the ?

———
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further oourse of development of reactions to irradiation in ptmiolog-.]
loal systems snd in the structures of living organisms was a task of
rediobiology. This division alse includes olarification of the influsnce
of various environmental factors (temperature, season, oxygen concentre~-
tion and others) and of the imitial state of the Arradisted organism, its
individual characteristics, characteristios of breeds or variaties, sex,
age, ot cetera on the biclogical effsct ef rediation.

The rediobiological rules and regulations are studied with the
use of methods of physics, chemistry, mathematics, utilized for character
izing rediatien levels, dess fislds, and determination of tissue doses
(see Dosimetry, Radiological Umits), for the study of the primary procesaas
induoced by irradistion as wll as with the use of methods of physiology,
biochemistry, morphology, and radiation genetiss. The study deals with
various aspeots and stages in the realisation of the radiation effect:

1) on the suboellular level (the exchange of the rediation emergy in
living matisr an? rediation-chewies] manifestations of the radiation
plasmic struoctures, morphological and histochemieal characterization

of the structural elements and interstitial substance), and 3) on the
level of the intact organism, its systems, organs and tissues. In
accordance with this, there ars the following divisions of radioblology:
a) general radiobiology (rediation levels under different conditions of
existence, the relative blological effeativeness, the doss-effect relate
icnship with consideration of individual characteristies, initial stutes
and associated influences, the time factor in irradiation, and tissue
dosimetry); b) the theoretioal basis of the primary biological effect
of radistion; ¢) functional and strmuctural characteristios of radiation
reactions in animals.

Radiobiology is the theoretical basis for the utilisation of
radiation in medicine (see Isotopes, Curie Therapy, Radiology, X-Ray
Therapy) as well as for the development of means of preventing and
treating radiation injuries to tissues and radimtion injuries of in-
tact organisms. Radiobiology underlies ocertain methods of selection,
for example, for purposes of obteining the most effective antibiotic pro-
ducers (see Rediation Genstics) and cold sterilization (see the Division
of Radiation Microblology). The development of space medicine, parti-
cularly, the solution of the problem of radiation safety for flights
into space is assured by working out radioblological problems. The
practical importance of radiobiologr is also conditioned by its part
in the sclution of problems of hygiene (see Radiation Hyglene) posed
by the development of miclear energetics. The problem of the remote
effects of an inorease in the natural radiation level on the popula-
tion as the result of the use of radiation in wvarious branches of the ni.
tional eoonomy and medicine, az well as the problem of radiosctive fall:

t(see Atomlc Weapons) have aoquired social significance; they are
ing studied and solved on the basis of knowledge of radiocbiology. ]
'
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r,. The methods of radicbiclogy play an impertant pert in solving |
theoretical problems of medical acience. Thus, the use of radiation
for suppressing the lmmune svecific properties of the animal organisnm
has contributed to an eluclidation of the possibilities of tissue trans-
plantation (for example, bone marrow) from one person to another. In
radioblolopical experiments the characteristics of entrance, distribue-
tion and excretion of various substances are elucldated under condit-
ions of radiation-altored permeabillity or under conditicns in the
change in the functional conditions of organs caused by it. Suppress-
ion of the functlons cf different organs by means of irradiation has
uncovered a new road to finding out the physiclogical role of varicus
structures, TFor exmmple, the incorporation of ytirium (¥9C) granules
by the hypoplysis or a strictly localized effect on the hypophysis

with very high emergy protons (hundreds of thousands of llev) make it
possible to Study the sffects of exclusion of the gonadoiropis influence
of the anterior lobe of the hypophysiz. Of great theoretical interesy
are ctudies directed at finding out the radiosensitivity (threshold of the
radiation effact, behaviour of animals in radiation fields which exceed
the natural level to o minimum degree, ™radiation reception," disorders
of spalyzer [sense organ in toto/ activity and others). Studies of
“radiotoxins", on the one hand, and morphcloglcal and functional mani-
festations of the radiation effect, particularly in the ceniral nervous
system, on the other, represent two aspscts of radicbiclogy which are
of fundamental significance for clarifying the nature of resctions oy
living organisms and particuwlarly of man to irradiation with different
levels of radiation above the natural level. The findings of radio-
biolegy, which make it possible to evaluate the effect of the radiation
factor on various organs and tissues under different irradiation cone
ditions, represent the basis for developing pathogeneiic therapy of
radiation sieluiess. The principles of treatment of this sickness stenm
from knowledge of the mechanisms of the disorders which develop under
the influence of irradiation in the injuried organisri.

Blological activity of ionizing radiation was found during the
Industrial and olinical mastery of x-rays and radium emanations. These
observations stimulated the study of various aspects of the biological
offect noted. The Iirst siudles were made during the sensations creat-
ed by eplsodic reports of the harmiful side-effects of x~rays: change
in the skin of the hands and general malaise in work with x-rays,
epilation observed in a number of ceses after the use of x-rays for
studying the skull. In 1896, I. A Tarkhanov performed experiments
showing the effect of x-rays on the functionsl state of the nervous
system: after irradiatlion in frogs a reduction of reflex activity was
observed (prolongation of the time of the reflex inducad by immersing
the frogde foct in a2 weak solution of sulfuric acid). In 1897, numerous
cages of "xeray dermatitis” were described, and at the Internationzal
; Sargleal Conpress held in the same year in Moscow, the classification, J
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[Pathology and clinical aspests of radiatien in
analysed. In 1902, for the first time a repert
nisation of a "ohronic x-ray uicer® of the hawman skin.

The first decads of the 20th ocentury was
of ideas on the radiebiological effects of x-reys
In & mumber of fundamental studies the effacts of
were shown on the functional state and structures
tissues. M. 0. Zhmkovskiy (1904) stndied the effe radina on the
excitabllity of the motor area of the oerebral cortex in the dog and
found an increase in the excitability in the first 10-20 mimtes after
irradiation with & subsequent reduction of it below the originsl level.
Se V. Gol'dberg (1904), in experiments on mios and experiments with the
irradiation of the brains of dogs, observed a number of motar disorders,
conmlsive phenomena, and paralysis. S. V. Goltdberg irradiated areas
of his own skin, wiach wsrs thon blcpeisad and smhiactad ta wmicroscopic
study. L. M. Gorovits-Vliasova (1906) wrote a monograph in which the
radiosensitivity of nervous tissue was emphasized. The works of I. R.
Tarkhanov, M. O. Zmkovskiy, S. V. Gol'dberg, L. M. Gorovits-Vlascvs,
Ye. S. London and ctheras gave us knowledge of the most important aspect
of the blological effsct of the new types of radistion, which for a
long time went without adequate attentien. Predowinately in comnection
with these atudies Soviet radlobioclogists subsequently developed ths
science of radiosensiiivity of the nerwvous systems of amimals and man.
Aong this line, since the 1922's they studied the conditioned-reflex
activity of dogs, in which the brains had been irradiated (M. I.
Nemenov, P. S. Kupalov), ard later the early manifestations and re-
actions to minor radiation effects (A. V. Lebsdinskiy, 0. M. Frank,

Yu. G Grigortyev, N. N. Livshits and others), spimal cord reflexss
(Ye. I. Bakin and others). ,

The developmant of knowledge about the effect of radiation on
other systems and tissuss is asscslated with studies showing the cap-
acity of x-rays for inhibiting the growth of bones of young animals
after acting on the meta~epiphyseal growth cartilage (Perthes).

Studiea which showed the sterilising effect of x-reays were of import-
ance. In 1903, H. E. Albers~Shinberg presented data on sterilization
by means of irradiation of the sex glands of rabbits and guilnes pigs.
This trend in research was developed by C. Regavd (qev.)s Changes in
the blood and hemopoletio organ? under the influence of rediation were
studied in detail in 190406 by Heineke and others. In 19101911 work
was done and published on experimental radiation malignization -- the
lzrmotlon)of a skin tumor in a rat under the influence of irradiation
Je Glunet).

Radiobiology atudies of the initial period are characterized
by a qualitative evaluation of the effects of irradistion on the
bodies of animals and man, by the sconmlation and systematization of
the findings, original generalizations and conclusions. Acourate ‘
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]qumtittt&.w chevacterization of the effect of rediatian waz wanting at
that time. During the initial period, when dats were collected on the
blalegieal rols of the aew emsnations and the first semslusiens were
drasm, there were no methods as yst in existence for measuring the

- quimtity eof radistion on the basis of a repreduaible unit, whioh made
the oompariscon of effecty, with consideratien of dese relationships,
diffionlit. Very slowly, ths fundamentals of medern rediation desiwetry
ware dsveloped, Orly in 1508 was the principle of measuremnt on the
basls of gas ionizstion sdvancad, which constituted the bhasis for a
series of studles which in 1928 led to the sdoption of the roentgen as
ﬁh:rﬂ;irhom:&onﬂ. valt, corresponding to the basis requiremsatis of
me oLy primerily requiregggts for reprodnedbility ef the unit
of radistion quantity.

Although in the 1930's the iovisation method of dosimetry had
hesome golie widaly used, only in the 194%0%s, on the basis of 2 quanide
iative anslysis was definite progress made in the systematization of
knwiledge of the radicbiological effects. This was the remult of bring-
ing in personnel and facilities for workdng out the problems of radio-
biology whicsh had been sdvanced by sxplosions of atom bembs over
Hroshima and Nagasakl, by the growth ol the atomic industry, by the
oxtensive use of radiation and radiosetive isetopss in the natiomal
ACONONY. A more extensive study begkn 10 de mads of physicochamical,
biochemical, morpnologleal, physlological rules and regulationa of the
offect of radiatien. While the previsus studies dealt chiefly with
the effects caused by loocsl irradiation in tissues, with the davelop-
ment of radiobiclogy the main interest was drewn to the resctions of
lving organiasme to 2 whole body irvadiation.

As the result of budies mades on the basis of ecareful dosimetry,
the cuantitotive relstionships of the injurdions effect of ionlzing
radiation were clarifiecd for different specles of animals, amd the
sourses of the curves depicting these relrtlonships were described for
various irmadiaticon conditlons. It was found that the injuricus effect
of rediation incresses with ihe dose, desaribing a caxve having &
characteristic S shape. For many species of warm.blooded ardmals and
nan the miniamm lethal dose lies at the level of 200 r after a whole
body gamma-irradiation., Thersby, single individusls die which cre
distinguishad by a high individual radiosersitivity., With a dese of
460 r half of the toial mamber of individuals irradiated dies (the
LIgn)e The minimum doss which, as & rule causse death of &l Arradis-
ted andmals is 600 r. However,even after such a destructive effegt
politary animals survive, wharelr their relative radioresistance is
ezpreased. These radiation doses vary in accordanoe with the specles
of animal and the irrvadistion copditions, In this respect chiefly
the nature of the spatial distribution of radistion in the apimalts

jbody is of significance; this depends chiefly on the iype and energy ofthe

é‘imiz:’mg radlation (ses Doses of lonizing Radiation, Ienizing Radjxtio#*
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[inder the same conditions of spatial distribution the biologloal effeet
ivensss ol R-rays, bets-radiatien und gemui-rodiotion 42 almost the
same. This is asscoiated with the uniform mode of realization of their

effects by msans of secondary elsctrons formed from the interactiom with
the subztance of tissues and finids by x-rays or gasme.quanta (primary
tetaepariicles in the event of drvadiation with beta~rays). Slew neutrens,
the biologloeal effects of which are realize” through gamme-quanta and proe
tons, pospess greater effeciivensss., Ewven more effective in a biologlesl
respeclh are fast neutrons, which sxert an action exclusively by receil
protons. High snergy protons obtained from particle sccelerators amd
fluxes of 8lpha~particles have the same or even somewhat greater biologe
leal effectivensss. The dsgree of the latter ls gomnected with the lene
izution donsity created by the radliation absorbed. Ths indices express.
ire the ralative rislogicel effectivencss ave of lmporiancs for certaln
eonditions of irreadlation and methods of evaluatlion and vary with the
dose levels at which the comparision is made, with the dose rate, with
the species of animals, and others. Yevertheless, in the interests
chiefly of practioe, the following indlees fur the relative bioclogical
eflectivensss may be adopted: x-reys, gama-radiaticn, deta-radiation,
cne; slow neutrors, three; fast neutrons, protons, flnxes of slpha
perticles, ten; mitiply charged lons, twenty.

Along with the type and energy of radiation the nature of the

time distribution of radiation has an infiuence on the bieloglezl

sffact, This effect is different in different dose ranges and in
differant ranges of dose rates; retwrally it depends also on the type
of radiatlion, et cetara. In gesnaral, fractional irradiation lessens
ihe eflect of irradiation (by comparison with 2 single irrvadistion).
Proteaciad irradiation with the dose rate of less than 1510 r e
minune gmarits less of a bislogleal effeet than intemse irvedistion.
Withis 8 oertain range (L0~15 r per mizmte to 150 r per mimute) the
significance of the dose rate is smsll for many reactions to irradia«
tion. The effect of the dose rate at higher lewvels and in the srea
of palsad (ultrafracticnated) irradiation has been less well clarified.
In thls sbject, whdeh is not yel adequately clear, data hLave baen
acowmilated making it possibls to suppose taat the biological effect
of rediation after intense (up to & certain degree) irradiations ia
reduced somewhat. The need for clarifying the characteristics of the
effeacts of mlved irradiation is dictated by the increasing utilizatien
of acmlerators which operate under appropriate conditions. Therefore,
the S shaped curve expressed the doss relationships of the injurious
effect of radiation only in a general form.

After irradistion of animels with deses higher than the min-
fimum Tethal) dose their lifespans are appreciably shortened,
© With subsequent buiidup of the doses to 1200.1500 r

this time is not much changed, varying within limits of Z.8-3.5 days,

whoprely for different species of animals these dosss are not of absoluts

————
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[signiticance. When the level of 20,000425,000 r is exceeded,with sube
sequent increase in the dose a progressivaly greecter shorteming of the
Lifespan 13 agein found -» to several hours or mimutes ("death urder the
reys®). Such considerable irrsdistion apparently leads to Fnervous
duath, ¥ whereas after the effests of relatively lowsr dosss daath of the
arimals is preceded by the development of warious syndromes (see Radis.-
tion Sickness).

Hany protlems of ganersl radiobiology contimie to be inzdequately
clear. Tius, we noed £ despen our ideas of the relative effectiveness
ol vorious types of radistion under warious irradiotion conditions.

The chavacteristics of the biological effect of radlation with differ
ent time distriluvilons await further clarificstion. The significance
of many envirommental factors, individual characteristics of the
organism, its indtis)l functional state and others remain to be claria
fisd and guantitotivels avaluated fer the affects of irradistion.
Hysrematizaition and generalizatiun along many 1iass A8 533G Jur the
axtensive material, at times scatiered, whish has been accumilateds
Bowaver, even the quantitative rules and regulations which have been
discovered for the effsct af radiation oonstitute the basls for work-
ing oat problems pertaining 4o functlonal and structural changes n
the anima) organiam under the influenszs of irradiaiion. Therefore,
eharacteristic of the latest period in the development of radiow
hiclogy is the systematizatien of data on the bilologicgl affect of
radigtion and Yhe develoiment of quantitative rules and regwlations
Tor this effect under different conditions exerting arn influence on
the finel effect of irvadiation.

Jdeas on the mechanism of the bielogieal actiom of ionizing
rodlation have gone through a complicated rouive of dewvelopment.
dnergy caleulstlons and comparisions with molectiiar transmtetions
23 vell as experimestal date obiained on irradiated models have glven
us a greater understanding of the mechanisms by which the radistdorn
effact 15 realized in the living organism. Neverthelsss, the problem
of the primary effsct of radiation contimues Yo be actlvely worked
oit. For almost alxty years the intsrpretation of primary rrocesses
cowurring unger the influence of irradiation has been bhased on ideas
motut the direet effect of radiation on il blologleal substrate or
idess of the secondary effects of them on structures of calls and
tlesues of ihe body throvngh intermediate chemically active agents.
the attention of lavestigatora has been drawn frica the wery beginndng
19 the dlserepancy bobwsen toe szall anout of radiation energy
ahsorbed snd the considerable, frequently sxtraordinary effect of
irradiation. The tueory of "point heats® (F. Dessauer), vwhich is
now only of histerlead intarsst, was £irst based on the nrineiple
presented, At the zame timo, the idea waes adwnced of chemieal

; transformations leading to ihe production of very active bode compounds
F{de Worney, fapp, G. Schwarz).  Afterwsrds, both irends wsre developed Q

¢
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on the one hand in the ™torget* theory (J. He Crowther, R. Glocker, 1
D. Be Lea) and on the other, in the motivated water® theery (I. Weiss,'
W. Dale and others). Regaxrdless of the scceptancs of the role of the
direct or indirect effect of raddation,it wms necessary to bring in the
afterceffoct mechanism, which wase ased in a very strildng manmner
at various remote periods after the of irradiatien, for its explan-
ation. From the same stanxdpoint the conception of autocatalytic react.
ions can be considerad in the course of development of processes init.
ially produced by the irradiation effect (Tarusov). Thereby, it is
assumed that the after-effect develops as the result of chain reactions,
in whioh catalysiz does not come from the intermediate but rather from
the end products of the reaction.

The “target® theory based on mathewatiocal analysis of the probe
ability of "mits¥ in the most vulne—able area, might explain in a satls-
Tactory manner the offaetes cheawwed Sn aimmle systams, for example,
after the Lrradiation of virus enzymes. For expiedidng e <oll changss
brought shout by radlation effects, the idea of the "target" prowed to
be inadequate. The "target® theory lost its importence, which was asoribed
to it as a system of visws capable of giving an integrated 1des of the
mechanism of the biological effect of radistion. Attempts were made to
supplement the basic oconception with data on the diffusien of radicals
formed undar the influenoce of irradistien and on the basis of thelir
resction with the moleculea of sensitive volumes ("targets®),

The primary proeesses underlying the action of radiation on the
biological subsitrate are at present considered chemicali reactions
oconrring mainly in an aqueous medium. The general sequence of svents
oceurring under the influence of irradiaticn and then being developed
Surther 1s represented in the following form. As the result of intere
action of radiation with the medium,ionization and excitation of mole-
wdes coours. Thelr muwber i3 small, but it 1w assumed that the effect
which they produce is intensified in the chain of subsequent resetlons.
Along with the ions formed, whioh play the chlef part, exclted molscules
mey be of essential importancs, since the possibility of migration of
their energies is assumed. This very brief phase, which amounts to
piiliont= of a second, is replaced by the stage of radiation-chemicsl
meactions accowplishied as the result of transformations undergone by
the megative and positive ions formed. The result of these trans-
formations is ths production of free, unstable and chemically very
active radicals -- atomic hydrogen (H) and hydroxyl groups (UH).

Another free radical -~ hydropercxide (H0p) -~ which is formed, 1t is
nelieved, dnring the courze of radioclysis in the body fluids in the
rresence of oxygen dissclved in them ls also sndowed with sonsiderable
chemical sctivity. The biologleal rele of hydroperoxide (HOz), which

ruy be formed during the course of the subsequent transformaticns, is

not entirely olear, ainge 44 As wore probable that in this case it

would breek down under the influence of the enzyme, catalase. subseqpenq.y

L]
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[tree, chemically highly active radicals react with dissolved organic —'
substances. These resctions may be afihe nature chiefly of oxidation
reactions, tut aleo of reducing processes, which are studied chiefly on
substrates outside the body -- after irredistion of amino acids, proteins,
entymss and cthers in vitro. Thus, it has been possible to clarify the
comparatively easy oxddizability of sulfhydryl groups (=SH) of the amino
acid cystaine under the influence of hydraxyl radicals with the subse-
quent conversion of cysteine into cystine. The possibility was also
eatablished of inactivation of some enzymes containing sulfhydryl
groups by means of irradistion, which provided the basis for tying in
the development of radiation injury in the living organism with the
oxidation of the sulfhydryl groups of ensymes. In the opinion of J.
Barron, who advancsd this idea, the development of the pathological
process 13 initiated by the insctivation of cell enzymes, which leads
te digorders of metahalis nrocasses and subascuently canses funotional
and anatomic disorders.

The corresponding disorders, whioh sonstitute the subject of
study of blochemists, physiclogists, pathologists and clinicans (see
Radiation Sickness) are expressed on the cell, organ, system and organ~
lsmal lavels and are united by certain genersl rules and regulations of
radiosensitivity. According to the prineiple forumlated by J. A.
Bergonié and L. Tribondeau, tissus radiosensitiviiy irsreases together
with the renewsl rate of csllular elements and is inversely related to
the degrea of diffsrontiation of the tissue cell structure. Ignoring
tne funeationsl resction to irradiation has led to the fact that on the
scale of tissve radiosensitivity, where such raplidly renswsble and
poorly differentiated elements as lymphoid, zex cells (spermatcgonis,
cocytss), hemopoietic tissue cells and others were in the first few
planes, perveus tiseus was put in the category of radioresistant tissces.
Nevertheless, through the work of Scviet inveatigators the high degree
of reactivity of nerve cells with respset to radlation hss besn showun.
Subsequantly, with the psrfection of physiological methods of study
(elnctroencephalograply, electrocardiography, study of muscle action
ourrents, hamodynamics and others) not only additional proof of the
high degree of radiosensitivity of nervous tisgue was given but histo-
chemical and morphological equivelents were obtained of this radioew
senaitivity which was disputed for so long (M« No Livanov, A. V.
Lebedinskly, G. M. Frank, Td. G. Grlgortyev, Tu. Q. Nefedov, N. A.
Keayevskiy and otherx). This led to the need for a totsl evaluation
of radlosensitivity with consideration ¢ 21l the aspeots of mani-
festation of the biclogleal effact of radiation.

Aside lrom the speclies characteriatics, individual properties
and initial physiological stetes, the age o2 the individual mubjected to
irradiation aloo has an influence on radiosensitivity. A partioularly
high degree of radiosensitivity of growing organisma, distingvished by
the eaceptional rate of metsbolic procssses and rapid division of cellul

e
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r?.emnta. is partioalariy great. Babryos, purtioulariy during the —’
voriod of formation of embryenic layers and ergunogenesis, are distin-
guished by exceedingly high radiosensitivity.

Among the influences whioh can modify roediosensitivity ir one
direction or anotber, special attention is attmoted by the oxygen
tension in fluids snd tissumes of the body. Reduction in the oxygen
concentration reduces the biclogical efflect of radiation; incresse,
inereases the irradistion effect. Study of this, so-ocallsd oxygen
affect constitcias one of the most iwpori:nt problems of radicbiclogy.
further study of the *oxygen effeci® promises to clarify many unsolved
aspects of the blologleal effect of radistion. Specifically, the
*oxygen effect” has brought additional arguments in favor of the pre-
dominant role of indirect effects in the reslization of the radiution
;ffect in substantiating the mechenisms of the primary action of rade

atione '

The nrobiarm ~f the noasihﬂ&tv of tely stimiatine influencas
of lonizing radiation on 1iving organimu ie diaput&ble and requires
further study. In this problem,apparently, there are no mufficlently
ascurste detardirations widoh wizht assist in the darification of the
controversial concspis. For the purpose ¢f solving this problem the
further accualation of data is nesded om the biaioglcal significance
of low dosaa of radhtion. which excaad the average mmral x*adiation

PR | F Y

level by ordly tio oF thres onders of uagniiade {see Doses of Ionizing
Radfation). The sclution of this problem is assocligted with a detore
mination of the threaholds of the radiation effect for different
funotlongl and siructural changes and with the study of the activity
of aralyuzers dwring the observation of animals in fields of lomiiing
radiations A most fmportant problem of radlobiology is also the
stady of the remote consequences of radiation effects on the bodies
of animels and man. Therehy, we have inm mind the elucidation of the
sigrificance of very small but prelonged rediation levels highar than
the natursl lewel {see Radistion Ceneti~s).

The further progress of radicblology ie being assured in the
USSR by & broad network of sclentific resesrch institutions, Ly the
preparation of exdres of radicblologists at the institutes of the
Ac..adwm_,r of Selencas USSR, Acadery of Hedical Soleness USSR, corrose
poncing ministetes and officas, the publlcation of momgmpnw
sollections, jmrnals, uh& holding of cougresses, conferances and
otners. Rodlobiclogy i tanght at chaira of blophysics in nniversitics,
and in wsedical f‘ﬁllﬁgaﬁ ’m the course of reentgenclogy and waddology.
The futurs progreass of radioblology implies an expsnolon of the taache
ing progeans of this Ciselpline, partioulsrly wlth respect teo the dive
islons pertaining to relatad probless of pm.vsics.
The progress of radioblology, 1ike that ¢f any other branch of
1 knovdladge , iq assoclated with the dewlepment and perfection of mathods
é of stulying its basic problems. In this comaection, the method of
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rﬁ.octrmﬁc parsmagnetic rescnance, making it possible to despen the 7
comoepts of the nature and role of sotiwe radicals formed in the indtdy’
momants of realisation of the radiation effect, is attracting considersble
intersst alomg with the classic methods. Oreat significance is being
aseribed to studies of transformatiens of micleic aclids, becanse these
transformations wnderlis radiation influences om protein synthesis,
::u éiv:).n.m. and hereditary properties (see Human Heredity, Radigtion

netLOS ) .

M. Domshlak, A. I‘mnyo

Radiation Miorebiology is a divisici of microbiology given over
- Yo problexs of the effeot of londzing rediation on microorganisme.
Radiation micorobiology includes the following group of problems: the
mschanism of action of ionizing radiation on microorganisms, morpholog-
1a8] mmd Wioshardoal chanpas in miarshes dorine irradiation, genetie
changes (see Radiatien Genetics), radioresistance, protection of
elcrobes ageinst the action of ionising rediaticn, the bactericidal
effeot of radiaticn, the effect of radistion omn antigenioc and imsminoe-
gonlo properties of miorobes, and radiation sterilization. As a div-
ision of general, agrioultursl and industrial microblology radiation
ricroblology inqludes a large combination of other problems also.

The Mechanism of Action of Ionizing Radistion on Mloroorganisss.
We can speak of the direct effect of irrsdiation only in those cases
where the water oontent in irrsdiated objects amounts to less than three
percent., Some living orgaenisms, including bacterdal spores, msintain
their viability well in the drled state; in this case, death of them
from irrsdiation may be the result of the dirsct effect of londeing
radiation. At the rresent time there is an entirely substantiated opine
ion %o the effect that the influence of ionizing rediation on micro-
organisms takes place largely by the lindirect routs: as the result of
action of active radieals physicochemicsl disorders occur in the miorobe
oells conteining 75 percent water, as the result of which their early or
late death ocoeurs, ,

After the lrradiation of microbe r~spensions different degrees of
sensitivity of tha cells sre demonstrated to the aotion of ilomdzing radis-
tisns In each miorobe population the majority of cells is sensitive to
irradiation, whareas some cells provs to be resistant. In order to inmeti-
vate these radioresistant oells the application of ionizing radiation
in mich higher doses is necessary than those at which the main mass of

~ irradiated cclls diea, On the basis of a study of the survival curves
of baoteria it hes been determined that the sensitivity of bacteria
is associated with the growth phose of the eulture: tims, miccobes which
are in the lag phase are more resistant to irradiation than oells in
other pheses of growth. Aslide from the size and intensity of the dose,
the effect of irradiation depends to a greater degree on the thickness |
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r;;.‘tho suspension being irradiated. The species oharacteristics dﬁq
radiosensitivity of mieroorganisme alye emrt a considersble effect on
the oeffectiveness of irradiatien. Spore forms of bacteris are consider-
sbly more resistant to irrsdiation than the vegetative foxms, For the
purpose of achie o sterilising effect Muring the irradiation of
thick suspensiens of vegetative forms of baoteria a dose of 500,000
600,000 r is required; for the insctivation of the spore forms of bac-
teria the dose of radistion is insressed to 1,500,000.2,000,000 r (M. N.
Meysel!, 1955). ,

The physiologiosl state of miorche cells at the time of irrsdise
tion also has an influence on the irradiaticn effect. It has been shown
that starvation of the mloroorganisms even for a short time oconsiderably
incresses their sensitivity to the injurisus effest of rediation. Micre-
organisms, nore ssnsitive to heating, prove to be more resistant to
irrediation. Gremspomitive microves are mee Tesisiant 2o the sstiom of
dopdelng Tadiatlon than grams-negatize sforshkes. The pmeszense of oxygen
in the mediun at the time of irrediation enhances the effect of irredis-
tion in comneotion with 1ts participation in the formation of new free
redioals (Go thle'hm. De Bulﬂ‘u Ao Hm.nd.r. 19?).

) The temperature factor in the irradiation of miaroerganisne mokes
its impression on the effect of icniring radiation (A. EKelner, N. Bellamy,
G. Stapieton, ¥. Zelle, 1955). Change in the tempereture during the
perdod of irrediation and after it has an esseniial influense on the
irradiation effect. With redwction of the tempsrature & reduction of the
stfact 48 ocbserved, which is apparently cenditiensd by the reduction in
the capacity of irradiated cells for carrying eut oxidation.

Morphologleal and Bioshendosl Changes in Baoteria During Irradiation.
Undar the influence of irradiation with & dose of the order of one millier
¢ mierobe cells are destroyed to the point of detritus. Xrrediation of
mhoroorganieams in doses up to 1,000 » causes an apparent stimulation of
cell division procusses. As longer observations hawe shown, ocells,with
respest to whioch the stimlation effsct ie datected, subssquently die.

As the reswit of irrediation in subbsctericidal doses there ia a marked
inhibition of oell division, as the rosult of which & considerable
mmber of umwsual (filamentous, sphereidal) forms of ceile are created,
whlch in the final analysis are lysed, leaving hs Mdly notioceable "ghosta®
(4e Go Porshdy. , 3. 3, Koom ard No No Solev'yev, 195?)0 A amell mmusber
of oells is maintained and forms a population of oells which later pro-
duoe microcolonies, part of the ocells of whinh prove to be more resist-
ant to irradiaticn. When bacteris sre irrad iated in subbaotericidal
doses frequently & process of dissociatien is cbserved. Facts are
Lkuown where microorganises have lost the abllity to form pigment after
irradigtion as well as the oppoaite phenomenon, the appsarance of var-
louzs ceolored colondes or individnal colored sectors of colonies in the
cnlture. Bacterial capsules are also subjeot to changes after irmadise
tion; they sre elther destrayed from the effeoct of considerable doses '
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l'of gaxma~rays or are sppreciably reduced in sise. ']

Various functional structares and biochewionl systems of mioro-
organisms are very mich injursd by lenising rediatien. Soms biochewi-
cal changes in irredisted mieroorganisms are feund even after the effect
of rediation in low doses which do not preduse visible morphelegiosl
ohanges. Other biochemicel changes are the results of irrsdiation in
mach higher dowes. The phosphorus metabolism of microorganisms is
moat. sensitive to irradiation; under the inflivenocs of ionining radia.
tion depalymerization and partial breakdown of the phesphorus compounds
in oells ooccur. After irrediation there is rﬁut impairment of
mcledc acid metabolism (g.v.) and mostly, of deoxyribomcleic scids
(qeve). Dematuration of the protein with the liberation of oulfhydryl
groups, observed after irrsdiation oven in low deses, is evidenos of
considerable ohanges in the protsplasts of the microorganisme. Sub.
ssquantly, in the growth process of ths irradiated oulture denatarative
piencmena increase Gonsiderebly. {(afisrslfest)s

Directly after irrediation no discrdsrs are noted in iumw mitrogen
matabolism of irrsdiasted miorvorgamisms., Essential growth ohanges on
ratrient media occur for & certainddme after irradistion. These changes
amount to an increase in the total amd nomprotedn nitrogen, wheress
the peroentage of protein nitrogen is reduced. There are date in ex-
istence which indicate the greatsr resistance of respiration ard
fersentation in microorgardsms when they are irradiated. Irredilation
in large doses, which injures wicrobas, does net produce ary gross
disordsrs in the enzymatic systems of alcroarganisme respinsitie for
respiratory processes ( M. N. Meysel!, 1955).

The Radioresistance of Miarcorganisss. There are auy data in
exiztence which attest to the ooccurrence of rediocreaistance in moroe-
organisms, associated with the production of resistant forms az the
resuls of repested irradiation (E. M. Witicln, 1945, 1$47). Thereby,
in the redioresistant variants of bacteries there is a redunction in
the sensitivity to antibioties (pensiodiilin and streptomyein). The
faot i3 interesting that radioresistanoce does not ogour ir all oells
of the wicrobe population exposed to lrradiation but only in individual
cells, The process of ocourrence of radioresistance ocours
a3 the result of irradiatlon of miorobe suspensions in risirg doses.
The problex of whother salestion of radiorssistant forms existing in
the population ocours or wihwther we are dealing with adaptive varia-
tion has not been sclved (see Variation of Miaroorganisas). The pro-

porty of radiovesistance is transmitted to subsequent generations of
microorganisms .

Protecilon of Microorganisms Against the Actlon of Iomdsing
Radiation. A number of compounde are known which exmit a protective
effect against Jonlzing radiation. Protection against rediation,
accomplished by means of chemioal ooupounds, is effectiwve only with
respect to the indirect effect of radiation, Among the protective
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Fubstances are sulfur-coritaining amino acids (aysteine, methionine, —'
aystine), thicanines(bsta-mercaptosthylamine), ayanides as well as
alcohols, sodium hydresulfite and BAL (dimercaptopropsnol). These sub-
stanoes, when added to the medium prior to irradiation, exert their
effects only during irradiation. The mschanism of the protective effect
of these compounds is different. .

Cysteine and glutathions belong to protective compounds which
possess sulfhydryl groups (Kelner, Bellamy, Stapleton, Zelle, 1955).
Cystmmine or becaptan (beta-mercaptoethylamine) belengs to the oategory
of strong prophylactic agents possessing a considersble protedtive
effect. A no leas strong protective agent is its disulflids form -
cystamine..the range of which is very broed. As protective agents in
irradiation of mlicroorganisms a study was made of certain amino aclds
and their derivatives -- tryptamine, prciamine, serotonin, formate,
succinate, pyruvate, serine and others (Stapleton, Bilien, Hollaender,
1652). A conniderable inersase in the nrotactive affacts of zome
amines is noted when they sot simultaneously with cysteine. In exper-
iments on mderoorgsnismes it has been shown that only those amino acdds
possess a protective effect against irradiation which are readily oxid-
ized by these microorganisme. Tims, it has been shown that alpha-
alanine is utilized in metabolic reactions of a number of hacteria and
when first introduced inte a2 matrient medium exsrts a prophylaoctic
effect, wheress bata-alanine, which does not participate in metabolic
reactions of the mioroorganisms, does not protect sgainst the harmful
affect of radietion. A protective effect 1s exerted by saturated monow
atomic alcohols (methyl, ethyl, propyl), clatomio alcohols (glycols) and
triztomic aloohol (glycerin). Thus, & considerable incresse haz been
noted in the resistance of yeast colls to irresdiation after treat-
nent of them with alookol. The protective effectapsirstirradiation of
microorganisms 13 exerted by other substances also (forwic, malic,
pyruvic acids, thiourea, sodium acetate and others). Combined protec-
tion against irradiation with chemical compounds acting on wvaricus blo-
chemical systoms of miorcorganisms is interesting. '

Antigenic and Dmmnogenic Proparties of Bacteris in Irradiatl.on.
There are very few data on the effect of ionisging radiation on the
antigenic and immnogenic properties of bacteria. Study of these prob-
lems is interesting from the viewpoint of ths possibility of ulitization
of ionizing radiation in the production of bacterials. It has been
shown by some investigators that O.antigens are more resistant to
irradiation than Heantigens (Ye. L. Remennikova, 1956). A reduation in
the toxicity of microbes depending on the dose of irradiation has alse
been established. Agglutinating sera cbtained by means of lmmmunizetion
of rebbite with Arredisted antigens show.d titers no less than the sera,
of rabbits immnized with non-irradiated antigen.

Recently, Soviet investigators have obtained data atiesting to
&he possibility of utilization of gamma-rays in the production of '
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acterials (V. L. Troitskiy, M. A. Tumanyan, 2. G. Pershina, and other
1958). From typhold and dysentery bacteria killed by irradiation
(1,500,000-2,000,000 r) the so-cailed radiovaccine was prepared; "radio-
antigen" was extracted (an immunogenic prlysaccharide-protein complex)
and & study was made of *:: antigenic and immunogenic properties and
toxieity. The radioantigens proved to be less toxic than the antigens
prapared from formalized microbes. Microbes killed by irradiation did
not lose the‘r antigenic properties, and the radiovaceines caused the
production of antibodies in the same way as ordinary vaccines (Me A.
Tumanyan, A. P. Duplishcheva and 7. S, Secova, 19%8).

Radiation Sterilization. In radiation sterilization the death
of microorganisms occurs without elevation of temperature ("cold ster-
1lization"). The utilization of lonizing radlation creates the poss-
ibility of sterilizing sealed materials. The object of sterilization
in the bacteriological industry and in laboratory microbiologiGal prace
tice consists of nutrient media for the cultivation of micrcorganisms,
killed micerobial vaccines, "chemical” vaceines -- antigen commlexss
extracted from the microbes, toxoids, therapeutic sera, glassware, and
others. The most important condition for fullescale radiation steriliz-
ation is adequate penetrating power of the scurce. 3pere sterilization
sources with gamna-rsdisation possessing considerable penetratins power
and 2 long half-11fe can be utilized. This proup ircludes radioisotopes
of cobalt (Cof0) with a halfelife of 5.27 years and cesiuwam {Cs337), the

half-life of which is equzl to 33 years. The finel effect of racdiation
sterilization depends on a number of faetors, among which is the moisture
content and temperature of the object being irradiated, the svecies of
miercorganisus, the degree of seeding, the presence of oxygen and others.
Yicroorganisms which are in the suspensions are more rapidly inactivated
by irradiation thar those which are in food products and sera. The vres-
ence of various organic compounds frequently exerts a protective effect
ageinst irradiatien. For the purpose of achieving sterility of the
cbject beinz irradiated,irradiation with a dose of up to 2,000,000 r

can be considered adequate for practical purposes, although, according
to the data of some authors, microorganisms are encountered which do

rnot lose their viability when irradiated with a dose of 2,000,000-
/4,000,000 r.

With cold sterdlization of procducts a certain side~effect of
irradiation is demonstrated, which is expressed in a considerable change
in the color, teste and odor, which are most markedly expressed when the
irradiation is carried out with doses of higher than 100,000 r. At the
present time, there 2re several means of eliminating or at least lessen-
ing this side-effect of radlation. One of them consists of irradiation
in the frozen state. However, such z means of sterilization is com-
plicated by the difficulties of maintaining low temperature during the
irradistion process. In view of the fact that changes in the products

{ being sterilized are of an oxidative nature, the most promising metbod d
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Fﬂ-mmmmumorprmummmdm. In thig
case, the proocess of irradiation should take place in a vaouusm, in an

atmosphare of an inert gas or with replacement of the oxygen by lydrogen.

Cold sterilisation is finding progressively more extensive appli.
cstion for the preservation of food products, hermetioally packsd and

designed for prolonged storage. The selection of packing materisl shemld
00

to the radiation sterilisation conditions also (fine glass,
aluminum, plastic, that 4s, materisls which prectieally do not abserb
ERMRA-TAYS )«

After cold sterilization raw mesat acquires an unplessant cdor
and taste, which is assoclated with the produstion of hydrogen sulfide
and methyl mercaptan in the products. Reduotion of the irradistien
dose leads to a reduction of unpleasant tastes and odors as well as to
& shortening of the time the material can be kept. Salted meat pro-
ducis change their color when irradiatsd. but net to such a degree as
does raw meat. On storage of irradisted food products an improvement
ocours in their properties; the color is restored, and thers is & less-
ening of unpleasant odors and an improvement in taste. When irrediated
food products stood for a month at 370 C s softening of the tissue
structure and production of & msat extraci were observed (R. S. Khemman,
1957)s At a lower tempsrature better preservation of the product for
& longer time and the disappsarance of the tasles . :
the radiation effects are noted.

Milk belongs to the category of food products which are very
sensitive to irradiation. Unpleasant tastes and edors appsar in the
mlk when irradizted in doses approximately 100 times less than those
needed for complete sterilization of it. Therefore, the use of radia-
tion sterilization for the treatment of milk is not very good. Cold
sterilization of dairy products is more promising. Vitasins in milk
are very sensitive to irradiation. There is most rapid destruction of
asocorble scid and vitamin A; to a lesser degree, ocavotene and ribeflavin.
The use of radintion sterilization for fresh eggs had to be stopped
becsuse the yolk aoquired a pronounced added taste and an unpleasant
odor; thersby, the egg white has the appearance of a dense jelly, also
with a marked unpleasant odor (R. S. Xhemman, 1957).

With radiation sterilization of products of vegetable origin the
unpleasant tastes and odors are slight; however, as the result of the
fact that the enzynes are not inaotivated by irrsdiation, the preserva-
tion of irradiated vegetables is poor. For the rurpose of insctlvating
enzymes the dose of irradiation should be five times greater than that
used for schieving complete sterilization. Satisfactory results have
been obtained from the irradiation of vegetables in doses of 1,500,000
2,000,000 r. Thereby, there was a considerable prolongation of
the time vegetables could be kept; the tastes and odors were hardly
noticesble. However, after such irradiation there was a destruction of

}__a considersble part of the ascorble acid (J. Mickerson, B. E. Proctor, ’
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s, ccaniith, 19%). -
The utilization of ionising radistion is most promiming for che
ing the germinatisn of petsto tubers amd of grain. For these pmrposes
ﬁ:t)ﬁaﬁnn with & dose of 10,000..50,000 » is sufficient (J. Ktpﬁ.uoh,
*
Good resulis sie given hy irraciation of grain with the aim of
destroying insect pests., A4 radiatiom doz. of 10,000 r is entirely
m%;whe for rapid deutrnction of insects inm wvarious phoses of develop-
env. .
For a fina) sciution %o the problem of industrisi applieation of
rediation sterilisation 1t 13 essential ascurataly to detervixine the
harnlessness of irradiated food preducts and thelr smitability as food.
Some investigators have expresssd cencoyn over the possidbility of foru. 1
ation of careinogenic agents in irradiated food wo&\wt&. Howeve::, :
to dete there have baen no experiwental data coalfitmlig thls. :
The utilization of radiation sterilization In the preduction of
drigs ,pharmsosutieal and medical preparations is mest pv‘omisﬂ.ng. The
uss of ionleing radiation in this fleld is particularly profitsble,
becguse among ths dwuge s large mumber of cestly and rapidly spoiling
preparations are movm which cannot withstend heat sterilization. The ;
taet 1s partienlarly impertant thal .he use of lonizing radistion makes !
J.-‘J 3}!‘1‘351‘0&.& e‘;c sfzﬁ&inn panbnf? and h.eme“"‘ ﬁﬁ:’f S6a; Gd leﬁl’l”Sl Th'-
use of radiation sterilizstion in doses up teo 2,004,000 ¢ is posuiile
with respsct to & mumber of pharmaceuticals, antiba.atica; hcmoms.
stercvids, alkaloids and some vitamdns., Good reswlts are given by tha
uvae of radiatisn sterilisation for the processing of bandaging WAL~
ial, surgical silk, gauze, cotton and others.
In the produetion of bacterials sterdileatien 12 & nscassary
process.  Usually, mutrient media, glasswave, noiilss, ampules, labore
atory glassware as well ss bacteriologi~al productien wasis apre sterdl.
ised. In this field the utilization of radlation sterilizetlon ceun
Tind 1ts most extensive application. The utilisation of ienizing rad-
iation for ihe producticn of vacoines amd the stsrilization of matrlent
wadia is most prowising. The studies have shown that irredistion of
301id agar and liquid mmurlient mediy (Yaxrtin's agar, Hottinger's agar,
Poppels beuillon, Martin's bouillen) with a desa of 1,500,000 r does
net cause & deterioration in their properties, but suoparatively low
doses {of the order of 600,000 »r) even improve the mutrient qualities
of the media {V. L. 'i":‘m.‘i‘ﬂka;:r and others, 1958), The ntildzatisn of
icnieing rediatlon for the sterilizat j.:m of teswids (“dphiherle apd
tetamms *» possitle only with respeset to the natlve pveparations.
The adsorbod tesulds to a ceriain d(*;’x ae Lose thelr wtigenicity frox
the effest of steriiizing doses of Lonizing radistion. Eewn leas
procising is Arrediation for purpsses of preservation of llqold sera
! {antitexiods The utilization of cald sterilization in deses soswring |
| starility »f the preparation causer s purdlal demaiviation of sers :
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(there is an increase in the viscosity and a change in the olectrophmﬂ-
ic mobility; s reduction in the antitoxin titer is noted). Hewever, by |
the addition of sulfur-containing amino acids to the irrediated sers -
cystein, oysteinamine -~ it is possible to protect the sera agsinet
dastroction during the course of irradiation. By this means it is
p:asible: to subjeot diagnostic agglutioating sera to radistion sterilis-
ation.

The use of ionizing rediation is promising for the sterilization
of bacteriological production waste (infectious material, contaminated
glassware) as well as for clean glassware before it is used in the pro-
duction procsss. Ionizing radiation can be utilized slong this line
if an economical unit is constructed with adequats handling capecity.

Expansion of the avea of application of atomic snergy for peace-
ful purposes ard reduction of the cost of the sources of irradiation
make them oonsiderably more avallable for gemeral use for purposes of
radiation sterilization.

Ve Troitakiy, Z. Parshins
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Radioisctopic Diagnosis

Radioisotopic diagnosis is the diagnosis of disease Ly means of
radioactive isotopes. The methods of radicisotopic disgnosis are based
on the detection and measuremant of radicsctive emanations, The meth~
ods of radioisotopic diagnosis can be schematically classified in the
following way.

1. The methods of radioisotopic diagnosis, based on the prin-
ciple of isotopic dilntion., Among them are & mumber of methods mak-
ing it possible to obtain a quantitative charscterization of the cone
tent of different oconstituents by the dilution-of a radloactive lsotope
or libelled campound in the body. An example of radiolsotopis diagno-
sis, perfoymed on the basis of data obtained by the method of isotopic
diiution, is the datermination of the wolmuz of sirowlaling sd Plocd
cells in the blood stream, Thereby, the red blood cells taken from
the patient are 1sbelled vitro by isotopes of radloactive phosphor-
us (F22) or chromium (Cr*l), and then are injected into the same pa~
tient, and by the dilution of the labelled by the unlabelled erythro-
eytes in the blood stream the total volume of cireulating erythrooytes
is judged. The degree of dilution can be judged by the relationship
of the radioactivity of a certain volume of injected red blood cells
and the radicactivity of the same volume of erythrocytes in a blood
sample taken from the patient after complete mixing of the injected
labelled erythrooytes with unlabelled erythrocytes, It is also pos-
sible to find the volume of circulating plamsa based on the data of
isotopic dilution. For this, the blcod plasmua proteins are labelled
outside the body with a radioactive chromium isotope (Cr~lCls), By
the dilution of the label in the body after the injection of label-
led Crri=proteins into the blood stream it is essy to ocalculate the
total circulating plasua volume. Measurements of this kind are con-
venient to make with human blood serum albumin labelled with I1J1,

The isotopic dilution principle underlies other methods of ra-
dioisotopic diagnosis. For example, a determination of the quantity
of water in the body iLmwportant for the surgeon can he made by measur-
ing the radicactivity of the water separated from & blood sample tsken
two hours after the injection of tritiated water (T;0) inte the blood
(ses Tritium). In two hours the radicactive water managzes to becous
unifornly nmixed with the body fluids. The degree of dilution of the
label  will be proportional to the total volume of the fluid in the

body.

By means of radicactive isctopes of sodium, potassium and chlor.
ine it is possible to find the sizes of ths sodiwm, potassium and
chlorine "spaces', that is, the volume in which these electrolyles are
distributed in the body, by the data of lsotopic dilution. The date ob-
ltained can be of diagnostic lmportance, é
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r 2, The methods of radicisotoplo disgnosis, making it pogiiblcj
to take into consideration the changes in the rates of physiclogleal
processes in different diseases. In them an evaluation is made of the
time faotor in the course of various processes in the body normally and
in pathology. Thus, when diisopropylfluworophosphonate labelled with
radioastive phosphorus is introduced into the hody the newly formaed
arythrocytes becoms radicactive. The label leaves them only when the
rad blood cells are destroyed. Foliowing this process, which is subw
ordinate to an exponential law, with respesct to time, it 18 possible

to caloulate the half-life of the red blood cells and their aversge
lifaspans, By the same method it 1s poasible to determine the average
lifespan of othar formed blood elements. The fact that various proces-
ses ooccur according to an exponential relationship, which has been es-
tablished in mony studies, opens np broad possibilities of quantitative
sharasterizoticon of thecs pordcssass nommally snd in pothelsgy and for ’
using these data for dlagnostic purposes, Specifically, nmethoeds of

tracer studies of the liver function (4.v.) are based on this, In

them consideration is given to the rate at which radicactive dye (for -
example, Rose Bengal labelled with I131) or colloidal radioactive gold

is taken out of the tlood stream by llver cells., The same principlo~-
aeasurenent of the clearance rate of the blood with respect to a lahal~

led substance forelgn to the body is utiliced in tracer dlagmcais of

kidney diseases (see Kidneys, tracer studiss of kidney functions), The

rate 1s characturized by the time needed for redwetion of the conden-

tration of the labelled subatance in the blood to half, This index is

found from an analysis of the hlood redicsetivity curve as 2 funetion

of the time which has elspsed after administration of the isctope.

By the rates &% which radicactive iron (Fe®) is taken out of
the blood, its wptaice by the bons merrow and reappearance in the blood
(in the composition of arythrocytes) & conclusion is drawn concerning
the functional state of the bone marrow and together with an analysis
of other indices, a conslusion about the atate of heawopoiesis and
blood destructlon, By the same token, the differentisl diagnosis of
various forms of anemda is considerably facilitated.

Diggnostic testy serving for the evaluatlon of the state of the
hemodynamice | Sce Camilovageular Srstem) amount to & direct messure-
pent of the tlme intervals spent by the lszotope ixn going throvgh the
greater or lesser cireuiation or various parts of the blood streum, -
In theze tests, the mwasuaring i.‘pg ratus records tie time of the injec~
tion of the isotope (usually, ¥a<t) and the time il reaches the part
of the body of interest. In modern apparatuses, uve is made of auto~
mstie recording of ihese indlces.

3. The methods of tracer diagnosis, in which consideration is
given to changes in distributicn of radioactive isotopes brought about
by a pathelogical process, The olassic example of the tracexr dlagnoetie
émeﬂmds balonzing to this zroup 4is the determination of the functio

B
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[tate of the thyrold gland by means of redionstive iodine (q.v.). The |
sethod 18 based on the fast that the indine vptake of the thyroid gland
the accumulation of I131 or 1132 in 4t) depends
on the functional state of the thyroid gland: it is incressed in hyper-
hypothyroidisa, Up to 20 different tests
have been proposed, in which the rediocsctive iodine assists in deteot-
ing atnormelities of uptake and metabolism of lodine in the thyroid
gland, The simplest and most reliable is the dynsmlc determination of
the I131 absorbed by the thyroid gland in percentages of the quantity
adninistered., Convenient MHW“ is a DSU-60 apparstus ocon-
structed at the Institute of Med: Instruments and Equipnment of the
Ministry of Health USSH (Seientific Research Institute of Medical In-
struments and Bquipment), shown in Fig. 1.

i
]
g
:

[Photograph not suitable for reproductions available in source.]

Fig. 1. Study of the Patient by Means of a DSU-60 Apparatus, MNeasure-
ment of activity with a scintillation counter.

By means of apparatuses of another type (gamma radiographs,
scanners (q.v.)) it is possible to detail the distribution of radiow
active iodine (to take s gammagraph, or scan) both in the gland itself
and in the tissues around it as well as in various areas of the body,
for example, in the region of thyroid caroinoms metastases, The latter
is possible ifmore radicactive iodine is taken up by the metastases
than by the surrounding healthy tissue, In Fig, 2, a gammagraph is
shown of & patiant's hand with thyroid carcinome. The dense arrange-
neat of lines corresponds to the site of increased wptake of I131 and
indicates the location of the metastasis,

A muber of methods of radioisotopic disgnosis of other types of
tunsors are based on the detection of deviations from the usual distri-
bution of radiocsctive isotopes. Thereby, comsideration is given to the

possibility of increased accumulation of the isotope or labelled com- ‘

pound in the tumor tissue. This can be caused by metabolic

s
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charvacteristics in the tumor cell or by & change in the distribution
of the isctope which deponds on the leval of tumor ‘issus permsability,
Specificalily, the radioisotopie diagnosis of brain twors and tumors
of the eye 1s possible because of an increased permesbility of the
hamato-ancephalic and hemato-ophthelmic hawrrigrs fox 2 mmber of iso.

s and laballe%ﬁemurﬂa (disodofluorescein, lodinated albusin,
ou, As?H, and P3Z), In Fig. 3, a study of an eye tuser is shown by
meane of radioactive phosphorus, A disorder of diatribution of rediow
active laotopes makes it possible to dlagnose congenital candiac de=
foots, In the presence of a defect in the septum between the right
and left heart the rediosctive gas krypton {Kr®3) administersd by in-
halation penetrates into the chambars of the right heari und inte the
bleod of the puimonary artepriss earlier and in larger quantitiss than
in & healthy peeson, Thereby, it ls possible to determine not only
the existence of tho dalest but alss to make its locatlon and sise
more definilte,

The absence of uptake of dicdrast labelled with radiocsotive
iodine and injected into the hlood by the ki iney indicates fuastlional
insutficiency of it, In addition, uptake of the dicdrast by the kide
ney without subszeguent pensetration of i: intu the wrine indisaies the
presence of an obsticle to the passage of urine., Such data are very
valusble for the diagnosis of kidney discases.

b, The methods of tracer diagnosis scocrding to data characte:-
izing the absorptioca snd exaretion of radiocactive isotopes and labale
led compounxis., Amomg them studies of th absorption of labelled vita-
min B12 from ths gastroisntestinal truct are of estential importance.
in the ztudy of the functicnal oenditlon of the gastrointestinal tract
luso ie made of indices of abscrpticn of fat and protein labellad with
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Tradipactive 1sdine,

Some of the methods of tracer dliagnosis provide infermation pere
taining to the distribution of isotopes and to the rates of processes
being stuiied and to information of different kinds all in the same
technique. : . .

In the clinleal utilisation of tracer diagnosis consideration
should be given to the possibility of the radintior hasard for the pa-
tdent from the oral administration of rsdiosstive substance. Per-
faction of the measuring technigue makes possible the performance of
studies with susll quantities of redioactive mubstances, whioch reduces
the radistion hazaxrd to an acceptabls level. Ses also Radiocactive 1so-

topes.
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Fig. 3. Diagnoois of Bye Tumor by Incresse Adsorpiion of Radloactiwe
Phosphorus. Measurement of the Activiiy with a Seintillation Counter,
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Radioisotope Laboratory

The radioisotope laboratory is a combination of rooms and equip-
ment for the performance of scientifis research, techrical, therspeutioc
and some other work with the utilisation of natural and artificisl re-
dioactive isotopes. As a rule, the redioisotope laboratery is included
in large institutions: soientific research institutes, central plant
laboratories (for example, at enterprises of the mstallurgical and ma-
chine building industries), clinies, oncologioal dispenearies and
others. In the radioisotope laboratory, radiochemiocsl preparative work,
radiochemical and isotopic analysis of different eloments and unds
are carried out; methods of radiometry (q.v.) and dosimetry <q.v~.§ are
utilised. In the radioisotope laborstory work is done on the prepara-

tion of sturcss of radistion for utilisatisn for the puwpose of gomme.

Al VOLWeruy MMUSIIVIVEY) veles aid gemaeia) VOGCapy s WoasCal S
graphy as well as for use in instrumentation,

An important requirement for the arrangement, planning and the
equipping of the radioisotope laboratory is the assurance of radiation
safety for service personnel of the laborstofy and elimination of the
possibility of contamination of the enviromment. The strictest require-
ments are nade on radioisctone laboratories in which work is done with
open radistive sourcss, In this cass, ihe dzgres of possible hasand ie
determined by the physical state of the radicactive substance, the
quantity of it, the type and energy of radiation, the half-life, the
relative radiotoxicity and the nature of the techniocal proceases used
in the laberatory.

In setting up radioisotope laborateries, consideration is given

tc the degree of toxieity of redicactive isotopes, for work with which
" these laboratories are designed, In accordance with the degree of tox-
icity, they are divided into four groups, In group A are radicactive
isotopes with particularly high radiotoxicity, for which the permis~
sible concentraticn in the air of wark ses is gqual to 1+10-13"
curie per liter or less (Sr90, PoR0, Rac26 and Ra?4® and others); in
group B, elements with a high degree of radiotoxicilty, uﬁh pormissible
concentration i the air of the work premises from 1:10-13 to 1.10-11
curie per liter (Na22, Ca%5, Co60, 1126, 131, csldl, 137, y230-238 and
others); in group C, elements with moderate radictoxicity, vwhere the
permissible concentration is from 1.10-11 to 1.10-9 curie per liter
(Na2t, P32, 835, Fe59, 82, Sbl24 and others); in group D, elements
with the least radiotoxicity, where the permissible copcentration is
more than 1:10-9 curis per liter (H3, C1%, N13, 17, Ar%l, Sbl29, Bal39
and others). ‘

Depending on the rediotoxicity group and the activity of the
agents utilized at the place of work, work with radioactive agents is
divided into three classes, '
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! No special sanitary~hyglenic requirements are made cn the plan-«,
ning or equipping of laboratories in which work is done corresponding

to class III, This work can be done at various tables in general
premises outfitted in accordance with the requirements for chemical
laboratories, Work corresponding to class II is done in specially
outfitted premises located in a separate compsrtment or in a wing of
the bullding, These premises should include a shower rcom or medical
inspection room and a dosimetrioc monitoring station. Even higher re-
quirements are made of premises for work of class I, The principle
of division into three areas depending on the desree of possible ra-
dioactive contamination should be made the basis of the planning of
premises for this work (Fig. 1). In the first area various compart-
ments, cublcles, communications and others whish are the possible
main sources of contaminetion, are located; in the second avea, repair-
iransport preniises are locaved, designed for repair opsrations, load-
1z ana unloading of active materisals and work associated with openins
technical equipment and deactivation; in the third area, regular prem-~
ises for servics parsonnel are located-~ operators' (Fiz, 2}, control
board and control panel rooms, associated with the control of procesa
ses occurring in the first area,

The combination of rooms of the radioisotope laboratory is de-
termined by the technical plan and the volume of operations and may he
different in accordance with the purpose of the lavoratory. daverthe-
less, & number of components is essent’al for each laboratory. Amon:
them are: a safe for radioactive preparations, & packinz roomr and a
room for metering apparatus, The strictest requirements for protect-
ion are made on the safe and packing room, and operations carried out
in them belong to classes I and II, Often, these rooms sre separated
from the rest of the laboratory by an intermediate medical inspection
room {or medical washroom),

Rigid requirements are made for the vantilation and air condi~
tioning system, Provision is made for regular monitoring of the con-
tent of radioactive dust and aerosols in the ailr. Alr, removed {rom
the premises as wall as from cubicles and exhaust hoods should be puri-
fied by special filters., The total exchange ventilation is arranged
in such a way that the air stream be directed from premises with less
coritamination to premises with greater contamination., Liquid and sol-
id wastes in the radicisotope laboratory are carefully collected and
sent out for burizl in special burial places, In laboratories with a
large volume of work provision is made for a spacizl sewaze systenm
with a sewage purification system with respect to radicactive contam-
ination,

Radiolsotope laboratories in which work bélonging to classes I
and II is conducted are furnished with spacial protective equipment.

i dork with alpha- and beta-emitting preparations is done in air-tight ,
| cubicles and exhaust hoods with the rubber loves set into them. :
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Fig. 1. Simplified diagram of trisonsl plamning and the relations be-
tween various groups of premises: 1. vestibule, toilet, shower rooms,
closets for special suits and special footwear; 2. operator's and sux-
11iary pramises; 3. area vhere equirment is located: 4. repair-trens-
port zone, isotope safe, solid waste, air outlet ventilation compart~
ments servicing areas I and II; 5. medical inspection room or mediocal
washrooms; 6. outside entrance; 7. passsge from the vestibule to rooms
in the third zone; 8. passage to the medicil inspectlion room or medical
washrooms; 9. passage from the medical inspeciion room or medical washe-
room to area II; 10, passage from area II to area I; 1li. exit from
area II to the outside for the purpose of receivinz isotopes and re-
moving waste; 12, main places of work in the operator's room; l3.

yoom for work associateq with opening equipment; 14, zone I [also cal-
led area I in this t . Highest level of possible contaminatilon; 15.
area II, Medium level of possible contamination; 16. ares III, Condi.
tionally uncontaminated. The occurrence of contamination is possible
vwhen work regulations are violated,

Gama~enitiing preparations are also treated in air-tight cubicles and
under exhaust hoods which, however, are fwrnished with additional lead
or cast iron protection. Work with highly active sources of high ener-
gy beta-radiation and gamma sources is ¢ -ne by neans of remote control-
led manipulators. The preparations axre transported from the safe to the
packing room and then to the places of work by means of conveyers pass-
ing under protective cover. In small laboratories, the preparations are
transported betwesn places of werk in protective containers (Figa 3 and

L), 4
!_ In medical radioisotope laboratories usually both enclosed and '
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"Mg. 2, Operator's rooms in laberatories for production of luminous
compounds: 1, system of alr-tigiht oubiclez with oversiseve gloves: 2.
protective sliding cast iron shislds; 3. glase partition; 4, buttons
Tor elevators for underground storage of products; 5. machinery for
isoving shislds,

Mg, 4, PRepalr-transport area of laboratoriss for preduction of lumin-
nus compounds: 1, system of aly-tight cubielass from the repair-trang-
port. area side; 2. glass partition; 2, detachable windows for repair of
aquipment; 4, filters of cubicle ventil:tion system; 5, air ducts for
supplying atr to the alr suits; &, lights for illwrinating inside of
vubicles, .

~apen sources cf radistion are usaed., Such laboratordes are included in !

. “he oncologleal dispensaries, large therapeutic institutions and
“aoientifie resparch lnstitutes. e

S T e sk b A

. AR



i

el ot 2ot f
SR .

g e e > S > e o s Wy

|
| I
-

i

Fig, 4, Disgram of the working process; A. safe room; B, manipulations
room; 1, revolving type container; 2. protective work table of safe-
guard; 3. maaipulations table; 4. sterilizer .; 5. conveyer; 6. protec-
tive table for treatment of ths capsules after discharging thea and for
placing thest in containers (the thick soli: line with arrows shows the
transportation of containers with the capsules); 7. charging; 8. dise

Ot SR 4 - o \
charging. (4., Ya. Berlovskiy,.

In medical radioisotope laboratories work iz done corresponding
to classes IT and III, Thereby, work of class II is done in the safe-
rooms and pasiking rooms. With the utilization of radioactive isotopes
for therapeutic purposes, a number of operaticns of class II are cone
ducted in the procedures and operations rooms, The bulk of the work
with the utilization of isotopes for dlagmostic purpeses beiongs to
elass III,

The entrance to the safe~rooms, packing room and some procedure
roves is guarded by a dosimetrie station or medical inspection room,
The equipment and finish of these rooms, ventilation, hesting and the
sawage system are in accordance with the requirvements of sanitary reg-
ulations for work with radicactive agants of clasa II, The other rooms
of the radiolsotope laboratory (the bulk of ithe procedures and opera-
tions rooms, pranises for metering opersticns, observaticn rooms, etc,)
are equippad in sccordance with requirements for operations of class
IIT. A2l the premises of the medical radicisotope laboratory are
usually located in a separate coumpartment or in a spseial building,

Wit the use of enclosed sources of radiation alone the sanitary-
hygienic requirements are somawhat different, Sinse in this case the
possibility of contamination of the environuent with radiocactive agents
can occur only through .a break in the hermetic sealing of the prepara~
tione, the main attention is given to problems of protecting the !
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rsarvicse porsennel sgainst externsl irradiation and to checking on the
hermetie sealing of the envelopes containing the preparatlons, Fro-
tection Azainst external irradiation is assured by the use of protecs
tive squipment and rewote controlled units (see Antiradiation Protec
tion (Physical)). Apparatuses used for gamma~ray therapy can serve as
an evample. Sowrces of radlation in these apparatuses are enclosed in
protective containers, and they are operated by remote conirol. The
irradiations are conducted in premises with protective walls., {bser-
vation of the irradiaticn is mwade by means of television apparatuses
or through cbservation ports with protective glass. When gamme-ray
preparations are introduced inte the body caviildes, tissues, or when

thay aro placed on the body surZace, use is nade of sliding protectivs
Sme.h.as«

See also Radiation Hygiense.
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: Radiological Units 7

Radiclogioal units (and magnitudes) are units of measurement of
the magnitudes utilized in rediology. .

In the USSR, the units of gz-rediation, gemme~rad on and ra-
disactivity are defined by 00ST /All-Ualon State S 8848w58, ene
acted 1 Jamuary 1959. The GOST partly takes into consideration the
recomnendations of the International Commission on Radiological Units
and Measurements (ICRU).

The Internationsl Cosmmission on Radiological Units and Measure
ments was organised at the First Interational Radiologlcal Congress
(1925)., The Ccemission works on the bssis of materisl of correspond-
ing national committses, is controlled by radiological congresses, and
s comected with the World Health Organization (WHO). The recommens
dations of the Internstional Commission nn Radiological Units and
Msasurements are revised systematioally in acoordance with the expane
sion of the fiald of application of redistion,

Below, definitions of radiologisal units according tc the GOST
ars presented, as well as the definitlons of some radiologicsl units
¢f interest which have been included in the recommendations of the Ine
ternational Comtission on Radiological Units and Measuremenis, and,
finally, definitions of radiological units encountered in publications
which have not been included either in the GOST or in the recommenda~
tions of the ICRU.-~ either thay are outdated but ave still used or
have gone oul of use completely but require comparative evaluation
for reading the literature of previcus years. With respect to the
latter, it has been pointed out that these are outdated unita. 1In the
group units are inoluded based on the lonigation methed of measurenent,
photometry, colorimetry and others. In addition, the sc-called bio~
logical units, based on standard reactions whiali served for rapreduc-
tion of irradiation conditions in the imitiel périod of developuent of
désinetry, ave given, ~

‘AS the wnit for the doze of x-radiation and gamme~radiation the
roantgen has been adopted (r). In ancordance with the GOST,ihe dose
of x-radiution or game~radiation in air from whish the conjuzate core

puscular omlssion per cubis cantimeter of air (possessing a mase of
4.001293 geam at 00 C and 760 millimeters of meroury) produses ione
in it carrying & charge aqual to one electrostatie unit of each sign
(in the centimetsr~gram-zecond system). 48 taken aa one roentgen,

The dose ¢f x~radiztion or gamma-~radiationr is & neasure of the .
rediation based on its lonizing power, This definition coincides with
the definition given by the ICRU: "the irradiation dose® (or the "exe
posurs dese®),

In acoordancs with the GOST,ths c.oe charscterizing the fiolda

Lof X=ray and gamaeredistion 5hon1d be measured in rocntgans The use ’
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re‘:f the roentgen a8 the dose unit is accepted for the msasuranent of '
radistion with guantum energies up to 3 Mev,

In practice, derived values of the roentgen are utilized: the
megarcentgon (1063‘5. kiloroentgen (103¢), millircentgen (10-X'), mierce
roentgean (L0~0T), which can be designated, respectively, Mr, kr, ar,
AT,

In caleculating the dose created by beta-radiation of radioac~
tive isotopes in tissues, the following formula is used:

f)a = 88-c.rtl‘.£$'

where: Dy 1s the dose (in roentgens) liberated from complete disinte-
gratisn; ¢-- Uhi councentration of the isotope in willicurlies per kilo-
gram or Lissue; 14 1S the halr-lile in days; g, 13 the mean particls
energy in iev,

The reentgen per second (r/s) has been accepted a5 the unit of
intensity of the dose of radiation., The quantity of energy which pase
sos tiwough a amall sphere swrounding & point with s uniform cresge

- secilonal area per unit time is called the intensity of radiaticn (%he
density of the radistion energy flux) at ths given point, The erg per
squars centimeler or the wall per square centimster (abbreviated: erg/
em? and w/eml) serves as the unit of radiation intensity.

Ihe wmagnitude of the neutron flux is characterized by the nume
ner of neutrons passing through a perpendicular beam with an arsa of
one square centimeter per second.

The uwndt of the absorbed dess of x-radiation or gamma-radiation
1s the rad (abbreviated rad), Accordir: to the (05T a dose of x~radi-
atien or gamta-radiation equal to 100 ergs per gram of irradisted sube
gtance by the lrradiated substance is talen as 1 rad,

In practice, derived values of the rad are used: the maga'f:zd
(206 wad), kilorad (103 rad), millirad (1.0=3 rad), microrad (10~6 red),
which ¢an be called respectively M rad, k rad, m rad, and & rad,

- From whit has Deen stated above, 1t 1s seen that in radiology
the concepts of the absorbed dose and the ixradiaticn dose are ac-
cepLed. In meny cases the sbsorbed dose can readily be caleulated on
the basis of measurin: the value of the irradistion doss, In connect-
iion with this, itne mentpen, as the practical dose unit of irradiation
{exposure dose) for x~ and gamwa-rays remains the basis of practical
dogimetry. The absorbed dose 13 determined by means of neasuring the
irradiaticon deses in roentgens (charscterizing the radlation field)
with consideration of the composilion of ibhe medlum Delng irradiated.
In practice, under conditions of elsctronic equilibrium the absorhed
dose 15 determined by caleuvlation according to the following relation-
ships the aboorbed dose D is proporticnal to the irradiation dose,

{ R{D=fR), For the case of x~ and gamma-radiation and where the

R -
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[abserbing medivm is air, the value of £ 4s 0,877 rad per roentgen fer |
. any quality of these radiationa; for other media, { changes with the
atomic composition of the substance being irradiated and the quality

of the radiation,

The integral absorbad dose in & given ares is the nsme of the sner-
gy transmitied to the substance by ionising particies in this area.
According to the reconmendations of the ICRU the unit of the integral
absorbed dose 4t the gram.rad (g-rad); 1 gram-rad is equal to 100
. er‘gs (ICRU). *

The intensity of the absorbed dose is the term for dose absorbed
per unit time, The unit of intensity of the absorbed dose is the rad
per unit time (ICRU), _

The roentgen equivalent physical (abkreviated rep) has two def=-
ixdtions. Mrst, the dose of any iopizing redistion whieh leeds to
absorption of ensryv of 83 args by tha Aymadietaed +laema dhet 2o 4he
ensrgy vwhich is absorbed by tissue per gram of air when the radiation
dese s equal to 1 r, is taken as 1 rep., later, the doze of any
lonizing radietion which leads to absorption of 95 ergs of energy per
ce (1 gram) of wet tissue from irradiation with hard x~ or gama-rays
began to be taken as 1 rep.

The dose unit for fast neutrons is desigrated by the symbol
put {Kbgrshold and others, 15%1). A dose of fast neutrons egual o
1 n produces ionization in & Victoreen dosimeter, caleulated for 100 v,
equivalent to the lonization produced by a dose of xerays equal to cie
roeritgen. 1 n is about equal to 2.5 rep is about eq to 19¢ args
per gram of tissue. 1 n/sec is about equal to 5.8:.10° fast neutrons
per square centimetexr per second.

In American works somelimes the doss of fast neutrons is desig-
nated by the symbol K., This designation appllies to measurements mede
by meana of the Victoresn dosimeter calewluted for 25 r.

With the introductlon of the rad other unita in the field of
nautren measurements a3 well as the rep went out of use,

The linear energy ioss is characterized by the energy transnite
tod by an lonizing particle to the surrounding medium per umdt sectlon
of its pathway and i3 expressed in kiloelectron volts per micron,

In the literaturs the following magnitude is encounterad:
*specific ionization," determinable by the linear deusity of ions
along the pathway of an ionizing particle (the mmber of ion palrs per
micron of substance),

The unit of activity of a radicactive isotope is the curie (e)=w
the activity of a preparation of a given isotope in which 3,7.1010 gis-
integration events occur per second., According to the ICRU definition
(1956), the curde is the unit of the quantity of radiocactive substance
eostimated sccording to its radicactiviiy. The quantity of a radiocace

t tive nuclide in which the number of disintegrations per second is egual
" to 3,7.1010 1a taken a3 1 euwrie, In practice,derived values of the i
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[omrie are used: the mogacurie (205 curdes), kilocurie (103 curies),
heotoourie (102 curies), decacuris (10 curies), millicurie (10~3 ocuris),
microcurie (106 curie), respectively, Mo, ke, he, ds, mc, and Mo,

In soms countries, the rutherford Zrd) has been accepted as the
unit of activity; it is the activity of the quantity of radiosotive
preparation in vwhich 105 disintegrations occur per second, The deriv-
atives of this unit are the fqll §: millisutherford (mrd, 10~3id)
and microrutherford furd, 10~6rd). At the present time, the ruther-
ford is an outdated unit.

For the purpose of measuring spec:fic activity the fallowing
units are utilized: the curie per liter (ourie/l), millicurie per
liter, microcurie per liter, curie per kilegream, milliscurie per kilo-

. gras, microcurie per gram.

Conoentration of radicactive agetits in a {fluid or gas is ous-
tomarily measured in emsns (€£). One essn smgunts to 10-1Y ocurie per
liter of fluld or gas (10-1V curie per liter), The liache unit wmounis
to 3,64 emans or 3.64.10-10 curies per liter.

The quantity of radioastive strontium (estimated by its redio-
activity), referred to a gram of stable calcium, has the name of the
strontiom unit (sunshine). One suashine equals 1 micromicrocurie
(or pleocuris, 10~12 curie) of radicactive strontivm per gram of
stable caloium. This figure is encountered in the literature for the
assiy of the faliout radicactivity of fission produsts {after atomis
bomb explosions) on the ground (see also Doses of Ionizing Radiation),

Acoording to the GOST the radivm milligrem equivalemt (mg-eqre)~
the gamaeequivalent of a redicastive preparation whose gema-redis-
1100 under a given type of filtretion and under identical measurement
conditions creates the same dose intensity as gzamma-radiation of 1
mAlligrsm of radiwam of the radiumu State standard of the USSR for a
platinum filter 0.5 millimeter thicke- is taken as the radium gasms-
equivalent unit of a radloactive preparation., It has been acoepted
that 1 milligram of radium at a distance of 1 centimeter from a
0.5 sdllimetear thick platinmum filter oreates 8.4 r per hour. For the
purpose of charactarizing the sources of gamms-readiation, particular-
1y those used ir telegmmmatherspy, the intensity of the dose crested
by 1 curie of the preparation per hour at a distance of 1 neter is
used. This index is designated by the abbreviation rim. One curie of
radiun (0,5 millimeters of platinum filter oreates 0,84 rim; 1 curie
of radioactive cobalt (Co°Y) creates 1.5J rhm; 1 curie of radicactive
cusiyn (Csk37) creates 0.36 rhm; 1 curis of radicactive tanjalm
(7al%2) creates 0,61 rim; 1 curie of radioactive gold (Aul9%) creates

0.22 rhm; 1 ouris of radioactive icdine (I%3l) creates 0.2% rtm, In
clinical practice, for the purpose of estimating doses oreated in a
roon by gamue-rediation from preparations taken by mouth it is also

| important to know this.index,

L The gammg-oonstant of a radicactive isotope is the following: '

v—
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r{ho intensity of the readiation dose expressed in roentgens per hour
(r/oour), created by gama-radfstion of a point source with an active
ity of 1 milliourie at a distance of 1 ouﬁu’.«.

On the basis of a comparison of the gamma~constants it is pos-
sible to arrive at an expression of the aotivity of a radicsotive prep-
sration in nd:ng ailligram-equivalent units., Thus, for example, 1
milliourie of Co%0 13 equal to 1.6 milligren-equivalents of redium,

For the purpose of comparing the effectiveness of the doses of
ionizing rediation absorbed ad whish have been tranmitted to a sube
stance by different methods, the conoept of relative biclogical efe
Tectiveness it used (abbreviated REE)., The relative biclogical ef-
fectiveness of x=-rediation prodused at an energy of 250 kv is taken as
the unit of relative blological effectivemess. The bislogioal effecte
iveness of any type of radiation depends on meny factors., Therefors,
“he ralative binlogioal effectivensss cannot be sxpressed in a general
form Uy & singls cosffistant and warian 1n sccordance witk a maititude
of fastors, such as the type and degree of the biologicsl reaction
{and, therefore, thw magnitude of the dose absorbed), the intensity of
the dose absorbed, the fractionation of e irrediation, the level of
oxygen saturation, the pH and temperature. The relative biological
alfectiveness of any type of radiation canmot be uniformly related to
the nature of the particles (protons, slpha particles or others) withe
out regard for their energies. It is made clear fiom ths ratis of ihs
specific ioniszation oreuted Ly the radiation being compared to the
specific lonization oreated Ly xerediation producsed at sn energy of
250 kv (which is oonsidered, on the average, t0 ba 100 lon pairs per
mieron of water), or is characterized by 1EL ° of 3.5 kev/mieron
(see Proton Radiation) /UEL, rendered LPE in Russianm, means linear
energy 1osaeg7

It hds been accepted that x-radiation and elsctron and posiiron
fluxes of sny ansrgies have the sane coefficionts of relative biologi~
cal offectiveness, With considerstion of the defects in the detarmire
ation of the magnitudes of the relative biological effectivensss, ine-
herent in the reb unit alse (see helow), it is recommended tiiat their
use be limited to sitvations pertaining to protsction against radis-

tion.

The Roentgen Hguivalemt Elologieal (reb, rem): an RAB-dose wiit
aqual. tc the rroduct of the dose exprrosed In rads and the corraspond-
ing value cf +the RIE pertaining t¢ a given manifestation of the redie-
stion offect, According to the recomendation of the IMRU, z-radiat.
ion or gama~radistion (with s dose intensity of about 10 rads per
winute), at whieh the value of the LIPS is equal to 3 kev/mioron,
serven as the standard of compardson.

In the recommendations of vhe International Commission fox Rae

; diological Protection (1955) the foliowing definition is given: the |
{' absorbed dose of any radistion waiah sauses the same biologicsl effect |

H
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] as 1 rad of x-radiation acting on the safie are: and possesaing an av:'
erage specific lonluation of 100 ion pairs per mlcron of water, refer-
red to an equivalent pathway in air is taken as 1 reb. The dose in
reb units is equal to the dose in rads miltiplied by the appropriate
RBE coefflcient.

At the present time, the followinz wnits are only of historic
interest,

The "en (Friedrich) dose unit of x-radiation. His conclusion
was based on the ilonization effect without consideration of atmospher-
ic pressure, temperaturs or the effect of the walls of the chamber,
which excluded accurate reproducibility of this unit., Therefore, the
readings expressed in e units were wareiiable. According to Krénig
and Friedrich, the erythema dose was considered to bs 170 "en.

) The R dose unit of x~radiaticn used in Germany since 1924
(Klstner. Behnken) applied to alr at 2 tamparsture of 180 and a pres-
euvs of 740 pAllimetors of mercwry and, thersfors, is somewhat great-
er than the international roentgen unit (1 Rel,066r), It has gone
out of use since the introduction of the recentgen (1528),

The R dose unit of x-radiation used in France (Solomon) was de~
fined as the lonization created by 1 gram of radium per second at a
distances of 2 centimsters from the chamber when a filter of 0,5 nilli~
meter of platimm is used; it depended on the shape of the radium
preparation, the affect of the walls of the chamber and others. One
Zehnken K unit is equal to 2,25 Sclomon R units.

The F Flirstenau dose unit of x-radiation was based cn the change
in the conduotion of selenium under the influence of irvadiation., De-
pending on the energy, 1 I 1s equal to appro tely L4 »,

The X dose unit of x=redistion (Kienbdek, 1513) was basged on
the degree of blackening of a chlorobromide gelatin emulsion applied
to a strip of paper after appropriste treatment of it (after irradisw
tion) and comparison with the standard scale of the Kienbdek quanti-~
metar, The measurement in X units wag asscciated with numerous dew
fecta (variaticns of the readings depending on the processing condie
tions and individual estimaiion of the degree of blackeninz and others).
Cne X is spproximately equal 4o £ or 1/10 ED of soft x-radiztion or
25 p of herd radiation,

The S~} (Sabouraud, Noire) dose unit of x~radiation was based
oh the degree 0f chiange in the color of 2 iablet containing barium
platinocyanide (the double salt of bariwa ¢yanide and platinum) under
whe lnfluence of dxrvadiation toward a& shade which corresponded bo that
produced by the erythema dose, that ls, to & reactlon occurring after
10«15 days in the form of & slight erythema (ED). along with its
cther defects (sea the comment about the X unit) the S-if unit was une
switablie for estimating doses less than that which caused eryihams,
Une 3= corresponds approximately wo 250 r of hard xeradlation. .

For the purpose of reprodueing identieal irraliastion conditlons f{
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[ the unit skin dose, HED (Eauterythemdosis or Hsnteinheitsdosis) was 7
introduced (Seits and Wints, 1920); the HED is the quantity of hard 2=
readiation, whioh after a & irvadiation of an aresa of skin &x8
oentimeters with an FSD of oentineters, amctonghtwyﬂuuof
the skin after a wesk, & brownish coler 8f it after three weeks, and
a definite brown color, after six wesls,

on variatisns in the redissensitivity of the skin m
different subjects (the effect of individual semsitivity, sex, age,
different conditions) and of the skin in its different areas, theve
my be variations of 10«15 pexr ocent. 7139 subjective estimation of the
reaction alse has an influence on those variations. According to sub-
mmma (Grebe, Martins, 192%), 1 HED=60Or of hasd z=

The H (Helsimeaht) dose unit of m-rediation was besed on ths

umofm.ummotuumormsmmmum

typs. By means of the Holsknsokt chremoradiometar w, it was possitle
to massura in B ondde meddaddo doooo RN were irasidons apd Elie
tiples of the unit skin doss, BW, =~

Measurements in H unite were very commcn before the begimning
of the 1930's. Therety, :I.nthopnct&ca of x=roy therepy, it wss
customary to express radiation dos mmmormmbym
of the H units $HED (62); 1/3RED (blt). ot oatere.

The relaticns for the puypose of expressing the dose of hard
br;anugnmw«mwmmhymo:mnmmmem
in Table 1.

Sor Inthecuoofhu-dn-nduﬁ.onmuqmuww

In the early publications, the concepts "erythema dose® (ED)
or *normal dose* (ND) were also enocountered, By means of these units
& definition waz given t0 the quantity of x-redlation of medium hard-
ness exitted Ly an lon-accelerating tube which after approxiwately two
Weeks produced & slight exrythema on the skin of the hands. One KD is
approvimately equal to 400r.

The relationship between the dose and the erythems effect un-
der otherwise equal conditions is associated with the characteristics
of the spatisal distribution of redimtion. Therefore, depending on the
voltage at which the x-rays are produced erythema can be caused by irwe
radistion in doses from 200r (very soft radiatiom) to 1300r {very harnd
radiation obtained from voltages of 2-Mev)., When x-radistion obe
tained on betatrons and linear socelsrators at 4=30{ev .45 used in
therapeutic practics, the skin reaction cammot serve for estimating
the degree of the rediation effest,

As a oriterion for defining the dose of x-rediation previousiy
a biological unit was also used which was given the name of the %epi-
lation dose.” It wasz equal to the dose of rediation suffiocient to
cause loss ofhair of the socalp (without an inflasmstory reaction) in a !
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Table 1

i

*Depending on a mmber of conditions (see HED) 100% HED may be !
expressed by 10-14H, 1. in $: 2. in rowmd figures, ,

child 10-15 years of age W0 weeks arter the effect of x-rays of medium
hardness. The epilation dose was estimated to be 3.5-4,0H or 8X sce
cording to the data of ocalorimetry and photometry. .
The dose of x-radistion which caused desth of all 20 irradicted
mice in four weeks was called the mouse dose. This dose was proposed
a3 a biological unit for characterizing she degree of the radiation
sffsct, The mouss dose was considewad 285.30Y, It corresponds to the
concept of the minlmum absolutsly lethal doss after an cbservation per-
iod of 30 days (Mmlooﬁ )e
The dosa of x~ tion necessary to check the growth of the
rootlets (or shoots) of the horsebean (Vicia faba equina) was called
the "bean" dose. The radiation effect of the bean dose was estimated
by the lengths of the shoulders of the roots and the degree of growth
inhibition of the branch rootlets of six-eight beans moistened for 48
hours and then exposed to irradiation. The full bean dose was equal
60 per cent of the HED, ‘
In radiology, as in other fields of scisnce and engineering, .
prefixss are used for forming fractionsl or multiple units (Table 2). !
See also Barn, Caxma-rays, Gamma-constant, Dosimetry, Doses of
loniging Radiation, Curie, Neutron Radiation, Redicactivity, Radiobie
ology, Rad, Radiometry, Roentgen, Roentgen Rays..
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Medioal Radiology

Medical radioclegy (from the lLatin radius--ray, and Greek
logos--study of) 4s the science of application of ioniring radiation
to medicine (see Toniting Radiation). Nedical radiology combines
a number of independant medical disciplines and trends, inclunding:
roentgenology (q.v.), medical radiobiologv (q.v.), clinical radiclogy
(radiation therapy (see curitherapy, x-ray therapy), x-ray diagnosis
(q.v.), tracer diagnosis (q.v.), clinical aspecisand treatment of
radiation injuries (see Radiation Sickness), radiation biochemistry
and radiation microbiology (see Radiobiclogy), radiation hygiene (q.v.),
the theory and organisation of antiradiation protection (q.v.).

Radiology (we mean also wedical radiology here) traces its .

beginning to the time of demonstration of the properties of the new
rays br W, X, Roentgen at the wWurtburg Society of Natural Seientists
and Physicians (1856), at which time their importance for the diagnosis
of divease was mmediatelv determinad. Shavrtly afier (1804) 4he basis oo
x~ray therapy and radiobiology was laid. With the discovery of radium
in 1989 and the elucidation of the hiological activity of its radiation
the therapsutic utilization of preparations of this radicactive element
was begun.

For forty vears progress in radiobiology was made chiefly in
connection with the demands of radiation therapy. After the discovery
" of artificlal radiocsctivity and with the production of artificial
radicactive agents the limits of Eadiology were expanded. With the
use of radiosctive vhosphorus (P32) for the treatment of leuggaes and
polgcythcmia !1°3Z% and subsequently, radicactive cobalt (Go®V), sodium
(NaZk), sodine (I'31), strontium fSréQ. 8r90), yttrium (Y™V), gold
{Au198) gnd others new methods of cur!stherapy appeared, and radio-
isotopic diagnosis was born. Mass injury to pecple from the atom
bomh explosions in the Japanese cities of Hiroshima and Nagasaki (1045)
increased attention and interest in the problem of the biological effect
of radiation and gave a particular directlon to radiobiology. The
significance of radiocbiology was further increased with the development
_ of the atomic industiry and the utilizailion of radiocactive isotopes and
emanations in varisus branches of the national economv. In turn, the
expunsion of the technical basis and of knowledge opened up new pathways
in radiologv. OSpecifically, this applies to the use of various particle
accelerators (see Betatron, Charged Particle Accelerators) and preparations
with radicactive isotopes for purposes of treatment and diagnosis. The
utilization of new types of radiation_(neutron, proton and braking
high-energv radiation [bremastrahlung7. and high-energyv electronic
.radistion) advanced new radiobiological problems and primarily the problem
of the relative blological effectiveness »f various types of radiation.
Provlems of radiobiology were expanded even further inconnection with
the attaimments of cosmonautics and the creation of a new branch of
medical sclence, space medicine.

Two veriods can be seen in the development of radiology:

the firset, whith lasted about forty vears and is characterized by
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the develowwent, techniml and ssthodelegios) nasiery of x.rgv diagnosis,
x-ray and curiatherapy, accumilation and svstematization of factuval metewrial
and the dovelopment of the theoretical principles in these fields sz well
a8 in radiobiolop,, maivly considering the problews of radiation therapy
the second, latar werled, disiinguished privarily by the extengion of
the btoundavies of the various disciplines comprisiog radiciogy which had
already beer oreated. This axtansion ia asgoclated with {he arpsarance
and wtilivetion of new Lypes of rodiation snd nuserous arvificial radio-
aetive isotopes, which sither required study from a radicbiclepicsl aspect
oy ooses olinteal oroblame . Dinding propresaively grexter olindeal appli-
Ceatiom, The second pericd of medical radiclogy ie distingulished by the
imurovenent of the quantitative characterisiics of radiation: ihis ap.lies
marticolarly to the atudy of the bielepical effect of radiation on the
bartig of an gecurate doze estimation of the redigtion affest az well ay
to the Meld of Aagreatic and therapeutic viiligation of radiation wiih
conzideration of the wagnitude of the affect and the characteristics of
the goatlal distribution of radiztlion in the organa asd tisgues of mar
The develomment of radiclogy im being sacrmlirhed sn tha bocis

af pabisvanents Ay Mo TA1E o abyelcs, theatstiy, hloialony, whsiolopy,
nathoohreinlogy, nlochemigtry, miorokl lopy. clinlesl aeoicine ‘“wglene,
Radiology wiillees Tacturl material, the vrinclolse and the wethods

which these disoipiingy nsve gt thely dieposal. A4t she sawe thee

the prinaiptes being worked out in the fleld of radiclogy e the methods
which medical radiologv is developing are uiiliged widelv in the variouse
divisions of wmedical sclense. Thas, radiolsotaope auslveis has oosened up

new pedsiviiities for gaining knowledge of the rules ard repuistions of
enbpance &nd digtritition of vertious ayents 4n the body and exevetivn of
ther from the bodw, which hag found consiceradl: appllzation inm biochemistyw,
vhgraseolort ard elindeal wedlcing, Keutron activaticn arsivelaz, aulboradio-
graphy, and mierorcsnteencgraply have extended the boundaries of the study
o7 tissue structures. Radiclugieal wethods have snviched microtilology and
ranstios.

iy

The aue of lonlgzing radiatior iu medleiae prior o the
Cetoner Reveluatlon in Bussia developed slowly becsuge of the tachnical
backwardness to whieh tearise had doomed the countiv. AL the sawe time,
Russian soientigts had, since the first few vears of wtilizatiom: of
x-vaye 2nd rading emspations, intensively worked out problems of radie-
logy based on the gloprloue traditions of Russian medical secience. Notes
warthy gtedies rfor finding out varioue aspects of the effects of the
new tvpas of radlation weve wmade by L. R. Tarkbasov, Ve. 5. london, T.
Ihakovskliv, 8. O, Zaretakiy, S. Y. Gol'dbare, ¥, L. Gorovita-Vazova
ard otherz in the first few vesrs after the disdovery of xeravs {(7.v.}
and radicactivite {g.v.). These studiss, made Pivst at the chatdy
of thoe Vilitary Hedical Acadewmr snd at the Tnetitute of Bxperimsntal
Vadioine, were svbgaquently devaleped in othar satantiiic centers of the
eountiy, Progress in Ruselan radiclogv, wade eves in the studiew of
the indtial pericd, was carticwlarly great in the field of fivdinz out
the whvsiclogical resetions to the radiation «ffeat.

The development of radiology in the USSR was ssaccisated
with the sumoubting of the technical backwardness, the creatism and
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equivping of radiological centers and a network of specialized insti-
tuions in the country after the revolutionary changes.
In the USSR the davelopment of radioiogy has been assured

by State planning, extensive asgignation of means and zupervision
by the Academy of Sciences USSR, Academy of Medical Sciences USSK,
the winistries of health of the USSR and the union revublics, the Committee
cf Yedical Radiologv as well as the infuence of scientific roentgenclogical
and radiological socletisa headed by the All-Union Society.

The development of radiology in the Soviet Union ia directed
wy the scientific and scientific-organizational activity of speclal
gscientific research institutions of the USSR, perticularly by the
Institute of Roentgenology and Radiology 4n Leningrad (now, the Central
Institute of Medicel Radislogy of the Ministry of Health USSR), founded
by a group of scientists headed by M. I. Nemenov (q.v.) in 1618 and
integrating within its walle the activity of the greatest phvsiologlsts,
vavhologists, working on problems of radiobiology, as well as scientists
in the field of roentgenoloegy.

A gréat vart in the develomment of radioloev is nlaved hv the
Ingtitute of Roentgenology and Radiologv in Moscow, éreated bv P, P,
Lagarev (q.v.) in 1924, The work of this institution created ths basis
for the developuwent of x~rav medical technigue in the USSK and is
making an essential contribution to progress in x-ray diagnosis, roentgeno-
thorapy and curietherapy. In 1659, the construction of the Institute of .
¥edical Radiology of the Acadamy of fedical Scisences USSR was begun.
Along with these imstitutlona,the Institute of Radiation Hvgisne (Tenin-
grad), the Inatitute of lLabor Nygiene and Occupational Dissases (Noscow)
the Xhar'kov Institute of ‘edical Radiology, the Kiev Instituts imeni
A. A. Jogomolets, the Ukxrainian Rcentgeno-Radiological and Oncological
Institute, chairs of roentgenology and radiologv of insiitutes for
the advanced training of physiclans and medisal inatitutes are working
on the sclution of radiclogical vroblems. The develovment of radiclogy
in the USSR is based to & considerable degree alsc on research and
organizational work of oncological institutions, particularly the
Institute of Oneology of the Academv of lledical Sciences (Leningrad)
and the State Oncological Institute imeni F. 4. Gertsen (Moscow).

- The achievemente of radiolu,w in the USSR are assoclated
with the work of manv eminent men of Soviet roentgenclogx, radiohiclogy
and other radistion discinlines, whe have made an essential contribution
to thig field of madical science as well as to medical practlee. In
the field of clinical rgdiologv the fsllowing reyresentatives of Russian
and Soviet radiolegy have bLeen ploneers in a number of divisions and
have led various trends or founded chairs: 5. R. Frenkel' (q.v.), who
founded the chair 38 roentganclogv of the Piret Noscow Medical Institute
and who contributed to *the develooment of radlation therany in oncology:
B. A. Arkhangel'skiv (g.v.), who developed the use of radiation in obstet-
ring and gyvnecolegvw; F« S. Grosman, who left his mark on the field of
development of curietheraoy; .. L. Gol'st fg.v.), the founder of the
chair of roentimenclogy of the fentral Tnstltute of Advanced Training of
Phrsiciang: O, O, Den, nisneer of the Leningrad school of roontgerclogists;
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Y. Ve, Shtern ‘Szratov), well known sveeifieally [or hig menogrsoh on
milmonary echinncscessis: the ollest Voscow rrentgenslopiats A, V.
Avzenshtevnang A. A, Tsevilin, the founders of chalvy of roentgencliogy

at the Second and Third loscow madical institutes: ™a, ¢. Dillon, awarded
the State Prize »f the USSR for the method of wocentoenctherapy of cancer
cf the lung whlch he rrovesed: ¥, I, ¥arlin, cne of the first x-rav
therapista: A. Ve. Prozerov (9.v.), we.l 'mewn for investizations in

Ye f1eld of xeray Jdiagnozis of tuberculosis, L. D. Fudivashux, the author
of radiobiiolomical studies and a textbook on x-ray therapy;: G. I, Zhars
nandarivan, who foundad the “har'kov Institute of Roentgenology and
Radiolopy fnow, the Inmtiitnia of Medical Radiolsgy) and who united 2
mmber of eminent representaiives of ra-’lology lamong them: I, . Shlifer
(g.v.). B. {. Pozentsveyg. A, L., Thalinskiv and others:; WN. N. Isachenko,
founder of the chair of woentgenslogy of the Odeasu lMedical Instituts;

1. ¥, Gol'dahteyn and D. 5. Lindenbraten., who made contributions to
clinical radiclogv and radiobioclopv. Among the leading revresgentative
of ¢¥indesa’ radiolosy, whe aontirred the wark of devaloming this dized
e wee 3. A, Rewmhare (o.v. ). fmovder »f the firgt Soviet eusir in
the Leningrad State Institute for Specialigation and Advarced Trainin
of Physicians gnd of & school of reentgenelepists, the author of wail-
known texthncks on roentgenciogy: I, 0. Rokhlin {g.r.}, whc headed the
chaiy of the Mrst leningred Medical Insitute, the creator of &
rogntgenc-anthropological trend; I. L. Tager fg.v.), the author of
criginal stodies, particularly in the field of sastroinlestina! rathol v,
“4iractor of the chair at the Central Instiitute for Advanced Training

Af Prvsiciang; V. A, Fansrdghvan g.v.}, direcior of ithe Armenian

Tnstitute of Roentgenclogy and Radiolopw: G. A. Zedgenidze q.v.'.

anthor of a number ol wonographe; “u. N. Sokelav, direetor of chailr

at Central Institute for the Advanced Training of Phwricians, auther of
original investizations: S. A Pourovskiv, author «f & monogranh on

bone lesions; W. A. Fanov, who made a conitribution te the develamment

of roentgenclosy in cediatrics: <. V. Pomel'tscv, sminent phrhisiatric
roentgenolozist; A. V. fozlova, well known specialiist in the fisld of
eurietherapv: V. k. D vachenko. who heads *he chalr of tne 3esond
“szcow edical Institute; T, A. Shekhter, direector oy the chaldr ¢

the Moscow Vedical Stomatological Institute; .1, Fazarishvilie-

leading reentzenologist of Georgla, director cf the leorgian Institute

of Roentpénsleev and Radiology: A.A. Lesberg, who heads the chair of

the Khar’kor Institute for the Advanced Traininz of Phwsicians; I. ',
Tagunova, dirscter of the Institute of Roentgenclop~ and Radic ogy RSFSR,
avthor of monogrechs on hone nathology. One of the cldest specialists

in ragiologe is head of the chair of roentrenolsgv of the Stanislav
Fecgical Institute, M. W, Alanas'vev. Ve, D. Dubovyy, wno heads the

ohalr of reecutgenslopw and radiclogr of the Odeses edical Inetitute

iz the authnr of mencgravhs on radiation therzopv and the use of
radionctive tgotopas: 7. 5. Copriew, Y. N, AL'tgauzen, VYa. T. Gevnisman
sra well ‘town Tor studiss in the field of neuroroentpenclogv: A, I,
Dombrovsicie heads the chair of roentgenclopv of Rogtev Medicgl Inetitute.
Lminent roentpenciopists wnc are at the heads of chairs, professors in

.
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ohairs and directors of scientific resedroh institutions are B, ¥,
Varshavakiy, R. Va. Gasul', V. G, Ginedburg, 7a. 1. Gevnismen, M. I.
Gol'dshteym, A. V. Origor'yeva, V. V, Zodivev, A, V. Rantin, N.S.
¥oainskaya, A. P, Lzgzareve, L. D. Lindenbraten, M. Ye. Manikov, B, Q.
fikhaylovakiy, M. M. Mikhaylor, V. K. Modestov, X. P. Molokanov, V, I.
Petrov, L. 8. Rosensbtraukh, A. I. Ruderman, M. Xh. Faysulin, V. Ya.
fridkin, B, A, Teybul'skiy, K. N, Choohia, B. X. Shtern, V. N. Shtern,
A. A, Shtuss, I, ¥. Yakhnich and many othavs,

4 considerable part in the development of the physical
enginesring trend in radiology has been played by XK. X. Aglintsev, A. V. .
Bivergal', V. V, Bochkarev, V, A. Vitka, N. G. Cusev, V. V. Dmokhovskiy,
¥. V. Dobrow, G, A. Zhegalkin, B, M. Isavev, A. N. Xrongaus, U. Ya.
Margulis, M, 8. Ovoshohnikov, N. D, Perumsva, V., A. Petrev, M. F. Popov,
I. V. Porovkov, V. I. Rakov, F. T. Solov'vev, 3. M. Stepanov, E. Ye,
Troitakiy, &. I. Tkhorshevekly, ¥. I. Teumin, N. Ye. Uspenskiy, F. N.
haradehs, V. G. Khrushehev, Y. L, Shekhtman, 5. I, Shirokov, V. 4.
Shuelev and others. Many ol them gre the suthors of mpecisl monographs
and textbooka.

Radistiological astudy, the plonesrs in which in the Soviet
Union have besn menticned above, 1s Welng Jevelopad in & number of
sciantiflc enters of the country. Among thew, an appreciable contri-
butlon has been made by the blophysical scientific reseerch inatitutions
of the Acadewy of Sciences USSR and the Acadewmy of Medical Sciences USSR,
The scisntilic groups of thess institutions, headsd by A, V. Lebedinskiyr
fq.v.}, active member cf the Acadenmy of Nedical Sclences USSK.and
G. M, Frenk, Corresponding member of the Academy of\ Sciences USSR, are
¢onduecting investigations in various fields of radicbiology (blochemical,
physicochenicel, physioicgical, microblologiocal, pathological and others)
vnder the direction of V. S. Babalukha, F. D. Gorizontov (q.v.), E. Va.
Grayevskiy, N. D, Demin, B, I. Zakutinskiy, M. N. Klemparskava, N. A.
{ravevakiv (q.v.), A. . Kusin, Yu. I. Moakalev, X. A. Pigalev, V. A,
Sgnotakiy (q.v.). B. K. Tarusev (q.v.), N. I. Shapirc and many others.
Considerakle Wwork along these lines has bYeen done in the Centrsl Institute
of Yedical Radiolegv by S. N, Aleksandrov, Ye. I. Bakin, P. R. Fiselev,
3, YVe. Manoylov, G. 5. Strelin and their coworkers. ITuportant studies
are glso being made by a group of Ukrainian institutes, in whish a notable
part 18 being plaved by the activity of R. Ve. Xavetskiy (q.v.), A. A.
Gorodetsiiv, 5. N, Ledanov and their groups.

The wlerobiciogical trend in radiology is represented by V. L.
Troitsily (q.v.) and a group of his coworkers at the Jentral Institute
of Vicroblology and Epidemiclogy of the Academy of Madicel Sciences USSR,
M. N, Meysel' and others. The studies of ¥, 0. Raushenbakh and his
laboratory, the “iochemical studies of S.  Ve. Severin, D. E. Grodeensiiv,
and the radiologiecal-morphclogical work of B. N, Mogil'mitskiy (q.v,)
and his ccworkers, done at the Moscow Institute of Roentgenvlogy and Radine
logy in the 102%5'g-1040%s, the roentgencanstemic studies of ¥, G,

Prives, A. 8. Zolctukbin, P, N. Yazayev. H. T, Santota'lv, tne radio-
bleloglical work of S, Al Nikitin, S. M. Ardashnikov, V. Ya. Aleksandrov,
I. P. Mishchenko and many others are well knowm.
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: The progress of radiology in foreign countries iz associated
with the scientific research acltivitv of & number of autheritative
institutions, Among them is Radiumhemmet, an inetitute organized in
1999 4n Stoeklolm (Sweden) by H. Forsel (q.v.) and which was under his
direction for a long time. Radiumhemr2t deserves the credit for working
sut manv trends, including principles and organizaticnal practice of
radiolozy in the related fields of oneology (E, Berven, Heymann and
others). In this institution also the vrincivlsas of the biophveical
trend were laid down and afterwards developed considsrably through the
astivitr of R, Sdevert and his coworkers.

At the Institut de Radivm of raris Universitr, founded bv .
Curds~Sklodowska (q.v.) and C. Regaud in 1914, a section of clinical
radiclory, radiophvsiology and radiecpathelogy has been created, wel) known
for itg acontridbution t¢ these branchee of radiplogv. The studies of
Zsgaud and hig echool ‘Lacassagne ‘q.v.), Latarjet, M, Coutard, Baclasse)
were of firat importance in the develroment of radichiclogv, X-rar
therap and curlotherapy. The Tnstitut 4, Foussy /g.v.) in Parie which
18 & clinlesl anad Lherapeullc cenler in e Cheid ol oadolog T, d0oirVeSs
mentinn alse.,

At thiz Tnatitute conslidermable work ie baing done on radiation
theravv (3, Laborde and M, Tublana and others).

The Cancer Center in London (Chester BRattv Reseawveh Instituts,
Roval Cancer Hospital) is known for ite contribution to medical phveics,
wade by Mavneord fg.v.) and hls Soworkers, and for the work of Lederman
and Imithers, The radlotherapevtic remsesrch center >f Dammersmith
Hognital in London 12 the institution with which the iunvestigations of
L. ... Oray are asscolated, In the Manchester radium institute (Holt
Radium Institvie) a serise of studies on the physical basig of radiation
theranv has been wade for wany vears under the direction of . Paterson,
The Manchester dogsage svsten in curistherapy ard the method of irradiation
with the utilization of high-ensrgv braking radiation created here have
beeome well known. A trend which was developed at the Nanchester Institute
and the londen Cancer Jenter led to the formation of a new specialiy--
medieal ohvelcs.-as the result of the activity of Mawvneors, Paterson
and others, In Westminster Hospital /Tondon) $. Cade and others made
s graat contribution to the develomment of radiosurgér-. Tn lHarwell
Atemic Center studies are heiny made on radiation genetins, headed
her Nmemell.

The New Yort nemorial ilospital (United Stales) has a radiation
thepgpr center,  at tphe National Cancer Institute in Betheads and the
Oak Pidee National laboratorv studies are being made in the fleld of
radicniolopy (in these studies the leading part is olaved by A. Hollaender):
work 15 beinp done on telegammatherapy technique, and other invasti.
rations are Heing made, Jonniderable work iz being done b the Brookhaven
Rational Laboratorw, where, apecificallv, ohveleal, chemical, tharma-
enlngied and elinieal arproaches are being worked ocut to neutron capturs
theranv of caneer. At the Donner Laboratory in sderkelev (California)

a proun »f investipators (Toblas, J. Lawrence and others) is working in
the feld of radiokiclopy and experimentzl radiation therapv., YHere, studies
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with thin proton beams with energies of hundreds of millions of
electron volts atiract attention; by means of thesme bsams z sirintly
localized gelantive affect is oxertsd on very smail areas of a deaply
eituated organ. In the deparument of soologv of the Universitv of
Indiana (Bloomington) E. J. Muller is making studies on radiation
zenetica, Considerabie work on radiclogv is being conducted alsc at
the Sloan-Yettering Institute at the Cancer Hospital of the Kookefe!lar
Ingtdtute in New Yorv,

Aueng the radiological acientific inseituticns of Furopean
countries note should e mede of the Irstitute Nagionale rer lo Studio
€ 1a Cora de: Tumord {Ttalv), whers the wall-known roentzenclogist,
Ferussia, works; the Institut du Cuancer in Louvain (Belgium), directed
v Malsing the Fadiologisches Institut der Universstyt Freiburg (FRG),
which 18 now carrving cut &4 program of radiobiologieal studies (H, L.
Langendor), One of the cexiers of radlology 45 the Max Planck Institut
fHr Piovhraik fn Frankiurt-sn-tain, well knowm for the investigatlons
ol . Rgjawshv and the group of suienilsis under nim.

Au wrgaolnglion which vears tne name of one of the founders
of radiologv, Antoine Béol&re,(q.v.), the so-called Centrs intoine

Beldre , in Purta de eccupled with problems of euliural relations
batween the radiolapiste of the world.

in the "3ER problems of radiology are regularly dlssussed
ir the special Jeurnal Neditsinskays Rudiologiva /¥edical Radiclogy/
fhag heen in existence sinca 1956). onthe pages of Vestnik Rentgenologii
I Fadielomii [Mera

s

1 P gsil fHerald of Rosntpenclogy and Radlology/ (has been in

o

exigtence since 1020}, hadioicpive-Disgnostika [Radiclogv-Diagnoaig/

and fadisbiciopiva-Radisteraniva [Radiobislogv-fadiotherany/ (both
of the last two journals are published in Russian and Germsn.

Some vrebleme 2f rsdioclogy are discussed ¢n the pages of
general medical jdournals, particularly in the journal Voq;ggx;gggg;ggii
{Probleme of Uneology/. In the Jeurnal §§Q;ngglgggxg~25adinbiologz,.
rublished bv the feademy of Sciences USSR ,problems are revresented whieh
ars in fields relsted to wedicsl radindogy.

Abroed, proRlems of raglology are discussed chisfly in
the journais Agra fadigingica (ovgan of the radiolopy sceieties of
Norwav and Sweden, DJenmark, and Fimland), The Internztional Journal ~f
Arprieg Tagdlalion and Ysclozes (puhlisbed b Perpamon Press), drchives
i brvivopmental Fesith  sroan of tho American Academy of Cecupatioral
Heelene, an Awerican edical fssceiatics rabklicalion on provhviactle
vedlelng, oocupationel mvyrlene and space mediscine), Zxcernta Vedics
(international journal. ¢f absteacts: seetion LIV is Radiciony: .
Ferleonritte suf der “icbiets der h¥ricenstrahlen und der Muclearwedizinp
TR apuontic, FAVELL, FAOLO IR, ChoraAnia ) TOrgar of The Socletr of "
SOBNLECIGET LS of the FRT., RE&ILN PHysics (Organ of the oclety of
Sedical Thvmics', Journal Falze de Fadinlople {Cegan of the Belrian
Hadiolovien’ dnedatv, alad nablirhes Lhe work of the Yetherlarde
Radiolagient Seeletr). Cowrnal de Radinlogis,d'Electrolopia et fle

G,

sedeeine Vaciealye (organ of the French Soclety of Mecisat Slectro-
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by Taylor and Franeis Ltd), Radiation Research (organ of the Societ:f !
of Radiation Research, published by the Academic Press, New York and 3
London), Radiolgey (journal of glinicel radinlogy and related disciplines, :

organ of the North Awerican Rkdiological Socisty), ms?@ J
of Roentgenslogv, Radium Therapv and Nuglear Medicire (organ of the

Ameriosn societies of roentgenology and radiology), Strphlentherapie
(archives of clinical and experimental radistion therapy--x-rays,
redium and radicactive isotopes, light; simultaneously, the journal
discusses problems of cancer control; the organ of the Roentgerologlesl
Saciety, Society of Fhototherapy and Optice as well as the Soclety of
Oneology), The British Journal of Radiology (founded in 1896 ; organ
of the British Institute of Radiologv and the X-Rav Society), Zeniralblatt
fir die gesamte Radiologie (journal of abstracts of the Society of
Roentgenologists of the FRG), Radiologis Clinica (International Radio-
. logloal Review Journal, organ of the Swise Roentgenological Society),
Radiolopis Austrisca {Austria).

There are annuals written on problems of radiologyv: Year-Eook
of Radiology <(has been pubiished since 1905 by the Vear Book Mublisher: "
nc., Chicago), Ergebnisse der medisinigchen Strahlenforschung (vels
I.VII, 1925-1936, published by Thieme, Lepisig)Mnost; &
Brgebnigge 195221956 (published by Thisme, Stuttgart, 1957), Strahlen- N
biclogie, Strahlentherapie, Nuklearmedisin und Kyebsforschung, Ergeb- ‘
nisge, 1952-1955_ (published by Thieme, Stuttgart, 1059).

A murber of internationsl and Soviet congresses, conferences
and meetings have been on problems of medical radioclogy.

In 1955.and 1958, the first and second international confe-
rences on peaceful uses of atomic energy were held in Geneva. Silnce
1952, veriodically, international sympos®a are collected on problems
of the biolcgical effect of ionising radiation., The intermational
conferances on radiology are also conducted by the Internationsl
Atomic Energy Agency and the World Health Organization (WEO). In
the United Nations Organiszation in1056 a Commission for the Study of
the Effect of Atomic Radlation was created, in whose work the dele-
gation of the USSR, which ingists on prohibiting the testing of nuclear
weapong on the bhasis of the dava of radiobiology, partiocipates actively.
At the Eighth International Congreass of Roentgenologists and Radiologists
{(1956) the International Society of Roentgenologists was instituted.
Aside fram this, the International Socliety on Radiation Resegrch functions
(formerly, the Organization of International Radicbiclogical Confe-
rences!. Problems of Radiological protection are integrated by the
International Commission on Radiological Protection, ICRP). In addition,
there is an International Commission on Radiological Units (ICRU).

In 1954, in Mosocow, the Academy of Sciences USSR held a meeting
on problems of the studv of the effect of ionieing radiation on the
animal organism. In 1955, a meeting of the Academy of Sciences 'S8R
was held on the peaceful usas of atonic energy, at which reports were
given on rroblems of radiclogy at the section of biological sciences,

At the first All-Union Conference on ledical Radiology (Moscow, 1956)
an analysis was made of the problemas of experimental radiology, radiatiom

)
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hygiene and dosiwmetry, the aliniecsl aspec d thasdpy of radistion
sickness. In 1936, at the All-Union Confe ' of Astive Publie-

Health Vorkers in Moscow thers was & sootich on rediolegisal problama.
In 1957 (Moscow), the All.lmion Technical ‘Saishtific Conférence

en Application of Radioactive and Stable Isotopes and Ewanations to

the Mational Econony and Science wge held (otganised by the Academy,

of Sclences USSR and by Qlavatom Main Atomie Brergy Adninistration/),
at which reports wers heard on problems nf radiology. At the session
of the Academy of Yedical Sciences USSR (Momoow, 1957), a special
moeting was held on "radiation injury."” In 1957, an interscllegiate
conference was held on the problem of the biocheminal and biophysiocal
bases of the biological effeot of rediation. In 1959, at the Confwrence
on Uses of Atomic Inergy for Pescefdl Purposes (Tashkent) reports were
given on problems of radiology. In 1960, in Rige a conference was held
on the pesceful uses of radiocsctive isctopes smdl muclear radiation.

In 1961, the First All-Russiun Congreas of Roentgenologists and Radiolo-
ghete was held {(Turbrohsv). '

Gonrerences wers nheld on problems of application of radioactive
isotopes to msdicine (Moscow, 1949), therapeutic appliscation of rsadicactive
cobalt (Leningrad, 1052}, radicsstive phosphoms treatment of sryréhremis
and leukosis patients (Leningrad, 1953), the specificity of the body's
resctions to the effeot of injuries cauzed by the gotion of jonising
radistion (Moscow, 1956), the pathogenesis of the clinical aspacts,
therapy and prophylaxis o7 rsdiation sickness (lLeningrad, 1957). A
specisl conference wng devoted to the results of sclentific atudies
in the field of radioblology (lsningrad, 10539). A special meeting in 1960
(Yosaow) we3 on the problem of olinical radiclogy.

' X. Domshlak .

Military Rediology is an educational and a soientific aubject,
which studies the physical and biological principles of injuries cauueed
by the injurlous radiological factors in atomic (nucleur) WwoaONs ,
NMilitarv radiclogy was born simultaneously with the appearance of
stomic wespons as armament in certain eountries (q.v.).

Military radiology 4is tased in its developmant on the
achievements of general and medioal peacetime radioclogy, particularly,
on the attainments of radiobiology (q.v.), and independently works out
the problems specific for wartime conditisns experimentally, namelyv:

1) ihe biophvsival rules and regulations of development of diffarent
tvpes of radicloglcal combat injuries (q.v.); 2) individual &rd group
measures of antiradiation protection (q.v.); 3) quantitative dstermination
of the vrobable radiaticn injuries with resvect to the degree of their
saveritr in the focus of atomic attask with different conditions and
nodes of utiligation of the atowic weapons (depending on the type of
nuslear explosion, compesition of the radiosctive sgents used for
combat, the powsr of the nuclesr weaponry, the degree of radicactive
contamination of the locality, the disposition of the troops, ate.);
4) the distinctive nature of the courss of the radiation injuries of
comtat (see Radiation Sickness): 5) the characteristics of combined
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injuries with the partiocipstion of the injurious radiation fastor
(ese Combined Cosbut Injurdes); 6. prinoiples of early anmm.
including svaluation of dostmstric (q.v.) data and rediomstrie (q.v.)
datas 7) tredtwent of people injured by penetraging radiation and
radiosctive agents in stages: sorting at clsaring stations ahd sorting -
by typs of ewsouation transport (see Medicel Sorting): the volume,
neans and wethods of ocomprehinsive therapy; tentativé treatmnent time
and prognosis. , -

The data of military rediology are widely used by many bLranoches
of military medioine, for example, by military pathology, military
field therapy and surgery, organisation and tactics of the militarv
wedical servioce, and othees {see Military Medicine). Problemsof :
wilitary gedicine are discussed og the pages of the W
W 1itary Mediocal Jo + Soviet physicians a rol n
matters of military radiclogy at chaive gof institntas far the advanced
training of physicians, simltaneously with advanced training in the’
saln speslalty and aa applisd to 1t. '

I, ivanov }
Elbnegnphy .
‘1. Kusnetsov-A. A, Bibliographioc s for Medical Radiology. Med. 4
~ Badiol: [Medical Radiology/, Vol 6, No_ 7, p 91, 1961. ;
« Matarialy po Iatorii Rentgsnolgss S8SR [Material on the History i
' oncLoEy in the US3L ditsd by S. A. Reynberg.

- T®
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. of Roen
Moscow, 1948,
30 Moutko' A. Y.c } S ! . . S 2 e
-1 [Pibliography of R an Radiology and . ;
Roentgenology for 1896-19 Y » No 1, Leningrad, 1938, i

b, Current Litersture on Medical Radiology. Mad, Radiol., Vol 6, No 8,
| p 791 No 9, p 83, 1961. %

5. Sohins H, R. W Stuttgart,
1959, See also the fography to articles Curietherapy ’

I~Ray Diagnosis, Roentgenology and Roentgenotherapy. "
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Radar

Radar (from the Latin radiare, to emit, and locatio,
location) is the detsetion of various sbjects (targets) and the
determination of their lqcation on dry land, in the water and in
the air bv means of radio waves,

The radar effect 4is hased on the reflection of radio
waves from obstacles in their path. The waves are emitted and the
returning (reflected or scattered) signal is received by a special
technical apraratus, the so-called radar apparatus or radar station.
The latter 4s sguipped with a directional antemna, which emits and
receives signals in a limited area, which makes it poseidle to
determine the angular coordinates of the target. At the same time,
the period elapsing from the moment of emigsion of the pulse until
its return to its starting point gives an idea of the distance to
the target. These data, taken together, permit determining the
location of the target. The target found by radar is shown in the
farm of a2 14zht sirnal on tha sarcean. The axistenes of pegularly
setating andennze 24 1adar stalicns manés AV gussibls, by msans of
radio waves, successively to "feel qut" the entire surrounding area
in search of targets which might appear within it as well as to
deternine their speeds and directions. All this assures an active
radar search, which differs from an optical (visual) search in its
independence of the degree of visibility (the same in fog, at night,
in smoke curtains, ete.) and its immeasurably greater "rangs."

These rossibilities of the radar method have bHeen reeponsible
primarilv to military affairs; the first radar stations (1939) were
utilived for detection of airplanes in the air defense system (q.v.).
At the vresent time, the significance of radar has increased for these
purnoses. In gddition, it is used for controlling combat in the air
by means of the so-called direction stations (which make it possibdle
to direct one's own airplanes against the enemy's airplanes), for
homing artillerv, including antiaireraft, on a target, for guiding
rockets, for bombing and others.

Radar is also of great scientific and national economic
significance., It is used in civil aviation as 8 means of providing
flight safety and for guiding airvlanes vnder reduced visibility
sonditions: in meteorology,for receiving the signals of radic-zondes
and sounding balloens; in radio &stronemy for studying radic waves
reflected from celestial hodies,

Worik on radar instrumente requires concentirated attention, -
considerable visual strain, and adequate adaptive capacities, quick
and accurate reactions. Finding the target sought on the screen of
an eleciron~beam tube and, most important, identification of it,
determination of its nature and location are not uncommonly connected
with considerable difficulties, particularly when the imare is of
low intensitv or of a diffuse natire. In a combat situation additional
difficulties may be caused by the radar interference created oy the
enemy. In connection with this, in operators working directly at the
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screen and close to it, fatigue occurs after a certain period whieh
iz fraught with the danger of errors.

From the hvgienic viewpoint the hasards with Wthh the work
of the operators and techniciana mav be connected in the operation
of radar stations are aglso of some importance. The latter arise
(chiefly during repair of the apparatus) as the result of the emission of
a superhigh frequency pulsating electromagnetic field by the antennas
and oscillator units (capable, when of the appropriate power, of causing
heating up of tirsues and affecting the functionsl state of the central
nérvous system), as well as from x-radiation coming from the oscillator
tutes. However, such effects are nct observed during the course of
operation of the stations in good order; the superhigh frequency field
and x-radiation are vractically absent on the premises of the station,
which is assured by the presence of screens around all the radar
apparstug units, O“‘v when ths apparatus is turned on after the removal
of the protective coverings ara such effects possible (chieflv, on the
tschnical personnel occupied in revair). Tn adiditinr nemenns wha
are outgide the station in the field created by the antenna may be
exposed to these effects, In connection with this, suitable safety
megsures should bs observed bv the radar station personnel {see Clothing
(protective), Antiradiation Protestion)

Jt i8 &lso necessary to sees that suitable tcmperature sonditions
are maintained on the premises of the station, not permitting overhesting
of the ailr because of the vropagation of the heat formed in the operating
apparatus through convection and radiation. It is squally important to
see that the normal chemical composition of the air is ruintained, keeping
‘n mind the possible contamination of the alr with ozone, oxides of
nitrogen (from the cperation of spark dischargers) and products of
activity of the body; this determines the importance of good ventilation
in the radar station premises. Finally, the noise oscurring in the
operating apparatus and in ventilation apparatus can create a certain
strain on the crganism.

By virtus of these facts, among radic mechanic troops and in
other units which use radar apparatus as well as in the corresmonding
eivilian installations, medical checking of the state of health of
the personnel, of observance of the working and resting conditions
established for the personnel and hygienic control of the workins
conditions at radar ztatior s (the microclimate, chemical composition
of the alir, radiation leve.s, ete.} acquire special importancs, It
18 also necessary avpropriatelv to solect candidates for work at )
radar stations, considering the characteristios of this tyvpe of work.

See glso Work, Electromagnetic Field.
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Clirnieal Radiometer

The c¢linical radiometer ie 2 vortablé apmaratue desirner
for determining the circulation time b the tracer methed [see
Isotores, radicactive). The clinical radiometer can be used for
determination #f the cutlines cf areas in which radicactive isotopes
are lccated in the body /for example, the thvroid rland saturated
with radicactive I131) and on the surfacas of chjects.

The gsensing  element of *the *‘nstrument is a seintillation
counter consisting of an Yal monocrvstal activated v thallium
{(T1) and an FLU«25 or FSU«35 photomultiplier. The light "lashes
in the crvetal caused bv abanrntion of gamna Quanta are convertesd
into slectiric¢ pulses br the multiplier which after ampnlification and
ghanine po to the integrator, which ccnverts them into direct current,
orovortional o the nulse repetition rate, which, in the final
analveis, is nrorortional to the intensitv of gamma.radiation failing
nn the nevetal . 4 riapspmmeter ond on inv.resarder are connected un
to the outlet of the inteprator. )

For the nurpose of assuring directional szensitivit~ of the
counter the crvetal is placed in a ov’ indrical lead shleld-<the
collimator-~with an onening about 2 s¢. cm. in area aleng ite axie,
In addition, there 1s an electronic anparatus in the circuit »f
aoparatue which rrovides a nonlinear relationshin /to a degree hirzher
than first degrree) hetween the inetrument readings and the intensitv
of the gamma~radistion falling on the crystal. This ma“es it nossible
more distinctle to determine the moment the radioactive isctsore carried
nv the blood stream anorcaches the counter.

The instrument (see Fipure) consists of an cutlving detectsr
{in which the crvetal. nhotomultirlier, collimatopr, voltare divider
and cathode followaer are located) and a control nancl, housed in a
metal sultcaee. The detector is connected to the vanel bv a Merxible
cable. On the front ‘ton) of ie pane! are an indicator, recnrder,
controls and jacks for connecting the instrument t-> the line and Yor
connaction of an injection timer hutton =et on the head of a svrinre.
The instrument has a timer which marke <time &t one.secnnd intarvals.

Zor successful measurement of the circulation time the
detector is nlaced on one ofthe extremities with its sensing end
a3 near ag wnesible to the laree hloc.” veasels: the radloactive
isotope i3 injected into the vein of the onpoceite extremitw; the
distance hetween the detector and the injection site of the golutinn
should he as preat as nossible; the activity of the Ma?" tsotove
intected in the form of Mall should amount to 10-5" microouries.
The quantity of solution should not exceed 1.2.7.% ec., The solutien
ts injected intravencuslv in as short a time as nossible, Inmediately
after the injection, the svrinpe should he removed from the detectoar,

Aside from the quantit— of the Naz* isntene neerded for the
measurement, there should be no radicactive scurces in the roon in
whieh tre ohgervation is heinyr made, All work in the nrenaration of
the anlution should he conducted 4in a senecial rcor, as far as nossible
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[‘Irom the place of the moasuromontf Otservance of che conditions
mentioned above in combination with proper adjustment of the instrumernt
(acoording to instruotions) makes it possible to determine quite '
precisely the time between the injection of the isotope into the body
(the beginning of the thickened [protably “flattened” intended/ portion
of the curve) and ite passage through the blood vessels under the
detector (maximum of the peak on the curve). In a number of cases it is
possible to observe the passage of the isotope under the detactor twioe;
however, the second peak is very indistinet, as a rule.

Tigws

{Photograph not suitable for reproduction; available in sowree,]

K. Kalugin
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[ - Radiometris Instrvwents -“]

Radiometrie instruments are spparatuses for measuring the
activity of natural and artificial e-urces of radiation. Radlometric
instruments are umed for diiferent physical investigaticns, for prospesting
for minerals, checking on technicel processes in industry and others.
Radiometrie instrumenis are of great imwortance for biology and medicine,
where they are used for scientific research, and they pervtii medicsl
monitoring of working conditions and checldng on the health of the
persermel of institutions aszociated with the use of radicaciive agents.

Anv rgdiometriz instrument consists of twe main paris~-g radiation
detecter and a megsuring instrument which makes it rosesible i mesasare
or record the effect caused by radiation.

In acaordance with their funections, redizmetric inetruments
are dvided inte lzboratory inshrumente for wmagssnring the activity of

- -y -

sourets of vadialion, Fleld vadlom@ilers [OF eedllug wuwil wiheTals,

sigral rediometers of the technies) dogimetrie type, inatrumente for
measuring fluxes of ionteing radiatisn with the aim of detéermining
radicsciive contarination, and others, Aceordivg to the type of radlation
the instrument is designed to resord, alplw-, bets~ znd ramma-radlometsrs
ag w1l as ilnstruvents for weasuring & neutron flux are distimguished,
According o thelir cperating conditiors, mulsating and inlegrsting
radionotrie Instriments are dlytingulshad. AY the outlet of the
ingiramert designed Tor oulse work, & series of pulses arisey erder

tha inflvence of rediation eaech of whieh ecorrasponde Lo the passsge

sf & nuclear pariicle. TIntegrating instruments rersmit measuring the
average elfeel caused by simulianecusz passage of & multitude of
particles,

In accordance with the nature of ithe phveical proases oscurring
in the cerectsr under the infiuvence of radiation, radiseetric instrumente
are divided inte ionization, seintillation (luzinescent). calorimetric,
radiozyevhic and others.

Tonization and seintillati. o rvadiemetris insiruments have
hecone most commor in rraciisal radiometyry. In the fonizuation ingirumente
a4 pas-discharge comter or lonization chamber servez 2y the devecter.

T means of coanters  the getiviiy of sources of hsis.radistior g
messured. The lou claxbers serve for measuring the astiviiy of the
alrha-radlation sourees. In order to determiue the activity of Lhe
rremarelion it 48 nescesaarvy to enunt the number of disinteygrationa
cocurring In it per anit tima. Simce a strietly defined rumber of
betgenarticles ig emitted Tor s gingle disirtegrstion,the aeti%ity of the
preparation can be delermived by caleulating the nomber of particles
emitted per unit time Ly means ofthe counter. For the purposs of
measuring the nuober of sta-varticles apparatuses wiih end-type

countery arve used, sy a.ryle; thev possess hefter gaowetry and have thin

inlets. Thig makes it vossible Yo reaowd soft radlation, which, in 5
darn, provides bestter accuracy. o
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I For tie work with counters laboratery and field counters “T
are used. In laboratory practice the B-2 counter radiometer is widely
uged; it consists of a pulse amplifier, high-voltage rectifier ané a
scaler with a mechanical annunciator (Mig. 1), For the purpcse
of shielding against external influences the counter is placed in
a protective lead housing. Conversion from the number of pulses
reasured to the number of beta-particles emitted by the preparation and
then to the activity of the preparation is carried out by the intro-
duction of & number of correetive factors. The B-2 unit is used for
accurate measursment of the activity of radiation sources.
For the purpose of determining surface contamination with
alpha-, beta- and gamma-active substances under esonditions of fixed
installstione the universal "Tiss" radiometer is used (Fig. 2). It
makes 1% possible to determine very slight contamination (constituting
the degree permissible). The contamination is determined by the
number of pulses per undit time by means of thin-walled gas discharge
counters. The instrument is consiructed in the form of & table-mcdal
control panel with a set of outlying detectors for alphs- and beta-
radiation. .

EE R —

- P R AR b ¢ ~xs

Fig. 2, Universal "Tiss" Radiometer. 1, detector for measuring con-
tamination with beta., gamme-active substances; 2. detector for
measuring contamination with alpha-active agents. !
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contamination under fisld conditions. In ibis grouo iz the heta-gamm
UP.1128 radiometer, It 2an also be ured for devesting radicactive
sahstences in water and other {lulda. The instrument consists of a
mortable control parnel and a probe with & gas discharge counter.
Radiometers of vthizg lvpe have a low degree of geouracy (350 parcent)
and require ﬁrﬂ7imtna”v ealibration.

More sengitive are the mcintillation radiomsters, in whiza

the capacities of 2 nunber of Shb&tahu53-~D505phcr“—uiOr emitting
vart of the enorgy expended by the miclear particle in exeiting and

onlzing molecules in the form of light are vsed. The light flashes
ir the phosnhor are converted into pulses of ¢lecvtric currant, strone
erouph te be vecarded, by weane of a phetomulicplisr, %naxt:.»atvmn
radiometrie inetiuerts are used for measuring ajvha- and beta-

) » & . ., o, L s
radiation. Tnus, “or examelas, a seintillaticn atizclment for weaturement

[
There are radiovetric ingtruments lor detecting raﬂﬁoactiVﬂ.]
a

af alpha-radiatiur ig included in the set ol tne p.s avosratus.
Teeluded ‘1 the set of the "Ties" instrument im alse 2 scintililiation

aicha ~raciometay

In wedicine, biochenlsiry and biophvei~s ohiefiv ian‘zation
grd scinvillaticon radiometric ingbrumentis ars ysed. BRw maans ¢¥ thew
apd througk the irzcer method a studv is made of variour nﬁ3g cL}gi:
funetions of Yhe bedy normally and in watholosy (natnve of chotogwm.
thetie, regvirarory, medtabolic and protein resctions, roncwal vate of
tizeuse, circulsticn time, eted (see Isotores}, and various diseases
are diagrosed (sse Radiolsotopie Diagnosis).

tedicgl monitering lg an iwportant field of appiication of
radiometric instruments. Thus, for example, measurement of the

A by

guacilfic activid
geonnplished, as a “nlv by meang ol the 2 radicwmeter., The
absanee of contarivation on the skin, clothing, affeciive zurfaces
ant Andus 1rL¢L rremiszes i3 checked with the "Tige" padiometsr. The
contert of rad’ sactive ~ase and aer 3018 in the air is measured
with radiopeters which have lonization chambers and heta-counters.

vies of blological media, water and food produets ie

2wt

Seintillation awOArazuseﬂ vermit measuring the exterra) radiztion
frem g rergon after the entrance of fu’ﬂa—en¢fter5 snd hard hotae

radiation nio ?ha body. The peneral view of this apraratus is shown
in Pip. %, There zre radicmaters which permit determininge the
montent of radicaciive gegents in the bodvy by the activitw of tre

evraled air. Truaz, W the radon content in the exhated sir it e

porgihle to determine the radium contained in the hodv, The rreat variet

of “Tﬂﬁfl” 1 mroklems has neen PwsbuwﬂlbLﬁ for +he appearance et
redical and clinlcal radiowmeters ol the most varied twpes irn recent
TBAYS.

Jee also Dosiwetiv, Radiometry.
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E‘ig. 3. Large Counter with Liouid Seintillator for Measurement of
Gamma-Activity of the Human Body: a--general appearance; b«-counter
taken out of vrotective housing.
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