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PART I
"INTRODUCTION"

The mind of the modern man has accompnlished one of 1ts
greatest feats in the discovery of ways to manipulate nuclear
energy. The great constructive and destructive uses of it are
the background of much acientific research at present. Along
with this research are articles in many news communication
which tend to draw the nublic‘s attention to radiation and
its effects on mankind.

The increase in radiation consclonsness of the general
public is quite a demanding phenomenon. This wldespread in-
terest is undoubledly due to extensive newspaper and magazine
vublicity, often i1l informed and unfortunately bedeviled by
conflicting political and ethical vnoints of view. The only
point of agreement between these vnoints of view is that the
population of the world is being subjJected to an increasing
burden of ilonizing radiation and that such radlations are
potentially harmful,

The demand for a better understanding of this phenomenon
reaches into our secondary schools of today. The better stu-
dents, who usually read more than their instructors, are eager
for enlightment on the effects of radiation. With this eager

curiosity, motlivation has taken i1ts highest value to learning.
It 1s then the resoonsibility of the instructor to direct this

motivating force into increasing the knowledge of radiation

to its maximum for the individual student.
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The average secondary school science curriculum at

oresent is overloaded. This gives rise to the question as

where in the curriculum should a discusslion of radiation

effects be introduced. In evaluation of the nrocesses of

radiation we see that in oneration it is nhysics. 1In ac=

tion it 1g an ionizing agent which classes 1t as chemistry.

Tn effect 1t acts uoon living tissue, therefore, vplacing 1t

in the category of bilolgy.

From the three mentioned categories for radiation, bi-
ology 1s selected as the starting vooint for teaching 1ts ef-
fects. However, the other two categories must of necessity
follow with ample explanation for a complete understanding
of radilation. Riology is selected by the author on the fol-
lowing basis:

1. Bilology is usually taught first in the highschool cur-
riculum,

2., It shows both need and apovllication from the blological
viewooint, The oublicity given the effects to the human
body 1s basls for a need of a better understanding of the-
se effects. This understanding can be apnlied to future
life in orotection of gelf and nrogeny from the ill ef-
fects of radiation, Both need and apvlication must be
demongtrated before lnterest can be arcused in any coursc.

3. A higher nercent of our students will be working with ra-
diation and need to know the effects in order to take nec-
essary orccautions for personal safety.

4, The inheritance mechanism 1g by far the most sensitive
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to radiation and will afford a background unit for intro-
dution to the unit covered in this paver,

5. The basic vocabulary acquired in this unit will serve as

a background for radiation study in future sclence courses
in high school and college,
The biology curriculum of the average high school 1s just

as overloaded as the ophysic and chemlstry curricula. The big

problem for the teacher then is how to squeeze radlation into
an already loaded program. This, as in most other problems,
is one which must be handed by the individual linstructor.

The one suggestlion by the author would be the deletlon of a
part of that long tedious "operation frog" which is a stan-
dard vart of many high school biology curriculums. Tne need
for a study of such modern changes in our environment should
be the driving force behind the biologist who wishes to keep
his course up to date.

It is through versonal concern for the biology curricu-
lum and the influence a teacher has upon his gtudents future
that nas promnted the writing of this vaper. The contents of
this renort cannot nossibly be taken as an all inclusive a-
ccount of radiation and 1ts biological effects, because many
of them are unknown today. The vurpose of the vnaner shall be

1ts value as a guide for a unit to pe taught in high school
biology. The body of the vaper shall be a summary of the e-

ffects now known and published by well known sclentist in the
field of radiation biology. This summation will not be all

inclusive but will cover material tne author feels can be a-

danpted to the high school level.
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The contents of this revort wiil include a summary of
lonizing radlation, radiation effects upon the cells, genetic

effects of radiation, 1ts vathological effects, and a short
coverage on possible.safety measures to nrevent harmful radi-

ation exposure. In the research and writing of this paper

the author hopes to increase his nersonal knowledge of the

subject enough to enlighten future students upon 1ts nossible
effects and the roll it will vlay in their future. T=very in-
dication is that the nroblem will increase in the future. If
it does it must be met intelligently and vigilantly by future

scientists so that the develooment of atomic energy will not

be hindered and at the same time afford the greatest nossible

protection for humanity during this develooment.



PART I1
IONIZING RADIATION AND ITS MEANS OF ACTIVITY

Tne radiation with which this paver 1s concerned are the
alpha, beta, and gamma radiations along with x-rays, orotons,
and neutrons, The entire group can be classifled together as
ionizing radiation. e might also be concerned with ultra-vio-
let light which is not a true iolzing radiation. To clarify
the term ionlzation it i1s explained by Lea, as follows: "an
atom consists of a nositively charged nucleus and a surrounding
constellation of negative electrons, the whole being electrical-
1y neutral, The principel means of energy dissipation by an
ionizing radistion in its passage through matter is the ejection
of electrons from atoms through which 1t vasses, An atom so
ionized is left vositively charged, and referred to as an ion. "l

The biological action of radlation 1s due to the change
which nroduces these ions. A small part may »nossibly be due
to the geparation of electrical charges but most of them can
be attributed to chemical dhanges resulting from the ionization.
The latter deduction 1g derived from the fact that when an elec-
tron 1ls removed from an atom 1t 1ls almost certain to change the
molecule of which 1t is a vart chemically. The electron remov-
moved could be a bonding electron which is gsnared by two atoms

of a molecule, If tnis were the case, digsociation would occur

1p, ®., Lea, Action of Radiation on Living Cells (Cau-
bridge, 1955), v. 1
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and with it chemical change. The excessive energy needed to
remove an electron could also create chemical change in & mol-
ecule,

Ultra-violet light as well as some ionizing radiations
dissipate energy by excitation in the tlissue. This consists
of raising an electron in an etom to a higher energy level, an
orbit farther from the nucleus, and produclng a change within
a molecule. The damage oroduced by this 1s less drastic in
effect on the human body than from lonization.

Since we se~ that energy nlays a large vart in the ef-
fect of radiation, 1t 1s feasible to understand the use of the
roentgen as the unit to measure the quentity of absorbed rad-
iation. Tt involves a measure of the actual energy absorbed
in the tigsue. "The rigorous sclentific definition of the
roentgen involves the number of lons nroduced in a cublic cen-
timeter of standard air."? The dosage of radiation determines

3

the effect from radietion. Schubert and Lavp" glve the follow—

ing dose rate and effect informatlon:

Dose Rate in Roentgens Effects

deaths, nossible disabllity

1
T
0 - 25 ' No observable effect
LD
25 - 50 ! Blood change (as manifested by count)
T
50 - 100 ' 10% exhibit symptoms of radiation
' sickness. Full recovery within few
' days
1
100 - 200 ' 25% exhibit symptoms, vnrobably no
!
1

2Jack Schubert and Ralph E. Lapp, Radlatlon: What It Is
and How It Affects You, (New York, 1957), p. 99

5Ibid., p. 45



Dose Rate in Roentgens Effects

1
i

200 - 300 ' 50% exhibit symntoms, 25% deaths
1

300 - 400 ' 00% exhibit symptoms, 257 deaths,
' injury vossible to all 90%
1

400 - 500 ' 50% lethal
1

60C or over ! Nearly all die within 30 days

From this informatlon we can see that radlation does have some
effect on the human body. Further in this report we will dis-
cover that even the small doses have drastic effects though

they are not observable by the human eye until later in life

or even in future generation of our nrogeny.



PART TII
RADIATION AND THE 7ODY CELLS

The fundamental effects of radiation begin with the cell.
It is here that the ultimate demonstration of how radiation
acts on living matter mnust be found, Cells themselves, des-
pite enormous differences in their gize, shapes, and functions
are constructed according to a certain plan. They are sur-
rounded by a nearly invisible outer mem >rane known as the pla-
ma membrane. Next they contain a gelatinous material knowm
as cytoplasm in which is suspended a very dense particle known
as the nucleus. This nucleus 1s bound by its own membrane and
1s the heart of the celll's activity.

The nucleus contains threadlike chromosomes which under
the microscope appear as a tangled network. Each chromosome
in the human body contains a large number of genes arranged
in single file along the entire chromosome, ZEach of these
genes has its own unique function in regulating the contlinuous
series of chemlcal reactions necessary to maintain l1ife. Rad-
iation affects the cell by creating a change in commosition or
arrangement of these genes.

We think of thls cell as the smallest unit of organismal
structure, but from the point of view of ohysics and chemistry

it is multitudinous. "It consists of 108 to 109 molecules of
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such diverse materlals as water, minerals, »nroteins, carbohy-
drates, fats, etc., which are 1in active motion.“l Cells how=
ever are mainly water and it 1g in this water that a orimary
effect of radiation takes vnlace.

"hen water in the cell is acted upon by radiation, a
small fraction is decomposed into extremely reactive fragments
called free radicals, which readily interact to form veroxides
and other cell nolsons. These neroxides, as well as many other
decomnosition nroducts, can move around for a short while until
they alter a recentive molecule. Among the most sengitive sub-
stances in the cell are enzymes, which are essentially large
protein molecules, one enzyme molecule modified by radiastion
may transform 100,000 or more molecules ngeded for verpetuation
of the metabolic activities of the cell."

Ionizing radiation has a minor effect on cel! ular meta-
bolism such as resviration and glycolysls but it has a marked
influences on the mitotic »nrocesses. It causes a droo in the
rate of mitosis, followed by an attempt to recover and the ap-
vearance of degenerate cells.

It is in the mitotic process that cell nuclel are prim-
arily involved and lonizing radistion has its greatest influ-
ence on the cell nucleus during this time. Irradiation can
influence the rate of mitosis in all five stages of mitosis
but the cell has a better chance of recovery if it occurs af-
ter metanhase.

The chlef constituent of the nucleus desoxyribonucleo-
orotein, may be the most important constituent in cell damage.

Ionlzing radiation nossibly through the intermedisry of ac-

tive radicals onroduced in the tissue water as nreviously men-

lpriedrich Ellinger, Medical Radiation Rioloey, (Soring-
field, 1957), p. 14

2Scbubert and Laop, v. 67
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tioned interferes with the synthesis of this nuclear constit-

uent. The extent of this interference devends on the dose

and density of the ionization oroduced in the surrounding tis-
sue. This interference can interruot cell division to the
noint of mutation or cell degeneration by interrupting the
conversion of ribo-nucleic acid, usually found in the cell
plasma, ‘nto the desoxy-ribonuclelc acid of the nucleus.

Attempts made to expvlain the effects of lonizing radi-
etion during the mitotic processes of a cell on the basig of
interference of the synthetlic processes taking vlace in the
cell must also consider other possibilities in addition to
the synthesls of desoxyribonucleoproteln, "Tf under the ac-
tion of ionizing particles chromosome threads are broken, syn-
thetic processes taking place on the thread surface may also
be infiuenced or interrupted. There 1s a possibllity, also,
that enzymatic processes taking place in the cytoplasm are
governed by the hapoenings in the nucleus. In that case a
chromosome break may have far-reaching ccmnseqmences;“zj as pre-
viously mentioned from other sources.

Under the microscope the irradiated cells exhibit the
vhenomena of vacuolation and pycnosis of the nucleus. This
pycnoslgs or denser annearance of the nuclear material 1s due
to chemlcal changes of the chromatin, the substance making up

the cell nucleus.

5C—eorge Hevesy, "Ionizing Radiation and Cellular Mete-
bolism", gSymposium of Radioblology: Oberlin College, (New
York, 1956) v. 200
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After this discussion of the different effects uvon the
individual cell the different cells of the body should be class-
ified according to their sensitivity to ionizing radiation.
Cells which are considered to be highly sensitive tc radiation
damage are: Dbone-marrow cells, lymphocytes, cells of gonads,
spleen cells, cells of thyrold, and intestinal mucous cells.
Cells affected to a moderate extent include those in: grow
ing bones, epithelium of skin, salivary gland, connective tigs-
sue, and elastic tissue. The following include organ and tis-

sues of which their cells are considered to be relatively ra-
diation-resistant: kidney, liver, mature bone, and the brain
or nervous tlssue, Thls clagsification is based orimarily on

the one given by Schubert and Lapp®

in their very informative
book upon radiation., The significant thing to remember is th-
at any cells can be damaged 1f the dosage 1s great enough but
the damage to some cells is much slower in showing uo than in

others.

4Schuber't and Lapp, p. 45



PART IV
"GENETIC EFFECTS OF RADIATION'

In the study of the genetlic effects of radlation there
must be a background in the basic concents of heredlty. The
most prevalent theory of heredity today is the gene theory.
Rech cell of the body contains a great collection of 30,000
or more genes. These diverse heredltary units are strung to-
gether in a single file arrangement to form the tlny threads
visible under the microscove called chromosomes., It is by
the interaction of the chemical products of these genes that
the composition and structure of every living thing are deter-
mined.

Before any cell divides each of its genes duplicates it-
self, thus each chromogome thread becomes two both structural-
ly identical. Then when the cell divides each of the two re-
sulting cells has chromosomes exactly alike or very similar de-
pending upon the activities occuring within the cell during di-
vision. Some activitles within the cell can bring about rare
chemical accidents which change tne genes, These accldents are
called mutations.

These mutations usually strike one gene at a time and
these genes vroduce new ones having different or abonormal char-
acteristics. Very rarely a mutant zene happens to have an ad-

vantageous effect., 7Tn fact, Mullerl states that 99 vpercent of

lMuller, H. J. "Radlation and Human Mutation," Scien-
tific American, November 1955, p. 58

T2
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mutant genes in man nroduce some harmful effect or dlsturbance
in function, This disturbance can vary from slight malfunc-
tion of a cell to the extent that inheritance of mutant gene
might mean death if the same defective gene was received from
both parents. Such a gene as the latter 1s refered to as a le-
thal gene. Normally the danger is not from lethal genes but
from genes which produce some detriment, glving rise to a risk
of nremature death or fallure to reproduce.

This risk is involved in genes which give rise to only
slight lmpairment to the person inheriting them. BRecause of
its persistance the slightly detrimental gene can produce a to-
tal amount of damage comparable to that produced by the very
lethal ones. The sum effect in disablility from these genes can
be noticeable and 1s usually felt more as we grow older or in
successive generations, The damage from a mutant gene can on-
ly disaponear when the inheritance line in which they are car-
ried dles out. 1In case of severe and obvious damage this may
happen in the first generation, in other cases i1t may require
hundreds of generations. Thus, for the general population a
little radlation, producing mutations, to a lot of neople is
as harmful as a lot of radiation to a few since the total num-
ber of mutant genes can be the same in the two case.

The greatest effect of radiation on the human body is
this ability to produce mutant genes which can transfer dam-
age to future generation., There is controversy over the ef-
fects which radiation has upon genes, but the three most pre-

valent are mentioned by Glasstone” as: 1. production of toxic

2
Glasstone, Samuel, Sourcebook of Atomic Energ Prince-
ton, 1957), p. 524 & e
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subgstances, 2, 1lonization by breakage of chemical bonds, and
3. the causing of two or more breaks in the chromosomes.
The basis behind the production of toxic substances is that
certain chemicals such as mustard gas cause mutations simu-
lar to those resulting from radiation exvosure. The genes
are believed to be large, complex molecules simular to nro-
tein and it 1s known that any breskage in the chemical bonds
due to ionization will destroy or change the nature of large
molecules in experimental work, The third mode would leave
room for mutation in the recombination of the chromosome vparts.
It is known that the parts of a broken chromosome tend to re-
join and if a small vart containing a gene were lost a mutent
condition would be nroduced. These parts could also be rear-
ranged within the chromosome and »nroduce genetic changes great
enough to oroduce mutation.

The results of a mutant gene 1s duvlicated in subseauent
cell divislons., Once a gene mutates 1t never reccvers its o-
riginal Torm unless a further restorative mutation occurs.
Most geneticigts agree that a restorative mutation would be
auite rére. A mutation could occur in either a body cell or
sex cell, The ones occuring in a body cell would merely be
vassed along to other body cells and will be discussed under
the pathological effects of radiation in chaoter V. The ones
of greatest concern here are those mutations which arige in
gsex cells and are therefore hereditary.

"Radiation cen affect the reoroductive cells in three

ways: It cen kill the cells outright; it can break or damage
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the chromosome, and 1t can cause the genes to nutate".®
The latter two have already been discussed and the first
1s of no concern here because the death of the cell auto-
matidally eliminates it from influencing heredity. The
main concern with the reproductive cells 1s that there is
no minimum amount of radiation which must be exceeded be-
fore mutation occurs, "Any amount, however small, that re-
aches the reproductive cells cean cause a correspondingly
small number of mutations. The more radliation received th=
more mutations",? The harm done 1s cumulative, and denends
on the total accumulated gonad dose received by peovle from
thelr own conception to the conception of their last child.
The cunmulative harm may be exemovllified by a female
child since she contains at birth all the ova she will ever
use, "It is very imorotant to note that exnosure of the ova-
ries to rediation affects eggs which are to be fertilized in
the future. Thus radiation damage 1s preserved by the ova
and may result in defective children, Even 1f the children
appear normal, they may carry defects in their heredity make-
un (the genes) which will .be manifest in leter generation".5
The exposure should be held to an extreme minimum from birth
through the revroductive 1ife of a female,

In the male the testes produce spermatozoa. These ma-

Sgchubert and Lapo, ». 186

4Report to the Public., A 8tudy of the Blological F-
ffects of Atomic Radlation, (Washingfton, 1956), v. 28

Sgchubert and Lapp, p. 77
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ture from very young cells called spermatogoina which are a-
mong the most radiosensitive cells of the human body. A small
amount of radiation can kill these cells and render temvorary
sterility to an individual. Fertility returns to a male after
an adequate number of gspermatogonla have matured. Radliation
can render some of these svermatogonia defective or onroduce mu-
tant gene in them, This often havvens when mature snermatozoa
are exposed to radiation or from defects in the first ones to
mature after temporary sterility due to radiation. The best
precaution for the male i1s during medlcal exnosure is to pro-
tect the gonads with a lead shield.

During a symposium on radiobiology Russell of Oak Ridge
listed the following unique feature as the basis for the im-
portance of genetic effects among the hazards of exposure to
radiation:

1. "There is usually no healing of the damage. Some
type of damage to the genetic material, for examvle the break-
ing of a chromosome, may, under certain conditions heal, Oth-
ers, for example "cell lethal'" mutations, are by their nature
vprevented from passing on to any descendants. However, from
the effects that are actually hereditary, in the sense of be-
coming manifest in the next or subsecuent generations, the only
chance of healing lies in the remote possibllity of reverse mu-
tation.

2. The damage is transmitted to descentants. Arguments
to the effects that we should be ohlegmatic about the effects
of small doses of radiation, because the total damage is »nrob-
ably no worse than that resulting from various other insults %o
the organism which man tolerates or even enjoys, ignore the fact
that among commonly tolerated insults radiation 1s the only one
known to affect descendant generations.

3. The damage is hidden for a long time before 1t becomes
manifested. Heredlitary effects obviously require at least one
generation to express themselves. For the large class of reces-
sive mutations, many generation would on the average, be requir-
ed in a large, more or less random breeding pooulation. This
clags of mutations is particularly insidious in the sense that
even when a varticular recessive mutation is finally revealed,
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1t is usually only a very small fraction of the total effect
that has become manifest, the rest still being hidden in in-
dividuals heterozygous for the mutation.

4, There is no threshold dose. Genetic changes may
occur at any dose, no matter how small. In drawing up safety
measures against genetic effects of radiation in human popu-
lations, serious attentlion must be given this point., If there
is no threshold dose, then a so called "tolerance".dose cannot
be one which nroduces no genetic effect, but only one which
does not add a "serious" increase to the effects that alrgady
occur as a result of natural radiation and other causes".

Most of these conclusion are based on experimental ani-
mals and extrapolated to human blology. Since experiments with
human beings are not feasible, studleg are being made with ani-
mals in the hoves of obtaining some definite information. "The
evidence so far indicates that true mutations can be induced
in mice by means of radiation, the number of nutations being
approximately proportional to the total exvosure to radiation",”’
These mutations are essentially indevendent of the dose rate
and appear to be cumulative throught the years.

Along with this experimental work on animals observa-
tions beilng made by the Atomic Bomb Casualty Commission of
the National Research Council may impart socme light on the
direct human effects by observation of persons exposed to
radlation from the atomic bombs exploded over Javan in 1945.
This work 1s sponsored by the U.,S..Atomic Commission and has
reported reliable data on nathological effects and collected

some information umon genetic effects.

Because of the great lmportance of the subjects on ge-

6Russell . L., "Mammalian Radiation Genetics", Sympo-
sium of Radlobiology, Oberlin College, ed. James J. Tlckerson
(New York, 1952,, p.v. 427-28

Glasstone, p. 524
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netic effects to the human body, careful and detailed study
must be carried out before the vresent theories can be ac-
cepted without reservations. In view of the exverimental
results with animals such as mice there is no doubt in the
genetlicist's mind that radiation can nroduce mutation., The
amount of radiation needed to vroduce noticeable mutation
is an uncertainty at present, but there is great indication
of the cumulative dosage through the years which should malke
each person strive to keep versonal exposure to a minimum,
Man nust orotect his genetic heritage as best he can until
adequate information is available to substantiate control or

protection from radiation.



PART V
PATHOLCGICAL EFFECTS

In study of the pathological effects of radlation the
first thing covered will be the initial resvonse of the hu-
man body to radiation exposure. This initial resvonse, or
radiation sickness, 1s known as a benlgn but unpleasant state
occuring during the first few hours fellowing irradiation.
According to information from Brues and sacherl the automatic
nervous system plays the most important role in this syndrone.
The most characteristic gymptoms of radlation sicknegs are;
(1) a rapid accumulation of uric acid in the blood and tissue,
(2) hypotension, and (3) death to some if the dosage is large
enough, The most remarkable thing about thls syndrone is the
length of time elansed between the ohysiochemical exposure
and the appearance of symptoms. It tekes an extremely large
dose to kill a human being.

The bulk of the vathological effects are secondary, at
least in time. Such secondary effects are not unusual in toxi-
cology, of course, and their veriod of latency may devend on
the length of time the organism can set along without some es-
sentlal function. The apvearance of these effects varies with
the individual and the tissue which has been damaged by the
radiation. It has long been known that many of the features

of an acute radiation syndrome resemble resnonses to infection.

lBrues, A. M., and George A. Sacher, "Analysis of Mamma-
lian Radiatlon Injury and Lethality", Symposium of Radiobiology:
Oberlin College, ed. James J. Nickerson (New York, 1952) D. 441
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This can be accredited to damgge incurred by the tissue which
form the cells for fighting infectious invasion. Without the
production of these cells latent organisms of the body or new
organisms which may have gained entrance through the cytologi-
cal discontinuity set up an infection which can cause death as
a secondary effect of irradiation.

Most of the pathological effects of radlation seem to
have a cytological basls and Just as the genetic effects are
bagsed on mutation of the gene within the sex cell the vatho-
logical effects are due primarily to mutatlon occuring in a
somatic (body) cell. 'hen a mutation occurs in a body cell
other than a sex cell it 1s merely vpassed along to other body
cells and not to one's descendants. These mutated body cells
can acquire or become more recentive to uncontrolled invasion
growth which 1s thought by meny to be the cause of leukemia
and other cancerous growth.g This type of abnormal growth of
the somatic cells after irradiation occurs in tigsue like
skxin, lliver, or bone marrow nroducing many harmful changes
in the exposed individual.

One of these changes in an exposed individual which is
observed soon after irradiation is in the blood. It is known
that an ounce of blood contains about one-hundred and fifty
billion red blood cells and about two-hundred million white
cells. There-are several varities of white cells, and those
most sensitive to radiastion and the lymovhocytes, which consti-
tute about twenty five percent of all the white cells. It is

revorted that a single cdose of 50 roentgens of radiation to

ESchubert and Lapp, p. 185
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the whole body causes the number of lymphocytes to droo by
one-half in about two or three days.5 It takes the normal
gystem about a week to return to the vnreradiation level. The
oprimary functioris of these blood cells 2re to orotect the body
agalinst infection, to aid the body in the repair of tissue,
and to nromote clotting of the blood. As already mentloned ex-
posure to radiation increases greatly the body's susceotibility
to infections. The effect uvon clotting of blood is shown in
the bleeding tendency which 1is one gymptom of radiation sick-
ness. "This bleeding tendency is related in vart to the dis-
aopearance of blood pletelets (again on a cytological basis)
and in part to the appearance in the blood of substances which
interfere with coagulation.4 Small changes in the blood cell
may be the forerunners of anemia, leukemla and other serious
and fatal blood diseases.

Leukemla 1s the blood disease which needs study from the
radiation effect cause because of the ultimate fatality of it.
It is a rare disease in which uncontrolled overproduction of
the white blood cells occurs. The cause of this overoroduction
1s unknown and lies in the fact that many organs in the body
are responsible for blood-cell production, removal of dead cell,
and other functlons necessary to regulate the blood comnosition.
The organs include the lymoh node, svleen, and bone marrow.

The lymph nodes and snleen produce mainly the lymphocytes and
both are very sensitive to radiation. Other white cells =nd

the red cells are produced in the bone marrow which is very sen-

Sgchubert and Laop, p. 157
1bid, o. 158
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sitive to radiation and when damaged may fall to nroduce new
cells. Leukemla could possibly be a combination of uncon-
trolled invasion growth of the lymphocytes in the lymph nodes
and spleen while the bone marrow has reduced its nroduction
of red cells. Both of these can occur from radlation exposure.

In connection with leukemia being far more prevalent in
human beings who have received radlation overexvosure Schubert
and Lapp give the following report.

"In the group that was O to 19 years of age at Hiroshima,
21 cases of leukemla were found by the end of 1954, 9 years
after the dropping of the bomb., These were children within
1500 meters of the center of the explosion, which means that
they received dosages of three-hundred roentgens or more, Not
more than two cases of leukemla would have been expected in_an
unexposed Japanese population of the same age and numbers, "9

Leukemla has been observed in children who were exposed
to x-rays ih infancy during treatments for enlargement of their
thymus glands. Parents of children who have already recelved
radiation treatments for enlarged thymus can take comfort in
the statistical fact that at most only one child in two hund-
red so treated has developed 1eukemia.6

From the blood we go to the skin where a noticeable ef-
fect of radiation 1s the production of a reddening (erythema),
which results partly from an enlargement of the small blood
vegsels supplying the skin. The development of an erythema
is often used to gauge the amount of radiation delivered dur-
ing x-ray or radium treatment. This erythema 1s an inflam-

matory reaction of the skin.which 1s reversible 1f the dosage

i1s not too great.

Sschubert and Laov, p. 157
SIbia, p. 158
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The next tyne of skin chenge could be classed as a con-
ditional reversible change where the pismentation of the ir-
radisted skin changes which may last for weeks to months or
even years.

"Radlation plgmented skin does not react to further ex-
posure with the same sensitivity as does skin not exposed,
hence the classification as a conditional reversible sgkin ef-
fect.7 Along with this pigmented sktin should be classified
the temporary loss of halr due to irradiation. The hair fol-
licles and glands of the skin are often affected by radlation.
In heavily exposed skin, destruction of the sweat glands can
cause the skin to loge completely the ability to sweat. With
very high dosage the skin also loses 1ts normal greasy texture
because of destruction of the oll-producing glands,

With increased irradiation skin changes reach the point
in which they are all irreversible. The glanular changes can
reach this extreme. The following types of disorders have
been observed with excessive radiation dosage: (1) acute or
chronic dermatitis with atroohic or hyvertrovhic skin changes,
(2) formation of teleanglectases, (3) formation of skin ulcers,
and (4) on the extreme end skin cancers. All four of thege
are consldered to be irreversible and the most baffling rela-
tionship is the very longz latency veriod between exvosure and
the anopearance of symptoms which indicate that the orlginal
damage was this great.

Mature bone ls considered to be radiation-resistant but

much harm can be incurred if radiation occurs in growing bone.

"Ellinger, p. 113
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As te age of the person lncreases there is a definite decre-
ase in sensitivity of bones to radiation. It 1s generally
recognized that the sensitive nart of the bone is the eviohysls
where most cell activity is taking Dlace? It is here that cyto-
logical melformation can occur. From thils fzct alone every at-
temot oossible should be taken to nrotect the eviphyseal lines
of the bones of zrowing children during therapeutlc orocedures.
One of the therapeutic nractices of today occurs in the dlag-
nostic x-rays used by many dentists. The patient should be
sure of his doctor's knowledge before having an excessive num-
ber of such x-rays taken. The pathological disease occuring
after such orasctices 1s Jaw necrosis. It 1s found to occur
more frequently in the mandibula than in the maxilla and in in-
stances where carious or diseased teeth were oresent during
radiation therapy along with voor mouth hygiene immedisately
following exvosure. It may occur within a few months to four
or more years after irradiation. Tooth extraction immediately
following irradiation has reveatedly been recognized as the
cause of this osteonecrosis. In many places the extraction of
diseased teeth »rior to the institution of radiation theraoy

is mandatory. The Jaw 1s then ziven at least two weeks in or-
der to allow some reconstruction of the jaw bones before ir-
radlation. Thls delay 1s justified on the basis of the ser-
lousness of jaw necrosis and future complication such as the
v0ssibllity of bone cancer due to accumulation of isotoves
stored in the bone.

Another pathologlcal effect which seems to have a cyto-

81vid, p. 185
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locical basis is sterility which occurs after the cells of the
sonads undergo chanze brought about by radlation. The testes
of man are much more susceptible than the ovarles of woman.
Wwhether the cell destruction that occurs here is from a mechan-
ical breskdown of the chromosomes or from fluld polson oroduc-
ed in the body fluids is unknown., The cells most susceptible
to irradiation anpear to be those which show rapid division
for replacement and which do not have a large nucleic acid re-
serve according to siles.? This is true of many of the cellular
basis of the pathologlcal effects covered in this paner.

Last let us remind you that the chronlc lifetime effects
of irradiation are cancer and a shortening of 1ife based on
heredity or some pathological disorder. To increase longevity
and reduce suffering let each verson keep personal expvosure to

a minimum,

9Giles, orman J. Jr,, "Recent Evidence on the Mechanism
of Chromosome Aberration Production by Ionizing Radiations",
Symvoslum of Radiobiology: Oberlin College, ed.James J. Nicker-
son, (New York, 1952) p. 268




PART VI
"RADIATION SAFZTY"

Radiation damage 1s a comparatively new hazard to man's
well-belng and safety measures must start from the becginning
by educating the public. The public must be awakened to the
perils of radlation hazards before they can be brought under
proper control, Naturally the filrst prerequislite for action
and the constructive aporoach to the problem is knowledge.

In this case the awareness of the radiation effect mentioned
previoﬁsly is most important. The intimate detalis are better
left to the expert but the public needs to know enough to eval-
uate the blological hazards and to inslist on vroper control
legislation. Future research 1s necessary in the mechanism of
cell damage by radiation, the nature of cell revair, and to ex-
tend vresent inadequate knowledge of the mechanism of cell grow-
th.

gchubert and Lapp suggest one of the best lezislative
moves in radiation safety.

"Control Service should be authorized to license all flu-
oroscopes of all kinds, of radium devices, and of all radiation

producing machines. Such a license should be granted only after
the applicant has demonstrated a competence to use the equioment
and an adeqguate knowledge of safe radiation »ractice. Licensees
would be subject to vrelodic check-ups to insure that proper rasd-
iation controls were in effect. The licensee would be reaquired
to keep up-to-date records of every dose delivered to a patient
in excess of one roentgen., Data about individual exnosure would
be collected by the Control Service in a national registry. No
doubt such record-keeping wculd we expensive, but it would serve
as an excellent check upon the individual's dosage and would cur-
tall excessive irradiation for benigh conditions. It would, in
addition, vermit orderly follow up studies of people who are
known to have been overexvosed. It seems to us that the keeping
of radiation histories or disries for 1U.S. citizens 1s an essen-

26
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tial feature of the atomlc age. !Modern business machines and
electronic comouters should ease the problem of tedious and
costly record-keening. However, federal record-keening is ant
to be looked upon by organized medicine as akin to soclalized
medicine, and congress may expect bitter ooposition to this
control feature of radiation nrotection".l

Adequate personal record keeplng would oreatly aid in
radiation control. Shielding of the patient from unnecessary
radiation would aid also. In most cases shielding 1s not a
difficult matter, yet for some reason the practice is not wide-
1y adopted in U.3. Shielding especlally of the wonads would
reduce the effects of radiation upon heredity. The purpose of
radiation control is to 1limit radiation hazards and not to e-
lininete them entirely, for the dilagnostic value of x-rays 1s
of immense value in corrective and preventive medicine. TLike-
wise radloisotopes show comparable diagnostic value, but their
unrestricted use on a large scale right now seems onremature in
the 1ight of our lack of knowledge of the ultimate biological
effects and in view of the inadequate controls which govern
thelir use.

All work on control of radiation is not left to the fu-
ture for radiation exverts have recognized the great hazards
of radiatlion exoosure to children and have ziven specisl re-
commendations and regulation for control.

"l. In the U,S., employment of versons under 18 yrs of
aze for work with radiocactive materials is prohibited by reg-
ulations oromulgated by the Secretary of labor.

2. In cases in which minors may be exvosed to radia-
in the course of thelr normal activities, protective measures
(should) be taken to meke sure that no minor actually receives

radlation at a weekly rate hizher than 1/10 the vermigsible
weekly doses. '

lschubert and Lapp, p. 261
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3. The permigsible dosge for persons over 45 years of
age are double those allowed for younger adults with resmect
to most tissue.

4, The radiation protection group at the Harvard ledi-
cal school hes for many years annlied a policy dlctating thet
in cases where tracer doses of radioactive isotoves are used
for experimental purnoses (excluding alpha-emitting isotones
which are regarded extremely dangerous), the doses for child-
ren under 15_yrs of age must be no more than 1/5 those allowed
the adults'.

The individusl who works with radiation must vpractice
every safety precaution, The obvious weay of avoiding radie-
tion is to increase the distance between the worker and the
source of radiation. “here the distance is still near enough
for avoreciable damage suitable shsorbers or ghields should
be used., The type of shield or absorber depends uoon the tyne
of radiation., Beta particles can be shlelded with vlastics,
such as luclite or even glaess while gamme radilation readuires ma-
terials with high density and high atomic number such as lead.®
Rubber gloves are sufficlent to absorb alpha vparticles and most
alnha emitters can be manipulated without difficulty, orovided
rigid nrecautions are taken to avoild inhalation,

The work wlth substences emitting alpha varticles should
be carried out in well ventilated svaces, or a resnirator should
be worn. Gloves should be used, in any case, to nrevent radi-
ation contact with the skin. Speclal »nrotective clothing is
worn during work which 1s shed when leaving the radioactive
area. "Food should not be stored, vnrepared, or eaten in nlaces

where radioactive substances are oresent, and there should be

no smoking because of the danger of ingestion of active materi-

©Ibid, n. 155
SGlasstone, p. 513
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als from contaminated hLands".® Inzestion of radiocactive sub-
stances has greater danger due to the fact that 1t works from
the inside near vital orgens. It's radlation need not be pen-
etrating to be very daanaging. It 1s known when a complex or-
genism is exposed to radiation the degree of damage devends on
which body cells are affected. The more vital parts are gener-
ally some distance from the surface. Radlation coming from out-
side can only herm cells according to 1t venetrating power. X-
rays and gamma rays are much more penetrating that the varticle
radiation, If radlation originates inside the body then its
effects can harm vital organs sooner. Care should then be taken
that hands be well washed and in most plants hands and shoes are
monitored before leaving the working area for radio activity.

Another safety factor which is faced by the scilence lab-
oratories working with isotope tracers is the dismosal of radio-
active waste., (Glasstone 1list the two general onrinciples which
are nresently recommended.

"Pirst the varticular radiolsotopne should be mixed with a
large amount of a stable isotope (or isotoves) of the same ele-
ment in the same chemical form. In this way, the amnount of ac-
tive material likely to be taken up, by a nlant or other living
organism is greatly diminished since the various isotopes of a
given element will be absorbed .in the provortions nresent.
Second, the waste solutions should be very greatly diluted with
water, so as to reduce the activity in a glven volume before
discharge to the sewer. Ry keeoing below certain limits radio-
phosvhous (»32) and radlo iodine (TI131) can be disposed of in
this manner. Radio active carbon (C14) commounds can be burned,
and the gases exhausted into the air, with due precautions to
insure very through dilution. All radiocactive wastes can be
burlied in the earth at a minimum deoth of 5 feet in suitably
regtricted areas, vrovided the material is first mixed with a
stable lgsotope of the gsame element, in the same chemical form,

The activity of the material that may be buried each day is
strictly limited".®

41p1d
51bid, p. 522
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Precautions can be followed before medical exposure which
greatly reduce the general danage to the system. This consist
of giving the patient certain agents before and during exnosure
which comvete for oxygen in the body. These agents tie up the
oxygen which would otherwise be use by radlation to oxidize and
thus alter the components of the body cells. Two such agents
which show good nromise for thls purnose are cysteine and gluto-
t'-:lione.6

After an individual has been exposed to racdiation esvec-
ially an excessive amount the following recommended measures
should be followed.’

1l. Dblood tranfusion if necessary from laboratory test

2. bed rest and sedatives

3, maintanence of body fluids and mineral balance

4, 1if infection develons, the administratiocn of broad

spectrum antiblotics in large doses,

5. glve anti-shock drugs

6. give spleen tissue and bone marrow tissue 1f nec-

essary.

Most sclentist feel that the danger from missuse med-
lcally is greater than from bomb tests. The safety precautions
here becomes of individual concern and 1t is up to each individ-
ual to acquire enough knowledge to deteralne his own situation.

"You may be somewhat embarrased about examining your doc-
tor on hig knowledge of radiation, but 1t is well to remeunber

Satomic Energy Commission, Use of Isotopes in Medical Re-
search, Diagnosls, and Therapy (Washington, 1956), p. 14

7schubert and Lapp, p.o. 85-86
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that the risks involved in continuous exnosure before the flu-
orosconic screen are much greater than from an ordinary x-ray
photo. First of all find out which form of irradiation is to
be used, Our advice is to follow these few rules.

1. Ask your doctor whether he 1s going to take x-ray
photos, if he says, "no" and uses an x-ray machine, he is
using fluoroscopy. In that case it may be well to pause and
consider,

2. If you suspect that you are pregnant, tell the doc-
tor that you wish to have the routine x-ray examination nost-
poned.,

3. If you know that you are pregnant, do not allow any
x-rays unless they are quite localized as to an extremity, or
unless there ig preferential shielding of the womb or unless
the condition 1s so critical as to warrant the calculated risk.

4, TIf it 1s necessary for you or your children to under-
go radiotherapy, ask if the condition being treated 1s malig-
nant. If it is non-malignaent, ask the doctor about alternative
modes of treatment.

5. Tell the doctor that you are keevning a personal rad-
iation diary for yourself and your family. Ask him to give
you in writing a summary of the x-ray or radium treatment, in-
cluding a specification of the roentgen dosage, the area treat-
ed, and an estimate of the cdosage to the gonads".

As a safety measure keep that radiation dlary and have
your own doctor record an dosage that the body might receive.
Schubert and Lapv sives an excellent one as an appendage on tiie
flyleaf of their book wnich is worth giving in this report. A

form of their diery is illustrated on the following nage.

°Ipid, p. 179
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PART VII
"goNCLUSION"

Tonizing radiation by it dlssivnation of energy in re-
moval of electrons from the molecules making un the human
bedy can tring 2hout chemical chanzes which are detrimental
to the cells or tissue in which the molecule 1s found. This
can be done by actually ejecting an electron and leaving the
molecule ionized or by excitation (changing the energy level
of the electron). The former has more drastic effect on the
human rtody than does the latter.

The fundamental effects of radiation begin with the cell.
Here where there ls a very large vercent of water the ionizing
radiation can decompose this water and form peroxides which
are toxic to the cell. Tspeclally the cell nucleus feels this
interference in synthesls of essential material and mitoslis or
cell division is delayed or comvletely stooped due to radiation
effects. The different cells of the body exhibit different
sensitivity to radiation.

Radiation interferes more with the heredity or genetic
makeuon of an individual than any other vnart. XYere it can
cause drastic chemical changes in the haslc units, genes,
which can bring abhout a change within future generations.
These chanzes can range from slight malfunction of a cell with-
in the body to death from a lethal gene produced during mu-

tation from radiation. The total effect of a slight malfunc-
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tion can be greater than a lethal gene 1f a large enough ver-
cent of the entire population is effected in this way by ra-
diation. These mutations can be caused by radiation, by the
proauction of toxlc substances, ionization breakage of chem-
ical bonds, or causing two or more breaks in a chromosoue.
Most of these nutant genes will produce a harmful effect or
disturbance in man, A much higher percent of these mutations
occur when the gonads are allowed to recelve direct radiation.
The radiation effect to heredity 1s accumulative from birth
until the last child 1is born of a varent.

Most of the pathological effects of radiation seem to
have a cytologlcal basis due vrimarily to mutation of the so-
matic cells. The first nathologzical change noticed after ir-
radiation is a change in the blood. This change can vary from
a temporary upset in orovortion of red and white blood cell to
a malignant condition such as leukemia. This early change in
Plood usually greatly reduces the body's defense against in-
fection and can lead to serious infectious diseases. The vpath-
ological effect on the skin, also, has a wide range. It can
vary from erythema to siin cancer. Effected along with the
skin enitheluim is the hair follicles (loss of hair) sweat
glands, and oll glands found in the skin. Bone, esnecially
growing bone, can be retarted in growth by radiation. The
mature bone on tiie other hand 1is ouite resistant unless radio-
active lsotones are being deposited in them which can lead to
bone cancer. In all pathological effects the outstanding fea-

ture lies in the shortening of life and nroduction of cancer



which result from excess exposure. 35
Ssafety from radiation will only come from knowledge of

its effects and by control legislation based on sound scien-
tific princinles. Personal safety will come from adequate
personal records and sensible medical use. "e know that med-
ically radiation has done more good than harm but let us str-
ive for a wide ratio between the two. The person working
directly with radio isotones should onractice every safety ore-
caution and take advantage of all shielding devices and »nro-
tective clothing known. The disgnosal of waste has already
been placed under control legislation which will suffice 1f
followed to the letter. ‘fork 1s also orogressing on the use
of agents to reduce the effects of radlation during therancu-
tic treatments. The commounds such ag cysteilne and glutothi-
one show great promise in this field.

This brief summation of the effects of radlation should
serve well as an introductory unit in hich school biology. It
is an attempt to show to the student a need for this tyne of
knowledge and to helv them realize how they will be involved
with radiation in the future. It covers orimarily the hazards
of ilonlzing radiation and included will be the acquiring of a
basgic vocabulary of the related biological terms listed in the
accompaning glossary.

Present day research indicates a large variety of veace
time applications which will play a part in nearly every stu-
dent's future. These application include:

1. Production of vower

2. Improved medical theraoy
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11.
12,
13.
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Isotovnic tracer study of disease

Leukenia theraony

Insect killing

Sterilizing foods infested with parasites
Bacterial sterilization

Acricul tural anplication

2. New strains of vnlants from radlation mutations
b. Yeasurement of fats on beef animals

c. Sterilization of screw worm fly (males)
Radiography of welds

Cracking of gasoline

Changing characterlstics of nlastics
Detecting leaks 1n gas and olil mains

Tnickness gauge.

From a survey of this 1list of avnlications it is evident that

a large vercent is closely related to biology and should be of

interest tco future bilologist.

to the human race will depend to a great extent on how well

sclentist meet and come with these effects unon the human body

which regulate the dividing line between constructive and de-

structive value of all lonizing radiation produced.

regpoonglbility of blology instructors to caution the students

about the nosgsible hazards along with the scientific future

which radilation has in biological research.

The ultimate value of radiation

It 1s the
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GLOS=ARY
1. Anemia - A condition in which the blood cells are elther
deficlent in number or abnormal in other ways such as hemo-

globin content.

jav]

. Atom - the smallest part of an element that enters into
the comvnosition of molecules.
3., GCarious - have decayed area on the teeth or bones.,
4, Cell - smallest unit of organismal structure,
5. Chromatin - & dreply stalning orotovnlasmic material oc-
curing in the mucleus of cells.
6. Chromosome - important rod-shave constituent of all cells
containing the genes or heredity determining units.
7. Coagulation - the act or state of becoming viscous, Jjelly-
lide, or solid.
8, Cytological - dealing with or related to the structure,
functions and organic orocesses of the cells.
9., Oytovlasm - the »nrotoplasm of the cell exclusive of the
nucleus,
10. Desoxyribonucleonrotein - the primary constituent of the
cell nucleus.
1ll. Enzyme - organic catalyses, protein in nature, with sve-
cific vowers of reaction formed by living cells but indewnendent
of latter in action,
12. Toivhysis - the growing vportion of the bone.
13, Erythema - morbid redness of skin due to congestion of the

capillaries.
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14, T=xcitation - raising of an electron in an atom to a nigh-
er energy level.

15. Free radical - extremely reactive fragments of molecules
released by radiation within an organism.

16. Gene - the smallest unit of heredity found on the chromno-
sone and concerned with hereditary characters.

17. Mlycolyses - hydrolytic decomposition of sugar,

18. (Gonads - egsential sexual glands, ovarlies or testes.

19, Infectious - carable of belng easily spread or any disease
caused by entrance, growth, and multiplication of microorgan-
lsms.

20. Ingestion - taking within the body as food for digestion.
21. Inhalation - act of breathing or taking in of air.

22, Ionizing radiation - any tyove of radiation which can re-
move an electron from a molecule during dissivation of energy.
28. Isotones - two or more specles of the same element,

24, Latency period - the time elapse between exposure and first
manifestation of radiation damage.

25. Lethal gene - any gene which i1s fatal in its hereditary
effects.

26. Leukemnla - rare disease in which uncontrolled overproduc-
tion of the white blood cells occurs.

27. Longevity - length of 1life.

28. Lymohocytes - one of the white blood cornuscles derived
from the lymnh nodes and use to nrotect the hody from infection.
29. Metabolism - the nrocess by which cells or tissues trans-
form food materisls into thelr won vital substances.

50, YMitosis - indirect cell division involving differentiation

of chromosomeg.
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31, Mutation - any sudﬂén chanze in heredity fron narent %o
offsoring.
32. Necroslis - death of cell tissue or bone.
3%. Pathological - pertaining to the causes of dlsease.
34, Phlegmatic - contalning a viscous, watery mucous,
35. Physiochemical - vertaining to the chemistry of the body
processes.
36. Pycnosis - a thickening or condensation of the cell nucleus.
37. Respiration - the chemical orocesses by which the organism
absorbs oxygen and gives off waste nroducts.
38, Roentgen - unit used to measure the quantity of abgorbed
radiation based on amount of ionization produced under snecific
conditions.
39. Spermatozoa - ilmmature male sexual cells.
40, Sterility - lack of fertility.
4]1. Syndrome - a set of symptons which occur together and char-
acteristic of a certain allment.
42, Teleangrectases - dilatation of blood or lymoh cavillary
vessels.
43, Therapeutic - nertaining to act of healing such as remedies
for diseases,
44, Thymus - a gland of lymwoid character concerned with growth
and blood formation,
45, Vacuoclation - the develonment of small cavities or gnaces

in the cells which contain air or fluid.



VITA
Lester Lee Talbert
Candidate for the Degree of

Master of Sclence

Revort: THE TZFFECTS OF RADIATION ON THZ HUMAN RBODY: AN INTRODUCTORY
UNMIT FOR HIGH SCHOCL BIOLOGY

Major FPield: Natural Scilence

Biogravhical:

Personal data: Born at Cement, Oklahoma, November 17, 1926, the
son of John W. and Nannie D, Talbert.

Education: Attended zrade school at Cement and Cyril, Oklahoma;
oraduated from Cement High School in 1947; received the
Bachelor of Science degree from Oklahoma Agricultural and
Mechgnical follege, with a major in Agriculture, in January,
1951; as a member of the Academic Year Institute for High
gchool Sclemce Teachers sponsored by the National Science
Foundation, completed requirements for the Master of Scienct
degree, with a major in Natural Science, in August, 1959.

orofessional experience: After graduation in 1951, taught Vet-
eran'!g-on-Farm Training at shelby, Nebraska for one year;
tefore beginning to teach General Sclence at Putnam City
schools, Oklahoma City 12, Oklahoma, in 1956 anvroximately
one and one-half year was svent in oll field "Roustabout"
work and three years on experimental farm for Superior
Feed M1lls, Oklahoma City, Okla.

Member of: Alvha Zeta, Phl Kapva Phi, National Sclence Teacher's
Assoclation, and Oklanoma Education Association.



