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PREFACE

The simultaneaus release in June, 1956, of repmts by the
United States National Academy of Sciences-Nationat }(fﬁfﬂﬂh
Council on “The Biological Effects of Atomic Radiation™ and the
Reissh Medical Research Counal on “The Hazards to Maw fa(
Nuclear and Alied Radimions” produced an intense imerest in
the use of whang, radiations in medicine. These reports not onl?'
focused the attention of the public on this subject, bt alo publi-
ared the geneuc harard that can accrue from smatl amounts of
rachation and ntensified the efforts of the medical profession 10
mmymie radintion dosage from e use of xvays.

In the assessment of possible deleterions effects ansing from
the medical and dental use of x tays, it must be clearly nnderstond
that (1) only small amounts of radiauon are used in clinical exam-
mations, and {2) the exposures are imited to Jocal or segmental
aveas of the body as opposed to tal body trradiation Aswill be
brought out in these proceedings, the deleterious effects of radia-
tion of this order are largely the genetic effects which depend on
exposure to the gonadal tissues and which are of long range concern
to the human vace

It should be pointed out that the information contmned w
these two reports was based largely on the work of the National
Cammuttee on Radianon Protection and the Commiitee on Radio-
logical Unis and Measurements  Since 1931 ihese bodies have

formulated the sundards for the safeguarding of panents, the
occupyuional personnel and the public  Their worl, provided the
found. for the Handhool

on radhation of the Natinnal
Bureau of Standards  The recy dati

of these Ci
and thase contamed m the handbooks have proten to be practical
m application and to have provided effectne protection.  What
has not been widely appreciated, s that small amounts of radiation
«an be a genettc hazard when el ered to the reproductive glands,
and that the widespread use of radation in medictne hay ng.”;nded.

s
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enough to yield a significant average gonadal dose to the popu:
Iation,

The Committee on Radiobiology of the Academy Rescarch
Council felt that measures should be instituted to call attention to
these problems and that onc of the best means would be to set up
three regional conferences, one for the eastern states, one for the
states in the middle west, and one for the western states. Those
invited to the Conference would be the professors of genetics, radio-
biology and radiology. In this way a forum would be set up for a
frec and informal interchange of knowledge in these fields. The
genetiasts and the radiobiologists could teach the radiologists
about the genetic hazads and the 1adiologists i turn could show
what was heing done to minimze vadiation dosage to the gonads
and something of the practical aspects incunied in solving these
problems. Participants would in turn disseminate the information
thiough their teaching programs to the residents, interns and medi-
cal students attending their classes.  The Midwestern Conference,
held on May 2, 1958, was emmently successful in that there weie
four professors of genetics, four professors of radiobiology, and
twenty-one professors of radiology who participated.

Considerable mterest was expressed in the possible somatic
elfects followmng radiation exposute of the body tissues and these
were thotoughly discussed during the Conference. It was evident
that the possibility of shortenmng the life span from the small
amounts of 1adiation delivared during diagnostic examinattons is
extremely 1emote.  Likewise, the possibility of inducimg leukenia
by radiation from diagnostic exanunations 1s also very remote
However, it is a less 1emote possibthty m the radiographic exam-
ination of pregnant women who 1equire special care when under-
gomng these procedures,

The use ol ionizing radiation in the treatment of benign con-
dittons requires re-evaluation m the light of deletcrious effects of
botl the genetic and somatic types.  This 15 especially true in radia-
tion of a persistent thymus gland and in the rraciation of the
ovaries in infertility, both of which are procedures that have already
been largely abandoned and should be done away with ((anlcll{l).
Similarly, heavy wradmtion of the entire spine for degenerative
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arthwitis is alsa apen to question, a]llnzugh these cases must :x‘:) [c:;,ce
fully evaluated on an indwidual basis. Th.c deve_lba]pn:cnd ! ibe
sulfs drugs and the anubiotits have snade it possible to \? -
witk the superficial radiation treatment of many benign skin ¢ .
ditions  Here the dermatologists have had o r.e{\nhm(e many
conditions that they formerly treated by ra'diauun. These and
sittlar problems were brought up for discussion En.(he Con[cr.ence
and it was surpristag to see the uniformity of opinion that existed
in the management of these conditi

In discussing the deleterious effects of radiation, one must not
Tose sight of the tremendous benefits that have accrived from disg-
nostic radiology in the practice of medicine, nor of the great con-
tributions it has brought and is still bringing to the health and
well-being of mankind. The rapid and nidespread use of diagnos-

. Lo
. L} - i .
ui Loy trom medicol diagnosis Tt is indispensable. Inany
sitnauon, we must always weigh the benefit to be gamed against
the possible hazard.  Thus decision must always remain with the
artending physician for 1t is he who must decide what is best for
the pattent. The heaith and wellare of future generations must
depend an the health and welfare of the generation before us.

An mdirect benefit of the Conference will he the dissemi-
nation of accurate nformation on these problems to tie public,
many indiaduals of which have developed an almost psychiatrieal
fear of radiation. "They do not Lnow nhat they fear, They are
Just afraid, The trme has come when we must help them realize
that this 3s the nncdear age and thad they must learn that they can
e in n safely, both physically and emotionally.  Our goal s to
Leep all forms of controllable ionizing radiation to a minimum so
that we may enjoy the benelits and che developments afforded by
the harnessing of nuclear energy. This apples to fonizing radia-
tion for medical use as well ay for other purposes. Asa guﬂidc we
mght keep i mind that no matter what the gonadal dose is f‘rom
:jyil:;i‘c cun\nnalio{xs, it 35 100 high tf it can be reduced. By the

tohen. Tet us realize that the gonadal dose from a radiographic
examination of the chest is comparable o abour one«!au:th the
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amount of natural radiation that one receives on an airplane flight
from St. Louis to Denver.  In the discussion of these problems, let
us always try to keep them in the proper perspective,

WeNDELL G. Scort, M.D,,
Editor
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INTRODUCTION AND PLA
OF CONFERENCE

WenpeLL G Scorr, M.D., Chairman

Dr, Scott: It is a pleasure to welcome you on behn‘lf ol ll.)(.‘
National Academy of Sciences-National Restafch Co.un.cxl and its
Commistee on the Biological Effects of Atomic Radiation. This
Conlference is one of three authorized by the Amdem)-Rcscnrc.h
Counal under the guidance of Dr. Hymer Friedell of the Commit-
tee on Radiobrology. These ¢ es are designed to develop
a better understanding of the genetic problems arising from the
medical use of ronizing radiation among the geneticists, Tadiobiol-
ogists, and radiologists. They are to be informal forums for the
exchange of 1deas and knowledge between these groups about pos-
stble radiation hazards and their contrel in the practice of medicine.

‘The program for the Conference is dirvided into two sections.
The morning will be taken up with a discussion of the funda-
mentals of radiobiology and genetics. This is designed primanly
for the edification of the radiologists They are deeply interested
i the newer concepts of the effects of radiation on biologic proc-
esses in general and in particular the effects on the genctic mechan-
jsm  They are interested in the practical applications of them in
the medical use of tonizing radiation and will want to discuss them
and to ask questions  This 15 to be an informal conference for an
exchange of knowledge that can be of mutual help

The afternoon session w11l be desated to the climeal problems
of how to mimmize the radiation genetic effects in the daily work
of the radiologist  “The program will be opened by Dr. Titus
E.‘\na:ss.‘:?:ag;"}}::::?tion Research Labaratory, College of Medi-

3 yof Iona He 15 2 member of the Committee

on Radiology of the Academy-Research Councit and will serve as
Moderator for the mmorning session

%
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MORNING SESSION
FUNDAMENTALS OF RADIATION GENETICS

Moderator: Titus Evans, Ph.D,






TON
SITE AND MECHANISM OF RADIATION ACT
(CELLULAR, HiSTOLOGIC AND SYSTEMIC)

By

TUTUS EVANS, PhD.
Hrad Rohation Research Laboratory
College of Mediene
State Unwoersity of fowa
Toug Gy, fowa

I am between the pure scientist on the one hand and the
(hmaan on the other, My ik will e introductary, directedt to
the genetiasts to show them that the radiologists know somethmg
about radsation effects, and to the radiologts so that they (an see
the background for what the geneticists have in mind. 1 would hie
to remind the genctrcists and radiohiologists that our radiologists
are bany cimical physicians. They are worned abont patients,
budgets, persannel, gastsontesunal exanunations, ewc. We have
taken themn away from s environmem for 2 httle . We will
tead them mto the sclennfic distussions stowly and if wanethimg »
net dlear, we wish 1o have them ash quesnons.

1 will revien briefly some of vhe basie princples of radio-

belary  The vadsologists have the vesponsbibity 1o exphin 10
people who tome o them and say, for exampte, “Fie had trouble
g rechmoans They'se seared w death of radiauon,”  What
st be tell them® A few days ago on the bus, T heard a man say,
‘e, 1 read i che paper thas morning thar the sun s gomg 1o
teradiate us alf 1o death ™ With so many fay people beng con.
cerned abowt adation, we have 1 be able o explan its effects
m geneval tenms Three or four years ago, § attempted to meet
tus pratilen by makwmg some smphbizd chares,

tHvomenne says, "I'm afrard 1o work wath radation,” you can
pomtt et ta tura that be Ines m a radiation emvironment. We
tiase tadio active materials in ony bodes So, 1t 't a question of
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avoiding radation.  1t's a question of avoiding excess amounts ot
more than acceptable levels (Fig. 1)

The second slide takes up the question of amount of body
exposed to radiation (Fig 2). Even today, some people in adding
up the exposures 10 a person wilt include the exposure from a
dental a-tay, covering one squate inch of the body, to whole body
cxposures and try to come up with a figure for the total accumu-
lative exposure, In one sense, this is entirely wrong inasmuch as
exposure to the whole body 15 mote serious than exposure to
various parts alone  As long as an organ is protected with lead,
1t will not suffer a direct effect from the radiation. On the other
fand, we have to yealize that sometung more 1s invohved than the
volume dose  We must try to avoid, as much as possible, excessive
whole body uradiauion because 1t affects all of the bone marrow
and other regenerative organs

(Fig 3) The seventy of radiation damage 15 related 1o the
ntensity of the exposure  In the invesugations of McComb and

10001
AN TXPOSURE WHICH WOULD B 16 7L
1F RECEIVED WITHIN & FEW MINUTES s00r

WOULD RESULT IN ONLY GRADUAL

(NCIEASE IN O\ AGE SYMPTOMS °

IF RECEIVED OVER A YEAR OF EXPOSLIRE

Sosge reavued Totol denoge ren

Producy skin rac- wred 5 produc

toom f e [ .
oty Jroe eftect faan

fonre received

0ty or e oy

~— - — i _

Ths Semaratcnes hot some cecoumry from

radlation effects may ok place o s

excerved duming one
shot treatmens

T A Severity of damage tn relaied (0 e Ineasies of the exposare

Tigute 3
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1000.0 ¢ >Exposure of small
areas for treatment
100.0 ¢
>Exposure of parls of
body during fluoros -
10.0r copy and photofiuoros=
aopy
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body during chest
ol == X-ray, etc,
SPossible exposure of
0.01 r fmmmmeaet X-ray and radivm
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%»c“ end CH in body
0.0001 r >Cosmic radiation

Figure |
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DIARRHEA
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OEATH

BIOLOGICALLY EF-
FECTIVE EVEN IN
SINGLE EXPOSURES

NOT HARMFUL IN
SINGLE OR IN-
FREQUENT EXPOSURES

ACCEPTABLE DAILY
EXPOSURE

NATURAL LEVELS OF
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Fig. 2—Severlty of damage 13 related 10 1he region and 3mount of the body espased

Figure 2
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aoiding radiation. It’s a question of avoiding excess amounts or
more than acceptable levels (Fig. 1) .

The second slide takes up the question of amount of body
exposed to radiation (Vig. 2). Even today, some people in adding
up the exposures to a person will clude the exposure from a
dental vay, corenng one square inch of the body, 10 whole body
cxpasures and try o come up with a figure for the total accuma-
latne exposure  In otte sense, this is entirely wrong inasmuch as
exposure to the whale bady is more serious than exposute to
sarious parts alone  As long as an organ 1s protected with lead,
it wiil not suffer a direct effect from the radiation.  Ou the ather
hand, we have to realize that something more 1s imolved than the
rolume dase  We must 1y to avoid, as much as possible, excessive
whole body irradiation because 1t aflects all of the bone marrosw
and ather regenerative otgans

(Fig 3) The severnty of radiavion damage 15 related to the
mtensity of the exposure  In the mvestigavons of McComb and

1000 ¢
AN EXPOSURE WHICH WOouLD 8¢
LETHAL
1P RECEIVED WITHIN & FEw MAINUTES 300,
WO RESILT N ONLY GRAC
QuUAY
INCREASE he OLDAGE SYMPTOMS °
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oroduce tkin reace
tion IF exporore
tecorved ouring ona
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$some affecy If ox-
7 e
'lql(y for thee waeky
-_——
Fhia damoraisates that wome teovary from
wrradiarion effoch may toe place in fume

e 4o
1 4=Sevethy of qumage 1a related 10 the tasensity of 1bo exponure.

Figure $
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Quimby on skin erythema, they found that by fractionating the
dose, they could prolong the latent period for the appearance of
radiation effects and that more radiation could be given in these
fractionated exposures to produce the same effect. It is Anown
from animal expcrimentation that the effect of dividing the
exposure into a number of small ones greatly decreases the acute
and also the sub-acute reactions. It may not decrease the delayed
cffects so much, but 1t certainly does reduce the more acute
reactions,

THE MOST SENSITIVE INTERMEDIATE IN RADIO- MORE STRUCTURALLY DIF -
CELLS ARE LYMPHOCYTES SENSITIVITY ARE CELLS FERENTIATED AND LONG
OF THE BLOOD AND WHICH ARE NOT USUALLY LIVED CELLS APPEAR TO
OTHER CELLS WHICH ARE WORN OUT SO RAPIDLY BE RESISTANT BUT WHEN
SIMPLE IN STRUCTURE AND AND ARE MORE STRUC- DAMAGED ARE NOT
HAVE A SHORT NATURAL TURALLY COMPLEX EASILY REPLACED
LIFE SPAN
White blood P Colls of o DY
© cells u ¢ blood vessef };{ S Bone calls
&l B
el -

OO  radsioca cait
Nerva cells

g Cells tha
5@ g e the
Intertine M Cannechve
M

Y Ropidly dividing ey Visve calls
D) perm forming &
colls
Figure {

(Fig. 4) This shde demonstrates the response 1n the different
uissues  If we are interested m carly reactions, we will see these
in tissues that are rapidly growing, such as the epitheliat cells and
the blood cells. Those mtermediate 1 response are the ones that
arc intermediate m reactivity to things mn general, the ones whose
life span 15 longer and so on  The ones that are very slow to show
any effect are the bone cells, the nerve cells, etc , as they are alrcady
mature and do not undergo much differentiation or cell division
following wrrachation.  We could spend several hours discussing
the law of Bergom and Tribondeau, but in general, 1 think you
would find the statement to hold that those tissues and cells which
are going to show a radiation reaction first, are those more often
involved with cell division at the tme of wradiauon.
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One has to distinguish between ionizing irradiation and
ultra-solec which is not 1onizing. Among the various types of
ronizing radiation, one has to distinguish betueen o voltage
xTays, high voltage x-rays, beta rays, gamma rays, betatron rays,
and others that lay people and even the medical students have
heard of, but are not sure as to what they mean. 1n general, we
hate to consider two dfferent effects of quality (Fig. 5). If the

N 7a
Energy abiorbed =) Energy aborbed
only of wrfoce = over lorger volume
= of tasue
f—
=z

LO¥ EKERGY X-Ravs MG ENERIT X Ravs
SRE LESS PEMETRATING

AME MORE PENETRATING

FTHE SOURCES THE RELALWE BILOSIC EFFECTIVENESS
ARE WITHIN THE OF BIFFERENT RADIAYIONS  vamEs
:!‘)?"‘WYNE’O A ALSO BECRUSE THEIR ABSORPTION
as “““‘;5,’5'“ MAY PRODUCE QUITE pisrement
INERGY 1S agSomesp MYENSIVES OF 1om2ation ergns
WITON TuE Tissug TMEIR  paTWs

/}r R e

LESS T
PENETRITING >
RADIATION
Irepyisshirbed | QIOATION e
wifide iving tiso  LITYLE Nazanp K—’
THE_ Stunces.

Berse fomaztion Xy
% More afective ‘h"W
for certaln

ffycry

RE EXTRRNAL

Figure 5
energy of the radiauon 15 different, there is
gts:lr\;);?;r‘xf};;r:):\;:;xdy: 1t 15 pretty difficult 1o have the same
b energy e y ‘\L:h fow energy X-Tays that you have with
upper ter o n " energy xeray effect 1y shown, in the
\Pper lelt, s 1ar as depth dose 1 concemed  You can see that
(::Z 0:;(!:(0; lit',‘zels 10 the deeper part of 1he body, whereas in the
e \olﬁme c¥.hy Tadianon, the energy 15 distributed oy er a
ditoremy 3 US, you have a2 different volume dose ang a
BCOMELY Sitvanion 1y 4 only where You have the same

a diflerent distnbution
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Quimby on skin erythema, they found that by fractionating the
dose, they could prolong the latent period for the appearance of
radiation cffects and that more radiation could be given in these
fractionated exposures to produce the same effece. It is Anown
from animal experimentation that the effect of dividing the
exposure into a number of small ones greatly decreases the actite
and also the sub-acute reactions. It may not decrease the delayed
effects so much, hut it certainly does reduce the more acute
reactions,

THE MOST SENSITIVE
CELLS ARE LYMPHOCYTES
OF THE BLOOD AND
OTHER CELLS WHICH ARE
SIMPLE IN STRUCTURE AND

INTERMEDIATE IN RADIO=
SENSITIVITY ARE CELLS
WHICH ARE NOT USUALLY
WORN OUT SO RAPIDLY
AND ARE MORE STRUC=

MORE STRUCTURALLY DIF-
FERENTIATED AND LONG
LIVED CELLS APPEAR 1O
BE RESISTANT BUT WHEN
DAMAGED ARE NOT

HAVE A SHORT NATURAL TURALLY COMPLEX EASILY REPLACED
LIFE SPAN
White blood Calts of
© cels bload vanel Bone cells
wall
Red blood cells
Nerve cells

c.lh 3
®o lioe the
Bﬁ € towwitine
Rapidly dividing
colls

(Fig. 4) This slide demonstrates the response n the different
ussues  If we are interested m early reactions, we will see these
in tissues that are rapidly growing, such as the epithelial cells and
the blood cells. Those intermediate in response are the ones that
are intermediate m reactivity to things n general, the ones whose
ife span is longer and so on  The ones that are very slow to show
any cffect are the bone cells, the nerve cells, etc, as they me n.lr_c'?d)’
mature and do not undergo much differentiation or cell division
following irradiation  We could spend several hours discussing
the Jaw of Bergoni and Tribondeau, but in general, I think you
would find the statement to hold that those tissies and cells which
arc going to show a radiation reaction [m't. are those more often
involved with cell division at the time of ifrradiation.

Connective
usoe colls

Figure ¢
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such as “dominant” and “recessive,” etc. We wherit from both
parents.  We inherit two possibilities—you might say two compar-
able genes—one of wlich you use. The (.nher you slmp‘} carmmy
atong It is very endent that some inberited charactersstics will
show up more often than others In other words, they are the
domunant ones. In this diagram, the dominants are capital and
the recesave are small leters, Consider two individuals, both
heterongous (in other words, there is one dominant and one reces-
sive m each parent) each produce two different Linds of germ cells
~one with a dommant, the other with a recessive gene. When the
tno dommants come together, of course, the individual is going 1o
ke 2 domunant character Tt will be homozygons for dominant.
There will be two others that are heterozygous.  They will appear
10 be blach hasred ar brown eyed or whatever the dominant char-
aterss One out of the four, 1f you have encugh children (o frwst
fhees, this holds more definitely) would hase the double recessive
shoning up  1n the case of radiation effccts, you simply ase mncreas-
2 the rates of mutation.  You are increasing the frequency wih

which ahnormalities or unusual characterisues are produced  Like
radiatton tself being in our environment and being 1n all of us, the
occunience of mutations s a nawwral one  There is 2 natural muta-
uon tate fur humans and radiation exposure increases this fre-
Guencs  So far as § know, and 1 have 1ead tins i many genetic
papess there s nu way to determine whether a parttenlar mtation
hias heen the result of 10nizing radiation or the result of some other
facir Al vou can tell between two experimental groups js that
very earlsy sl:x".es or isn elaxm ““‘o‘\l { e olfspring euther in the
hand moam ;rm:nmns a:*" m:ﬁ o ppment On the “’lh"
and such 8 mntcon e ¢ recessive as shown m the lower ‘nghz,
not cie out ight awas  In fact, st will not

::m up hight away and aught never show upat all, but continue to
carnied untid eventually at occurs in a do

uble number or unless v
occurs i the absence of 2 d ¥ i
orinant gene which sitnaty
adton 1t 1o evpress el 8 om wodd

RRITS
. wheve that (hefe are the impontant points to know in talk-
% 1o nurses 1o technicians, or to the public. W

e do not Jike the
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geometry and the same dose distribution that you can discuss the
relative biologic cffects of these two different radiations in a strict
sense. In a gross way, you can compare them. You can cven
compare the effects of x-rays with the effects of some internal
cmitter like inhaled radon or some other radioactive material that
gets inside the body. I{ it is an alpha emitter, although the alpha
particles would not penetrate the skin, once they're inside and in
the mucosal hnmg of the lungs, for example, or in the bone mar-
row, all of their energy is going to be absorbed right in living
tissue and is very effective.

In the lower right (Fig. 5) is a diagram of a chromosome.
Photo-elections possessing enough eneigy can plow through tissue
or cells to produce ion paits that are far apart as shown in the uppe:
one and m the one just below it, oo Down at the bottom of the
chromosome, are tracks produced by slowly moving particles which
are giving up their energy 1 a very dense pattern so that several
ion pairs may take place in a very small part of the chromosome
This makes it more cffective in some cases, but i other cases,
where only one ion 15 necessary, then the others would be wasted.
This is the basis for the relauve biological effectiveness of duffer-
ent radiations 1n the strict sense  On the other hand, there 1s the
general or practical sense of the term in which you can compare
the relative effectiveness of any type of radiation  There 15 a
tendency to differentiate these two by speaking of the strice defmi-
tion as relative clficiency and the gross as relative effectiveness
I am not sure whether these teims will continue to be used.

(Aa) (Aa) TISSUE CELLS
A a ~A_a GERM CELLS

— ’,//
- -

—” - < //
(a2)" Taa)~(aa) (aa) POSSIBLE OFFSPRING

Tigure 6

Just m case the genetictsts do not talk in simple terms, Fig. 6
is to remind the radiologists that we are talking 1n genetic terms,
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rather than the genetic or gene mutation probability theory for
the mnduction of cancer. The genetic theory that tumors are the
result of somatic wutations, {(mutanons m tissue other than germ
nissue) 15 very popular at the present time.

(Fig. ) Thi demonstrates the effect of heavy irradiation on
the epiphysis of @ bone As a dnld, this patient was jrradiated
tor a leston of the hnee 1t was Lnown at the time that it would

Figure 7

affect the growth of

g the bone, but 1 meda

3 cal pracice, one

has 1o balance the good aganst the bad B

b 1o balance | That 1s our prablem
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¢ as

miwh as possible
to use the radiation
2 m the most ¢ffi
icent way,
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o take the great ad

vantag

ot treaument of human s e offers m o
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idea of trying to settle the scientific facts by public opinion, tut
scientists as well as politicians have thrown us mto this and we
have to face it now. We have the problem of trying to talk about
technical prablems to lay people and it’s not easy but we have to
do it ourselves or get someone ¢lse to do 1t

Now, I would like to discuss biicfly the histoneal develop-
ment of radiztion protection procedures and some of the clinical
terms which will be helpful to the geneticists.

By an “acute 1caction” we mean one that appears 1apidly, is
very harmful and comes on vety soon after a large exposure to
radiation. There s edema or swelling which is followed by
necrosis or formation of large meas of dead tissue.

“Erythema” is a reddening of the skin. This biologic 1eaction
was noted in the carly days even before we had x-ray dosimeters
and certainly long before we had pocket chambers and film badges
that would measure exposures quantitatively.  Some of you might
be surprised to know how long we have had regulations for con-
trolhng radiation exposure.  They were started even beloe we
had the physical exposure unit, the “roentgen.”  Exposures were
1egulated in terms of milhampere-minutes at a ceitain voltage and
with a ceitam filtration.  These exposure times were based on
their ability to produce an erythema and so the first exposme
1cgulations were m fractions or mulaples of erythema units. As
the methods of measuring 1acdiation exposure improved the mast-
num acceptable levels of rachation exposure wete lowered.  Not
all of the credit for the lowening of acceptable levels of exposure
can be attributed to pressures from varions saenofic groups or
committees, 1 think that quite a bit of 1¢ has been a logical
development paralleling improvements in the methads of measure-
ment.  Whenever 1t has been found that 1t would be practical to
lower the acceptable himuts, it has been done,

Histologically, when the sk 1s irracdiated wath a very heavy
dose, we sce (1) epilation, or a loss of the hair follicles, (2) an
increase mm [ibrous tissue and (3) what appears to be a compensa-
tory hyperplasta of the eprderms, I many cases we see, histo-
logically, compensations or overgrowths resulting [mm' nm!hs
The Mhistopathologst would probably favor the physiological



Genencs, Radiobiology and Radiology 13
effec? The imteresting thing i what there does seem Lo be an

almost proportional relation heuween the daily dose and the redue-
vion m survival time.

Fig. 15— Callection of alpha emitters {n the lungs.

FIME, %
ES

REDUCTION IN SURVIVAL

° L] 10 5
R PER DAY

20 25

Fig 16— Effect on loneevity of the amount of daily irradiation.

Fagure 9

When a hrologist talks abour tumor preduction, it has to be
understood that usually be 1s working with alimals of a particular
strain  Perhaps it is one that has a hugh frequency of tumor inci-
dence alveady. It is much easier to produce more lenkemia in a
strain that already has leukermia than it is in one that js resistent.

}Vc are not always very clear to point this out, but it must be Lej z
inmmnd. For example, in one experiment at § dose {these :mim:ss
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(Fig. 8) This is an example of a chronic effect resulting from
many repeated small exposures.  This dentist used his thumb and
forefinger to hold dental film for his patients. Today, the well
informed dentist does not do this, but years ago piotective measures
were not taught in the dental schools. We have hnown about
radiation effects since the very early days, yet, somehow, it has not
been hept as a consistent subject in the teaching of dental and
medical students  We seem to forget about it until some damage
appears, then it is emphasiwzed again. Tt needs to be given a
definite place in the curticulum so 1t can’t be left out,

Tigure 8

(Fig. 9) Ilere 1s another effect, the delayed effect hom hac-
tionated exposures of so many roentgens per day 1 compiled
these figures from nty own data and from that of the others on the
life span w nuce who received different amounts of rachation

One does not know just where to draw the line,

exposure per day e

Does it go 10 zero or 1s there a threshold abose which you ge
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Figure 10

volume and results in recombinations to produce such toxic mate-
rials as hydrogen peronide and others  When a radiation change
15 not affected very much by protraction or fractionation, we think

that thas must be refated to an early step, such as 1onization, or
the primary process  Oue of the biologic effects that seems to fit

th s condation 1s the increased frequency of gene mutations. These
are inherited changes and you cannot see any chromosome abbera-
tions to account for 1t so we think that 1t is due 10 a pont mura-
tion  On the other hand, chromosome aberrations might be due
to thus primary process or they mght be due 1o ths second one,
perhaps a little farther along because the dose effect cunve shows
a hule bit of a threshold TIts more Sshaped There 1s a hittle
more of a change it you fractionate or protract and it 15 a itle

l‘nort affected by temperature oxygen and other eny ironmental
actors
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happened to be exposed to neutrons) there were 37 out of 100 that
had one tumor, four that had two. Thus a small increase in
number of tumors per animal following irradiation was not very
significant.  This strain was susceptible to lung tumors  If you
considered lung tumors alone and if you considered only thoe
that appeared early in the life of the animal, there appeared to
be a great increase m the incidence of lung tumors in the irra-
diated animals But when you consider the data for the entire
life span of the animal, there were actually no more tumors in
the irradiated group than in the controls. The tumors came on
carlier and had I stopped the experiment in three months, I would
have concluded that the induction of tumors was much greater,
when actually it was an acceleration.  Also you will hear state-
ments that the production of tumors is directly proportional to
dosc and this again 1s all right in the sense 1 which the brologt
means it However, 1f you carry 1t to the extreme, 1t doesn't hold
because at the high dose of 1.4 r. per day, only fifteen of these
amimals had tumors where as the controls had 37. Just to look
at the data like that you would say, “Well, radiation would 1educe
the number of tumors.” It didn’t. What 1t cad was to kil them
before they had time to develop a tumot, so these thigs can't be
carried to an extreme when they talk about proportionality
The last diagram (Fig. 10) 1s designed to demonstrate the
mechamsms of how T thmk radiant energy produces ologic
effects  Starting at the left, 1 have three ordmants  One, the
amount of energy absorbed per unit volume (energy-crgs pet
cubic mm) ; the next ordinant is duration of ame and the hort
zontal one, the relative volume effect.  The Dirst thing that hap-
pens 1s that a photon knocks out an election and tins photoelectron
then produces 1onization This nutal event 1s one which repre-
sents the alsorption of a lot of energy mn a very short period of
time but doesn’t n[fdh t a very large volume  The next step is that
each of these tons has the abihty to mteract with other atoms,
pelhaps to actnate them to cause the elections to move with a
little Ingher velocity so that 1adicals may be produced T'his act-
\ation or excitation process lasts longer and spreads over a larger
volume of protoplasm although 1t doesn’t 1¢epresent as much energy



MECHANISM OF RADIATION DAMAGE
’ TO LIVING TISSUE

By

GEORGE H. MICKEY, Ph.D.
Charrman, Department of 7ootogy, Phisiology aud Futomiolog
$ owrmana State LRsersity
Baton Rouge, Lowsiana

I_shuuu\ Tike to preface my remarks by stating that although
1 am a geneticist, 1 think, that radiology has been a great boon to
anfand  The judicial, proper, and careful use of x-rays are
highly destrable. My own interest in the effects of radiation go
back for many years — some thirty years now. 1 was assocrated
with Muller and Patterson and some of the others who were work-
ing at the Unisersity of Texas in the early days. TIn lact, 1 used
the same x-ray machine that Dr Muller did when he wradiated
the fhies it 1937 and came up with his famous paper. Geneu-
Qsts have not always been as cognizant of the dangers of radia-
tion as they appear to be at the present ime 1 remember back.
1 the early 19305, one of the graduate students at the Unner-
sty of Texas went mto the atic where this a-ray machine wag
lotated Tt was not shielded by lead or anything 11 was sitting
out w ihe middie of the atie soom whese 11 was operated. There was
2 lele lead booth cier w the comer where the operator sat
and natched the wsttuments  Dr. Patterson had some {lses under
the x7ay beam that he was busily irradiating  This graduate
student happened to come up 2nd found him sitting there by the
unprotected x ray .mha and he sid, “Why, Dr. Pat, don't you
Lnow what this will do to you™  And he said, “Why, sure, but
Tm all through anyway ™

Trradistion damage is always 2 calculated risk. As Dr

Ervans said, you alw ays have 10 compare the expected damage 10
&
the expected good which will result from 1t

My interest, of
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This brings us to those effects which are definitely altered by
the environment, such as the amount of oxygen, the temperature,
cte. They probably act in a later process more like the chemical
changes produced by other toxic agents in the body.

I could go on and on, but I think I've done enough to intro-
duce Dr Michey’s talk on "“The Mechanism of Radiation Damage
to Living Tissue.”

FIGURE REFERENCES

Figures 12,3, 1 3.6 and 9 ase from a paper enutled: Bffect of Tonizng Radsation on
Mammals and tts Implications for Iccelerator Shieldmg by 1 € Fuans. at Conference
on Shickding of High-Energy Accelerators, Nuw York City, Apnl 11 to 13, 1057
Frgure 7 1 from an articde by Frantz, € H, enntled, “Extreme Retardation of Fpr-
physcal Growth from gen 1 " from Radiology, 55 720-721, 1950
Figure § 15 from an article by Hultberg, Sven, Larrson, L E and FRund, T, entitled
Some Cases of Radiation Injurs 1 Radiology Work, from Acta Radiofogica, 33 370,
1930
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speak of as somasic of pathologic damage. Afmr‘dll‘g “"a ‘L‘:
Aassification, she genetic damage way he defined as ch n,,‘ >
wronght in the germ cells either in the mature spenns (.mm the
smake or the mature eggs from the female or in (!\c. fﬂ\‘\lf" menn
cells in the gonads which gne rise to these delinitive gametes.
Exen here, sensitivity varies according to the stage }I[ dt’\(‘lﬂ!y
ment of the germ cells, For example, the spermatids, m?‘ is,
those male germ cells which have undergone the seseral mitotic
divisions and the two meiotic or maturation divisions and are
undergoing the metamorphosis into the mature sperm, are con-
siderably more sensitne than some of the other stages .Tl\csc
alterattons in the germ cells, whether they are gene mutations or
chromosomal aberrations (that 15, the chromosomes are broken
and reumted 10 \arious ways), can be transmitted 1o the prozeny
and thus are inherited or passed on to future generations.

Many different lainds of mutations are known from experi-
ments with a great vanety of plants and animals.  For example,
we may speak of dominant and recessive mutations, as has alveady
heen pointed out to you, affecting visible characters or traits in
the indiniduals  These are commonly referred to i genelics as
visibles  In other words, a Nind of a mutant that shows up as a
morphologscal or a physiological change in the organism, we tall
avistble  They may be further characterized as enher seslinked
or amosomal  The sex-linked mutations are the result of
¢hanges tn genes carrted on the X chromosomes or the sex chram-
osome, whereas, the autosomal mutations ate m genes which are
\ocated on any of the other chromosomes besides the sex chromo-
omes

Then. of course, there are the mmations which have been
referted 1o as lethal mutavions  That 1s, those which mterlere so
drastically with the normal development or funcomne of
cells that they resnit 1n the death of the arganssm, ¥
lethal mutations have their effect early in the life cycle. Thay is,
;:(::;‘“;:“3[‘5‘:‘ f“‘gl\; oceur m the exg or 1 the embryo ot in the

e're calling about some other organism, an insect
f‘nr ‘rxamp\c, s mght occur i the lanvae or 11 the pupac or esen
nihe adult  Most of them have carly effects  These, too. we may

the
Mot of these
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course, has been m the basic, or lundamental biological aspects
of the problem — me way i which these 10mzing radiations will
affect the cells. As Dr. Evans has already explained, 1omizing
radiations damage living tissue regaidless of the somce, whetier
it be external or internal, and regardless of the speaific hind,
whether X-rays, gamma rays, alpha or beta particles, protrons,
nentions or cosmic rays. Even ultra-violet is damaging to living
tissue if it 1caches that living tissue.  As you know, the ultra-
violet is not ionizing radiation, but it does excite material, and it
has low energy. It has a long wave length and 1t doesu't pene-
trate very far. Therefore, 1t affects only the surface tissue of the
skin.  But if one gets the ultra-violet to living cells, say for
example m tissue culture, and irradiates them, one can sec the
effect of it. It is very powerful in fractionating or fragmenting
the chromosomes of the cells Ultra-violet can do this if it
reaches these chromosomes.

There are many factors, some of which will be discussed by
Dr Herskowitz, that control the degree of damage. Among them,
of course, are innate or genetic differences in the iological organ-
1sms themselves. In other words, even among human beings you
will find some people that are far more susceptible to the effects
of x-rays than others; 600 r of whole body irrachation delivered n
a single dosc will result in the death of practically all the invidi-
duals that 1eceive such a dose, whereas, 450 r. of whole body irradia-
tion is considered to be the LD 50 That is, it will kill approxi-
mately 50%, of the individuals that receive such a whole body irra-
diation at a single dose Furthermore, various tissucs, again as
Dr Evans pointed out, will exhibit different sensitivitics to the
same amount of wradiation  The blood forming clements arce
perhaps the most sensitive with as little as 25 r of whole body
srradiation resulting in a detectable change in the blood picture.
Whereas other tissues can withstand a great deal more with no
apparent damage, for example, brain, liver, bone cells, cte. — not
the red bone marrow but the bone cells themselves

Radiation damage has heen classified m two general cate-

One of these we call genetic damage and the other we

goties
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speak of as somatic or pathologic damage .\f((m\ing w this
dasification, the geneuc damage may be defined as changes
wrought 1 the germ cells either in the matuse sperms {rom the
male or the mature eggs from the female or in the earlier germ
cells in the gonads whith give vise to these defnitive gametes
Even here, sensitivity varies according to the stage of develop-
ment of the germ cells.  For examgple, the spetmatids, that is,
those male germ cells which have undergone the seseral mitotic
dmisions and the twe meiouc or maturation divisions and are
undergping the metamorphosis into the mature sperm, are con-
siderably more sensitive than some of the other stages. These
alterations 1 the germ cells, whether they are gene mutations or
chromosomal aberrations (that is, the chromosomes are broken
and reuntted 10 varions ways), can be transmutted to the progeny
and thus are inherited or passed on to future generations.

Many different Linds of mutations are hnown from experi-
ments with a great variety of plants and animals  For example,
we may speak of dommant and recessine mutauons, as has already
been pounted out to yow, affecting visible characters or trans i
the mdiuduals  These ave commonly seferred 10 10 genetus as
ssibles In other words, 2 Lind of 3 mwtant that shows up as a
morphelogical ar a physiological change m the orgamn, we all
avisible They may be further charactenized as either sex-linked
or auwtosomal  The sexlmhed mutations are the result of
changes m genes carried on the X chromosomes or the sex (hrom.
osome, whereas, the autosomal mutarions are 1n genes which are
1“:::“ on any of the nther chromasomes besides the sex chromo-

. Then, of course, there are the mutations which have been
:‘c crred u:w as lethal mutatons  Fhat 13, those which mterfere so
rr;;lsuchall', with the normal deselopment ot functioning of the
‘;\?a; :u“‘;?o,‘,ﬁ;:h wn the death of the ovganmism  Most of these
- — :“ :}w thew gn‘m catly i the fife cycle  Thas 1,
e “C.m:,, )tkncrur in the egg of 1 the embryo or in the
for exammple. m]l; g abaut some other organism, an insecy
@ e 3 N B occur n the larae or i the pupac or even

W Most of them hase carly effects  These, too, ne may
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designate as sex-linked or autosomal, depending upon the <hrom-
osomes which are involved.  Since by far the great majority of
mutations are recessive, they may be transmitted to the progeny
of the individual in whose germ cells they occurred and may be
carried in the heterozygous state. That is to say, these so-alled
recessive genes are covered up or hidden or obscured by the fact
that there is a normal gene, an allelic gene which is normal and
this normal gene can perform the function satisfactorily so that
the recessive gene does not express itself phenotypically.  They
may be carried for many generations belore they make them-
selves known or become expressed since these genes must be dis-
sennated in a populaton sulficiently to have two such hetero-
zygous individuals mating before the genes become homorygous
and thus, show up  This 15 why the germmal changes resulting
from radiation may exist m the human population lor as long as
500 to 1,000 years before cropping out.  This 1s one reason why
1t is ridiculous to look at the progeny of irradiated people such as
those of Hiroshima and Nagasaki and conclude that because few
mutations appear  the first or second generation, that Irttle or
no damage has been done.  Likewise, 1t 15 folly to conclude that
sice no monsters are observed 1 one or two chldren of a woman
who has been 1rradiated with x-rays to induce ovulation, that no
mutations have resulted from the treatment, This is a false as-
swmption. In the first place, certainly you do not expect a mon-
ster in all genes of all cells and therefore, mn order to detect
them, you require a large number of progeny  Furthermore, it
15 possible that a few of these mutations that may have resulted
will be lethals which will elimnate the individuals before birth,
and you are simply not aware of 1t.  Thus pone would bear fur-
ther discussion, but that is all the tme I can spend with 1t at ths
moment

We have mentioned the chromosomal abnormahues By
these we mean that the chromosomes withmn the nucleus are
broken and they may reunite i the oniginal way without any
genetic effect or they may rcumte 1n many different ways, pro-
duang abnormalities or aberrattons  When they fuse together m
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certain fashions, they produce the hind of aberrations that we
refer to as translocations — that is, the part of one ch'rm“ﬂmﬂlt
broken off and tied onto another; or inversions, which smeans
that a portion of the chromosome is broken out ?nd lum.ed end
for end and tied back into the chromosome again; deletions or
deficiencies, winch mean that parts of the dmm\'nsumcs are
broken out and lost; or duplications whegein portions of the
chsomosomes are found more than the number of times expected
This constitutes a whole area of study in itself; that 1, chrome-
some breakage and reunion and so on, and 1he facts imvolved
here are quite intricate 1t might be that a linle fater on, § shall
have the opportumty o mention some of these factors, but at
ns stage 1 shall pass over them guickly.

1 should mention that the word “mutation” 15 wed in a
rather {oose sense by the genetiasts, We nse the word hath as a
verb and s 2 noun We also use it in the sense 0 tmean a point
mutation or gene mutation, in which there is a change in the
molecules that constitte a gene — that is, a point mutavon  Or
we also use it m a broad sense to include the chromosomal aber-
rattofs, because the expressed effects in an mdnidual somenmes
cannat he distinguished betw een a pamt mutation and a chromo-
somal aberration  Oftentimes when the chromasomes are rear-
ranged, we have what is known as a posttive effect and thus effect
resembles that of a gene mutation

AMany of the so<alled dominant murations and also many of
thie lethal mutations are the restle of chromosome breaks  These
are less likely 1o sunve, that s, they are apt to be elimmnated
from the populanion more raprdly than the gene mntations are
For inswanee, a sex inked Jethal mutation, even 1f recessive, will
be ehmimated 1n 2 male that recenes such 2 gene since the male

tas only ane X chromosome and has no normal counterpart
carry the mdadual through  Thus,

sexual reproduction serves
0 part to prune out such lethaly

Let us consider now the somauc or
those alterauons occurring m <ells

pathological changes,
gonads wm any

of the hody outside of the
of the tissues other than the gonadal tssue, As
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pointed out by Dr. Evans, these are most likely to be expressed
in tissues that are growing rapidly in which the cells are under-
going rapid cell division. This is due in part at Jeast to the fact
that the broken chromosomes in sex cells cause irregularities in
the distribution of the genes and chiomosomes to their daughter
cells, thus creating the duplications and deficiencies which we
mentioned earlier, resulting in the loss of some vital functions,
They can no longer carry on normal metabolism. It is true that
chromosomes can be broken and chromosomal abnovmalitics can
occur in so-called resting cells; that is, cells which are not rapidly
dividing. Tt is true that these breakages can occur in such radio-
1esistant cells as nerve cells or bone cells or any other non-dividing
cells 1 the body, but as Jong as these cclls do not diwvide, all of
their genes, or essentially all of them are retained mn the same cell
and can continue to function properly even if a 1ccessive point
mutation or gene mutation is produced, This mutation iy likely
to be obscured or hidden by its normal allele in that same cell
since these cells are diploid, that is, they have two representatves
ol each chromosome and the probability of producmg identical
mutations in both homologous chromosomes sunultancously is
practically nil.  However, 1 such a cell subsequently divides, even
weehs or months or years later, the damage can become evident.
This explains, i part at least, one of the most msidious features
of radiation damage, that 15, the delayed effects, the latent pertod

The delayed effects of wradiation have been known for a long
time. Often it may be two to twenty years after tieatment that
cancer or leukemia results from excessive treatment. A few cases
have been recorded in which a delay of as much as foity years
has been observed.

As to the mechanism by winch living cells are damaged, we
may classify 1t in two categories first, the direct effect, and second-
iy, what we call the indrect effect

The drect effect means that an omzation has occurred
within the molecule of the gene or chromosome and vesults m a
chemical ¢hange.  These direct hats are more Likely to result
from heavy particles suclt as alpha rays and neutions and so on.
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The indirect effect results when jonization oceuts in the imme-
diate vicinity of the chromosome ot gene, resulung.m the forma-
tion of charged particles or free radicals and these in trn set up
a chain of reactions which eventually imvolve the genes or chrom-
osomes within the nucleus of the cell. Such changes must be con-
sidered genetic, too, although not in the same sense that we men-
tioned earlier, since they are not m the germ cells and cannot he
wransmitted to offspring, at least in organisms which reproduce
sexually; although it is possible, of course, for somatic mutations
10 be transmitted in such organisms as plants where the germ
cells are produced on any branch of the plant, They are genetic
in the sense that the hereditary units of the cell (that is to say the
chromosomes and the genes within the nucleus) are imoled

Exposure of the body to the maximum permissible dose of radia-
tion, which 15,3 . per weel,, directly disrupts about three hundred
molecules m each of the one hundred forty tritlion cells in the
human body. A dose of 1,000 r, which would Kill a human
being, duectly disturbs only about one molecule n ten million.
Obviously, the changes induced among these relatively few male-
cules must become enormously amplified. How does this come
about?  Well, we do not know the precise answer to this ques-
ton, but we do know the general pattern of radiation damage in
cells  The cells in the body are manly water, and it is in the
water that the primary effects of radiation take place. It is largely
concerned with the production of [ree radicals. When water in

the cell 15 acted on by radiation, a small fraction is decomposed

mito extremely reactise fragments called free vadicals which read.

ity mteract 1o form peroxides and other cell poisons.  These

peroxides as well as many other decomposition peroxides can move

arourd for a short while until they alter a receptive molecule,

Among the most sensitive substances in the cell are enzymes
which are essentially large protein molecules,

and one enzyme
molecule modified may transform a 100,000 or more molecules

which are needed for the continuation of the metabolic activi-
ties of the cell

’ Consequently, we have here one of the neces.
sary multiplication mechanisms for transforming a relativel
small radition effect into an eventu: ; ’

al ohservable injury 10 the
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pomnted out by Dr, Evans, these me most likely to be expressed
in tissues that are growing rapidly in which the cells are under-
going rapid cell division. This is due in part at least to the fact
that the broken chromosomes in sex cells canse irregularities in
the distribution of the genes and chromosomes to their daughter
cells, thus creating the duplications and deficiencies which we
mentioned carlier, resulting wn the loss of some vital functions
They can no longer carry on normal metabolism. It is tiue that
chromosomes can be broken and chromosomal abnormalities can
occur in so-called resting cells; that is, cells which me not rapidly
dividing. 1t is true that these breakages can oceur in such 1adio-
1esistant cells as nerve cells or bone cells or any other non-dividing
cells in the body, but as long as these cells do not divide, all of
their genes, o1 essentially all of them are retained m the same cell
and can continue to function properly even 1f a recessive point
mutation or gene mutaton is produced  This mutation 15 hkely
to be obscured or hidden by its normal allele in that same ccll
since these cells are diploid, that 1s, they have two 1epresentatives
of each chromosome and the probability of producing identical
mutations 1 both homologous chromosomes simultaneously is
practically nil  However, 1f such a cell subsequently divides, cven
weeks or months or years later, the damage can become evident.
This explains, in part at least, one of the most nsidious features
of radiation damage, that 1s, the delayed effects, the latent period

The delayed effects of irtadiation have been known for a long
ume. Often 1t may be two to twenty years after tieatment that
cancer o1 leukemia tesults fiom excessive teatment. A few cases
have been recorded in which a delay of as much as foity years
has been observed.

As to the mechanism by which Iiving cells me damaged, we
may classify 1t 1n two categortes: frrst, the divect effect, and sec ond-
1y, what we call the indirect effect.

The direct effect means that an ionization has occurred
within the molecule of the gene or chromosome and results in a
chemical change. These direct hits are more likely to result
friom heavy particles such as alpha rays and neutions and so on,
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also been studied) it st indicated that there is o nnm\m.\d ievel
helow which mutations cannot accur. The paint n\}rl:}tl?lﬁtarc
directly proportional to the dose recened, whether it is in {rac-
wonated doses or whether it isina single :{m:.‘

Recent stadies suggest, although conclusive ey wlence N ntn
yet markable, that perbaps the same 15 true esen for somatic tis-
caes. If thus ts true, (€ means that no cell truly Tecovers from a
dose of radtation, somatic or germinal, While a cell may scem
{0 recorer, there is an urerersibie effect on the diromoomes and
genes  As in the case of herednary trans, these somatic ma-
tons may take many cell generations of a ghen (o)l 1ype 1 man
fest themsehes, Someumes the mutations may confer upan the
affected ceR and its descendamts the property of wmore tapid
aroweh than thewr neighboring cells  Such celis may multiply
rapudly, apparemly not restrained by mfluences whih nhibit
the gronth of normal cells  As a result, the contmung growth
becomes abnormal and 1s classed as canceraus.  Where white
blood cells are mvoled, of course, we speak. of it as Jeuhemia,

In many cases the effects of radiation are produced 1 coop-
eration with distubrances i body funcnon in gererat One of
these dssturbances, the hormonal inbalance, can w stself ard and
ahet the cancer produung effects of radaton. This of course

ts an wdirect effect It daes not appear 1o be she divect result of
wradiation but 1t 1s ved an wath 1t For example, m nuce as htele
as 301 to the gonads depresses the production of the ses, hormate
This m wmn sumalates the pronary to form excessive amounts
of the gonad stimutatng honmone and in such mice the mdidence
of tumor 15 yaised considerably There ate many other pons

which T should hike to touch upon, bue T am sure that 1 have used
all the tme allotred to me

Dr Paul Hodges 1 have one question | would ike to ask
You made the sitement, 1 beheve, that it 1s possible for tumors
to be produced a3 long as forty years after mmadiation that are
traceable to thar imadiation  What praaf s there for thar®  How
«an ane trace an indnidual tumor back that far?
o “{)‘: (\4:’1:‘(:2 \T‘I\: ease that I'm thinking about s reported

roman who was irradiated on the shn for a
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cell.  Similar analyses can be applied to single genes since these
hereditary units presumably function through the production or
elaboration of enzymes. Thus, radiation can harm cells by pro-
ducing changes i the cellular environment. The cells are
bathed by solutions from which radiation produced activated
products reach and damage them. The poisonous product re-
leased by radiation-killed cells can circulate in the blood to other
tissues; so, although we do ordmarily invision the damage to be
directly on that ussue which has been irradiated, nevertheless
this radiation damage can spread to a certain extent through the
transportation of these poisonous toxic substances from the point
of damage to other portions of the body

The response of tissues depends very much on the rate of
delwvery of radiation. The short range effects of radiation from
sources as gamma rays, X-rays or beta rays are dependent upon
the mtemsity of srradsation and the duration of exposnre.  Somatic
damage to cells other than the germ cells may be repaired in part
if broken doses or fractionated doses are given, but this does not
apply to mutations produced m the germ cells  These muta-
tions are not repared.  Once they are produced, they remain
and they can multiply or reproduce themselves 1n the altered states
must as well or essentially as well as they did in the ongmal
state. For here the mutation rate s essentrally directly propor-
tional to the dose regardless of the rate or mtensity. The dosage
is cumulative  Thus 1s why 1t is so unportant to shield or protect
the gonads from radmation

Furthermore, expermmental studies with many different
organtsis indicates chat there is no threshold level with respect
to these mutavons  That s, there is no level below which dam-
age is not induced. Now I realize of course that thrs slatctr{cnt
cannot be absolutely and unequnocably estzblished, but particu-
larly in those organisms where we can carry on extensie expers:
ments, and working with low levels of radiation you have to have
a very extensne experiment m order to detect the difference
between that and the controlled rate. These have been carried
out primanly n Drosophila  In these organismis (fnmlcmnlly.
in rather rapidly producing organisms such as bacteria they have
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through about ten years of study at the University of Indiana with
him  We will now hear from Dr. Irvin Hershowitz on “The
Brolomcal Factors Affecting Radiation-Induced Mutation Fre-
quencies ”
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lesion that showed immediate cffects of over-irradiation. This
appeared to heal but at that same site (and of course this is mgu-
able whether it was actually the result of it) a tumor did occur
forty-nine years later. This is one case.

Dr, Paul Hodges: This 15 a skin tumor related to a skin
damage,

Dr. Mickey: That is right,

Dr. Hymer Friedell: T'd like to point out that unquestion-
ably a tumor appeared, and I don't think there is any reason to
challenge this, but to interpret that this necessarily is due to so-
matic or genetic changes in the cell is very difficult because you
can injure the cells in other ways and produce tumors There-
fore, all that onc could really say is that injury accurred and a
tumor resulted.  Whether this 1s due to the speaific effect on the
genes, the somatic genes, or some somatic cffect of some other
Amd, I think would be very difficult to establish

Dr. Mickey T readily admit this  There is no question but
what there are many factors which enter into the preture, but 1
think that the so-«called mutation theory of cancer explams only
one type of damage which may result in cancer.

D1, Evans  In case you've been wondering why I speak to
George (Dr. Mickey) so familarly, he and 1 were students back
in Baylor University many years ago, and I also became acquaint-
ed with Dr. Muller, although I didn’t work with him I knew of
his work and I think this influenced my imterest i radiation biol-
ogy a great deal  In face, I was tovited as a student by a friend of
mine who was a doctor to attend a meeting of McClennan County
Medical Society at one ume at which Dr Muller talked about his
experiments, This, T thimk was m 1927, or 1926, and he told the
raciologists at that ume that radiation would affece the genes
and would increase the mutation frequency and that radiologists
should be very carcful about it OFf course, there was a tremen-
dous discussion thereafter  Points were brought out that there
was quite a difference m fruit flies and humans and so on. But
it was very interesting that many of the points that mght are stil]
Dbeing discussed today Some with more assurance and some with

less assurance.  Dr. Muller has also influenced our next speaker,
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smgle file. like the beads om 2 sring. There are probably as
\\\a.“y as 2000 genes along the length of an average human
o Since the cf i alt cells but the mature
egg and sperm occur n paits, s0 do the genes they carry.

Typical chromosomes hasve three parts: two ends, two anns
and a specialized region that is needed for wansporung he
chromosome into a daughter cell after division. Any permanet
1o or chiange of these patts will wnolve the genes located therein
andis called 3 midation. Usually anly one ehromosome takes patt
10 2 mutation while the others present are unaffected. So, m a
cell with paired chromosomes an unchanged chromosome with its
unchanged genes 15 usuatly present when the nther member of
the pawr has mutated

Permanent changes that imolve whole sections of genes can
tesult after the chromosomes are broken in one or more places
These broken ends tan jomn 10 other broken ends i pain, eath
unvion bemg permanent once it occurs  1E the broken ends from
the same breal. rejoin, there will be no change m the number or
posiion of the chromosome pieces. But if the peces combine so
the genes are arranged 1 a hew order, the result 15 called 2
gross chromosomal yeanangement

So long as a cell containing
a gross chromosomal rearrangement does not divide relanely
fitde damage resmlis  1F however, this cel) dintdes, then, depena-
wR upon the 1ype of searsangement, wne of the mp deaghter
celfy may have a whale section of rearranged genes mssing while
the other daughter cel) has this secnon 10 excess ¢ a resr:llt the
nucly balanced gene content of the normal cell » upset and the
daughter cefls cannot funcuon properdy, or die

ot oniv are there mutauions msolvng whole sections of
fenes as qust descnbed, bt there are those shuch molie g tery
tralized vemion of the (hromosome, Lomaming
ane ot a few genes

p perhiaps only
hese munute changes 1w chromosomes are

called pom! mutations  As already mentioned by Dr Machey,
there 1 no good evidence that a munimym dose of m(h;unn 3
Tequired ta produre a pomnt mutation  When people tal; ah .
the amonm of narural radustion beng accepratsle, they d o
mean that such vadsasion fands 1o produce 1ts ;hare‘n( nz\ua{:i::s‘



FACTORS AFFECTING RADIATION-INDUCED
MUTATION RATES
By
IRWIN . HERSKOWITZ*

Assoctate Professor of Biology
Sant Lous Unwersity, St Louis, Myssours

Be[orc discussing some of the factors which influence the
production of mutations by radiation, 1t may be profitable to
1eview briefly the basis and nature of human inhermtance, This 15
easily done at the cellular level.  Each cell, as you know, normally,
contains a nucleus which is n turn filled with bodies called
chromosomes.  While viruses and other materials outside the
nucleus may be transmitted from a parent cell to 1ts two danghter
cells after a cell division, 1t 15 primarily the chromosomes which
transmit the hereditary material from one cell to another  In
tins way heredity produces two human cells from the division of
one human cell.

The great majonity of people probably have 46 chromosomes
in each dissue cell of their body, these chromosomes being com-
posed actually of 23 pairs. One set of 23 unparred chromosomes
was contributed by our mother and the other set of 23 by our
father when we started life as a {ertilized egg  Subsequent cell
dvistonts produced a baby and later an adult, cach of whose body
cells carries 23 patrs of chromosomes,  In each mature sex ¢ell of
the adult, however, as a result of spectal series of el divistons,
there is only one set of 23 chromosomes. Morcover, each of the
23 unpauc(l chromosomes carned by a mature egg or spam has
an equal chance of being one that came originally from the mather
o1 from the father of the mdividual forming the sex cell

Along the length of each chromosome are the smallest parti-
cles of inheritance, the genes, hined up one belund the other m

*Time for prepanog this Teport was made asatlable m part I Atonue Fnergy
Contract AT (1{-1)633
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between ion pawrs and clusters of them, on the one hand, and
mutations on the other Unfortunately, we do .nm l\?\c an'y
radnauon that produces clusters compased ?( a ‘{“\"flc lon paiv
with a big space in the tissue before another ion pair is produced,
and so on, Had we such a ray we conld derernune whether vnly

a single 1on pair 1s needed o produce a pownt m\\mim\.'
Ioniz ng Tadiation Ihe wrays produces clusters \.\\n(\\ prob-
ably range m size from those with only one jon par to others
contaiming a hundred. A typical \eray uster is composed of
more than one rontzation pur  With a gwven quality of jomrng
radtation onie obtams a range of cluster sizes and upon lowenng
the dose this range does not change  Suppose with a low dose ne
mare than one cluster occurs m a nuclens.  This probably s true
when 20 1 of x-rays are delnnered to Drosophita ({rau fly) spernn
Assume 11 this case 209, of the sperm have one cluster mn them,
and that each cluster has, on the average, 12 1on pairs inat. 1
the dose 15 reduced 10 5 T one will not ges 209, of cells having a
cluster contamimg only 4 1on pairs. One would get 5% of the
cells havang a cluster of 12 ton pars.  Dosage experiments down
to about 50 5 have shown i Brosophila that the point mutation
rate s proporuonal ta the dose 1 the doses were further reduced
56 only one cluster oreurred n a nuckens At 1the ngher one {and
hence at the lower dose, too) one would almost surely find that
the point mutation rate was limeas to dose  That s, po nt mu-
1ation hias no threshold, or safe, dose  Should dosage experiments
down 10 5 1 be performed, they wauld involve considerable tech-
ncal diffieuley because the madistion-mduced offert would be
smatt and very careful largescale controls would have o be run
Most Repeticists feel that all the way down 1o zeror pomt muta-
i::]n‘:\:“‘\:ll ;e,y‘::f(;:“?‘:al to the amount of x-radiauon ve-
& w doses proporttonal to the number of

nucler contaiming a clusces
0 e o ot o by s gt e
many are requited to break 'a 3} o 0w exactly hiow
# stnbutabi e e PO mutauon
¢ 1o the anon of a sigle it i

and the cluster winch gle cluster of ronizaans
produces (« may or may not have also
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They understand that this amount is unavoidable and since one
cannot do anything about it, the consequent damage is accepted
Any additional radiation, this may be more or less than the
natural amount, will also cause cellular damage and produce
mutations. This is the part society may be able to avoid by keep-
ing the added radiation exposure to a minimum. And one of the
main purposes of this symposium is to discuss this problem.

If one considers the nature of the energy that stays in tissue
after treatment with 1onizing radiation it is found that the energy
left is not entirely in the form of ionization. (We measnre the
amount of tissue dose only in terms of tonization when we use the
roentgen as the unit) The roentgen is not the best measure of
the relation between absorbed energy and mutation production.
This is so because mutations are produced not only by the ioniza-
tions (which act on the genes directly, or indirectly via some
nearby nuclear material like water) but they arc produced also
by energy left 1 the nudeus 1n the form of excitations o1 activa-
tions which make compounds more reactive chemically and, there-
fore, more likely to interact with genes. In the case of xrays
or gamma rays, however, probably only about onesixth of the
energy is left 1n tissue as activations, the rest as 1onizations. Gene-
ticists are interested 1n the answer to the question, “How much of
the energy of other hinds of radiation 1s left in tissue in the form
of 1omzation and how much as activation?”

We nced to know more about the abthty of non-ionizing
energy to produce mutations  With ultra-violet radiation all of
the mutations are produced through activations Accordingly,
more basic 1esearch on the study of ultra-violet-induced muta-
tions will be fruitful. We also nced to have more physical
studies on the distribution and the form of ronizing energics left
by dufferent wave and particulate radiations  As already mdac ated
by the two previous speakers, we sumply do not know enough
For instance, what 1s the spread ol the tomization m tissuc for
different hinds of radiaton? More spectfically, what are the
sizes of the clusters of 10n pairs produced and low are these
clusters distributed relative to cach other?  Once we have accu
rate data on these matters, we can study better the relationship
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were produced. This would texve the pittes [r(tnt the second
break no ahtermative to join othet than in the original arrange-
ment. %o, wnder these conditions, Jower x-ray intensity would
produce fewer gross yearrangements. This illustrates \\I}y the
dose and the intensity of x-rays play an important role in the
production of two-break gross chromosomal rearrangements. 1§
xray twue damage is dose or intensity dependent and has a ge-
nete basts, it 1 almost certainly due to grosy rearrangement

This done-tensity dependence for x-rays does not obtain,
foweer, for mature sperm of animals, and pmbnhly of humans,
ala For in these cells the broken pieces cannot jomn to each
other and are therefore accumulated  For thus reason, it makes no
diiference how fast or slow a dose is gnen o ihe chromosomes
m a sperm hesd  The breaks remam unjmned until fertiliza-
tion, when the sperm head swells and the bsolen ends are per-
mitted to jom in pay  So much for the dikussion of certain

physical aspects of penetrating radiation and their hearing on
myatton production

In discusing the biologieal factors which affert the fre-
quency of radiation-induced mutattons several questions must
always be kept m mind.  How do these agents act on the chromo-
same breakage process, and how do they affect the abnlity of the
broken pretes 10 join to others® It 15 usnally difficult, unless
casekully designed expeniments are performed, 10 1€} whether an
?gerlu n affecung the brealage or the rejavuny phennmenon, or
»::1 ,(,,:L t,ll:,;:,l::,,::,i(,':‘:':“?‘::‘ tl\:n‘ no agent 15 known which
e el et not produce point mutatons, m the

i There ave several nays that the gene content of the cell sself
nlluences radiation-wnduced mutation sate  We hnaw that there
ary
mv Renes whase presence increases x-ray susceptthility of the cell
Al
wﬂn'mmmu Aeernattse genes can decrease thus celi sensiity,
Lnd“p\l wperating by decreasing the Likebhood of breakaze
ot by wureanny 1he hieh g 1
3 10ad of broken prey 3
thew ol pusitton e rejomng
\nother genet
1c fa ‘]
o o e o1 1s mmalied when an orgamsm oy celd
A thromesames,  In one case, th,
. there might be one extra
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produced a break in the chromosome in the same or a nearby
region, Therefore, point mutations sometimes are and some-
times are not located at a point of exchange of a gross chiromo-
somal rearrangement. We do know, however, that some radia-
tions which produce large clusters are in some ways relatively
inefficient and wasteful of iomzations. These densely ionizing
rays produce a smaller percentage of cells with gross chromo-
somal rearrangements than 1s produced by the same dose of a
radiation having smaller cluster sizes, that is, where the ioniza-
tions are spread out more. Here then is one measure of relative
cfficiency of different radiations for the preduction of mutations,
Certain types of gross chromosomal rearangement, already
described by Dr. Mickey, require two breaks for their produc
tion. When a neutron enters a nucleus 1t produces tonizations
in clusters which are large and close together. Because of this
concenitration the jonizations can pass through one chromasome
at two different places or through two different chromosomes,
so that a gross 1earrangement, even though 1t 1equired two sep-
arate breaks, can be produced by the passage of one particle
through the nucleus  Thus, the frequency of two-break gross re-
arrangements following neutron radiation mcreases linearly with
dose and 1s independent of the rate with which the dosc 15 delis-
ered. If a less densely ionizing type of radiation is used, like
x-rays, the (lusters are smaller and spaced farther apart. Here,
two breaks in the same nucleus are usually produced by two sep-
arate clusters, one having no dependence upon the other for tts
origination  For this reason many «aay-induced gross rear-
rangements are dose and mreensity dependent  For when a Tow
dose is given, a nuclens could contam only one cluster and could
produce only one break. The dose would have to be raised high
enough to get cases of two or more breaks per nucleus  For
these rearrangements, then, there 1s a threshhold, or safe, dose for
x-rays. If a larger x-ray dose 1s grien 1n a short mterval, two
breaks could be produced in the same nucleus stmultancotsly
and could result m rearrangement  But if the same dose is gien
more slowly, then the preces of the frrst break could join to form
the original gene arrangement before those from the second break
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ent mutation ates for genetic reasons  Thus, for example, a
species with mote genes will have more point mutations p(udmcd
wn it for a given dose, and one with more chromosomes will have
more gross chromosomat mutations of cettain typees.  This may
be past of the tensant why an organism like the fruit fly, which has
only four paws of chromosomes, and perhaps 10000 genes, is
relatnely less mutable than a species ihe man, with 23 pairs and
maybe 30,000 genes

Other buological factors which can influence mutation rate
are known which are not based so directly on the Jnd of number
of genes or chromosomes, although these may be influenced by
genes  One of these concerns the spatial arrangement of the
chrommomes Telatine to each other.  When the chramasomes aye
packed 1o a ught bail of threads like they are in the tiny head

of the sperm, 2 different picture 15 presented for breakage and
fater rejorming than when the c}
2 large nucleus

s are spread through
For if they are spread o the Jomzations of a
soall cluster or from a penetrating parucle are unhikely 1o break
chtomasomes twice  Event in those cases where two breaks do
occur ma large nuclens, the preces will be Irequently too Sar apan
to mterchange. and the resuft will be that those winch jom wil}
usually form the origenal gene arder

Eten within the same suzed cell there are a number of other
bilogical factors which can wfiuence breakage or Tejomng.

These melude the presence of a restncine and ssulating nudear
membrane, the degree of 1

7 won of the ¢k , the

sx‘rm or tension under which the parts of a chromosome are held,

the 4:6grtc af hydration and the amount of chromosome matrix

wiwh

" ich the gene strng 15 embedded, protoplasmic viscomty and
¢ amount of movement around the chromosomes svayios of

forte camen

T .
e » e un o woere the members of each chromo-
_— pr come 16 e close to each other, as they do at a centasn

e in
sexcel) formation  For under these conditions the forces

shigh
;:a‘r‘:sl X;Ct)p Ve parts of one diromosome apposedd to the like
of the ather member of the PaIr may prevent the pieces
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set of chromosomes present, so instead of two sets thice are pres-
ent. The number of point mutations per cell caused by a given
radiation dose will be proportionately increased (by 50%) by the
presence of the extra set. While more point mutations would be
produced the damage caused to the cell carrying these would
probably be less per mutation than to a normal two-set cell be-
cause there would be present two sets of normal genes and
chromosomes to counteract the effect of the mutation in the third
set.  On the other hand, it can be shown that gross chiomosomal
rearrangements, and much of the damage they produce, would he
mecreased by more than the proportional amount expected due to
the addition of an extra set of chromosomes, These cxpcrlminm
need to be taken into account also in cases where certain cells or
mdividuals have one or two chromosomes more than others, a
situation known to exist among humans,

Within the same individual, one can find taitous cells with
different chromosome numbers, TFor jnstance, human matuie
sperm and eggs have only one set of chromosomes, that is, 23,
while the normal cell has twice this number, or 23 pairs A typt-
cal cell which 15 just about to divide will have 1ts 23 pairs of
cliromosomes exactly doubled and so it will be expected to be
especially racdio-sensitive  This is true also during certam stages
in the maturation of sperm and egg cells In addition, one can
find, within the liver, cells which have more than two sets of
chromosomes.

Differences within and between mdividual chromosomes
also can modify the type or rate of radiation-nduced mutation.
It 15 known that some parts of a chromasome are more Iikely to
undergo breakage and rearrangement than others.  Certam pomt
mutations are induced more frequently than others by radiation,
This does not mean that one can sclectvely produce a specific
type of mutation by radiation, but that amongst a large number of
induced mutations certain ones crop up more frequently than
others. This demonstrates, another way, that the genetic content
of the indwvidual modifies mutability.

Not only can there be genetic differences in mutability \\'l.llllll
an mdividual or a spectes, but different species can have differ-
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of broken ends, thereby decreasing the "PP"““““" for chromo-
somal rearrangement . . .
The action of wany p\\ysica\y clhemical, and biochemical
agents n modifying the mutagion Tate can ch panl)' understood
in terms of an effect on oxygen concentration during or after
xradation  This includes the effect of respiratory enzymes
which merease or decrease onygen concentrauon and of agents
which paison these chemcally (including metals w hich are wn-
sohied in enzyme construction o inactivation), chemical sub-
stances which release oxygen (such as inorganic of organic pesos-
wes), pfi, and temperature (at lower ones WMoTe oXygen is dis-
sohed)  Certan normal biological phenomena may themselves
produce or involve changes in oxygen concentration, such as the
biochenncal esents which accompany cell differentiation, the pres-
ence or dissolunion of the maclear membirane. and the ncavion of
ussue Telatne to mter-cellular ovygen supply
It should not be thought, however, that the entire effect of
a\gen is expiicable m terms of a single patch of action enther for
breakage or for joimng, smee a nwmber of the biologeal factors
wientomed must be also dependent upon oxygen and the mutatson
effect must in some cases result from modifving these. Ope
should also realize that although much of the moditying effect of
biological factors can bie awnbuted to effects on oxygen cenain
of these agents influence mutation rate Ly other means For
eample, temperature 15 hnown 1o modify mutation rate apart
from us relation to the solubiliy of oxygen  Xerays produce
more gross chramosomal reartangements whew tseated oocytes
are previowsly dehydrated  This may be so because the oocyte
vuclens 15 shraahen, causing the pieces from different breaks to
be laared closer togerher, proximity ot Lbrolen ends favornng
nterchange, and acitny coutrary to the radioproteciyve acum‘:
which removal of water frequently provides
In summary an auempt tas been made 1o desenbe \,f,,“y
(f:r\::l:h;?::zz‘:s characensues of penetmatng radiaton which
he Wnglasseal ao :lnn?:;,a,:;m lr:u,esi, as “e“, as o mdicate some af
atnluty o;mmz.mans and agﬁ\caati(:\??;x ehich can influence the
produce mutanon,



36 Geneties, Radiobiology and Radiology

newly produced by breakage from moving apart freely, the
unbroken chromosome strand serving as a splint for the hroken
one. This would serve to reduce the opportunitics fo cross
union between ends from different breaks. All these factors
determine to what degree the pieces produced by a breakage may
move or spring apart. Those which change the distances between
different chromosomes or the parts within a chromosome will
also affect chromosome breakability,

On the biochemcal level there is a very stmple system which
greatly influences the number of point mutations or the number
of breaks and their joinallity. This involves water and the
oxygen dissolved in it. X-rays produce very reactine (hence short.
lived) chemical ions from hoth, as already described in some de-
tail by both Drs Evans and Mickey. Not all radiation-mduced
mutations have their basis i ions from oxygenated water, how-
ever, although a good many of them do. Those with this orign
have a pathway from the raciation to the gene that s indirect,

Consider next the specific role of oxygen in radianon muta-
tion. 1 a normally oxygenated cell 1s x-rayed a certain number
of chromosomes will be broken. When the amount of oxygen is
reduced the same dose produces fewer breakages. and when the
amount of oxygen available is mcreased above the normal amount
somewhat more mutations are obtained than under normal con-
dittons.  The presence of oxygen during irradiation. therefore,
promotes chiromosome breakage It also mcreases the frequency
of pomt mutations It 1s also known that once a break iy pro-
duced the presence of oxygen permuts or promotes the jomning
between broken ends I oxygen 1s absent or 1educed after a
Dreak 1s produced the pieces are not able to jom together  Under
thns condition broken ends are saved up, unul oxygen s rested,
at which time the cell may contain pieces from many chfferent
breaks. These can then jomn in rearrangements that would not
lhave becn possible had the dose been given slowly n the pres-
ence of oxygen when a given piece would have had fewer oppor
tunities for cross tuon.  From the standpoint of gross chromo-
somal mutation, therefore, oxygen has two apposite effects: 1t
increases the number of breaks but promotes the carly rejoining
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Dr. Crow: Dr Hershowitz has been 1alking about radiation-
Tnduced mutations, yhich because of the axygen effect may have
2 negative temperature coefficient, whereas mutations from other
canses seem 1o hase a positive coeflicient. I thus is true in man,
then the testes wili hase a Jower mutation vate than if they were
internal and at a tugher temperature,

Dr. Gould: One may cancel the other then,

Dr Crow: Posibly, However, it is probable that the ma-
fority of mutations are not due to rad aten.  Thus, the nunst
Ulely effect of a decreased temperare would e a decrensed
Tuaton tate

Dr Scott- 1s there any basie difference i normal cells and
malignant cells i these things you've heen tallang about?

Dr Herskowit:  There 15 probably a genetic difference
It atways amuses me 10 hear someone say: “See, there’s a malig-
mant cell’ You can tell sts malignant because it has a wrpolar
spindle, o1 because you see a chromosome lagging, or because yon
se¢ broken ends ™ That's not the malignant celt

That's a dead
cell ar 5t's going to be a dead cell

The real malignant cell, the
one that 1s gomng to dinide and produce more cancer cells, 15 the
one which 15 apparently ot very much abnarmal chromesomally.
Many people thinh that cancer cells differ from normal cells,
however, by a number of point mmations  Surely, u's rroe in

Some cases that point mutations are tesponsibie for nitiating
maors

Dr Mickey  The mayor difference, 1 thunk, between the

Malgant and the normal cell would be in the rate of cell divi-
son, and the more tapidly these cells are dividing, the more

sustepible they are to wrradsation damage i

N Dy Bruess May ¥ just questeon the statement that the ma.
ant cell divides more often than the normal cel There ~va
vers few prmea—s o v -

2 eells i ' Y

Dr s

iy out that statement would apply 1o
. such cells
s welt as 10 the malignant tissue, ity

1har 15 ta say, th i
o y, these embryonic
N e axe yust abow as susceptible to nrradiation damage as a
e malignang cells, ; "
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Dr. Eyans; s therc any question you want to ask hefore Dr,
Hershowitz leaves?

Di. Gould: 1 was wondering how much of a difference in
the mutation rate there would e with a cell in a resting phase
when the chromatn is spread around the nucleus and differences
between prophase, telephase or the various phases.

Dr. Herskowitz: T'll take a guess  Fourfold.

Dr. Gould: It could he fourfold,

Dr. Herskowtiz: Yes.,

Dr. Gowld:  And 1t's most sensitive m which phase would
you say?

D1, Hevshowtzz The metaphase is supposed to be most
sensitive.  Say, for mstance, you irradiate gogonia which are in
all stages of nuclear division and obtam a certain mutation rate,
If a colchicome treatment precedes the 1adiation many of these
cells will be kept m metaphase and the mutation 1ate would be
mcreased severaldold  Modifymg factors produce an effect on
mutation rate which 15 of a d fierent order of magnitude than is
the effect of radiation isell  For while radiauon can produce a
thousandfold increase over the normal mutatuon rate, some trod-
ifying factors described may cut the rate down to only a five hun-
dredfold mcrease.  Thus, wlile the effect of modilying factors
may be very appreciable, the protection they may afford may be
only a relatively small percentage of the total damage by radia-
tion.

Dr. Gould. One other question — you said that when the
tempeiature 1s decreased, more oxygen hecomes available to the
cell.

Di. Heiskountzs It s not divsolved

Dr Gould: More is dissolved, and therefore, the mutation
rate will be mncreased.

M Herskowitz: Right.

Dr. Gould: How does that pibe with the Swedish pomnt of
view that the reproductive cells of the testes are at a lower hody
remperature than the reproductive cells of the m'nncst’

Dr. Herskowitze You would expect a shghtly higher muta-
tion rate per cell, at the Jower temperature,
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Dr. Crow: Dr Hershowitz has been talking abowt radhation~
nduced mutations, which because of the oxygen effect may have
a negative temperatute coefficient, whereas mutations from other
canses seem to have a positive coeflicient. 3¢ this is true in man,
then the testes will have a lower mutation rate than if they were
internal and at a higher temperature.

Dr. Gould: One may cancel the other then,

Dr. Grow. Possibly, However, it is probable that the ma-
jonty of wwwations are not due to rad’auon. Thas, the moss
bkely effect of a decreased temperature would be a decreased
mutation rate.

Dr. Seott* 35 there any basic difference in normal cells and
mafigrant cells i these things yow've been talking abow?

Dr Herskowitz: There is probably a genetic difference.
It always amuses me to hear someone say. “See, there’s a malig:
it cell’ You can tell w's malignant because it has a nipolar
spindle, or because you see a chromosome lagging, or hecause you
see brofen ends “ That's not the malignant cell  That’s a dead
cell or 1t’s going to be a dead cell. The real malignant cell, the
ane that 15 going to drside and produce more cancer cells, is the
g’;:n‘;h;: ‘;:I:ﬁ?;inﬂlv not very much a!m(mnnl chromasomally
B )()’y i m"mlm cancer cells (}l”fr from normal cells,

3 ber of point mutations  Surely, it's 1me in

some i i 1ati
e cases that pomnt mutations are responsible for mutiating
15

‘m"Dr Mickey: The major dilference, T think, between the
m“,'zz;anll a):;xd the normal cell would he in the rate of cel divi-
\ ans it
e g the more rapidiy these cells are dividing, the more
e;:)n le they are to rrradiation damage.
r Bri i
o “u:;-‘ May T just quesuon the statement that the ma-
‘:“ . :u ivides more aften than the normal ceit. There are
e rn':ors \\h.ose cells grow as rapidly as embryonc cells or
i "e,,:nemmg fissues or 1n 1ntestinal epithelinm
ol ¥
e ‘;7 But that statement would apply to such cells
s e jus[;bnt‘l}ah,,ﬂnam tissue, that 15 to say, these embryonic
T ut as susceptible to urradiatior
the maligrant el ol 13 n damage as are
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Tttus Evans: Well, T hate to stop this, but we must go on
with our talks now and withhold ouwr discussion until each
speaker has had a chance to get over his main points. Now our
next one is Dr. Willinm Russell and I am sure that most of you
know that Dr. Russell has been engaged in a tremendous project
with enormous numbers of mice, and he is going to tell us about
the radiation induced genetic damage in mammals,



RADIATION-INDUCED GENETIC DAMAGE
IN MAMMALS

B
W. L. RUSSELL, Ph.D.

Principal Genetresst
Brologs Diveston
Qak Rulge National Laburalaries
Oak Rudze, Tennessee

Dr Exans mentioned the large mouse colony we have 1
might point out that 1f these mice were Drosophilae, you could
contan them all i half pme milk bottles oceupying probably
about half of one table top here. So don’t cxpect wonders from
Matise genetics because of large numbers They take up a lot
more space than Drosophilae, and our mouse laboratory could
compare to a very small Drosophila laboratory.

1 thought 1 nught briefly discuss 18 pownts that 1 prepared
2 recent summary of mammalian radiation genetics. .\ few

these are hasic things that were discosered 1n mammalian
geheises some time Elg() al

tizve found others that I

for
of

nd which our work has confirmed  We
think have a very direct practual appli-
@uon to the question of genetic hazards of radiation i man

And sull othiery undoubtedly will have a practical application,
s0oner o later, but, at the pr

esent ume, they are hlndamenmlly

of pure bialomical interest
() The farst pomnt deabs ot with a genetic effect, bue
avally waeh damage observed 1n the testis follc
The findings 1 thus freld
Pretation of the genetic d Dr. Oakberg m our group has
found, by areful quantitate esumates of the amount and type
of damnge m the tess, that one-hal{ of the sSpermatogonia are
tually Milled by a dose of 221 of gamma rays, and he can meas.
‘::‘E“l‘l"\c‘hammmu of Mihng, with statsuical sigmibicance, down 1o
€ 5°2¢ samples which he used, which are not cnoTmous)

owing irradiation

have important mmphicauons for nter-
amage
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Titus Evans: Well, 1 hate to stop this, but we must go on
with our talks now and withhold our discussion until each
speaker has had a chance to get over his main points. Now our
next one is Dr. William Russell and I am sure that most of you
know that Dr. Russell has been engaged in a tremendous project
with enormous numbers of mice, and he is going to tell us about
the radiation induced genetic damage in mammals.
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The bulk of the dose will have been received in the spermato-
gomal stage, Stmilarly, if you are exposed to an acwie dose at
one time from an accident or medical treaunent, it 15 unlikely
that you will actually have a fenile mating within the five or six
weeks Yiately following irradiat In such cases, you
wswalfy Lo that you have been evposed anyway and can refrain
from procreauon for these few weehs afier irradiation  Thus,
bere is the one place m mammalian radiation genetics where
some of the risk can he controtied, at least with regard to chromo-
somal aberranons.  However, even 1f we don't try to control
these, they may still not be a very important hazard

(3) The preceding point has concerned chromusomal
aberrations induced 1 males. We turn now to females
Qozonta are not present m the adult mammal, certainty not in
the mowse and probably mot mn the adult human female. Al
germ cells m the mowse are wn the primary owcyte stage, e,
they have already pased out of the cogonial stage. And here,
chromasumal aberrations could conceivably have turned out to be

a harard because the gomal stage, from which radanen-indnced

aberrations are nat recovered m the male, has been irrevocably
passed i the adult female

However, 1t was shown mm our work
(s 15 s Russell's work) that with females, as had been
fornd wath wales, dommant lethals cause death exiremcly early
l(l:"dizi(;yr;e(\;‘ .\\I:mu 60, of \h.tm are detectable in the two-
domin;“ mh‘;t\“ T30, and pn.m\ca\ly all of the deaths due 1o
inplamtann ms occur hefore implantanion, or at the ume of
o :.,,, l:‘c‘r) shlnnly aiternards.  Thus, although dom-
o e duced i females, they would not cause much
o ™ an sunation (The same consideration apphies.
‘s al 30 1o dommant lethals iuduced m males )]

o c\;:\) ‘\“n(;\t\:;\‘mmnnnt lethals, transtocations are not weededd
S pment and are pnﬁcd an to descendant gen-
oty :sp;rua,\\ady semisterility i the offspring These
P ‘b : ready m.ent\m\ed. are wduced 1w pistsperma-
uinhq m“,,e“sudar: not induced in the spermatogomia \ pose
e frndle. r:mfl:?z :f::-y might be mduced in the oocytes of

ind an extremely low rate, Only one
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as low as 5 r ol gamma rays and even with 2 1ep of nentons.
Now, these are the cells in which we aie primauly interested
from the point of view of genetic effects. From these measure-
ments, which are made 1 vivo and not m tissue culture, we find
these cells 1o be extiemely sensitive. In contrast to this. the
testis does recover {rom tremendaous doses of inadiation i mice.
We can give 1000 r of acute a-ray exposure to the testis and the
males will return to fertility. In fact, with a good hybrid stock
to start with, there is no difference in the percentage of anumals
that is finally fertile: less than 19, e sterile, both in the control
and exposed groups. Thus, some of the spermatogonia are
apparently extremely resistent to hilling.  We have, then, these
two very cleaily defined cifferent types of cells among the sper
matogonia:  and this, as T will menton later, does have a bear-
g on our nterpretation of the genetic effects observed.

(2)  As carlier work has shown, and our work has com
firmed, most chromosomal aberrations, induced in males, are
found only i the offspring conceived in what we call the pre-
sterile period, which i our experimental work meany shotly
after irradiation  That is, the chromosomal aberrations 1¢cov-
cred in the offspring are those that have bren induced m post-
spermatogontal stages (the spermatacytes possibly, speimatids
definitely and sperm deflintely), which occupy only about five
wechs 1 the development of mature sperm from spermatogonia.
In this short interval after irradiation, one does find a lugh inci-
dence of chromosomal aberrations — dominant lethals, translo-
cations, and so on — in the offspring  But, so far. a staustically
detectable mcrease in these aberrations caused by rrradiation of
spermatogonia has not heen really firmly established  The actual
lhzard from this type of genetic effect is. therefore, T think. small
in man where the radiation dose received by a male genm cell
m 1ts postspermatogomal stages will usuatly be neghgible com-
pared to that received i the spermatogomal stage  For example.
if you are exposed to chrome grradiation over a long penod of
time, since it takes only five or six wecks for the spermatogonta
to mature, then only the small dose recenved 1n later stages will
be important for the production of chromosomal aberrations
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aasts, 1 that mucatan rate is linearly velated o dose. On the other
hand, some pathologists would tend to think that the mutauon
rate 1 not hnearly related to dose and that there may be some
threshold mechanism imolied, or that the two-hit processes may
be more important than is thought and that the mutation rate
would not be as high at the lower doses as you would expect oun
the basss of simple lincarity  Our yesults have actually revealed
the posibality that the mutation rate might be higher at lower
doses “To explore this third powsibnlity, we performed a muta-
tion rate experniment with 300 r and, so far, the results are not
out of lme with the rates obtamed at 0 and 600 v The actual
3007 rate 15, it twrms out, a little bit tugher than the value dernved
by mterpolating between 0 and 600 1, but not sigmibficantly so
The fact that the 300 t rate 15 a bttle Ingher than expectation
agam tanses the guestion of whether, at sull Jower doses, the rate
might not be higher sull  Low dose cexpermments of course take
n enormous amount of work, but we have approvimate data for
an 86 r dose at the present tme  This dose consisted of gamma
1235 guen chromcally, while the radiation m the 300, 600 and
1009 1 expersments 1 menttoned consisted of acute x-rays. Thus,
the expeniments are ot exactly comparable, and this may wm
0ut to be ymportant  As 1t stands, the rate at 86 t from chroni
gamma rays 15 actually below the 300-to 0 mterpolation  Thus,
‘;L“g‘:)‘::;h:a:“o:!y luluued meanng becanse, due to the small
et ahe rtl:e;(a:,( his l«‘):\ dose. the confidence limus are still
eras thn Sm . me . hat we can defrmitely conclude, how-

pper 909 Tima 15 less than tsice the value derived
n the 0 and the 300 1 acute X-ray rates
. at tow doses, we are not gomng o have a

by mterpolation bety ee:
ITlus s TRassrance that
Mtastuaily ngher muy

tatton rate than tl imated by wnter-
n that estimated 1ty
Question Whay 15 the t T s delivered
at
e at which this 86 r 15 delne

Dr Russell  Avo
eitht and nine weeks
M w i
w2 € fome now to possible differences between chronie
Tadiation With 516 1 of chronte gamma radiation,

e 10 1 per weel. for a period of betseen
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translocation was picked up in over 300 offspring examined for
this particular anomaly, which is a very much lower rate than
occurs in postgonial stages of the male. The conclusions fiom
Drosophila work apparently apply directly to the mammal in this
case: a very low translocation rate has been repoited for Droso-
phila females.

(5)  We now turn from major chramosome aberiations to
so-called point mutations. Here I might mention some 1ather
recent work which may not even be known to many gencticists:
the x-ray induced mutation rate in spermatogonia of mice shows
a departure from the Imear relation with dose at higher doses
At 1000 1, the mutation rate actually drops down Now, this
departure {rom linearity 1s the reverse duection from that which
would be expected il two-hit processes were imohed, ie,
chromosomal aberrations imolving two separate bieakages. that
situation would tend to make the Ime curve upwaid as the dose
mcreased, The departure actually observed 1s i the other dnee-
tion. A plaustble hypothesis 1s that this may be due to differen-
tial sensitrvity among the spermatogoma  Thus, at the higher
doses, we may be killing a high proportion of more sensitine
spermatogomia, and, if there 1s a correlation between ther sensi
uvity to killing and their mutanon rate, then at the very high
doses we may have just the mutation rate that s left in the more
resistant spermatogonia  As I say, this 1s just a plausible hyp-
pothesis at the present time. At least 1t 15 boine out by the his-
tologically observed differential sensttivity among the spermato-
gonia

(6) As a sort of corollary of pomt (5). 1 thmk the powt-
bility 1s not yet excluded that the mutation rate per rocntgen at
lower doses and mntensities may actually be lngher than that so
far esumated from the doses we have used  If differential sensi-
tivity of the spermatogoma is the explanation for the drop in
mutation rate between 600 and 1000 r, then possibly at doses
below 600 1, where perhaps we have all the sensitine cells Teft, we
nught have a mutation rate higher than the 600 r rate. I should
like to emphasize this a little bit because 1t 15 contrary to tmwo
common notions about genetie damage  One, held by geneti-
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dists, is that mutation rate is linearly 1elated to dose. On the m\.\er
hand, some paxhologisrs would tend to think that the mutation
tate 15 not hnearly related to dose and that there may be some
threshold mechanism 1nvolved, or that the two hit processes may
be more mmporeant than is thought and that the mutation rate
would not be as high at the lower doses as you would expect on
the basis of simple bnearity  Our results have actually revealed
the possibihity thar the mutarion rate might be igher at lower
doses To explore this third possibality, we performed a mwta-
ton rate expertment with 300 v and, so far, the results are not
out of ine with the rates obtained at 0 and 600 y. The actual
300 1 xate is, it turns out, a utle bit higher than the value derived
by mterpolating between 0 and 600 1, but not significantly so.
The fact that the 300 1 rate is a hule higher than expectation
agam yaises the question of whether, at sull lower doses, the rate
might not be higher still  Low dose expeniments of course take
an enormous amount of work, but we have approsimate data for
an 86 r dose at the present time  This dose consisted of gamma
235 gnen chronically, while the radiation i the 300, 600 and
1000 rexperiments [ mentioned consisted of acute s-mays, Thus,
’3:; :;T:’i’";mi;re nog exactly comparable, and this may tumn
s ags }”:’ac:luta”A\;) I; stands, fhe rate at 86 ¢ frtfm chronic
o course, has on) ]I) i‘;m the 300100 interpolation  Thus,
yield of mlftarmnsya[ ":ftl mle:mmg because, due to the small
‘ide at the present tim 1S :’::h( OSC: the ctml‘n!eme lunits are still
ever,15that the upper qgg- "m?t “Ie an de(mf:cly conclude, l}ow-
by mterpolation ben\kec:u,c (l) 15 e;s lll‘mn twice the value derived
This s reassurance thay, at Jow s e e wawe 3y raues
famtast 3 v dases,

teally fugher m
polatien ° ut

Queshons Whae ;

did you say3 hat b the rate at which this 86 r 15 delnered
Dr Russell- A,

tal out 0 1 per weel N

cisht and pipe weeks per week for a penod of between
[GRRTY

md au)ue mzt‘ome o to possible differences between chronic

diation.  With 516 r of chrauic gamma radiation,

we are not gomg to have a
aton rate than that estimared by inter-
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given at the rate of 90 v per week, the mutation rate is unexpeet:
edly low when compared with the 1esults of 600 r of x-rays given
at 80 r a minute. The intensities of radiation in the two expetis
ments differ by 4 orders of magnitude. The results at 516 1,
in conjunction with the limited data at 86 1 total dose, raise the
question of whether chironic inadiation might give a lower muta-
tion rate than does acute in the spermatogoma of the mammal.

Question: Excuse me.  What kinds of changes arc you refer-
ring to?

In. Russell: 1 should have mentioned these.  We measure
what we call specific locus mutations.  We have 1eason to think
that major chromosomal aberrations ate not mvolved when we
irradiate speymatogonia —and all data T am talking about now
concern speimatogonia,  In nradiation of matme germ cells, on
the other hand, results are complicated by the production of
chromosomal aberrations, some of which appear hke spccifu locus
mutations,

Question: What do you mean by speafic locus mutatiom?

D1 Russell. Just a mutatton restiicted to the place (locws)
occupied on the chromosome by a particular gene.

Question: Give an example of what you see — is 1t a hait
colm?

Di. Russell:  Yes. Five of the seven we look for are hait
color changes, one is whitesspotting, and the seventh one is 3
short-ear wutation,  Mutations at these seven loci that have oc-
cmred spontancously m the laboratory m the past were butlt inte
a specilic “test” stock  We nradiate the stock not canying these
mutations, mate to the “test” stack, and look fou repeats of these
particular kinds of mutations m the fint gencravon offspring.
As far as we an tell, these repeats are gene mutations, or, strictly
ﬁpcnking, “pomnt” mutatons, since 1t is unpossible, at the present
time, to prove that we are not dealing with very minnte deficten-
cies, 1.c, losses of chiomatn matenal mvolvng the locus or us
immediate adjacent region.  However, there 1s very good cvidence
that sudh defiaencres, if they oceur at all ain spermatogonta. must
be exticmely small

To rerutn ta pomt (7 The adea that conie nradiation
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might be genetically less effective than acute, is of m\lrsc..hﬂesy
among geneticists, so one jouks for other possible explanations of
the results.  Well, one possible explanation is that we are caus-
ing more damage to the testis with chronic irmadiavon than we
were with acute and that, following only 316 r chrome gamma, we
may hase a situation similar to that postulated for 1000 v acute
aays, i ¢, 2 mutation Tate that characterizes resistant cells. In
any case, until we have more evidence on this point, I thiok it
would be risky to jump to t

A 3

he conclusion that chronic gamma
ir to in

P Is will give less mutation
than acute w-rays  However, this possibility is now, I think, worth
evploring considerably, 1 have a prisate view on this, but 1
won't state it at the present time
(8) The three preceding points have, [ am sure, indicated
the complexities in the relation between mutation rate, dose, and
dose rate. You see, we have found 1wo departores from the gen-
erally accepted genetic concept, 1 &, {a) drop in the nnitatson rate
at 1000 r of acute x-trradiation, and (b} the loner mutaton rate
following chronic exposure than following 600 r acute x-rays. In
aten of these observed complexiues and other complications that
octur when we are dealing — not with a uniform population of
sperm — but with the spermatogonia, that ate going throngh cell
division all the tume, and are known to have differential semi-
taty to hilling, T think the best thing we can do at the present
e 55 1o take the highest mutation rate so far obtamed in the
monse, namely, that in the 300 v experiment with acute irradia-
e e 300 v xpenmen, o o The inducd
28 % 107 per 1, per locus TI’us u)ue is\:m a“' HClllﬂ]. beure @
e hany times higher than
llh:u l;)und in comparable experiments with Dmmpml:, There
:‘:‘cux‘:tnh::x;l:::;)lelg:f‘:::‘v;en{s that man 15 not a Drosophila
Y be much lower than the Droso-
phila rate  But now an omgamsm which 15 2 good deal cl
men, the mouse. actually gaes iy the other di’r’ec:inn?‘ ; e
malan mutation rate seems to he consuderably hi er
Drosophila rate ¥ Pigher than the
¢ P,
(M Points 58 have concerned speaific locus mutattons .
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duced in males. We have a little data also on the mutation rate
in olfspring of irradiated female mice. It is difficult to do acute
experiments in female mice because they hecome permanently
sterile with even a low acute dose. Thus, even 50 1 steiilizes
after four litters and one needs, in general, higher doses than this
to make an easy experiment.  However, we have some work in
progress in which females were given 258 r chronic ganmna irm-
diation at the rate of about 86 r per week, and here fertility per-
sists almost as long as 1 controls, at least long enough to get a
large number of offspring  And agam the mutation rate is low,
Now in the female gonad we are not dealing with a population
of rapidly dividing cells:  oogonuia are not present m adults, and
oocytes remain in a constant condition appaiently thioughout life
until just before ovulation,  Consequently, the low mutation rate
cannot be explained on the same hypothesis as that suggoested to
explain the drop-off found i males at high acute doses, or fol-
lowing chronic application of the dose  Thus, it appears that the
mutation rate in females may be really low and not spurimnly
low, 1l you want to usc this term  This raises, I thk, consdera-
ble hope that this findimg may also apply to the human ovany e\
posed to chnon ¢ gamma inadiauon, We can't speak of acute v1ays
becawse we don't know the resnlts, and this leaves considerable
uncertamty as far as medical exposures me concerned, because
fracttonated acute doses may give a genetic effect more like that
of the single acute dose than that of chrone gamma inaduanon
given continuowsly.

(10)  There 15 no evidence of sigmlicant recovery from
genctic damage with time after wradiation, T think Dr. Mickey
mentioned this for Drosophila, but, for vanous 1easons, thts pomnt
needed to be estabbshed afresh m a mammal  The earlier evis
dence for lack of recovery came primarily from dose fractiona-
uon studies m Drosophila, but this work was all on matuze spenn
Now there were (or so 1t seemed to us at least), very defimte
possibilities for recovery, when one was dealing with spermato-

Suppostng the mduced mutation aself actually

gonia instead. .
a Then 1t

affecred the rate of cell division of a spermatogonnun

would lose out in competition with other spermatogoma and. a
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long time after srradiation, the mutation rate f\\ight drop, as the
probabitity of Tecovering a mutant sperm de‘m ed from x!m ;_m'
mlar spemmq;,mnium would derreasc_t. We f?h that, in siew
of this possiblity, it required very definite C\pcnmema\ work on
spermatogonia, and alio m a longer-lived nrgnmfm xh:le {)msn-
phila, and ako, | think. ma testis that is histologically sum.)nr to
mw (rather than being quite different in anatory and phasiolog
as in the Drosophila testis) to re-establish the principle of lack of
recovery. Well, we have Jooked at this carefutly enough. 1 iinl,
to say that there js no significant difference m the spermatogonial
mutation rate a short time after itradiation and a long time aftey
irradution. So there is na evidence that would allow s to connt
on recovery from genetic damage with time.

(11} The mutation rates of the seven Joci in our sampie
sary markedly from each other.  Thus, there is a factor ol over 30
between the Junest rate and the highest rate in spermatogonia.
These differences tend to disappear when you deal with the ra-
diation of matnse spenn, and 1 think das »s probably due pri-
wanly to the wontibution of other chromosomal aberrations
which give effects simulating the speaific locus mutazions

Br Mickey: T sorry 1 mussed a powt there, Do you
mean the diiferences of the diferent loci® Is that what you
were refernng t0?

O Ruscell. Ves, the d-locws, for example, has a sery Jow
1ate and the SJotus has a very high rate and the ditference is more
thast thiry-fold in a sample of only 7 lodi

Dr Mickey. Excuse me. You're speaking of the rachation.
nduced mwtaton rate?
uuul:a’:' t:lluvﬂl. Yes, P spealang of radiation-wduced wuta.

I Mickey: W aconrs spontaneonsty, 1o

mnﬁl):‘rs "::::Pi'; “\"\"ell, s “\en known, r}f caurse, with spon-

mondons ”»“CT‘ -bxim::m(;c(‘[x hat the \arxmfm among lod w e
Dr- Michey. ‘;:e(m :;5 :r‘ennc[:elhan this ocoyr.

at the spotaneous ragesd same order when you look

Dr Russell

The number of Spontaneous Mutations, un.
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fortunately, is not extemive enough yet to answer this. There is
such a low spontancous rate, when you deal with specific loci,
that we can’t conclude anything definite, so tar,

D1, Mickey: May 1 inject the studies ot Stadler on maire?
He has shown this particularly with specific loc spontancous
rates in corn,

D1, Brues: What s the correlation between radiation-in-
duced murtation rates and spontancous rates?

Di. Runells As 1 have mentioned, we have just a handful
of spontaneous mutations so nothing definite can be decided at
this tume.

(12) A point that I've alieady touched on lightly 1s that
deliciencies commonly found among mutations induced in post-
spermatogomal stages have not been found, so far, in the cases
recovered from irrachated spermatogoma.  In specific locus mu-
tatton expertments on arradiated sperm, further analysis of cer-
tawn of the specific locus mutations reveals that they ate not pont
mutations or gene mutations, but are caused by a small prece of
the ¢hmomosome having been knocked out of this particular
region  The same criteria applied to mutations mduced by the
nradiation of spermatogonia reveal no such sign ol dehaen-
ctes, This is part of the supportng evidence that most mutations
induced m spermatogonia are pomt mutations, and that they may
even be gene mutations

(13)  There are also sigmficant differences, among the seven
ot explaimed, m the proportion of the mntations that turn out
to be recessive lethals At two of the seven loct, for example, all
of the mutations that were detected by their viible elfect on cont
color tmned out to be lethal i homorygous condinion, that .
when the mutation 1s brought i from hoth the mother and the
father, 1 a descendant generation, those offspring receving 1t
double-dose fail to survne  Lethals have heen mduced i all
loct, and the total proportton is quute substannal At least hall of
all the mutations recovered are completely lethal  This s, I
think, an unbiased restlt because, when we started the experunent
not a single lethal mutation was known at any of the seven loct

that we pitked for a study
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(14) In contrast o what Dr. N}k&m; Teported, st of l:lc
vecessine Yerhals tested i que experiments do not fall into the
caregory in which death ocenrs so early in the embnyos as ln. pAss
annoticed in human experience, On the contrary, they Kill at
cumes that 1 think would be tragedies m hnman evperience. AW
the lethals at one Jocus Rill a1 abous weaning age, which s athow
three weeks of age in the mouse.  Nat a single mutation at this
Jocus Mills eatlier than this At the other of the o et tha
have given nothing but fethals, most of the nuuminm. {in
homozygous condition) apparently kill at about the e of birth,
Thas, these tecessive lethals induced in the mouse are quite dif-
ferent [rom many tecessive Jethals known in Drosophila and also
quite different from the dommant lethals induced in the mamse
which Ll an the early stages of development.

(15) Some of the lethals induced in the mowe have sa
strang 2 dominant deteterious effect that it is actually apparent in
the individuals carrying them in heterozygous condition, That
1, the lethal, when homozygous (inherited from both paremts),
wilt Lil) the individual; if inhented from only one parent, it has
an effect an bady size so marked that you can actually see it with-

aut waghmg the indivdual,  These heterorygous individuals

may be alfected i other ways as well: eg, 1t is probable that
thest life s shortened.

(16)  Other mutations in heterozygous conditing, i e.. inher-
tted from only one parent, have effects which are ot apparent
n e mdisidia) hur which are discernible statistically,  Thus,
the siabitey of offspring of 1radiated animats 1s reduced. 2s come
pared with the controls 1 think 1t is quite mpartane that we
Tind i

" out more about these flamura‘lly detectable heterozygous
effects, because, 1f the mutations which are completely lethal in
th
Mc homarygote have a s“i"‘hl deletertaus affect on the heteron.
gote 1w the human situation, then the heterozygonsy effect will
probably be far mare importan, from the pone of view of haz
wwih, Whan the complete lethality of the homozygote. The rra\; n
Tor this will, 1 expect g ko "
s pect, bie discussed by Dr., Craw, s 1 nilt leme it

(A7) One way 1 which we haie measured the heterozy.
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fortunately, is not extensive enough yet to answer this. There is
such a low spontancous rate, when you deal with specific loci,
that we can’t conclude anything definite, so far.

In. Midkey: May I inject the studies of Stadler on maire?
He has shown this particularly with specific loci spontancous
rates in coin.

Di. Brues: What is the correlation between radiation-in-
duced mutaton rates and spontaneous rates?

. Russell:  As 1 have mentioned, we have just » handful
of spontanicous mutations so nothing definite can be decided at
this time.

(12) .\ powmt that I've already touched on lightly is that
deficiencies commonly found among mutations induced m post-
spermatogonial stages have not been found, so far, n the cases
recovered Nom irradiated spermatogonia In specific locus mu-
tation expetents on arradiated sperm, further analysis of cer
tain of the specific locus mutations 1eveals that they ae not point
mutations or gene mutations, but are caused by a small piece of
the chromomome having been knoched out of this paruculat
region  The same criteria applied to mutattons mduced by the
eracliation of spermatogoma reveal no such sign of deltcren-
ctes. This is pmt of the supportung evidence that maost nnanions
induced in spermatogonia are pomt mutations, and that they may

even be gene mutations

(13)  There are also sigmhcant differences. among the seven
locr explained, in the proportion of the mutations that turn out
to be recessive Iethals. At two of the seven loc fo example, all
of the mutations that were detected by their sisible elfect ot cott
colot tuined out to be Jethal m homorygous condition, that s
when the mutation 1s brought in fiom both the mother and the
father, mr a descendant generatton, those oflspring recenving st m
double-dose fal to sunne.  Lethals have heen mduced v all
Joct, and the total proportion 1s quite substantial At Jeast half of
all the mutations recovered are completely lethal  This s, 1
think, an unbiased result because, when we started the experiment.
not a single lethal mutation was known at any of the seven loat

that we picked for a study
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Questign:  Wouldn't this he an mportatit Mifference whether
the hitter size was tamintshed or whether they actually were born
suable and then died® . i “ .

Dr Russell. Yes. We have tried to determine this but ¥
would take a tremendously large-scale experiment to ‘hrcak down
further something that 1s only 3-49, 10 begin with. We have some
indicaton {rom what we have done that at least some of the
deaths occur after birth  Thus, here again 1 is not all death
Velore burthi My guess wonld be that, since we are presumably
deating with a pont mutauon type of effect here, we probably
hase to look for stight shifts in statistical distributions, ie, if
an ammal (arries a certain mutation, 1t will increase his proba-
bty of dying before a cevtan age
ries this mutation will die, of course.

Questeonr By hitter size here, do you mean the number of
affspring or the towal weght>

Dr Russell

(18) Perhaps our mast definite direct measure of damage
w the descendant generations was estabtished about a year ago
fxom an espenment that was set up primarily W0 mavmize the
effect  We found a very stuhing shortenung of Ufe in the off-
spring of the exposed mdiiduab  This mcludes the whole Lfe-
span — not just that up to three neeks of age* n fact, deaths be-
fare three weeks of age were excluded from the analysis  In this
expeniment, 1 which wrradiavon was done with neutrons, we
found 06 days shortening of lfe per rep of nentron irradiation
gaen to dhe father  Transhated 1o man (hy simply assuming
that Tife shorteming would be the same proportion of the total
Lz span. which probably is not justfiable, but gries a rough
e e by e o 1 e e
the effect was maximized n ”““ experiment. om ceriroze that
Frose of al) the relatise biol 1‘ f‘}’f“‘mcnlv o el counts
be arester 1 ogical effectiveness of neutrons may

sreater than unuty for this effect. Secondly, this was not a
spermatagonia experiment

rradiation was grven o mat ature
2 € maty

metogenic stages, probahly spermatids, i a T -

g ZENiC stages, bahl 1 ds, which, as Dr Hers

Lowiz has already mentioned, are Very sensitinve genetically, Tt
g 8

Not cvery animal that (ar-

The number of antuals per luter.
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gous effect is by relative survival to three weeks of age in the large
specific locus experiments. 1 use this particular age because it is
then that we kill all the animals if they don’t show specific locus
mutations, and we, therefore, have large numbers of animals
1aised to three weeks of age. Survival to this age mn the first
generation descendants of the trradtated animals is lower than
m the controls. The difference is not big — with 300 r we get
about 3 or 49, reduction in survival to this age — but 1t has turned
up in every single experiment that we have done, and il you
break down the 300 r experiment, lor example, nto ten succes:
sive groups, you will find about the same difference in cach of the
ten successive groups  There 15, I think, no doubt that we are
dealing with a real reduction

Question:  Are these the children of parents that have been
nradiated or are the children themselves irradiated also?

D1, Russell: These are the offspring of males that were
irradiated.  You simply observe the litter size at three weeks of
age and you find that 1t is reduced in the group where the male
has been irradiated, as compared to the control group where the
male has not been rradiated

Question  The children themselves were not irradiated in
thus three-week period?

Di1. Russell. No, they were not irraciated  The same, of
course, is true of the other heterozygous effects mentioned, reduc-
tion 1n size and so on,

Question  Does the litter size diminish, too?

D1 Russell- Well, survival to three weeks 1s actually mieas-
ured by hitter size T call it survival to three weeks of age because
when you talk about lieter size, people usually assume this means
at birth  Actually, these animals are not looked at unul they are
three weeks of age, the reason for that being we have to go
through such tremendous numbers that 1f we looked at them
twice, we would have to double the work and wouldn’t recover
many more mutattons — only those that have died 1 the aunerval

between birth and three weeks. So we have these large-scale

cvpernments 1 which the amumals are looked at at three weeks

of age.
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here. “That 15, in this experiment alone we fave, mer }h: years,
looked at 100,000 mice to recover 100 or so mutations. ().l'
course we have several other acute x-ray experiments it :uh}x-
won  The mutation tate m the chronic experiment of 516 r &,
so far, based on one mutation. You may recall that 1 spoke
about 2 600 r acute and also about a chronic experiment m which
the rate was much lower. The 600 r acute rate is based on over
100 mutations. In the chronic gamma eXperiment, our estimate 1s
based on one mutation in over 10,000 offspring at the present
time, but, nevertheless, this is statistically a significant diflerence.
That 15, even the upper confidence lmut of the mutation rate
from chromc irradiation doesn’t approach the higher rate. Thus,
we have one mutation, where on the basis of the 600 r acute, we
would expect about 12, This is a highly sigmficant difference.

Question; One locus — maybe that would dhwily it a bit
That 15 a specific type of mutation at this locus.

Dr. Russell: No, this 15 just one mutation in all sesen loci

Question: And that was in how many mice?

Dr. Russell. That was in abont 11,000

Question
acute®

Dr. Russell  Well, the number of offspring was about 120,
o,

How many mice did you rradiate with 600 ¢

Question

Dr Russell 1 guess 1t must have been between 1500 il
2500

And the number of mice irradsateq?
Dr Evans. T know you have a lot of questions, but we have
some more talks and discussion belore the noon recess

aked o radiologists who have gueen this some thought
i at this pont

We have

" to come

" g The hirst one is Dr, Arthur Smuth from the
esearch i 9 i

' aspital i Kansas Caty  He 15 going to wlk on the
Accumulative Dose Concept.”
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is, I think, desirable to maximize an effect in the early phases of
experiments when one is trying to uncover whether something
exists or not.  We now have other experiments going along these
lines. They are not complete yet, but two of them (employing
x-radiation) are far enough along to show that the effect is in the
same direction.  As expected, it Iooks as though the effect wll
not be as big as in the neutron study, but it will probably add up
to a significant shortening of Iife.

SUMMARY

Let me give you a quick summary to help orgamuze the
seemingly disconnected points I have discussed.  Most of our ex-
permments (points 5-18) would fit into two categories  One type,
the specific locus experiments, have been conducted pnmanly [
make compar.sons: to compare mouse with fruie fly, to compare
low doses with hugh doses, to compme mtensities, to ompare
males with females, to compare mutation rate a short tme after
wrradtavion and a long tme after rrradianion  Let me stress that
all of these are comparsons  They aie not direct measures of
the amount of damage expected, hut they explote the factors which
will affect the damage  So hittle was known about the genetic
cifects ol radiation 1 mammals that we felt these basic things
had to be looked mto first  In the second category of expert-
ments, which were not begun unul recently, are those concerned
with empirtcal measures of the actual damage  Among these are
studtes of the effects of particular mutants that we have found,
and, more mmportant, population studies, such as the ones
which we found reduction in survival to three weeks of age or
shortening of the whole lifespan. All of these studies fall o
the category of direct measures ol damage.

D1 Scott: Dr Russell, what kind of numbers are you talk-
ing about n your experiments, 10,000 mice or 100, 000?

Dy, Russell: 'Well, in the 600 r x-ray experiment, the num-
ber of mutations, I think, was 111 1n over 100,000 offspring ex-

amined. We got about one mutatuon per thonsand offspring
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and need only to discorer ways in which to measute thew pre-
usmkm\muu\\ cam give Tise to mutations in the genes. The wa-
oy of yadianon wduced mu(a_nnm are harmfnl. The genc(l x.c
damage done s roughly proportional to }l\c total mutation 'r:\ (N
Any radation dose, howeser small, ean induce su}“c mu.\n.lm\“.
Addional radiation, over and abowve the irredncible mintmun
due to natural cawses, produces additional mutations wmer and
ahne the spontancous mutations  The probable nuwber of
addional mdnced mutations accurving wn an wdiadual over a
petind of ume 15 by and Jarge propostional to the 10tal dchu[
extra tachauon recened oser that period by the reproductive
organs where the germ cells are formed and stored  To the hest
of our present hnpowledge, 1f we mcreased the radianion by N,
the gene mutions cansed By rabauon with 2lo be increased by
W% The wotal dose of Tadiation is what counts, based on the fay
that the genetic damage done by radiaton s cumulatne
farger amount of radation produces a Targer number of muta-
uohs  Wathin the himus of radiation doses bemng tonsidered
this report, moderately larger doses of radiation woulld produce
morte but not worse muwants  The woncept of a safe rae of
radiavion does not wake sense 1 one 15 toneernedt with genetxc
damage to future generations  What counts from the pomt of
seew of genene damage 1s not the rate 1t 1s the wta) accumulated
dose to the veproductine <ells of the mdnadual from the begin
ming of s lie up to the tme the child 15 concened  Whay s
peneucatly wiporant 10 a (d s the tota) radianon dose thar
child’s parents have tecened from thewr fonception to she toncep-
tion of the chld  The significant total dose peniod should Le
appronmmately the number of years thac normally elapsed from
the conception of a person to the average ume at which affspring
';r‘e wnr‘c\\ﬁl\; (ln the Unnted Swaes, ghis s ity vears. ;m:i
18 1 v

“sm: :1::‘ ;056;8‘;‘6 “““3“‘/ chosen 10 EAsITe 2 generation
Sing 9 year bigure for (haracterinmg the “toral reprodic.
‘!“:;“‘tffh;a“::;‘:‘;‘:“?:;te::fe ':;;e thehresuh that abouwt bl the
about half \ce possible radiatn passible effects of a smalfer and
on effecss of s larger vadianion



ACCUMULATIVE DOSE CONCEPT

By

ARTHUR B. SMITH, M.D.
Radiwologist, Department of Radiology
Research Hospral
RAansas City. Missours

Imn going back a bit to the beginning to review some funda-
mentals on the accumulative dose concept. I am not sure 1t 1s cont:
pletely accurate yet, but based on the NAS 1eport. “Biological
Effects of Atomic Radiation” and a little from Lee’s book on the
actual radiation on living cells, I am going to present this outline
and hope that it 1s 1n agreement with the gencral tetms that we
have heard.

The science of human genetics has not yet advanced far
enough to be able to give precise answers regarding the dangers
of various levels of radiation. Naturally, therc are some daffer-
ences in opinion among geneticists themselves as to exact numer-
ical values, although no disagreement as to fundamental condu-
sions.

Single celled organists, as well as fruit flies and com plant
have been espectally rewarding objects to genetic studies. In
evolutionary terms, however, msects and plants are clearly a long
way from man and we are just beginning to get genetic mforma-
tion about the effects of radiation on some of the lower mammals
such as mice  Even so, certain tmportant matters have hecome
clear. Bactena or fruit fly, mouse or man, the chemucal nature of
the hereditary material is unnersally the same, the mam pat-
tern of the hereditary transmssion of trams 1s the same for all
forms of life reproducing sexually, and the nature of effects of
high energy radiation upon the genetic material 15 hhewne uni-
versally the same m principal - Hence, i human genetics where
the impossibilities of ordinary scientific expersmentation are dear,
we can at least fecl certain of the general nature of the effects,

56



SOME GENERAL ASPECTS OF THE DOS:E
RESPONSE CURVE AND ITS 816 FICANCE
By

HYMER L. FRIEDELL, M.D.
Director, Department of Radiology
Unrersity Hospitals of Clex cland
Cleveland, Qo

rrhere o't any question that radiation produtes (cy\a\t\
delayed effects  There are fairly well known and cau ljt classi-
fied essentially wito three broad categones. (1) mutations as 2
result of changes mn the genes; () the production of certam spe-
il diseases, generally of a neoplastic mature, such as lethemia,
and perhaps certain ty pes of tumors, and (3) a general loss of vitalaty,
one of the measures of which 1s decrease in fongevity.

The first of these — mutatuons — produces effects in the
olfspring, the last two produce effects in the individuals. 11 has
been suggested thar the Drest is thought 1o he an efiect on the
genes, but 1t has been postnlated that it is conceivable that the
latter tha may alia be due ta genetic changes, but these are
genetie changes i the somatic cells rather than in the reproduc-
me cells

These changes hiave been shown 1o be presens at Ingh levels
of radsanion.  The gquestion thar must be answered is, do these
same eflects oceur at lower levels of yadation, and if these acuy
2 Yower Jevels of radianon, what 15 the character of the dose
Tesponse curie, and can one determine whether these effects are
cumulative and non-threshold By non-threshold we mean that
any level of radhauon, however small, praduces some effect

The best evidence that one could possihly obtain would he
1o establish the mechanism by which biological effects are pro-
dured by radratton, and uaud we know this mechanism clearly,
there 15 not Wkely 1 he any complete \mdersxandmg of the ho-

kUl
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dose.  In summay, it is not the radiation per se which accumu-
lates, but the mutations produced by tadiation contmue on
through one generation after another, and it is these mutations
and their harmful genetic elfects which are cumulative

At present, 29, of the total ltve births m the United States
have genetie defects. If mankind were subjected to a doubling
dose, say 30 to 80 r of radiation, this higure would probably
increase by 109, in the first generation.  On the above basis, 2
1achatton dose ol 10 r would give rise to 50,000 new instances of
tangble mherited defects m the first generation.  The effect of
a given dose of 1adiation m produang mutations 1 independent
whether it is concennated into a short exposme at high intensity
or s spread over a long tune by {ractionation or by the use of lon
mtensity and I would say, of course, after listening to Dr. Russell,
that that last statement probably 1s not true — that these things
even as written are not as true as when they were written.

1. Evans: Thank you, Dr Smuth,  That was a very nee
concise presentation,

Dr Pokey Id like to bring up a pomt apropos of what
. Smith sad  I'm just wondermg 1l we should always say
he did m his talk, that all mutations are harmful hecause s I
understand 1, without mutations, we would stll be amochas,
That s, 1f Iife began as a one cell organism m the sea, wouldn't
we still be amoebas?

Di. Evans  We're getting mto the realm of discusston, but
we'll allow one answer here

D1 Grow  You are preasely correct I all mutations were
harmful, we would sull be viruses o1 whatever we origmally
were, It would be much more correct to say almost all - Evo-
lutionary progress deperds on that small minority ol mutations
that are tavorable.

D1 Scott - Betore Dr. Friedell begins his talk, you should
Lnow that 1t was b suggestion that led to the authorization for
these Conferences.  His advice and suggestions were most help-
ful i getting this meeting organtzed.
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tracts N, fram X and the equation becomes N =N, {1 - D),
As noted above, this is not mathematically a Jinear cune and it
strictly semidoganthine, However, when the number of events
hat ate seenrring are sery small compared to the possible ol
sumber of events, or the munber of targers 1that ase altered
compared to the total number of targets 15 very small, this is
esentfally fmear and 5t is permisible 1 plot she numbes of
events divectly against dose.  (See Fig $-a and 1h)
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logical effects of 1adiation, and at best will be presumptive and
even conjectaal, For the present discussion, the points that are
cutical are whether the effects are cumulative and whether or not
a threshold exists.

From my observations, the basis for making such decisions
has 1ested primaily upon the dose response curve and certain
tests that can be made of this cutve. I have, thetefore, chosen o
examme the character of the dose response curve and see what
possible nterpretations may exist  Broadly speaking, the dose
1esponse curves may be looked at two ways — is it Linear, or non-
linem? The 1cason for making such a separation 1s that the lin-
eat curve (truly not linear and really semi-logarithmie — 1 will
touch upon this later) mdicates that the events that are ocurrng
with 1espect to dose are independent of one another  This may
be termed a single event function, and variously refeired to as
the direct effect, the target effect, or single hit mechanism. The
multiple event function means that a number of events must
occur m order to produce a biologtcal effect.  This fits pnnmrlly
with the concept of an indirect effect and is by far the most com-
mon process which is found i physielogical data. The reason
for stresing these two types of curves are essentially these. I the
dose 1esponse curve is linear, there 1s a very strong pmsil)ilny
that the eftects are non-threshold and cumulative.  If the dose
1esponse curve dis non-hnear and appears to be a muluple event
function, there 1 almost certamly a threshold and the effects
with respece to addiive doses cannot be completely cumulative
As 1 noted above, generally a single event function s referred to
as a hurear curve  Actually thiss s a semrlogarithmie carve 11
whidh the logartthn of the response is plotted along the v axs
and the dose 15 plotted along the \ axss.  The equation for thus is
simply N = N,e—%¥P (N arc the events being observed, K is the
constant, and D 1 the dose) . This 1s a sumple semt-loganithmic
It mdicates that the number of unalteted units are

If you are measurting mutattons, 1t would mdicate
most

expt (SN

decrensing
that the number of unaltered genes are decreasing  In

ances, the dose response curves are plotted so that the effect

inst
against the dose and n this mstance one sumply sub-

is plotted
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range. Secondly, it is interesung to vote that a twe-event cine
fies these data essentially as well as 2 single event c.unc. Sljg'lcsl{l):
that other types of curves could be used quite smsl'?cmnly. You
will note that i a tworevent curve can be fiited, i means that
there must be some type of threshold and a change in the rate of
accumulanon  throughout the dose range night be present.
Thirdly, note that the lowest dose is 23 roemtgens  Mlthough
Jower doses have been studied mn bacteria, plants, and unicellular
organisms, this 1s the Jowest duse that is available on complex
organisms and, of course, iy very far from the extremely swall
doses which are sametimes detivered to the gonads and are meas-
ured in a few milliroentgens.

Fourth, it is important ta note that all of these studies are
dependent upon establishing the narural mutation rate, which
appears quite 1ariable, and m the ratious studies shaw qiite a
wide range. Failure to properly establish this interferes seriously
with establishing the exact character of the dose response cune

Filth, 1t should be noted also in one experiment that Cas-
pan and Sten found very Yittle difference in the muation rare
of flies irrachated at 50 roentgens as compared with normal uair-
radiated flies  The difference was considered by them to be not
significant, This has been attacked by geneticists on the basis
that these data were not satisfactory hecause of the unusually
high natural mutation rate in thetr particular control flics,

Sexth, Bonmier and Lunng hase performed experiments on
Drosoptula and found that the mutatzon race at low levels was
<onaderably ngher tan that which msght be epected on the
basts of a limear cune proceeding directly 1o the origin,

Qe\cinlh, 1t should he noted also that the muatons which
I, T T o g

d 1 ical chromosomal altera.
Uon Tt bas been established that the production of mutations

by chromosomal aberrations 15 some type ol multple evemt fune-
ton and 13 knuwen to be eleardy non-tinear and may be represented
by some 1ype of power curve It is mteresting that m examimuny
the dawa on mutatians, these mutans \\h:dr)' appear to lh
vesult of chromosomal effects need to e eliminated and ,\ch:r‘:
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FIG 1Ib
Mo+ o = Rt ™*0
g =gt *-K0)
] S I
H [
g
e
22|
]
]
8
&
Y
THiS SEGMENT OF CURVE IS ESSENTIALLY LINEAR
owvene 32 16 verr suaiLy
o
| | |

oosE

Having discussed the dose response curve in this way, would
like to proceed to the direct examination of some of the data
which 1s available

Furst, let us consider mutanons m which there ae exten-
sive quantitative data, The data which are available on a rela-
uvely complicated organism 1s that of Drosophila  Tigures aie
available at several levels and down to relatnely low doses . Typ-
1cal matenial 1s that published by Curt Stern and his co-workers.
In an analysis of these data 1t has been postulated that the cune
appears to be hnear through a fairly large range and appears to
proceed directly to the ongm It has been proposed, therefore.
that this ts evidence tn favor ol hnearity and therefore 1s a single
cvent function, and therefore mdiates that the doses are cumula-
tive and non-threshold. Tt should be pomnted out, however, that
there are several points which deserve serions discussion First
of all, if one plots Gurt Stern’s data so that the curve asumes
N=N,c—¥P form, only 8% of the total range 15 presented  In
other words, 92% of the organssms were unaffected for the lethal

mutations which were obsersed  This appears to be a narrow
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very sigmificant test and supports the concept of a ‘"_'""!:mf;
nonthreshold type of curve, However, [am \.cr).murh llmn,,:lu
by what Dr. Russell has rcporlel\ today. He 1thcaws 1l }al \; .‘F“
600 roentgens are deluered at once and then 600 Toentgens ¢e -
ered by fractionation or reduced intensity that the m.ul:muus a.rc
statistically fewer. This, to me, is a very nmportant ncm: :md' in
effect means that the test of Yinearity has not been met in “\IL":.
“Fhis coutd wean that there might be some threshold, or dif-
fering rates of accumulation with differing doves. T am sure that
geneticists will wish to examune this closely. {Incidentally, 1
would like to point out here that 1 am not a geneticist :md. l\:'uc
eamined this type of information as a radiologist and radiation
Drologist primarily to become mformed on this impartant aspect
of radiobiological effects )

Stall anather test of linearity of the dose response curve can
be made when varying types of 10nization are used, so that the
density of the 1onzing events per unit volume is widely duer-
oMt 11 hay been postulated on a theoretnal basis that appears
quite sound chat the more densely 10nizing the radiation, the
smaller the effect per umt of tonization  When the 1onizations
are demely packed, a single structure such as a gene or other tar.
getmay be trnersed by an wnization mose than once,  The sub.
sequent iontzations only contribute o the dose but produce no
added effect f only one somzanon 1 necessary It scems para-
doxical that Muller quotes work by Ives ef o, and by Mickey and
Muller, m which radiauon known to have a lugh density of
fonzation seems miore eflectine i producing pomt mutations 1
<onsder thar there needs to be Tutther resolutton ol this in order
1o satisfy the single it concept

Some other points of conflict have o do with the fact that
when biologial matenal 1s trradiated at \anows temperatures
and ranying oxygen pressure, the numbes of mutations vany It

hay bieen reported sariously that increase i temperature increases
the number of mutants, and other data have
hees in lC“\‘l&("\‘\lYe

indicated no differ-
m

; Temperatere effects ana oxygen effects
12ht be amportant since there might be sotme mdwcation as to
whether a durect or mdirect effect occurs
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fore the data for point mutations has actually been modified by
the deletion of that number of mutants which have been esti-
mated to he due to chromosomal aberrations.

One of the questions that is important to ask is whether
there is any biological material that appeats to 1espond in non-
linear fashion to ionizing radiation. In semching through the lit-
erature, 1t appears that the spores of Actinomyces worked on by
Kellner and by Newcome indicate that theie iy non-linearity with
response to the radiation. Although these ae presumably point
mutations, it has been suggested that these may actually be
chromosomal breaks, thus accounnng for the non-linear charac-
ter of the dose response curve.

It is also mteresting to note that mutations as a result of ultra-
violet radiation are umformly non-hnear. The exact sigmlfi-
cance of this 1s not clear, but in the radiation of biological tissuc,
some of the energy transfer should concenably be in the form of
exatation  Since ultraviolet radmation may only excite, it appears
that excitation produces some type of non-lmear curve, and it is
concetvable, therefore, that some fraction of the energy transfer
of 10nizing rachation may be a non-linear function.

It 15 also of nterest to examme possible tests of the linear
curve — that 15, testing of the cnve by vartous manipulations
may indicate whether this 15 mdeed a single event function and
therefore linear, or semi-logarithmic and therefoe likely to be
non-threshold and cumulative. A seri-logarithmic curve has n
it some mnherent built-in statements, In a single event function
in which one event is independent of the other, fractronation of
the dose should make no difference  The density of the ionizmg
radiation should have certan types of cffects and the characeer
of the response should not be altered by extraneous occurrences
One of the pieces of mformation which s strongly 1n favor of a
single event or semi-logarithmie funcuon 1s the fact that radia-
tion has been given over a wide range of mtensitzes and 1 w I(lt‘l?'
fractionated doses. It appears that in the older literature, pri-
marly on Drosophila, and partially accumulated by Lea in "'I:hc
Action of Radiation on Living Cells” that fractionation an(! \\:ulc
ranges of intensity give essentially the same response.  This is a
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lerel of leuhemsa must be knonn in order to estalilish the base
Ime. The data that are used indhemte that a Jower naturalh accur-
g wcidence of leukemia was presetit for the Japmese — lower
than is generally astributed 10 American and European popnla-
uons It has been suggested that mcomplete diagnosny muabois
oo contribute 1o s, 16 the inadence of leukema in the Japa-
nese should actually prove to be lugher than the Jevel used m these
studaes. the character of the cunve would be connderally alwred
and would tend 10 be m faves of the contept that a threchold
might ewst Addittonal nformation which is mterestmg in ths
vespect is that i animals, fractonaton of the dose appears to pro
duce a lower inaidence of lenkemia I whis were wahy a single
cvent funcuion the inadence should be the same whether the dase
is given at unce ot by fracnonation,

Addinonal studies which mght appear to support the thesiy

that fenlemia 1 produced by low levels of radiatian s that cegatt-

ed by Stewart m the Lancet Tins s a study which 15 retrospec

e n character and s destgued to determmne whether leukenue
<nldsen yerened more radiation 1 untero whan nondenkemic thit-
dren  The radiauion was deltvered to the mother and the fetus
duting pregnancy  This 15 a prelunimary study — m my oprmon
2 best provoratne and not conclusine The objections o the
study are these (1) it is n the most part 1 the {orm of a gues.
ttommare, and (2} 1t 15 noc a blind study since the examer
Anous whuch are the mothers of leakemic chuildren and whidh are
the mothers of nonlenkemie chiidren. The effects attnbaable
to radiavon must necessarsty be very small from examination of
e data. 1 do net recall the figures exactly, but abowr 500
mothers of lewhemuc and wondeukemic culdien were compared
i a contemplated study of 13000 In the mothers of teukenuc
hildren about 80 recened abdomunal srayp of one type or
T el a0 s s e
) . 2 ot vecene radia-
" and the leulemta 1n these chuldren must he aunbuted 10
:‘::\:\hz ;.la;:sc Conversely. 40 of the nondeukemu hildren
N lh[ ton, windh s not :}\ meonsiderable percentage,
¥ ese produced no leukemia Although the differences
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Because of the proposals m the case of mutations that this
might be a single event function, certain somatic changes have
been wvestigated from the pomt of view of the possibility of
establishing these as single event functions as well.  You are all
familiar, [ am sure, with the work by E. B, Lewis which was pub-
lished in SCIENCE in which he nies 1o establish that the inct-
dence of leuhemia in Hiroshima and Nagasaki was essentially a
linear sort of curve, proceeding to 2ero, and therefore postulating
that there is no threshold for the production of leukenua and
that the doses are cumulative no matter how they are fractionated
or no matter how low the mtensity It is difficult with the lini
tation of ume ta go nto this completely, but may I report simply
that the data as tahen from his publication and handied by the
method of least squares intercepts the axas at a considerable dis-

FIG 2
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iance from the origin. (See Fygme 2). This suggests that some
type of nou-linear curve would fit the data better. Juas also mtet-

i e natal
esting to note that m order to establish such a canve, the natu
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ably whis will not be possible watil \he} oxact lmcclmnisu\ of lI.\c
pivdustion of buotogieal effects by radiation is kn(:\\'t\. t \.\'I“
eventually be necessary to weigh the benefits of radiation against
i tiks To do this effectively, both will have o be assessed
ery carefully. K

De. Russelt:  May 1 ask a question?  When you were dis-
cussang thes 113 and 075, are these two gamtna may c‘zpcri.menu?

Dr Fredell, Yeos, there are twa gamma 1ay experiments,

Dr Rusell. N-ray expenment is, 1 think, lugher.

Or Fredell 11} get you the dape, hue one may have been
gamma and one may have been »ray. 1 am not sure.

Dr. Russell.  You did tao gamma experiments, both at 50
¥ and then compared these with an acute expernnent?

e, Friedell Ve

Dr. Russel- The first gamima experiment was by Caspan
and Stern, which showed no sigmfrcant defference bztween the
wradated and the (onwrols  Honever, the comrol rate was
unusually gh

Dr Fredell Thats nght

Dr Russell And they unoke this as a possible explanatien
for the absence of a difference  And the second one gave a sig-
fibicant difference at the 3¢ level as 1 remember

DiFuedell That's nght  That was Upholt and Stem. 3
am usng eaactly the same data to show that a couple of tungs
that they didn't wompare veally showed a difference  ln ather
Wil 24 hows exposure at 0 v 21 davs expusure at 525 ¢ hoth

h
LU esstnce ape sperm, gave them these Tesuhs which are
saintcally diffevent

. I?r Rusell’ Ves  So these were both ganm Tay then
hat’s what £ wanted 1o ke

i g
' Crow  The questtons Dt Friedell mentioned are dhs.
omsed regularly by genetacsis,

and nobody regards them o
:r:al‘rll\c la:fmun::l‘x)m\rel\ sentled  Almost all stuedies have shmn‘\
b anF n;:):u g‘q )n; ity betneen mereased mutation production
wiherm S 1 tere are some exceptions  The unusual rate

by & 4ﬂplam the Sternt and Caspars resnits,
& problem in man s what happens at very low doses, and
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in the two groups me statistically significant, the interpretation
will, in my opinion, be clusive until wmuch fnther work is done.
It is clear that if radiation contributes to the incieased meidence
of leukemia in the fetus, it is m combination with some other
causes and these are far greater than the contiibution by the radi-
ation itsell.

The question of reduced longevity lalls into exactly the same
category. ‘The dara on humans e essentially nonexistent and
practically all data are based on animals. It should be empha-
sized again that in order to conclude that small doses of radiation
are cumulative, that a definite single event type of curve must be
established. I believe that the evidence here is at best presump-
tive in amimals, and certamly not conclusve. The only data that
comes at once to mind on humans was published by Shields War-
ren in the Journal of the AM A, Thus purported to show that
there was a decrease in longevity of radiologists as compared to
other comparable speciahists, It 1s very mreresting to note that
E. B. Lewss in his artidle i SCIENCE used another type of sta-
tistical analysis on these same data and concluded that the differ-
ences were not significant and nnght be expected statistically.

Before T conclude, T wish not to leave any improper impies-
sion I am certainly i favor of using radiation in the most ¢ae-
ful and samtay fashion. 1 believe certainly that precautions
against the excessive use ol radiation are necessary, and T am not
m any way opposng the idea that radiation produces serious
hiological effects. However, a very mmportant aspeet of the prob-
lem ts determining whether the bologwal elfects are non-
threshold and completely cumulative. I am 1asing the question
that the data for the cumulatn e non-thieshold concept 15 not coti-
clusive, that many aspects are equnnacal, and theie 15 a stiong
possxbilily that a non-linear dose response curve nnght cventually
be established, particularly for somatic effects s T have repeat-
edly stated, 2 non-linear dose 1esponse curve would almost cer-
tamly mean that there would be some type of threshold and incom-
plete accumulatton of the effects )

In the final analysis it will be essential to fully establish the

8 . i Proh-
dose Tespotse qurve for vartous types of biological effects Prob.
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I thinh, 2 radialogest tught be tempted to ask a genctost
why. m tew of the fact that the praduction of mutations by
yrays has been known for three decades, many genetists have
anly recently begun to ex;

press their concern abont pows ble har-
andy

from radiation 10 mediual practice 1 thank the amwer s
more than just the growth of public miterest m vadiation lollow-
n3 the dieenery of nuclear energy and faflout

For ane thing, some Renetictsts notably H o} Muller hasve
ot watted unul recandy

1927 Mulier abted aten

M the time of b great discon ey m
ton 10 this posstble muplicatian of his
findings

Howeser there are tno saanuf ¢ vosults thar have cansed
Remeticints 0 revise

upward therr previous quanttatine notinns
abott posalie hazards  One of these hay already been men-
toed — Dr Rusel s finding that the mutation rate m the
THOWE 35 sme

15 tavies as hagh as that 1o Drosophita, which pre-
Muowsly had heen the sole basis

fur quanutanne extrapolation to
man

The secong fnding 15 that mowt
heen studied ¢
e bt 1o have ap
of 2 mutam gene
et wly e de
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Preciable effects m 3 wungle dose
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praduce the effect, any harmiul
comadence or consangumeous
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I have one reservation about Dr, Fricdell's emphasis on studics of
intensity variation and fractionation at high doses. 1 suspect that
in many circumstances we ate dealing with a mixture of single
and multiple hit effects. If only high doses are studicd, multi-
ple hit effects may predominate and intensity and hactionation
effects will be observed, wheieas at sufficiently low doses single
hit effects would become predominant I think that lincarity at
high doses generally mplies linearity at low doses as well, but
curvilinearity at high doses does not preclude linearity at low
doses 1 think that low dose studies of somate elfects, despite
their great expense, are very much m owder.
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Itth a radiologist might be 1empted 1o ask a genetirsy
why, 10 view of the fact that the production of mutattons by
Y1y has been known for three decades, many geneticists have
oty recently begun 1o express their concern about poss ble har.
ards from radiavion 1 medical practiice 1 think the answer s
more than just the growth of public mterest 1 rahanon follow-
ing the discorery of nuclear energy and fallow

For vne thing, some genettasts, natably | Muller. have
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marriage two corresponding mutant genes occur in the same per-
son. The average delay might be hundreds or thousands of gen-
erations. However, il there are appreciable effects in single
dose those would begin in the immed'ate progeny and the total
effect would be spread over dozens iather than lhundreds or
thousands of generations. These two findings suggest that
human effects are likely to be greater and to occur sooner than
previous estimates had indicated.

Finally there is a somewhat changed opinion about somatic
effects.  There 15 now much wider acceptance of the possibility
that leukemia and other malignancies at Ieast 1 some cases may
be due to somatic mutation or some other process that is kinet-
ically equivalent. The herttabuity and transmisstnlity by sin-
gle cells of experimental tumors suggests the possibulity of etiol-
ogy by way of some event m a single cell The analyses by
Court-Brown and Doll (1) and by Lewis (2) of leukemia in
irradiated populations suggest the possibility that there may be
no threshold and that low doses of raciation may prodnce malig-
nancies

For all these reasons I believe that the current concern is
justified and that 1t 15 quite proper that a new look be given to
possible radiation hazards i medical pracce I am therefore
appreciative of the mterest 1 the question that thrs sympositm
mdicates.

A SHORT SUMMARY OF THE ACCEPTED PRICIPLES
OF RADIATION MUTAGENESIS

During the past three years the genetic effects of raditions
have been reviewed i so many papers and (ommittee reports
that only a heavily shielded person could avord encountering at
least one of these mussives (3-5)  I'll confine mysell to a quick

T ourt-Browm, W M and R Dol 1957 Lcukemia and aplastic anaemia m
patients irradiated for_ankslosing spondshiun  Vedial Research Couneil Special
Repart No 295, pp 1135 Her Magasts s Stationcrs Offiee
tLews, E B 1937 Leukema and woning radtagion Serence, 125 96% 972
rThe Mrotogcal 1 flects of Atomue Radtations Sunman Reports 1936 National

Academy of Sciences—National Rescareh Councrl, Wastungten pp 131
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sunary of current genetic apinions. The matn painits nrc zhcfez
1. Mutapmt genes, whether spontancous oF m(mmm‘ in-
duced, are generally just s stable as }l\t nflg\lra‘ gen:\s n.m:
which they were derived: that is, there is ordinarily no “repaiv
ok 2 mutant gene. Therelore, we mm\fu\e that a wutant gene
persists 1 the popul until s eld t lr,'Athc premature
death ot failue ta reproduce of an ndnidual carrying it Mutant
genes, may, of coutse, be ehminated by chance, hut they are
exactly bafanced by those that multiply by chance,  Also there

may he reverse mutauon, but this s too rare to require con-
sideratton here

9 The waght of evidence ndicates that the number of
mwanans prodused 1 targely wdependent of the intensity or
spicing of the radiation, as fong as the total dine delivered tu the
pre-reproductive gonads is constant  For example, 100 1 given w
one minute, or 1 two widely separated doses, or at a sery slow
rate over a long period ot ume have the same effect. The mnfer-
ence drawn fsom thas 1s that somzations Ssom Independent tonte-
mg, gartictes da not ordmardy interact  Most of the evidence
comes from irradiared Drosophila sperm, and more data from
nther orgatusms and other stages are needed.

3 The nunber of mutatsons is hnearly praportional to the

dase n roentgens (ot better, rads) . This has been demonstrated
w Drosophila for deses as low 2y 25 1 and 10 a lesser extent in
many other e(penmem;\l anumals and plants, Unfortunately, the
data don’t extend 10 as Jon doses as those Ihely 1o be enconn-
teted by the human populauon, and it is an important quesnon
whether extrapolation 1o Joner doses is yustilred  Geneticists are
camvnced that the lineanty persits down 10 zero dose with no
threshold, for several reasons: the lisse correc wy predicis 1he spon-
l‘:mrnus muaton rate when exirapolated back*ta zero doses the
¢ . .
I e o g o S TR o
% particle as a mutagenic agent,
*The Hasards 19 Man of Mirlrnr and {ihed Raduotyons
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at very low doses spread over a long time there ae hadly ever
two or more iomizing particles simultancously near together so
theie is no obvious physical basis for a nondinear effect. For
these and other reasons, geneticists me convinced of the linearity
at low doses (5).

1 should mennion that T have ignored numerous complicat-
ing factors.  For example, speimatids in Diosophila me more
mutable than spermatogonial cells, but spermatid 1adiation » a
very small (and often pieventable) pare of human exposne
Also those hereditary changes that depend on gioss chitomosarie
changes do not follow the lincarity 1ule given here, but these me
rare at the low doses being constdered. T think none of the var-
Jous complications are such as to alter appreciably the geneial
conclusion of Imeany ol genetie etfects at low doses

NATURE OF MUTATIONAL EFFECTS

We ate all familiar with varous mhented diseases that ocan
by mutation — e g, achrondioplasia, hemoplulia, 1etmoblastoma,
agammaglobubmemma  Undoubtedly part of the effect ol an
mereased mutation 1ate would he a somewhat moveased fie-
quency of such condittons  But theie 1s good reason to thmk diat
most of the genetre harm hom an increased mutatton 1ate would
be of a lews obvious sort - Exadence for this comes primantly hom
tuo somces. One 1y Drosophila studies These have shown that
mutations that cause death (lethal mutations) are much moe
frequent than those caus'ng an obvious visible effect  But sull
more frequent than those that, while not causig certam death.
inacase the probability of death by a statstically detectable
amount  Such mutations appear to cause MINor pnparments n
the body function, such that the fly 15 more hkely to succumb to
the unsual vicissutudes of e than of 1t did not carry the nratant
gene (7).

T TWiullen 10§ 1955 How radntion dhanges the genctic constitntion

Jeome Sc, 11 329 330 )
sypuller, U} 1050 Our load of mutigons  dm 2 Human Genet 211170

Bull
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There is alsh indarecy evidence from human sources. There
is good Teason 10 think, that genetic weaknesses that owe their
ongin to mutation are uniquely revealed by inbreeding. "Thus
e can get an idea of the nature of mutational elfects by examin-
ing the children of consm warrages amd other consanguineons
unions (8) There ts so far a dearth of really sativfactory quan.
fiatve data on thus subject, but from what data are avaitable
the contlusion is quite Jdear:  children of comsangumeons mas-
rages have an appreciably hugher death and morbudity rate than
therr muthred contemporanies  The causes of demh ate the nsual
ones eticountered 1 chuldren of non-consanguineous mMArriages:
selatnely rarely are they due to recopnized genetic diseases

From this evidence from Drosoptnia and man, and from our
behef that most genes exert their major effect on the populaten
mosle dove (7). 9t would follow thar a large share of the
2enety. damage W the population would be a general weakeng
due 0 vanous lands of mmor mpnrments, leading 1o mereased
death and morbidity rates rather than to specific retagmzable
genetic diseases

The fact that much of the genetic damage is of this form,
shere  would not ordmanly be recognized as such, makes 1
paricnlarly difficude o assess  Some aenetionts have prefertad
to ignore thus as bemng o mtangibie to deal wirh, and have con-
semmed on specthic genette diseases where there are more pre
ot e e o e
N s somenhat e measuring only that pan

eheTs ppears above the surface of the water
n\ddf:; :l:r\:‘t;\::ef:)e ;angumc ttew that if most mutanons are
“ 'mr", o ig;e :\‘3 wnportant It a mutam gene causes
et g ;\Epmdum:“ \ﬂx;\;\ “( ™ hfnr\) o mterfere with his
e doesn’t sunive or dvesn't Tepro

e o
he auntant gene 15 ehmmated  In general the less harm a
mutan i There
- tauses. the longer it persws sa the populavon  There-
[
1 effect on each indadual s less 1t wih) afiect a corre
Mortan \'E.J } gre
. o and H | Stufler 1956
o et 19% An estumate ol th o
28¢ ltamm data on consanguneous marnages Proc Nat dec \:' (;i ‘:‘:‘:2 !
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spondingly larger number and the overall effect on the population
may be just as great or greater.

There is considerable uncertainty about the effect of an
increased mutation rate on genes of small effect, genes whose
individual effects cannot be noted but which are thought col-
lectively to influence quantitative crants such as heighe and weight.
To the extent (now unknown) that the present frequenaes of
such factors are determined by balance hetween sclective forces
rather than by mutation, an increased mutation rate will not cause
a proportional change 1n their effect on the population  How-
ever, the genes studied 1 Drosophila and m the mouse, and on
which all the quantitative extrapolations to man have heen made
are not of this kind

DISTRIBUTION OF MUTATIONAL EFFECTS IN TIME

As mentioned before, 1t used to be thought that most mutant
genes were completely recessne  In this case a mutant gene
would remain m the population causing no eftect unnl, because
of a consanguincous marriage 01 by meeting a similm mutant of
independent origin, two mutants occurred 1 the same individual.
On the average this would require hundreds o1 thousands of
generations with present levels ol mbieed ng

However, there 1s now abundant evidence that mutant genes
that have a lethal effect when m a double dose cause appreaiable
damage 1 stngle dose.  In Drosophila a “recessive " lethal causes
a five percent or greater decrease m the suninal rate (7. 9.
Presumably there 15 the same absence ol complete recessiveness
in genes whose homozygous effects are less than lethal, but this
pomt has not been expheitly tested  However there i mdirect
supporting evidence for this conclusion

If a number of new mutations were to occur now, the mutant
gences would persist m future gencrations mn inverse ratto to the
extent to which they affected survival and feruliy 1 find it con-

*Siern, C, G Carson, M hmst, T Novitshi and D Uphoff 1952 3he sualubns
of heteran gotes for lethals - Genetucs, 37 13 119
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senient to express the time over which the population is :l[(ccfr(l
w terms of the “half damage time”. This is the time by which
half the mutants have Leen ehmunated and therefore half the
damage has been done  One can only guess at what this time 1
i man, from Drosophila data one would estimate it as from 10
10 50 generations (10, 11).  So an increased mutation rate now
would have effects spreading over thousands of years, diminish-
wy gradually over this time

QUANTITATIVE ESTIMATES

1 the mutation rate were 1o be permanently increased by a
certam fraction, say 10 percent, eventually the inadence of mu.
tauonally caused disease and death would ncrease by this same
fraction I we asume for comenmence that the population
started at an equiibrium where new mutants were hemng elinn.
nated at the same rate that they were ansing by mutation, then
" would require many generations for the new mutation rate o
be fuily manifested n an mcrease in morbidity and death. The
pproach 15 assmptonic 5o 1t 1s com enient ta speak of the nme m
which the population moves 50 percent of the way to the new
Squihbrium  As hefore, thus 15 probably 10 to 50 generauons
The general tesult then, of a pernuanent wcrease in the muta.
bon rate s a stow nse 1w the frequency of all mutationally caused

tondions gnet they have increased by the same fraction as the
mutation rate

Hwe wish 10 say anything
data from mice, there heing n
man e tompare the rate of

quanutatve we have to rely on
O quaninatnely rehable data on

, we hing
ved to ause m mice 2 1ate equal

¢ n (3. 4,5, 10). Thus a 30-50 rag
YRR

93 1ive estimation of sponcaneons

. and «.

\ul\“n(‘mmnurl Engencs Quart 3 201 20n. o duced s
T ) F 10T o

i LF o Possible comseqpiences of an imcreased UGN Tate  Eugey

o d}e Spomaneous rate 1n ma
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spondingly larger number and the averall effect on the population
may be just as great or greater.

There 15 considerable uncertainty about the effect of an
increased mutation rate on genes of small effect, genes whose
individual effects cannot be noted but which ae thought tol-
Iectively to mfluence quantitative t1aus such as height and weight.
To the extent (now unknown) that the present Rrequencies of
such factors are determimed by halance between selective forces
rather than by mutation, an increased mutatton rate will not cause
a proportional change m then effect on the population.  How
ever, the genes studied in Drosophila and i the mowse, and on
which all the quantitative extrapolations to man have been made
are not of this Nind.

DISTRIBUTION OF MUTATIONAL EFFECTS IN TIME

As menuoned before, 1t used to be thought that most mutant
genes were completely recessine  In this case a matant gene
would remain n the population causmg no ctfect until, because
of a consangiuncous marriage o1 by meeting a sumla mutant of
independent origin, two mutants occurred n the same mdividual.
On the average this would require hundreds o1 thousands of
generations with present levels of inbieed ng

However, there 15 now abundant evidence that mutane genes
that have a lethal effect when m a double dose cause apprediable
damage in single dose  In Drosophila a “recesstve™ lethal caunses
a five percent or greater decrease 1n the surinal rate (7, 9)-
Presumably there 1s the same absence of complete recessiveness
in genes whose homozygous eHects are less than Jethal, but this
point has not been exphicitly tested  However there 1s imdrect
supporting evidence for this condluston

If 2 number of new mutations were to occur now, the mutant
genes would persist m future generations 1 inverse ratio to the
extent to which they affected survival and fertihey 1 find it con-

wStent, G, G. Carson, M hinst, T Novitsky and I3 Uphoff 1952 {he (YR
of heterapsgotes for lethals - Genetics, 37 113 119,
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a later age is a major tragedy. How do we compare !’h)‘iml w‘uh
mental disease? How many persons whose health is mildly im-
paired equals one seriously disensc(}? anh.cnzmrc,'hnw dr; we
compare disease this generation with genetic u.npmtmcnl aer
when medical progress 1n care and alleviation will have changed
the nature of the disease?

Yet it 1s only by attempting such measurements that :u'x)‘
rational precedure for decision malung can be evohed, For in
principle each deciston involving radiation must be made by L.ml-
ancing the 1isk to the patient of not carrying out the radiation
agamst the rish to tus descendants {or to his later health from
somatic effects) if the radiation is given.

The problem of measuring {uture damage is complicated by
the fact that our emvironment is changing so rapidly. In general
these changes are such as to mitigate the effects of the mutations.
But since reducing the amount of suffering and death due to a
dasease usually causes an increase 1n the chance of reproduction,
correspondingly more persons will be affected by the mutation.
An environmental improvement is thus more like a postpone-
ment than an obliteration of genetic damage. From this stand-
pownt the most useful medical or emvironmental advance is one
that reduces suffering and unhappiness more than it increases fes-
ulity

Thus the problem of an increased mutation rate becomes a
part of an overall problem of the relation between genes and a
rapidly changing environment.

Dr. Evans: Ts there any speaific question on interpretation
or understanding that you would like to ask?

Dr Pukey  Twould hie 1o have some idea from the geneti-
cssts on the effect on the population of the deaths from anomo-

bile aceidents as compared to this overall radiation effect
Dr Crow

T don’t have the figures in mind, but certainly
i you consiler only gross abnormality the number of deaths
from automobates 15 considerably larger,

Dr Fredell 1 made 2 calcutation that if you ride in an
awmomotnie the same amount from now unt | you die naturally,

the chance will be one 1n a hundred, 1r's casy to make the cal
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dose per generation might be expected 10 double the human .
tation rate

If the amount of radianon from medical teatnent is of the
same order as background radiation (say, 3 rad) it may be csti-
mated to be responsible {or incieasing the muotation ate by
about 10 percent, and thus to cause, if contimued, an eventual 10
percent increase in genetic impairment,

It is easier 10 say that the incease is a certain percent of
something than it 15 to say what that something is  According
to the National Academy of Sciences Report (3, see also 5),
about 2 percent of children born have or will have a serious
genetic impairment. . A 10 percent increase would add 0.2 par-
cent to this.  Relative to other hazaids in hife, this 15 small, At
the same time w a large population the absolute werease would
be great. Furthermore, I have incdluded only the simply mherited
tangible effects,  If what T have been saying 1 correct, the overall
unpact of individually small mutants would he much larger |
have given some rather uncertam estimates of this elsewhere (11).

UNCERTAINTIES

One of the most serious defects 1 our present knowledge is
the absence of quantitative human data One could exnapolate
from data on mice with more conlidence 1f other mammals had
also been stucred. The only mformanon to be diawn from the
Hiroshuna and Nagasaht populations 1s that human mutation
rates are not grossty higher than those of mre  1f, for example,
man were as much more mutable than mice as mce are than
Drosophtla, the effect should have shown up as sigmficant differ-
ences m the data

Even if we knew the adiauon mduced mutation rate with
prcci\mm the assessment of the mmpact of an ncreased rate on
the population poses almost msuperable problems  What we
need is some overall measure of the socal burden — the effect on

health and happmess ~ of mutation .\ mutant that quises an

carly embryomic death may be of hale consequence, 2 death at



Genetics, Radiobiology and Radiology 79

alater age is 2 major tragedy. How do we compare physical \\:ill\
mental disease? How many persons whose health is mildly im-
pared equals one seriously discased?  Furthermore, how do we
compare disease this generation with genetic impairment lawer
when medical progress in care and alleviation will have changed
the nature of the disease?

Yet 1t is only by avempting such measurements that any
rauonaf procedure for decision making can be evolved. For in
prnciple each decision imolving radiaton st be made by bal-
ancing the sk to the patient of not carrying out the radation
st the sk to his descendants {or to lus later health from
somatic effects) if the radiation is fven.

The problem of measuring
the fact that our environment is
these changes are such as 10

future damage is complieated by
changing so rapidly  In general
gate the effects of the mutations
But since teducing the amount of suffering and deaths due to a
disease wsually causes an nerease in the chance of Tepradluction,
comespondingly more persons will he affected by the mutation
AT environmentay mprovement is thus more Lihe a postpone-
ment than an obliteration of genetic damage  From this stand
Pt the most usefyl medical or emironmental advance 1s one

th;
u)a: reduces saffering and unhappiness more than 1t fnereases fer-
Ly,

Thus the problem of an increas
Patt of an orerag

Tapidly changmg ef

ed mutation rate becomes a
problem of the relaton between genes and a
nvironment,

Dr Fu

. i Emmﬁ. Is there any speaific question on mterpretation
ndemandmg that you would Iike 10 ask?
Dr Pirkey

Iwould bike 1o has i
€ some idea from 1 3
I on the effecy P

“((“m fiave the froures in mind, but certamnly
on Yy

the number of deaths

Someppe o ! made 4 alwlatyon thar f you nide 10 an
€ 2re amoung from w
on um 1 yon
the chaper, o7 YARUE amount fras you die naturally
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culation. There are 40,000 deaths from automobile accidents 2
year, out of 160 million people, multiplied by the number of years
you are likely to drive, this will tell you the chance. It's pretty
high — 1 in 100 of being Killed in your lifetime by an automobile.

Dr. Pitkey: One can express that another way — that the
average life shortening by automobiles is of the order of one year.

Dr. Crow: Such comparisons are useful in giving us per-
spective. However, I think cach health hazard ought to be re-
garded not so much as to whether it is bigger or smaller than
something else but as to whether it is preventable or not. The
main reason for really discussing radiation damage here is the
hope or the possibility that whatever tins amount 1s, even though
small, it might possibly be 1educed. And I would say the same
thing about automobile accidents; they can and should be
reduced

Dr. Brues: This has perhaps an historical basis, Sometime
ago all of these things were judged on the basis of how much
was permussible.  Then when 1t became clear that we didn’t have
the data to determine what was permissible m some cases, we
found that 1t was necessary to look at what people were willing o
put up with for certain gams. The phtlosophy 15 a questionable
one, but this 15 one way at least of secing what people are willing
to put up with when they have a choice

Dr. Crow: 1If you take the best guess 1 can make from
mouse data, you might say that a person who recetves 20 r to the
gonads would have about one chance in 20 of transmitting muta-
tions that would cause a substantial effect in some descendant.
As a very crude test, you might ask yourself, before giving such a
dose, whether the good that you're doing for this person will
more than compensate for a risk of 1 1n 20, 1 want to empha-
size that my estimate of 1 1n 20 may be grossly wrong, but it serves
as an illustration of the hind of appreach one could consider.



DISCUSSION OF LEUKEMIA AND RADIATION
By
AUSTIN M. BRUES, M.D.
Sentor Biologist and Drrettor
Bialogiral gnd Medical Research

Argonne Netianal Laboratories
femont, Hlnor

I.n tegard to the patient who objected to having s chrs.l
film, 1t 15 possible to pawnt out certain things The best guess is
that under usual conditions, the gonadal dose 15 about .5 mr,
from a touume chest Blm  This is about the addinonal dose
which you would get on an airplane trip overmght to the West
Coast or to Europe at 21,000 feet alutude  $ince this was an x-ray
machine, the man was disturbed because he hadl not connidered it
in such a context  The dose to tus chest 1s perhaps 100 mr Tal-
ing the worst possible assumption as to the hazard of leukeria or
cancer with this dose being about 10~ per year or so, it 1y possihle

to point out to him that at hus age there 15 about a 10~ chance
of s developing lung cancer. We may assume that surgery
offers about a 209, chance of cunng one discovered early by tou-

tine radiography  So there 1s a factor of something more than
W0 hetween any concenable sk for the man, and what henefit
would possibly be gained, leaving out the question of tuberculo-
s and other fesions which may vary from place to place.

We have 10 ool at these things intelhigently  The whale
question has develaped certain psyehiamne aspects which should
concer all of ws - We should thnk carefully about these things.
We can perhaps legaimately assume that radiation 35 in the mamn
a harmfal thing,  Much of the addstional concern is due 1o the
fact thar many persons who are terrihed by the holocaust that

might occur 1f we have nuclear ar thermonuclear war, will not
admut thus to themsels es They transfer theu

v anxiety to ssmpler
things and, 1 think, parucularly 1o leuhemia. We have been
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told, on inadequate evidence, that the hazard of leukemia follow-
ing radiation is a straight-line function of radation dose. This
is based on a simple somatic mutation theory, assuming that a
simple point mutation in a cell causes a tumor. We may recall,
howevet, that in the human bone marrow, there me about 10-11
proliferating myloid cells. Assume that most of those might be
cells in which a leukemia could originate. If the leukemia rate
per r per year 1s estimated at about 1079, or one n a million,
and if this 1s spread over ten years, which is based on the best evi-
dence, we come out with a cell mutation rate producing leukemia
around 1079, This 1s an extremely low value and it forces one to
conclude that there must be something besides one mutation in
one cell that causes leukemia, Maybe it is two or three muta-
tions 1n the same or adjacent cells, i which case, you would not
get a linear relation It might possibly be a combination of
things that radiation has nothing to do with; we don’t know.
Now, 1f we consider the mouse (who bas a comparable leukemia
rate) he does not live as long and does not have as many cells.
His mutation rate has to be different from that of man by a factor
of 10,000 or 100,000 If there is that much difference between
the mutation rate of the somatic cells of a mouse and of 2 human
being, somebody should look 1nto this rather basic question
1f this 15 not the case, then this means that the situation s a little
more complicated than that of a single point mutation.

Court Brown and Doll have made a careful study of persons
who received spinal irradiation for spondyhtis, and infer that
there is a linear relationship between the amount of radiation in
the spmal marrow and the number of leukemias  The lincflr
curve was obtamned only by the device of cuttng out a certalt
category of cases which happened to mclude about 809, of the
cases which were m the highest dosage category  Lacking this
(I think) tllegitimate selection of cases, we find that the leukemia
incidence departs from a stragght line and suggests a very small,
or no response, at low doses

We have also examned the number of Jeukemtras wluch were
e various zones at Hiroshima At the time these

observed in th
- N bl ar eremeed 2t theneh they made o
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straight line with dose, But they no longer do.\\ixh further 'th
now available. Al that we can say at present s that dases above
\emogenic.
w Z\:;::u]: : yea:gagn. the geneticist, De. F_ B. Lewis, furthered
the straight-ine theory by using the data dm:‘usscd above. If we
repeat his data on 2 logarithmic graph, we find that a better fit
1s obtamed if we assume that the leukemia hazard follows the
square of the dose, or if there is a true threshold, at around 70 r.

Probably the most striking data are thase on the incidence of

motise Jeukemia following various doses of gamma rays and neu-

wons The tnwo behave rather similarly, judged by Upton and
Furth's study. What one sees here essentially is an increase, pat-
ucularly when one gets up ta abonue 120 r exposure, and some cf-
fect has been suggested as low as 12 v. The data are nat suffi.
cient in scope. This. 1 think, is true of all data on animals that
have been obtamed so far to demonstrate whether or not there is
a linear refation between mylod lenkema and radiation expos.
wie It is very definite that there is not such a velation between
lymphatic tumors and irradiation, as I think 1s well faown
Perhaps the most disturbing data are based on 3 suney by
Alice Stewart.  Similar findings have Leen obtained in a Louisi-
ana study  These are studies of childhood leukemics whose his-
tonies have been naced. They found that if a child has Yenkemia.
there was a greater probability chat he was x-rased in utero,

While the excess 15 about two times, the actual increase in Stew-
arl’s serses amouints to about 18 cases  There is also a similar
excess in the case of cancers occurring below the age of 10 This

could be a senous maner  Thus has been criticired in various
tespects  One objection s to the effect thay pelvimerry is some-

tumes done on the basis of some medical mdication and rhat this
mdicaton mght 1w sume wa

Yy represedt 3 pasticular state
heath ™ o

The other thing to mention 15 that ane vught to laol at a¢
many possible potentsal causes of childhor

od leukemia as possthle
¢ 2 ¢
and not ke consideration ro radiatton 4 study done by lhp(c Pab-
X: Health Seryice, ustng Dr. Sidney Farber's ¢hnic seems ta show
that cluldress of altergic mothers, who wcidentally had been on
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antihistiminic drugs, showed a similar relationship. They turned
up more frequently in the motherhood of the leukemic children
than in the motherhood of the controls. I would only mention
for the benefit to the radiologists who are here that studics of
this general nature are tremendously important. They must be
done quite judiciously, because it is very easy to embark upon a
followup of a series of cases where 1t can be demonstrated that 2
positive answer cannot be obtained. So far, the rctmspcni\c
studies have been very difficult to evaluate. For mstance, when
one looks at a chime full of children and attempts to trace these
things back and trics to draw a correlation between them, a very
small population of leukemics will represent a very large total
population  Gertanly there are other leukemogenic agents than
radiation. The incudence of leukemia when corrected for proba-
ble improvements in diagnosis has certainly more than doubled
in the last twenty years m this country during a period when 1 am
sure that the total radiological exposure of individuals has gone
up somewhat less than that. Besides, we know of other leuke-
mogenic factors

Dr. Evans: The discussion on the morning session 15 now
open to the floor

Dr, Lodwick: Just one question.  What gencs are absent on
the Y chromosome of the male?

Dr. Herskowitz: On the (runt fly, they are all absent except
for a few ferulity genes, and in humans there is a section of genes
on the X chromosome not present on the Y

D1 Crow: In the human you realize we don’t know too
much  There are known to be several on the X, but we don’t
know whethcr there are any on the Y or not

Dy Friedell 1 would hke toask Dr Crow a question Xerays
produce deletertous mutants which are mtroduced mio the entire
gene pool  One of the ways of adding to the deleterious genes
is by changng the rigors of selection Tt 1s concevable that med-
ical science 1s adding to our deleterions genes without u)mplctcly
compensatng for them  Would you elaborate on some aspect of

this a bit?
Dr. Crow: 1 have one thing I want to say before T start on
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thas discussion 1 we were treating the question of the origin of
fegkemua strictly as 2 scientific question, everybody wonld .s-‘ly
that the evidence isn't in yet. We don’t know whether there a
Imear effect on low doses, so therefore, we don't say angthing
about jt. There is no evidence that is crucial either way. We
have the Lmnd of evidence that Dr. Brues bas reviewed, most of
whach 4 selevane for bigh doses, but less cerwain for Tow, We
have the ind of evidence which Lewis has put together, which
1s inconclusise though strongly suggestive.  Under those circum-
stances, 1 think an agnostic attitude is all that we can take. Until
the evidence 1s clear, I think there 1s merit in basing our calcu-
tavans and practical decisions on the more pessimistic assumption
of no threshold 1 have the same vemarh about Alice Stewart's
daa. 1t 15 strangly suggestive, bug 1 would certainly agree with
Dr. Friedell that refrospective studies can never conclusively
answer cause and effect relations and that we must try to get
mformanen from other sources

Regarding this other question, 1 grossty oversimplified this
problem, though 1 hope not to the extent of being wisleading
But 1 think from the standpoint of the medical man and the
eugenecist that the way to look at 1 s this.  suppose we have
a mutation that occurs at 2 rate X and it causes death. That
means i every generation there are X deaths due to this cause.
Now suppose that medical advance takes place in such 2 way that
s particular musation has only a 509, probability of causing
death  That means that this populanon s gaing to approach a
state m‘whlcl) there are 2X of these genes in the population every
;l:;::nc\:un Since each of thcmv now musef only half a death, on

age, there w1ll sull be X deaths. Now I think the impar-
e ot amo of sl o e
tess of more ik . =4 . ons in the !lc\\ emironmeny is
e o nT ve than it was from X matations in the old emizom-
Sevnce a decress g e e e
. '3 More than it increases fertility
»a gﬁm\ medial ahance A medical adsance that ;
festility more than w decyeases sufferine - that mcrc_:“(-s
1ing 15, eugenicall

a bad medical advance v genically speaking,
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. Friedell: 1 don't want to prolong this conversation,
The only reason I brought it up is that it is conceivable that
some day you might want to measure the introduction of new
genes that are deleterious. Let us assume essentially they e all
deleterious, by x-rays as compared to the kind of suffering, 1f
this condition occurs, by ameliorating the rigots of selection, which
is what you are really doing with medical advance, 1 would like
to have the geneticists do that rather than me do it.

Di. Crow: Well, the geneticists onght to be domng it. 1 for
one have spent a lot of tume thinking about 1t. 1 don’t think it s
very apparent from what 1 have said now, but the time was
spent. The other thing I want 1o say 1s that [ have more or less
assumed in what I have said thus far that the cconomic status is
well enough that we can afford 1o contribute 1o every generation
a larger fiaction of our time to taking care of genetic weaknesses
in the other person. That is, if we should ever 1cach a state
where we can’t afford to have as many doctors as we used to
have or we can't afford to have as many blood banks o1 whatevey
clse 1t takes, then one has to consider the genetic problem over
agan. T tunk that interaelates cconomics, medicine, eugenics
and everything into one hopelessly complex problem.

D1 Paul Hodges  In diseases where the inadence is as low
as in leukemia, it 15 easy to be napped nto a statistical error.
Some years ago we did pelvimetries on a thousand consecutive
pregnant women at the Chicago Lymg-In Hosputal and 1, Itke
many of my students and colleagues, made the statistically feolish
mistake of assuming that 1t would be profitable to examine thewe
mothers and their babies for leukemia and neoplasm  One of
my extiemely apable staustican friends saved me from this
et by pomting out that even 1f our peluimetries had doubled
the normal madence of teukenua (normal, 6 per hundred thou-
sand) we could not hope to get statssuically vahd mformation
from an exammation of a thousand patients  In situatsons such
as ths, imestigations have to he based on statrstical analyses of
whole pupu]mums

D1, Crow: I want to make two other remarks exactly con-
firnung what Dr Friedell has sad  Maybe everyone here 1s
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familiar with Dr. Sbields Warren's study in which he suggested
that radiologins lived five years shorter o the av cr:\',l_“ ‘lh-‘"
other medical specialists. This is a Tenopeaive f““""', 1®'s done
by gathering death rates {from the ol}\ll\mﬂ‘_"‘."’l"h“l n "’V"E“‘,'
ble journals  But it has a very obvious s(]h“lf‘ﬂ fallacy, the fal-
lacy stmply being that radiology s a comparatirely young P"’(“f‘
sion and that there aten't as many radiologists to examine. Ttis
amost as 3 you measured the age of death of all Princeton
andents You would conclude that Princeton students died at an
extremely young age because thoie who die while they are stu-
dents me younz. There are other things about questionnaires,
Mock and Lawrence ran a study of Tadiologists and ¥ yan one at
the same tume  Qur two questionnaires differed in ane con-
spicuous vespect, and maybe some of you were among the gunea
pies that answeved ane or bath of these,  Mock and Lavreuce's
were done by taking the respondent 1nto his confidence and tell-
mg him the purpose of the questionnare and then getting the
answers  Mine was done by sntentionally concealing the purpase
of the questionnarre, at least unul that person started to answer
it There 15 a very conspicuous thing 1in Dr. Mock's dma  That
¥ that the persons that he had 1o write back o the second yme ang
sho faifed to answer 1t the first time have a igher muscarsiage
frequency than the persons who answered the first e, 3e
aeter did gee as many yesponses from the pathologst group as he
thd from the radialogist group It seems quite reasonable that
had he been able 1o get as many pathologists 1 respond, and vec-
ogrzing this bias in fasor of these not responding if yout had had

some defect m the famuly, perhaps this difference would have
hsappeared

Dr Baees  Might T add for the benelit of thpse wha wmay
sl be worried abont their hife spans, that the British have now
done 3 stndy on all Briush rachologists gong back to 1898 or
wheneter they started* They find, having done the eight cor-
rections which Warren apparently did niot do, 1

SHrown, W AL € 254 1ol R -

Amoag Besh
- "x’ Mish Radologiste  Bratish Medieal Jouraal, vol

that radsolagists

Frpectation of Life and Morafits from Cancer
! 2 (July 26, 19%), pp
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had a better survival than in some controlled series of doctors

Dr. Scott:  In the February 8, 1958 issue of the J AM.A. is
an article by Seltser and Sartwell on “lonizing Radsmtion and
Longevity of Physicians,” which concludes, “that the average age
of raciologists at death is younger than that of other physicians
cannot be ascribed to their exposure to tonizing radiation since
differences in age compusition alone can account for the hinding ”

Dr. Friedell: 1 think Lewis pointed this out very well. In
s one article, he made this particular analysis showing that sta-
ustically the difference that was found was to be expected.

Dr. Evans: 1 think everybody will agree that regardless of
the amount of the problem, we certainly want to reduce radna-
tion exposure to the gonads insofar as is feasible and this is going
to be taken up by the clinicians as to how they can best do it



AFTERNOON SESSION

THE PROBLEM OF REDUCING RADIATION GENETIC
EFFECTS IN THE MEDICAL USE OF X-RAYS

Moderator: Wendell G. Scott, M.D.
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had a better survival than in somne controlled series of doctors,

Dr. Scott: In the February 8, 1958 issue of the J.AMA. is
an article by Seltser and Sartwell on “lonizing Radiation and
Longevity of Physicians,” which concludes, “that the average age
of radiologists at death is younger than that of other physicians
cannot be ascribed to their exposure to ionizing radiation since
differences in age composition alone can account for the finding "

D1, Friedell: T think Lewis pointed this out very well. In
his one arucle, he made this particular analysis showing that sta-
tistcally the difference that was found was to be expected.

Di. Evans: 1 think everybody will agree that regardless of
the amount of the problem, we certainly want to reduce radia-
tion exposure to the gonads insofar as is feasible and this is gong
to be taken up by the clinicians as to how they can best do it.
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GI\O‘;VT;! OF DIAGNOSTIC RADIOLOGY AN
MAGNITUDE OF PROBLEM

WENDELL G. SCOTT, M.
Professor of Clsntcal Radiology
T ashangton Unn essity $¢liaal of Merticone
St Laws, Misouns

Dr Scott- The afterncan session is devoted to the problem
of teducmg radiation genetic effects from the medical use of
X 13ys

By way of introducing this subject, 1 wonld lile 10 show a
few shides to indicate the magminde of onr problem  Diagnosta
vadiolagy has had a temendous gronth because of the great
contributions 1t has brought to the health and well bemng of man-
Mnd - This was nat due to acaidental or fortitous crcumstances
1t came about because 1t was and sl 1s the means for hifting the
doak of wnceramy from dmgnostie methame  Nearly every
praciomng physaian ethier divectly or indirectly utilizes the in-
dispensable advantages offered by diagnostic vadiology for the
benefit of fis pattents  The total number of radiologic examina-
tons and the Hms consumed per year are m the millions
(Table Uy

1B
ATMATED AN\ AL \1 MIBERS OF RADIOGRAPHIC ENAMINAT,
3] 1N\s
FH S CONSUAFD AND INAGNOSTIC AR 4% err i Es Iy, Jas55
aenne . .

Cs
co . wlogvae
X . e . pmeny
11935
——— e Laughlin & Pullovan (1y
Laughlin ] S, and Pultman |

The Biatogieal Effects of

o 7 s of Atomse Radiayion

o ‘a fat Daose From the \edueg 1 4e of N\ Ravs—trelimnary Report)  National
adems of Suences Washingion, 11 <, March, 1937 e
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\iterature and estimated it to be 4 6 roentgens = Jina pr'cll.mmi
ary Report that has not been oﬂ.icmll) tclc:\set? by the ka\‘\m\‘.\
Academy of Sciences, Thistigareisnota fact, Itisa rm_:gh estimate
Dbased on data of varying rehability, The rcp?n 111 QOctober,
1857 by the International Commission on Radiological [‘lfjlt("
tion and on Units and Measurements (3} states that, “Enguirics
up to the present have not revealed any records detailed enough
1o use for the proper assessment of the gonadal doses to the papu.
Jaton.” In a subsequent paper, Laughlin and associates (1) dis-
cuss the studies and surveys that are required for obtaining the
necessary information to develop this figure.  Until this can be
done and an accurate estimate of the genctically significant gonad
dose determined, we must be extremely cautions about accept-
tng or formulaung quantitative inferences from diagnostic x-ray
prodecures

I the assessment of the possible deleterious effects arising
from the medical and dental use of %-rays, it must be clearly
understood that: (1) Ouly small doses of radiation are used m
clinical exammnations, and (2) the exposures are linited to lacal
or segmental areas of the body as opposed to tetal body irradia-
tion  Many of those wha emphasize the bad effects of diagnastic
expasures do not disunguish between Jocal and 1nal body racia.
tion  The “roentgen” 15 the measure of exposure 1o each gram
of tissue, and as Stone (2) points out, “1 vaentgen to a t0e 15 vastly
ifferent than 1 roentgen of total body exposure”,

Wuth these mtvoductory semarks, we are teady 1o proceed
with the problem of reducing radiation exposures m pur clinical
ol Chncsl Exponad  Joming Rt by e e

g Radiations,” by Dr Theo-
dure Eberhard

Stone, RS Common Sense 1 Radiation Protectian
" Apphed to Clinen) Prac.
e \meam joumnal of Roentgenolegs Radim Thera N .
e Yo v and Nuckear Meduone,
*Exporare ot Man to loninng Radsatnn Arrerny
g From Medical Proceduresn
Eaquiny fnto Methads of Fraluation  Repart —
t of the Iny
by . Proteemn ma ['ﬂhr ternatenal Commisaon an
Measurements Physics m * - t
“Laughtin J S Meurk "
€onadal Doses 1n Routine »
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Add to these figures the 5,000,000 radiographs and the
1,900,000 fluoroscopic examinations that are performed annually
by the osteopaths, the chiropractors and the chiropodists and it
becomes readily apparent that we are dealing with a big and an
important problem

The observation that the number of pliysicians owning radio-
graphic equipment has increased 509, from 1949 to 1955 is dis-
turbing and probably reflects the introduction of health plans
that permit the subscriber to have “fice x-rays,” a temptation
that can be corrected by instituting a deductible type of health
insurance.

To keep these figures in the proper perspective, remember
that the great bulk of these procedures are made on sick people,
on those seriously ill with an obvious short life expectancy, and
on those over 30 years of age. Only a small percent of the total
could be considered as unnecessary or needless exposure, Most
physicians are careful about ordering radiograplic examinations
and do so only when the henefits will outweigh the possible harm-
ful effects.

Similarly, we should not overlook that during the past 50
years simultaneously with the expansion of diagnostic radiology.
the life expectancy increased from 49 2 to 68.07 years: the death
ratio from tuberculosts dropped from 194 to 9.1 per 100,000;
infant mortality fell from 999 to 26 4 per 1,000 live barths; fetal
deaths dropped from 23.9 to 17.1 per 1,000 Iive barths, and, that
American children today are said to be taller, healthier and have
a lower death rate than before  Stone (2), who assembled
these statistics, points out that while radiology cannot lay claim
to being the magor reason for these great medical achievements,
it played a very conspicuous pat.  His inference 1s that af radia-
tions of this order contribute to the shortening of the hife span
and produce genetic damage, they aie not yet evident,

It would be of great help m determimimg the extent of the
genctic problem 1f we knew the average gonadal dose the popu-
lation was now receiving from medical and dental sources and
how it compares to natural background radiation. Laughlin and
Pullman (1), March, 1957, attempted to do this by a survey of the
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of x-1ays and radm. Radiation induced carcinoma ;md; :An:(l(x::l
were Tecogmized within x few years The leukemogenic € ‘
and the genetic effects have been Lnn\n} for aver a quarter 01 a
century.  The so<alled law of Bergonic f\nd Tribondean ua;
senmitnvity 1o Tadiation is inversely proportional to the degrec of
differentiation was formulated over 50 years ago, Targely on the
basis of observations of the effect of radtation on embryos  These
truths we also hold to be self evident

What 15 not self-cvident 16 the magnitude of the factors
imohed How much radiation 1s necessary to produce a gien
effectt What is the telation of the age of the individual to the
dose necessary for any given effectz Are all end-results \villm\.n
threshold in their inception? To what extent are sarfous somatic
responses mear in relation to dose? What iy the eflect of the
rate of ad ation upon the whi 7 ? What is the
range of the vartability of response in any gisen group of humans?
To nhat extent are radiation tesponses dependent npon co-fac.
tots 1n the genetic, hormonal, and environmental profile? To all
of (hese questions and many more we must have factual answers,
relable within limited ranges or small orders of magnitude,

before we can truly assess the mdividual and the aggregate haz-
ards

This does not mean that we have no gwide lines nor that our
lack of precise knowledge jusnfies the mdiscriminate and careless
e of oninng Tahiauon  We have ympressne evidence of a tn-
e Telation of dose to genetic vesponse from 25 1 up, regardless
of the rate of administration, and strongly suggestive esidence of
linearity at much lower levels 1§ our analysis of the mechanism
of genetic effects is cortect, there is no logrcal reasen to expect
anmything hor complete hneanty withour threshold for pomt
effects At the same tme, we do not know the relatise prohabati.
tes of lethal mutations and merely damagmg changes, nor what

consttmte sigmificam genetic inqurres as opposed 10 those of no
(OI\SCQ\IEDCE

Hou fast can the human race breed aut undestra.
ble traus and what burden of these can the race tolerate* What
15 the relatne mpastance of radiation mduced mutations and
thase vesulting from other noxions factors® Dr Datsd Bare hag
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able that with prolonged non-radiologic studies, the anatomic and
dynamic aspects of congenital cardiovascular malformations
would have become sufficiently well known to establish an ade-
quate base for the accurate diagnoses and intricate surgical re-
pairs so common today, but it is certain that this development
would have been delayed many years while many hundreds of
children paid the supreme price for our ignorance. Only those
of us who lived and worked on neurosurgical services before
the full development of pneumoencephalography, ventriculog-
raphy, and cerebral angiography know the heartaches and trage-
dies that went along with attempts at the clinical localization of
brain tumors followed by futile mauling and probing of the
bramn in vain search for the lesion. Only too often we found at
autopsy that we had been at the opposite end of the head from
the tumor or, even more tragic, had failed to identify the lesion
because its consistency offered no chie to the exploring needle.
Luckily, lung cancer was not common in those days, for it never
occurred to us to get a film of the chest first in every case of
suspected brain tumor.  Prior to the advent of x-ray control,
orthopedics consisted of bone setting — no more  Unfortunately,
there are no figures to tell us how many mothers have died be-
cause no one hnew that some abnormality of the feto-pelvic size
or position made delivery impossible, or how many unnecessary
Caesartan sections have been done becanse someone could not
Tesort to roentgen means to prove that such an nnpcdlmcm did
not extst.  Through istory much genetic matenial must have
been lost and much personal tragedy inflicted through lack of
abihity to gan information

There 15 no point tn belabormng the 1ssue further  In the
wotds of the Declaration of Independence, “We hold these truths
to be self evident”

Equally self-cvident 1s the face that omzing racdhation 15 dam-
agng- My first lesson 1n racliology as a student ofﬂ the art and
my first dictum to my own students was and s, “The only safe
x-ray machine is one that 1s turned off, and the only snfc. radram
is that which is inside an adequate lead black * The first sk
damage was noted and rcp(>rtc(| within months after the discovery
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of v rays and radium.  Radiation induced carcinoma :md‘:mcmi:
were vecognized within 2 few years The leukemogenic effect
and the genetic effects have been Lnown for over a quarter of a
century  ‘The so<alled law of Bergonie and Tribondeau that
sensitisity to radiation is inversely proportional to the degree of
dfferentiation was formulated over 50 years ago, largely on the
hasis of observations of the effect of radiation on embryos. These
truths we also hold to be self evident.

What 15 ot self-evident is the magnitude of the factors
imohed How much radmtion is netessary o produce 2 given
effect? What is the velation of the age of the individual to the
dose necessary for any given effect? Are all end-results without
threshold in their inception® To what extent are various somatic
Tesponses linear in relation to dose? \What is the effect of the
rate of admini: upon the ul response?  What is the
range of the variability of response in any given group of humans®
To what extent are radiation responses dependent upon co-fac-
tors 1n the genetic, hormanal, and environmental profile? Toall
of these questions and many more we must have (aciual answers,
reliable within himited ranges or small orders of magnitude,

before we ran truly assess the mdnidual and the aggregate har-
ards

This does not mean that we have no gade lines noy thay our
Yack of precise knowledge justifies the indiscriminate and careless
use of ionizing radiation  We have impressive evidence of a lin-
v relation of dose ta genenic response from 25 r up, regardiess
of the rawe of adminstration, and strongly suggestne evidence of
lincanity ar much lower lesels

¥f our analysss of the mechanism
af genetie effects is correct, there 15 no logteal reason to expect

amihing bhue complete lineartty withont threshold for point
effects. At the same time, we do not hnow the refative probalili-
tes of levhal mutations and merely damaging changes, nor what
constitute signeftcant genetic njurtes as apposed ur: those of nn
tomeiuence  How Tast can the human race breed out undesira-
ble traits and what burden of these can
15 the relauve 1m

the race wlerate?  What
those Tesulting

portance of radiation induced mutations and
from i
other novions factors? Dr Dasid Bare has
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pointed out, “. . . no agent that can moddy the internal
environment or organic integrity of the body can be used without
hazard.”  We must admit that we kuaw precious litile about the
genetic effect of many of these agents. cspecially as they may act
n concert with ionizing radiation.

It is with regard to the genetic damage to the race that we
come straight athwartships of the most serious moral and philo-
sophical problems Is the well-being of the mdividual para-
mount or subordwate o that of the race or group? Granting
that this 15 not au all-ornone propositon, then what degree of
risk may I take with one Ior the benefit of the other? What
profits 1t the unborn children if I destroy the parent?  Or one
may even argue thus.  The imdividuals most likely to require
extenstve medical exposure are those who aleady possess weak:
nesses rendering them less fit to meet the exigencies of the pres-
ent world.  Reducing the viability ov ferttlity of these indivi-
duals wilf tend to help the race while at the same time affeviat
ing their personal suffering  Accnrate hnowledge of the aver-
age number of tomzanons in the gonads necessary to produce 1
or 2 or 10 mutations would help n assessment of the risk but
would not resolve the moral ssues at stahe.  And these issues
we must continue to face as we have always faced them The
problemn 15 vot new It 1s sumply bigger.

Somatic damage 1o the mdividaal poses shightly dillerent
problems  The evidence for a no-threshold, stnctdy hnear re-
sponse relattonship 15 less cominding than m the case of the
genetic damage. It appears that there s great variation m age
resposise or otgan respanse as swell as cousiderahle dependence
wupon the rate of admimstranon Here, defmue daa is of the
utmost pm(ti(nl importance  Unfortunately, all we have s sug-
gestive data, and all we can say 1s that the available data seem to
fit a pattern This pattetn appears to have something like the
following form

For genetic effects there 15 no threshold and no reconvery
The pmblcm alfects persons only from the time of their coneep-
non 1o the tume when they have concerved their last cdnld In

ans porentally fertile men and women v
the aggregate, this means patet y P
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to the age of 35 or 40 years The magnitude of the nisk 1s sur
msed only in terms of a doubling dose thought to be in the
neighborhood ot BU-80 roentgens .

Carcinogenesis, indudmg Jenlemogenesis, while having some
sort of mear relation to dose, appears to be also mfluenced by
age and rate of admimstration Alice Stewarr’s figures suggest
that at somte tune during embryonal life a stight effect may be pro-
duced by as Ittle as 210 4 ¢ Simpson and Hempleman's studies
of mfants mdicates a sumilar effect from doses of 50 to 200 1.
Data ginen by Coust Brown, Warren, Lewss and others sugaests
that 1o get the same maxdence of neoplasia m adults, at way he
necessary to give 200 to 500 v or more, depending upon the organ
being studied, the dose Tate, and other factors. Tn this Tegard,
1shonld be ported ot that the Telatn e volume dose has received
comparatnnely bule astention, and 1t 1 posable that the wide
spread between Stewart's embryo figures and Court Brown'’s
adult doses 15 wholly explamable on thus bass  In any event,
1t 18 evident that agam. and regardless of exact quantitatne do-
simetry, the eritical segment of the population 1s the young group
They may be more sensitne and certainly hate longer to accumn-
late a damaging dose and a longer ume 1 which to sulfer from
the effects

Hence, we return once agam 1o the moral and philosophical
of ethical aspects of vad exposure  lomzing radiation may
be looked upon as just another dangerous weapon.  Used wisely,
1t provides safety and wellbeing for the indwidual and the com-
munity  Abused, 1t an destroy both.  3s with a gun, one must
not hesttate to use 1t when the need anses, but one must always
ke precautions to make sure thar one 1 shoattne 2 bu :
oot one of the children Fortunately, this s m\fch easier to do
oday than 50 jears agn  The atattabilny .
greater knowledge of dosimerry,

rglar and

of good traming,

the development
] of better re-
cording media, and increased realzation of the hamrds of the

weapon have greatly enhanced our abilw
cally speaking, faster, more accurately, an
of ammumtion In many fields,
of necessity somewhat profligate

% 1@ shoot, metaphon-
4 with greater economy
mt}uc of foning radiavion was
during the developmental stages,
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pointed out, “. . . no agent that can modify the internal
environment or organic integrity of the body can be used without
hazard.” We must admit that we know precious little about the
genetic effect of many of these agents, cspecially as they may act
in concert with 1omzing radiation.

It 1s with regard to the genetic damage to the race that we
come straight athwartships of the most serious moral and philo-
sophical problems. Is the well-being of the mdividual para-
mount or suboidmate to that of the race or gioup? Granting
that this is not an all-or-none proposttion, then what degree of
risk may I take with one for the benefit of the other? What
profiuts it the unborn children if I destroy the paent? Or one
may even argue thus: The individuals most likely to require
extensive medical exposure are those who already possess weak-
nesses rendering them less fit to meet the exigencies of the pres-
ent world  Reducmg the viability or ferulity of these indivi-
duals wi1ll tend to help the race while at the same time alleviat-
g their personal suffering  Accurate knowledge of the aver-
age number of ionizations in the gonads necessary to produce 1
or 2 or 10 mutations would help m assessment ol the risk but
would not resolve the moral issues at stake  And these 1ssues
we must continue to face as we have always faced them. The
problem 1s not new Tt 15 simply bigger

Somatic damage to the mdividual poses shghtly dilferent
problems.  The evidence o1 a no-threshold, strictly hnecar re-
sponse relationship s less convinang than m the case of the
genectic damage It appears that there 1s great variation mn age
response or organ response as well as considerable dependence
upon the rate of admmustration  Here, delinite data 1s of the
utmost practical importance  Unfortunately, all we have 1s sug-
gestive data, and all we can say 15 that the avatlable data seem to
fit a pattern, This pattern appears to have something hlke the
following form.

For genetic cffects there 15 no threshold and no recovery
The problem affects persons only from the time of their concep-
tion to the time when they have concenved ther last child. In
the aggregate, this means potenuially fertile men and women np



APPLIED RESEARCH TO DIMINISH MEDICAL-
DENTAL RADIATION HAZARD

By

DAVID GOULD, M.D.
Fanfessor and £fead, Department of Radiology
Tnrcernity of Arkansas Medical Center
Luttle Rock Arkansas

S:\eral months ago § wrote a paper on the hazards of radhia-
tion, and judging from the reaction many people read it There
is much 1l about the hazards of radisuion. 1 am tempted to wiste
a paper on “the hazard of radiation hysteria” ¥ think this »s 2
very defimite hacard,  As an example of what 18 going on. 1
started a mass x-ray suney W the early 40s, and over a period of
12 or 13 years, there were only tno cases that came to my atten-
ton of people who were terpbly wormned abowt radavion. One
w25 a gitl 10 the Veterans Administration and as she was stand-
g 1n hne for the p f1 graphic e wn, she said, 1
't da ¢, 1m not gong to go ahead and get that chest hlm
becawse T'm allergic to radiauon” Y tried 1o convince her and
finally succeeded, that radiaten does not tause any allergic yeacs
tons  She had her chest film and we did not find any wberculo-
85 chat partcutar girl

Nottung happened for a period of
about ten years, and when 1 was working n Balimore, a lady
cafled me and said that she wanted 1 borrow FEIECT counter
because some people n a hosptal which was fie miles away
from her home. pomted an <-ray machine at her and she was
recering “harmful effects from these rays”  This unlfortunate
woman was ocbvionsly mentally

Nothing really periarbed me very much ungl (he tast few
Years 1 could menuon a dozen examples of people who have
g0ne 3 bat 100 far i the direction of whay may be called * radia-
von bysteria ™ For mstance, a3 soon as we apened our new

m
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but as Sosman has said, “. . . the ultimate objective ol all of
these very complicated and sometimes dangerous procedures is to
learn enough about these conditions so that we can go back and
refer our knowledge to the original, simple, uncomplicated examt-
nation and know more about what we are secing and finding.”

It has been suggested that there should be legislation
Iimiting the amount of ionizing 1adiation to which a plysician
may expose a patient. I can think of no more unwise legisla-
tion that could possible be conceived. Had such laws been in exist-
ence for the past 25 years, for example, some of the most valuable
knowledge cver gained from the use of jonizing radiation would
never have been obtained, and none of the real damage would
have been prevented,

The real solution to our problem lies i continued research
into the detailed nature and magnttude of these hazards, con-
tinued education of the medical professton, scientists, and the
laity, and calm, dispasstonate consideration of all of the scientific,
moral and ethical factors involved

D1 Scott. Dr. Eberhard, you understand the art of medical
practice  Thank you for a splendud presentation  Would any-
one like to ask Dr. Eberhard a question? ‘The general discussion
will be deferred as was done this mormng, but feel fice to ash
questtons,
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Ou the one hand, the Tadiotogist says vadiation w good :md
on the other hand, the meneticist says wadiation 13 had. "l )!l’t‘)r
probably are both right, Radation, in common with a;‘)‘?lh l“
far of entergy, 1s hoth good and bad. 1t dcpuu\? npon \.u,\ b
wed, I wy opwion, in the hands of 2 welltrained {ndm agist,
radmtion 15 a¢ least 937, benefical and Jess than 57 h.‘mn!n!.
Thes igure ts arberary. 1t mag well be 9975 on the plus side and
only 1%, on the mmus side The sum 1ot} of human comfort,
happiniess. lougenty and Lenefit detived from radsologe diagnes.
e amd therapeuttc procedures can never be measured 18 one
compares the mortalay stanstics of 1900 with the mortality sta-
50 ow, yous wall find that at feast 20 years bave been added to
the human spmof ble  Advances mmodern medione have heen
an anportant {actor e this improvement  Many of us here are
Wyng 1o quanuate the bad effects of Tadaton Studies honkd
certatnly g0 forward to find out exactly how much harm s done
Since there 15 a hurard w the use of vadanon. even thougl 1t
has not heen quantitated, 1t behomes the rdiatogist o do every-
thung poable w0 samize this harmd, both somane and gonetic
What can be done from a practecal powt of view 1o yeduce this
hazard to 3 nmumem® - Withaut an apprecalle outlag of money

2rastied rahintost ¢an reduce the hazard 50%, by follewing ticse
stmple rudey

th Use the more efficient hugher Mslovoliage and lower
mithampere techmques N

2 Test equuipiient penaducatly for leakage and output

M Use a leawt two nullimeters of alwmmuwm Ditration

31 Use feld tumnng cones and dhaphragms as much as
gasutite,

19 Choase chie fastest, practicable screen, film and chema.
cat combmanon

0 Process fitas {ult tme wang acive chemialks and
‘]ﬂ)pel lcmpemun‘c

&

Protect the goads m pauents belaw the age of 40

B sk younself, " Is s exammanon smportant o the
healths and well bemg of the patient and what is the
most effictent way to carry 1t oues”
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Medical Center in 1956, an engineer was one of the many visitons
in the Radiology Department.  Te told me, “you should get rid
of all this equipment. It is a big mvestment, 1 know, but you
ought to get rid of it becanse you are doing so much damage to
the future generations with radiation.” [ talked to him fo1 about
an hour and finally he was comforted

Yet, another instance:  There was a techmian m our de-
partment who wanted to take some [ilms on a pregnant dog.
The particular person who owned the dog said she would not
allow these films 1o be taken because a friend told hev that
“pregnancy and radiation are a bad combmaton ™

Just a week ago, a lady called me on Satmday night and
said, “1 would like to move to Anzona because 1 have hay fever
and asthma. But, if I move to Arizona, it will be close to New
Mexico and dlose to the atomie bomb tests  Woukd it be haymful
to my childien?”

This hind of fem and confused thmkmg s hequent  The
questions from the lay public don’t hother me quate as much as
the “rachation hysteria” exhibited by medical people.  An obste-
trician told one of my secretaries who was piegnant that 1t was
dangerous to work i a Department of Radiology because of pos-
sible wjury to her unboin child 1 showed her the measure-
ments that we made on our varions raciologists and techncans
Three-founths of our stalf have recenved only 1/20th ol the mase:
mum permusible dose, and that measurements an every one of
our technical staff, with one possible exception, have been helow
the masimum permussible dose  These are people who are work-
ing with the equipment and using radiaton all the tnme  The
sccretartes are so far removed from the diagnostic rooms that it
wouldu't pay to try to measure the mlntesimal amount of radia-
tion to which they are exposed

A pathologise once asked me 1f 1t would be safe to autopsy @
patient who had recerved telecobalt treatments 1le thought that
tnaybe this patsent would, sn some way, be radioactine and the
autopsy nught over-expose him - There s considerable mrstonary
work to be done to allay people’s hysterical fear of radiation

hazards
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must be done on a voluntary bans. [ do not believe it can be
legistated

Dr. Seatt: Thank you, Dr. Gould. Any questions anyone
would {ike to ask Dr. Gould? 1f not. then we will proceed to
our niext subject, “Gonadal Radiation Resulting From Various
Diagnostic Radinlogien} Procedures.” by Dr. Fred Hodpes.
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(9) Rules to follow during fluorascopy:
a. Adapt your eyes for 20 minutes befare fluor
. Always wear protective gloves and apron.
c. The fluoroscopic tube — table distance shoul
or greater.
. Keep the shutters down to the smallest practi
e. Use the fluoroscope quickly and efficiently t
motion and function and not as a screen pr
Do not day-dream with foot on the switch,
In my own department I cannot do the best possib
diminishing the 1adiation hazard because of the lack «
1 am quite certain with unlimited funds the radiatio
can be diminished to 25%, of what it is today. For examy
are rather sensitive and expensive film emulsions availal
which allow the radiation exposure to be cut anywhere fr
to 50%. There are available mirror optic photo-fluor
equipment which exposes the chest with 607, less radiat
conventional equipment  Body section books which ¢
ple layers of screens and film can reduce the exposure
of what is used with conventional apparatus. With th
the new 6 minute X-Omat developing apparatus, whi
$32,750 at the present time, the service work and organs
the department can be so arranged that the number of
films can be cut to a mmimum  Technical quahty ca
proved so that repeat lilming is a rarity
Now, how badly does socicty want to diminish the r
hazard and how much are they willing to pay to obtain
mate safety? Most hospital admunistrators working
budgetary limitations cannot give us a free reign
1 have talked to people mn state and federal gove
about this problem of radiation hazard  Briefly, the ar
was put forth n this manner In order to reduce the r
hazard to 2 minunum, let us develop as nearly a perfect
ment of Radiology as passible.  Let us train physicists,
gists and techntcal people to check up on every radiation

tor m the state. Let us advise doctors, dentists and ch
inment Suchan

a

o lame virrmer bes pbcs theer pey
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closely smutating the characteristics 6f human tissues, in which
\onization chambess can be located in positions comparable to the
ovaries and the testies, to the insertion of measuring des ices inta
body eavines or Into p Learing dard el ps 1o
ovaries and testes and held there during standard examination
procedures, 35 well as the use of film badges worn by patrents
\hroughout the course of sarous types of examinanons. Many
of the tecorded gonadal reeasurements have been standardized to
single radiographic exposures.  In some tustances assuciated
fluoroscopic procedures have been treated sepamately: i others
bulted with tadiograptuc dossge. It has been unpossivle, ob-
viously, (1n all nstances) to reduce to a single commeon value
factors of distance between the tube target and the gonad, the
facory of tabe current. halovoliage. me, speed of Clm and
wreens employed, and the arcumstances of film development
Al of these factors are enormuusly vanable physicatty and whes
to this is added the habits of wdiidual examuners, patticulacly
m the matter of fluoroscopic procedure, the hikelthood of achiey-
g exacutude m the matter of estabhsling a furm value of
Sondal absorption wnder all civcumstances of dagnmuc mdio-
graphic exposure seems remote sndeed  Some of the accamu-
lated figures are further complicated by the use of specific gonadal
shieldmig devices and w is obviows that 1f these devices ate suf-
fiuendy masse, and extensive, gonadal absorption can be
zeduced to a very considerable eatent

e

. The varabuuy of figures whuh are avadable w punted
O™ 15 great mdeed  Exen w the matter of radiation which

T
eathes and 15 absorbed by reproducine cells 1 the conrse of

ches i
N ldit) €famination, the \alues which have been veported rary
8

). Some repasters mdicate that gonada!l absorption is

grea it
hh ey under various conditions of chest exammnation for males
han for females,

Beoause o s hah\l)mugl\ the reverse ovdinanly quoted
ot i asd een \\-n\xen’an(\ said about genetic effects
wll 1y o tadiologic examinaton u(. the chest, it may be
of ome ou‘z“ar this ume that values in the neghborhond
e :\1 troentgen for males and approxumately ten

WL, or one mitliroentgen tor females comes close



GONADAL RADIATION RESULTING FROM
VARIOUS DIAGNOSTIC RADIOLOGICAL
PROCEDURES
By

DR. FRED JENNER HODGES
Professr and € hatiman
Departament of Radiology Unaversity Hospital
Uniwarsity of Michigan
Ann brbor, Micingan

I had hoped to bring something in the way of exact figures
that have been lacking up to date I am surc now that that was
wishful thinking of the worst sort  Owr physicist and the younget
men 1n the department who tiied to help me m this matter e
assured me that we simply are not able to present accurate
figures for the actual dosage absorbed mn regenerative cells

The exact magnitude ot the 1adiation absorbed by human
gonads during various diagnostic procedures which employ the
use of x-radiation would seem to be essential to a meanmngful m-
vestigation of assoctated genetic effects A great many attempts
to provide factual data of this very smt have resulted m the ac-
cumulation of values which cover a wide range for supposedly
comparable dhagnostic procedures because of the very many varia-
Dbles related to the technical procedures themselves and to the
methods of measuring absorbed racdiatton, which likewise are
anything but umiform, Gratfymg as it would be to have stand-
ardized gonadal absorption dose values for every concewvable
type of examination, there 1s lutle hikelthood that the degrec of
regimentation required to regulate such exposure with exacti-
tude would be acceptable to practicing radiologists.

Attempts have been made to measure gonadal radiation
under experimenml and standard (luncal conditions 1n a variety

of ways. These range from the careful construction of phantoms

100
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commonly employed, in which largely inescapable F\mm\a\‘ rm:n:i
ton 1s delvered 1 sizable amounts, imolses patiems who a‘
within the 0 to 30 year age group. By a.cum count 7 sl:\h;hr'(
procedures which as done at our instiution cxpose gfmada tis
su¢ to raduanon in excess of 1 roentgen per examimation consti-
tute only 2097, of the annual total number of examinations con-
ducted, 12,908 in a total of 61,076, In the order of nmagninude of

TABLE }

SHINTAIYEar Fxaviaviions VIEpinG SLeFack Do 1n
Exc1s4 OF 1% OVIR THE GoN s

\ogrocatdiogram L
Excreion Pyelogram - ==
Pelumetrs tor
Lumbosacrat Spine 545

LPpet Gastro Tntestinal Exammation. A

(fluorcops plus films ) 3
Routne Spine 5
Hips Petais

{Dowey ave grven av urface values 3ad obsionsls. gomadal doses ae
weawralls lew experaily w the femate)

skin dose over the gonads these 7

procedures are {Table 1) angio-
cardiogram

(1 5), excretory pyelogram (225 1), pelaimetry (49 1),
lumbar spine (5 ¢ 1y, upper gastro-intestinal examinaton B7n
Toune spine (5 3 1), tp and peloss (88 1), 1t 15 obnous that the

100 ahsorbed by the gonads will he measyr.
rface values listed, Taken as a group those
these types of examnations, who at the ume
or younger, numbered 3215,

Patienss subjected o
were 30 sears of age
People s examuned,

. or 257 o} the
ol those who Fatl helo

Artanged 1n the order of mereanng numbers
W the age of 3D, Table 1, che 7 examnations
are listed as Upper gastro-intestinal tract {12.5%, age 30 anq belasy),
founne spine (2%9%,), lumbar spine (25 501y, exXcretory pyelogram
290, bip, pelvis (35 5., 70%,). and angiocardyo.
&ram (787 F

on on merh,
during those

t adai tissues
exammnation procedures most (i
gonadat alyg,

X tlikely to sesult yn heavy
TPLON invalves 3 relatnvely
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to representing an average figure from a large number of sources
for the expected gonadal radiation absorbed during the roentgen
examination of the chest using standard direct filming technic.
These values will be increased Dy a factor of 5 or thereabout
when the photofluorographic method employing refractor optics
1s used. It is conventent to use the rounded figure of 5 mulli-
roentgens of radiation absorbed by the ovary in the course of a
single photofluorographic exposure of the chest as the high value
for gonadal radiation from chest examinations of all sorts  Using
this conventent figure as the divisor, and 10,000 mlliroentgens
or the 10 roentgens of life-time radwation absorbed by gonads
considered currently to be a tolerable burden from the genetic
viewpomt, it will be seen that 1n the course of 30 years this type
of chest cxamination could he repeated 2000 tumes before the
agreed upon maximum altowable dose would be reached

When types of exammation involve bodily parts which are
m close relationship to the gonads the magnitnde of gonadal
absorption is very much greater. Unfortunately, the (mical and
experimental computations of gonadal absorption are cven less
uniform under these circumstances than are those for procedures
which are directed toward the chest, but one can say in complete
fairness that whenever the primary x-ray beam used for diagnos-
tic purposes of uecessity finds gonadal ussue m its direct path
the values for gonadal absorption will be measurable m hundreds
rather than w single milliroentgens  For example, pelvimetric
examminattons unlizing two exposures, one i anteroposterior, one
in direct lateral projection, may be expected to result i the
absorption of something i the neighborhood of 24 to 36 husdred
millitoentgens, depending of coutse upon a vartety of variables
including prosunently the badily dimensions of the patient as
well as the elficiency of photographic matenals and screens

One shauld not lose sight of the fact that the absorption of
radiation by gonadal tissue 1s of importance only when st occurs in
individuals who are still withmn the age group where reproduc-
tion 15 to be expected  Before one embarks upon any <omputa-
tion of the future genctic effects of gonadal raciation, it 15 impor-
tant to take notice of the fact that only a fraction of the procedures
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commonly employed, in which largely inescapable gonadal radia-
tion is delivered in sizable amounts, involves patients who f{all
within the 0 to 30 year age group, By actual count 7 standard
procedures which as done at our institution expose gonadal tis-
sue to raciation n excess of § roentgen per examination consti-
wte only 2095 of the annual total number of examinations con-
ducted, 12,908 in a total of 61,076 In the vrder of magnnude of

TABLE 1

SFeEn THrFs OF FXAMINATIONS VISLDING SURF ACE Dosacs In
Fxcrss oF 1 & OrvinTiE Gonaps

Angiocardiogram . . Wi
Excreton Pyelogram I - 225¢
Pelsunetry - 19r
Lumiknacral Spine - 512
1 pper Gastro Intestinal Examanation

Ruorucopy plus Gimsy 5%
Rontine Spine _ R - N - 3Rt
Hips, Peivas. . KA

Thoes are given as esface values and obsioily,

Rotraddad dones ate
wmezarabiy lew expecially m the female )

i’:&i:;;:\g ':;‘:,g(::‘:l:s lhcsel'i pmcc.()h'l)r'es are {Table 1) angio-
Tambar spine ('z.l th oy e (‘:-J i pd? smetey {19 1).
routine spine (% .l PPer gastro-mtestinal examination 5.7 ).
actual valge of i‘)v hip and pelus (88 ), 3t 15 obvious that 1the
by Yo s ”ra( 1ation absorbed by the gonads will he measur-
Pt st eu:] sm'!late values histed, .T:chn as a group those
were 30 \cai; - 3:1 these types of examinatons, who at the ume
P«][’lfsﬂtxamincse (: wungex;. numbered 3215, or 25¢1 ot the
of those i, fan l)ei(:\‘ l;;:\:‘;;:d u; \(l;e order of mereasing numbers
e listed ag APt g age of 30, Table 11, the 7 exammations
Totine sping (03(; X ntestnal trace (12 5%, age 30 and below),
Q9%), tup, Pc]\xso'(s.':“;:?;" l{l‘“c o 5“3')' sxcretony pyelogram
fram (7807 Funumzellynr;;g)all\““em o nd angiocardio
10 on mettods and the o 1 c‘on‘(cmed the focsmg of auen-
dunng those exammates "c nd aevices to stield gonadal tssues
sonadal hsorption mml\fgg{:e ures most hikely to result i heavy

relattsely small number of patients
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TABLE I

FRIQUFNCY 0F UTINIZATION OF FXAVINATIONS CARRVING
Hicit Gonanar, Dosary - 195657

Tunes P Under % Under

Lyamination Type Used 30 3 ears 30 3 ears

Upper Gastro-Intestinal

Examinations .. | g0t 602 12450,
Routme Spine . 1192 260 230
1 umhowaeral Spine 2122 Wt 2550y
Excretory Pyelogram 1705 325 2Mor,
Hips, Pelvis 2538 909 155
Pelvimetry 370 260 Tooc,
Angiocardiogram 17 s TR0°,

in any one wotking day, enhaucing the tkelthood of achieving the
increased degree of gonadal protection which s so highly desiiable.

In the mterests of Jong range geneuc experiments and ob-
servations by which man may hope to determine with reasonable
accuracy the magnitude of the hazard presented by vavious diag-
nostic procedures employing the use of radiation 1t 1s desirable
that cfforts shall conunue to obtan values for gonadal radiation
currently being alsarbed by reproductive cells from large patient
populations in the course of clinical radiologic practice . As mat-
ters stand presenddy at is unlikely that anything more than the
extremes of gonadal radiation expressed mn the broadest of terms
can be derrved from accumulated and accumnlating clinical exper-
1ence

Di Scott: Thank you, 1 Hodges  That was a very helpful
presentation  Any specific question for Dr Hodges?



RADIATION REDUCTION IN OBSTETRICAL
RADIOGRAPHY
)

JOHN A. CAMPBELL. M.D.
Professor and Chairman, Department of Radiology
Irtiana University Medical Gentee
Indianagolis, Indiana

Thc‘re is no medical freld in which the rediction or limita-
tion of diagnastic \ray exposure is better justified than in obstet-
nes  Regardless of which sidde of the fence you want to take on
this point, T thnk you'l) admit that when you are doing diagnostic
work today on an ebstetrical patient, it at least makes you nervous.
The potential hazard of excessive radiation dosage 1s hoth genetic
and somatic becanse prenatal radjography imolies simultaneouns
gonadal exposure of both mother and fews, as well a3 1o1al body
nmadiation 10 the embryo av a time of major organogenesis

The radiographic procedure itsell imposes a maximum of
undesirable factors on the radiologist  The large physical di-
mensions of the patient necessitates 2 greater dose of irradiation
while the use of stow screens for fetal bone derail, high density
gnds to absorb scattered radiation and multiple viens significantly
wcrease the expositre requured  OF 1he genetically significant
r:dmuun {esened by humans from medical uses, approximately
20 to 307 b sud n') be contributed by obstetrical radiography
and T am quoting figures hat Ds. Fred Hodges showed today
from Laughlm and Pullman

Radsography of the peliis 1 women who are not aware of
an “\‘S“"‘r;) P'Kﬂ‘“"'l?\" [T"%h( with posstble bazard 10 the
emoryo T tsyel has i
(nml\ periods of cn\br',wge(ngzgsnsr?\f\zl} m\ "1““ that there are
and stxth week of gestation w hcy; f;:xcg ‘» a(‘ y m.:\,em the secand
abnormal developments in the first 0“3‘ N pﬂ.)(\llrc

Spring - Mare alarming is
1
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the report of Stewart, indicating that children born of women
subjected to x-ray pelvimetry during pregnancy develop lewhena
in the first ten years of life twice as frequently as non-irradiated
offspring. It is estimated that these fetuses received about 2500
mr, of total body irradiation.  Recently a similar report has been
published at Tulane University (I don’t know the author nor
have 1 seen that report)  On the other hand, no leukemia has
been reported during the first decade 1 Japanese cinldren who
were irradiated 2 ulero by the Hiroshima atomic bomb,

From the gencticist’s standpoint, who 1s conceined with the
production ol gene mutations, any amount 1 excess of natural
background radiation is capable of genetic njury. The geneti-
cist is, therefore, entirely consistent 1 recommendmg that the
fetus be protected {rom all radiation.

It 15 obvious that medical urgency frequently makes such a
complete interdiction wmpractical.  Nevertheless, radiography of
the pregnant abdomen should be done only for compethng rea-
sons.  In such an mstance, the radiation exposure must be mini-
mized by every means at our disposal.  There are scveral nays of
aclueving this.  These may be gronped as general, technical and
procedural constderations

We were mierested in finding out where we stood on thes
matter for two purposes, one to study what the methnds were
cffective n reducing the dosage that we were using and secondly
in seeng how far 1t could be reduced and still get somehing that
looked like a satisfactory diagnostic result

GENERAL CONSIDERATIONS

| Avord 1eutime roentgenologic procedures =This comists
af talking yoursell out of unnecessary cxamimations as youtine
procedures as opposed to the wdea of qust doing these as part of
the genem] workup of an obstetrical patient The toutne
use of chest surveys, pelvimetry, pyclograms, dental bims, sheletat
surveys, and fluoroscopy shauld be postponed during pregnancs.
The yicld of these procedures does not warrant such use.

9. Avoid roentgen examination of the pelvie area durmg
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early preg y —Whenever p hY 'memgcu expsures n{. lh\;
peluic atea i women of the childbearing age shnu‘kl he restricted
1o the two weeks fallowing the last menstrual period 10 prechude
the passiblity of fertilization having occurred. . )

3, Proper equipment and personnel. A high capacity
(300 MA-120 K.V} generator and tube will permit short expos-
ures, longer tube film distance, efficient collimation and heasy
filrawon  Technicians must understand the advantage of cvery
desirable factor enployed, because the greatest expoure reduwc-
tion results from accomplishing the correct technique on the first
attempt without repetition.  Immobilization devices and photo-
tming prevent moen aud overexposure.

4 Protectve slueldug —~\ lead screen of 20 mm. lead
thickness may be used to cover the fetus and the maternal gonads
whenever their excdJus on does not decrease the uselulness of the
examunation, 1 e, pehimeiry

5 Consultation.~Consuliation

between  obstetrican  and
radiologist before roentgen examunation of the preguant abda
men will result w2 hugher yield from fewer exposures  Radio-
logic ecammation should be 2 confirmatory wadewver, wor a
means of armving at a diagnoss by exclusion

TECUNICAL CONSIDERATIONS

1 bave histed the technical factors which may be utihized 1o
tedice the amount of radanon necessary for a satisfactory diag.
nostic radiograph, "

1 Colltmation of the primary beam ~The use of dauble
gm rectangular will veduce scattercd radiation
as much a5 309, over curcular fields

9 g

2 Use of langer target fum distence ~Dye 10 the miprove.
ment 1 percentage depth dose, the same amount of radanon
can e delunered to the film with as Ynde a5 twotlurds of the
shin dose when longer distance 15 med.

3 Hagh lilovoltage techmque

=The we of 100126 Lo
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voltage techniquees will reduce the entrance dose up to 50% with-
out loss of film density.

4. Added filhration of primary heam.~The addition of 2
to 6 mm. of aluminum (depending on kilovoltage level) 1o the
primary beam will reduce the entrance dese as much as 75%,
over the unfilteredt beam. Giantuica et al point out that filters
are needed because of the shape of the cuirent furnsshed by pres.
ent day valve-rectified generators  They could be completely
climinated by the use of a squate wave such as given by a dyna-
pulse unut,

5. Use of Iugh speed mtensifying screens.~Fast screens will
reduce the necessary radiation dose at the film two to four times
with negligible loss of detail.

6. Use of extra-fast film.—\ reduction of 20-50%, in film
dose, depending on screen type and hilovoltage range, can be
obtained by the new faster film emulsions.  The resultant roent-
genograms show less latitude and a shorter scale of coutrast.  We
used Eastman Royal Blue and Iford Red Seal film.

7. Impoved film development —\ reduction of exposure
in the range of 20%, can be accomplished by processing films in
phenidone hydroquinone developer (Picker or Iford) for 5 min-
utes at 68 degrees Fahrenheit instead of comentional metol hydro-
quinone developer,

8. Low absoiption cassettes—By decreasing the thickness
and absorption of the cassette used in obstetrical work, the dose
may be lowered as much as 107 to 2007

9. Lower Gred opacity —Grids of higher ratio and densuy,
necessary to maintain contrast in high KV techniques offset to
certain extent the reduction n patient dosage.  The use of 6:1
to 12.1 range of grid ratwos 15 a desirable compronuse according to
the technique employed  Nevertheless, i guid apaciey s not bal-
anced against the KV employed, untcasonable high patient dos.
age or technically unsatnsfactary roentgonograms will result

10, Differential frlters, frames and  centering  deviees —
Wedge filters will reduce regonal exposutes ta pares of uneven
thickness. Opaque frames with variousshaped apertures will
reserict the 1adiation to areas of mrerest A relable fhimmated
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beam director will aid in precise centering of the coned beam on
the patient and [ilm. . .

It should be noted that the factors of collimation, target dis-
tance, high K.V., and added filtration chiefly reduce the .cmnncc
skin dose while maintaining relatively the same exit or film dose.
While these factors cause a great reduction in skin dose, this
improvement in dose is steachly reduced through the depth of
the patient, becoming of httle value at and heyond depths of 20
an  ‘There is, howerer, a definite reduction mn dosage 1o the
fetat and maternal gonads which lie slightly anterior to the mid-
sagittal plane.

One reaches an imveducible end point, however, where only
a reduction sm film-dose requirement will allow further reduction
of the dose to the gonads  Such effect 15 accomplished by the
factors relaung 1o increased screen response, film speed, more
radiable cassettes, and low-density grids  Lach of these provides
a decrease 1n the amount of radianon required at the Hilm which,
in turn, means a reduction in skhin, integral, and gonadal dosage.
it 15 wise 1o mvesuigate and adopt all possible measures which
permut recording a fitm 1mage of desirable qualiy with the least
exit dose

1 an addiional grid could be mrerposed above the patient
and perfectly al.gned with the conventional grid, (the so<alled
sandwich grids), st would prevent the passage through the patient
of pnmary radtation destinetd to be absorbed by the second grid.
In the same way, a wedge filter over the thinner anterior portion
of the lateral pregnamt abdomen 15 a better choice than a slow
screen in the cassette for equalizing the densily of the imagc.
because 1t prevents delnery of unneeded radiation to the patient.

PROCEDURAL CONSIDERATIONS

The wajonty of obstetrical radigara
) %
Irom 2 to 4 projections  Of these, cestan views contribute more
gomadal radation than others The lateral 1jen may gi i
x ive u
to 5 times as much as the AP, the AP twice the PA and lhi pc]\‘z
v

phic procedures utilize
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inlet view as much as two-thirds of the conventional three-film
pelvimetry technique, There 1s practically no difference in the
gonadal dose of AP or lateral exposures if tahen only for soft
tissue visualization because no attempt is made to penetrate the
mcreased density of the pelvic bones. Elimination of non-essen-
tral views reduces radiation immediately by a greater amount
than would result from impravement in techimcal factors.

Selection of a single projection which provides a broad spec-
trum of diagnostic obstetrical mnformation 1s very desirable as a
pilot study 1 have always entertained the idea that 1f one could
boil the procedure down to one view that would do everything—
sort of an all purpose technique, that perhaps this had some
merit A single erect lateral view of the abdomen and pelvis
provides the most useful mformation 1 thus regard for the fol
lowing reasons:

1 Visualizes entire fetus and uterus
2. Demonstrates placental location

3 Permuts recognrtron of fetal malposition or abnormality.

4. Allows the diagnosis of fetal death.

5. Permuts an estimate of fetal maturity.

6 Furmshes pelvimetry diameters of anteropostertor bore

birth canal.

7. Provides detection of extrauterne gestation and multr-

ple pregnancy.

8. Demonstrates degree of centering, descent, and presen-

tation of fetal head m pelvic inlet

9 Suppltes definite indications for additional rachography

Figure | shows a diagram of the positoming technique for
the lateral erect view, as well as for the AP ereut view and the
PA prone view The sometric ruler 15 superimposed m the mid-
Iine plane of these projections.

In order 1o mcude the entire area of diagnostic interest M
larger patients, a speaial 177 x 177 cassette may be employed with
a standard grid tray. Figure 2 demonstrates this home made
cassette,

When it 15 determined that a frontal projection 15 necessary
there are certain advantages in nuhzing a PA view with a com-
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Figure 1

pression band as advocated by Bewley. This veduces the thick-

ness of the patient up to 10 ecm. over the AP supine view with a
2 pondingly smaller

p requirement.  The maternal
gonadal dose 15 reduced about one-third due to shielding hy the

pelvic bone, and the fetal gonad dose is up w 10 times smaller.
The latter reduction 15 more because the fetal gonads lie on the
side opposite the entrance of the primary beam when the PA
projection 1s used  The PA view also provides an improvement



116 Genetics, Radiobiology and Radiology

inlet view as much as two-thirds of the conventional three-film
pelvimetry technique.  There is practically no difference in the
gonadal dose of AP or lateral eaposures if taken only for soft
tissue visualization because no atterpt 1s made to penetrate the
increased density of the pelvic bones. Elimination of non-essen-
tial views reduces radiation immediately by a greater amount
than would result from improvement in technical factors.

Selection of a single projection which provides a broad spec-
trum of diagnostic obstetrical mformation is very desirable as a
pilot study I have always entertained the idea that if one could
boil the procedure down to one view that would do everything—
sort of an all pupose technique, that pethaps this had some
merit. A single ercct lateral view of the abdomen and pelvis
provides the most useful intormation m dus regard for the fol-
lowing 1easons:

I Visualizes enure fetus and uterns

2 Demonstrates placental location

3. Permits recognition of fetal malposition or abnormality.

4 Allows the diagnosss of fetal death.

5 Permuts an estimate of fetal maturiy.

6 Furnishes pelvimetry diameters of anteroposterior bore
birth canal
Provides detection of extrauterme gestation and muiti-
ple pregnancy.

8. Demoustrates degree ol centering, descent, and presen-

tation of fetal head i pelvic wlet

9. Supplies definite indications for addiional radwgraphy.

Figure 1 shows a diagtam of the posiioning technique for
the lateral erect view, as well as for the AP erect view and the
PA prone view. The isometric riler 1s superimposed m the md-
line plane of these projections )

In order to include the entire area of diagnostic interest i
larger paticnts, a spec 1l 17" x 17" cassette may be employed with
a standard grid tray. Figure 2 demonstiates this home made

~

cassette. .
When it is determined that a frontal projection is necessary

there are certain advantages m utihzing a PA view with a com-
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Figure 2

in the detail of the feta) parts due to the shorter object film dis-
tance. Obviously, the PA view also may be used as a pilot study
and pelvimetry of the transverse diameters obtained from it The
integral radiation dose delivered 15 only 259, of the lateral view.
Clayton et al have pomted out that m cephalic presentations
the fetal gonad lies high the fundus antetiorly,  In addition,
the maternal ovaries are carried to a point about 7.0-8 0 em. above
the 1liac crests in the midcoronal plane by the expanding uterus.
One may take advantage of these facts to exclude the fetal and
maternal gosads from the primary heam when pelvimetry alone
is desired by restrrcting the exposure closely to the pelvic area
(Figure 3). Tiis may be nicely accomphshed by placing a
lead shield with a 5”7 x 5 aperature and a 2” center strip over the
patient in the frontal and lateral projections to assure that only
the bony structures of the pelvis are exposed to the primary raidia.
tjon (Figure 4). Furthesmoie, since the semi erect view of the
inlet (Thom’s projection) delivers twice as much radi;

pelvic
and maternal gonads as the frontal or Jatcray

tion to the fetal
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pelsis, lumbar spine and a leather fetus and placenta were
placed within the phantom. The intenening space was hilled
with nice (Figure 5). Holes were made in the anterior and
Jateral surfaces of the phanmtom ta permit the introduction of a
25 ¢ Victoreen ionization chamber for ebtaining 1adiation doses in
the midsaggital and midcoronal plaves at the Jevel of the pehic

Figure 6

inlet xit do re als Te er 6
, Entrance and exit doses were alse measured {Figure &
Because the standard lomzavon chambers do oy Ircurtely r2~
cord the high mtensity shorg ¢ res used ¢ o '
d the high L exposures used ¢

. h P ed 1 diagnostic proce.
dures, radiation of the same quality was gnep with a water cooled
8 ool

tube using lowe
g T milbamperage a
se and larger £XPoy
Xposures  The

actual exposure duses were

i then ¢
nations, i

Any inherent
CIY0r 0 these das, is i
0 be the same for a1 readings. ¢ essement i fkely
5.
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views, this technique should be avoided. As a corollary to this,
when the diagnostic information desired pertains only to the con-
tents of the pregnant abdomen, no attempt should be made to
penctrate the density of the pelvic bones, and the exposure
decreased to that amount necessary to illuminate the soft tissues.

EVALUATION OF LOW DOSAGE TECHNIQUE

Comparative radiographs were obtained on full-term preg-
nancies utilizing two techniques. Technique I consisted of the
following factors: 70-90 K.V, 1 mm. Al. filter, 40” TFD, 6:1 giid
ratio, par speed scieens, average speed tilm (Eastman Blue Brand,
DuPont 508) and a urcular cone  Techmque 2 consisted of 120
K.V, 3 mm. Al filter, 40” TFD, 16:1 grid ratio, high speed screens,
high speed films (Eastman Royal Blue or Ilford Red Seal) and a
double-diaphragm rectangular cone  Standing lateral and prone
PA views were obtamed m different patients with both tech-
nques
In addition, a phantom n the shape of a maternal abdomen
svas cast from a patient.  This was made of dressmaker’s paper,
which showed no significant absorption of radiation A bony
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It will be noted that the skin dose of the PA view wing she
low dosage technique (11) is 300-400 mr as compared 1o 2400-
3950 1nr for the comentional AP views (§) while the midpelvic
doses are 51-73 mr as compared to 190233 mr. The lateral view
with the new technique required a skin dose ranging from 1170-
1730 mr and a midpelvic dose of 163-250 mr, while the standard
technique required skin doses of 77508720 mr and midpehic
doses of 460-524 mr.

Actually we were able to obtain many PA vicws with the
low dosage technique with as hutle as 10 MAS. Tor the average
sized Iateral, the exposure was reduced to as linle as 50 MAS
and for the large patient about 75 MAS.

We also noticed that when we switched to the low dosage
techmque, the exit doses were just half of the values obtained on
the standard techniques indicating that the vecording media was
twice as sensitive to radiation  The resulting roentgen image was

of comparable density, but somewhat grainy and showed a shovter
seale of contrast,

Figure 9

Fignre
mhr(" ie ¢ S)).l This 15 a companison of the AP with the old
que on the left and a PA with the new technique on the
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The 1oentgenographie techniques used for comparable fils
e d
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nay be utihzed collectively or singly. Not alt of them are useful
11l the time L. R

1. The potential genetic and somatic radiation hazard in
obstetrical patients stems from the simultaneous gonadal expos-
ure of mother and fetus and the total body irrdiation of the
fesus

9. Obstetrictans and radiologists should discipline them-
sehves 10 avoid any routine or unneccessary Tocntgen procedures
of the abdomen and pelvis in women of chidbearing age, 1o avoid
radiography during early pregnancy, Lo use well imformed 1echni-
cians, and to select, through consultation, the safest procedure
with the highest diagnostic yield

3. Clinical experience has shown that voenigen pelsimetry
is infrequently necessary for obstetrical prognosis. Its use should
be limited to those cases in which the exclusion of dystocia is
indeterminate by ather clinical means

4. The use of high kilovoltage, heavy filtration. efficiently
collimated heam, fast screens and films, full phenidone Ilm devel-
opment, and proper grid ratios will achiese the lowest radntion
doses to the skin, gonads, and fetus.

5 The use of a single upright lateral view on a large 17
X 17" cassette covering the pelis and abdemen will suffice as a
single pilot exposure yielding a broad diagnostic return  This
can be suppl d with a comp d prane PA abdomine.
pelvic stew when mdicated  These two views, proy iding a com-
plete range of obstetrical roemgenologic diagnosis, may be ob-
tamed with as Little as 250 mr. delivered to the midpelvis of an
average sized pauent at term  This represents over 75%, reduc-

tion of the radmtion dosage tequired with standard o Lilm
techmques and even more 30 over i i

T techniques which requi
addinonal fitms 1 e

6 For feral suney only, a ligh
, ghtly exposed PA or lateral
abdominal radiograph can be made with .
vith a tot:
1525 mr (o the midhne. *exponute ofonly
7 In late preguancy, the matern
; al and fetal gonads a
l‘ovcx(ed well above the crests of the ilia jn cephalic prfsema:icnr:
hen the examination myolses peluimetry only, restricting lh&;
7
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right on the same patient. The right film was made with 15
MAS. the one on the left with 200. That is on Royal Blue film
ot on Hford. I am not sure which that is. We found them not
too far apart.

A

Figure 10

Figure 10 1s the comparison of 1wo lateral views on the same
pauent. We weie trymg a wedge filter over the front ot the abdo-
men, This is the old technique on the left, the new techmque
on the right and reproduction of this is perfect, although as you
notice, the pelvic area 1s not heavily penctrated  However, we
fele we could make pelvic measurements from tlus 1f necessary
We could see the head. We could see placental posttion on the
postertot wall of the fundus and we would have been able to
diagnose fetal maturity pretty well.  Admuttedly, we have perhaps
given up something here m the long 1un, but if you are not a per-
fectionist, I think you can still get a satisfactory diagnostic yreld
and a handsome reduction in radiatton exposure with this low
dosage technique.

SUMMARY AND CONCLUSIONS

Low exposure obsteueal radiography mvolves the applica-
ton of certain general, technical and procedural factors These
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SUMMARY OF CONFERENCE WITH RE;'
OZ‘; THE GENETIC HAZARD OF DIAGI\(?STIC
RADIOLOGY AND MEANS FOR REDUCING 1T

m

OR. PAUL C. HODGES
Prafessor and Charman Department of Radiology
Conerniy of Chiengn
Chcagn, Hlnow

I brought 2 seven page manuscript and six lantern stides,
but § have decided to abandon them because most of the things
1 was gomg to say hase been said four or five times today, 1
jotted down notes as you gentlemen talked and it seems to me
thar certan pomnts hase come out that everybody here admits.
Farst, radiation can cause geneuc damage  None of us learned
that for the first ume today but we learned a lot more about it
Second, man s subyected to much unavoidable background radia-
1on bt the mere exstence of unavmdable tackground does not
exquse the addition of avordable radianon.  These are things we
all fnow but tt s well ta have quantitatne wiormaton about
them

The surveys that have heen made on estimated gonadal doses
for the entire population exaggerate the situation in diagnostic
radiology  They are full of ertors which the people wha made
them must recognize  Anyone who has had anything to do with
radiation therapy nows that for several decades alter 1t began to
be important, we had anly rubber yardsticks with which to meas-
ure the dose  The earliest measuning devices were not 1oniza-
tion chambers and the first chambers that became asmiabie wese
not independent of wave length Anyone who attempts today o
compare doses recorded thrty years ago 2t another mstitution
wich those recorded today 1 his own imstuution Anows that thys
14 waste of ume  Even after thimble chambers were smproved

19~
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beam to the pelvic mea and avording the use of the inlet view
(Thow's) prevents direct ivradiation of both gonads.

. Scott: Dr. Campbell, that was a fine study and tlearly
presented.  Examinanions and repotts of this type are most help-
ful in minimizmg radiation effects and we need more like it.
Would anyone like to ask Dr Campbell any questions about his
technics?

1 have asked Dr. Hodges to give as much of his paper as he
wishes, and in addition to swnmarize the major pounts biought
out during this Conference. At the conclusion of his talk, the
meeting will be open for general discusston,
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OR. PAUL C. HODGES
Professor and Chasrman Department of Radrology
Uneeersity of Chicagn
Chrcago, HHinos

I brought a seven-page manuscript and six lantern stides,
but { have deaided to abandon them because most of the things
1 was going to say have been said four or five nmey wday. 1
jouted down notes as you gentlemen talled and it scems to me
that certain pownts have come aut that everybody here admits.
First, radiaton (an cause geneuc damage. None of us learned
that for the hirst time today but we learned a Jot more about 1
Secund, man 18 subjected 1o much wum oidable bakground radia-
o but the mexe existence of wnavordable background doey not
excuse the addition of avondable radiation  These are things we
ail know but 1t 15 well to have quanmamne nformanon about
them

The sunveys that have been made on esumated gonadal doses
for the entire population exaggerate the stuation m diagnostic
radiology  They are full of ersors which the people who made
them must recognze_Anjane who has had anything to da wuth
radiation therapy knows that for several decades alter st began to
be mmportant. we had only rubber yardsticks with which 1o meas-
ure the dose  The earliest measuming devices were not 10mza-
tion chambers and the first chambers thar became available were
nov dependent of wave length  Amyone wha attempts today to
C\Ompxre dases vecorded thusty yeats ago 2t another wstitution
’\nh those recorded today 10 fis own mstitation hnows that this
B anawe of ume  Esen after thumble chambers were unproved
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it was some time before familianity with them reached the point
where recorded dosage was dependable.

We are m almost that same situation taday m diaghostic
radiology. Almost everybody has attempted to measure the doses
in diagnostic radiology with chambers that have been developed
for therapeutic radiology and these therapy chambers are alnost
as maccurate in diagnosis as the carlier measuring devices were m
therapy. I was telieved when I leatned that the pressure fo big-
ger and better surveys had eased so that public and private
money probably now can be used to find means for making
diagnostic radiology as safe as possible rather than for addittonal
surveys to find out how bad it can be

The existence of unavoidable background radiation » no
Jjustification for pernmeting unavordable radiation but there 1s con-
siderable variation in background, about which we coull do some-
thing if we wished to. For example, we do not and should not
make it .Hegal to move from a hame house m San Fianuwo to 2
brick house tm Denver nor do we make it illegal 10 go up to
Pike's Peak and sit on a rock It follows, therefore, that we should
not worry about the gonadal dose delivered 1 making a chest
microftim of an adule male since that dose 1s wdentical wath the
additional bachground he would acquire if he had come from a
frame house 1z San Francisco to spend 3.6 days m a brick house in
Denver. to say nothing of the dase that would be incurred if he
went on up to Pthe's Peak and sat on a rock

Above cverything clse, T was impressed with the shight diver-
gence of opimon between the genetiersts and the radiologists.
It 15 the same old story — people misunderstand when they are
quoted second or third-hand in the press and underaand one
another more casily when they sit down together 1 detected
little cifference between the extreme genetie view and the ex-
treme radiologic view

Dr Gould and 1 were chiscussing at Tunch a question hat is
frequently asked: "I the human 1ace came out of the trees and
fearned to use its hands nstead of 1ty toes all becanse of muta-
tions, then why don't we use x-rays deliberately to expedite muta-

tions.”  Of course, the answer is that whether they be natural or
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induced most mutations are deleterious and o'n\) a few nd\.:m-
tageous.  With irradiated seed com, one may Kill off the myriads
of wisfits and save only the desirable mutations, bur no one
sertously believes that these tactics should he apphied to wan.

Now as to precantionary theasures that way he "‘\‘"' to
seduce the tisse dose w diagnostic radiology.  Above ey enything
else, there 13 the asoidance of unnecessary examinatons,  Many
« ray exanunations being done today in nyy vpinton are not neces-
@y AL GUF IBULNGOR, We 3TC called on constantly 1o repeat
exammations of the stomach, colon, gall Bladder, etc, not hecause
the doctor behieves they ate necessary bt that the pavent wants
them and 15 furious if they are not provided,  Walim recent neeks
one of our young wen dragnosed a peptic ulcer on a patient whe
was sent back on the next day for repetition ol the exanunation,
When [ inquired as to the cause, my colleague who had relerred
him sad, Refore 1 sent the patient to you I told his aclatives
that I cidn’t think he had a peptic ulcer and so when 1 got your
report [ had to call b wife and son by long dwtame  They
reminded me that 1 had sad that ne vlcer sould be found and 1
smd the radiologists thought they had found one but, of conrse,
would check their findings.” Because of this commitment there
seented ta be no way out and we had to go on with an unnecessary
Tepeal exanmnation

We shauld do everything possible 1o avoid unneressary exam
maaons bt the radiologist bimsell can do bitle ~ 1 15 e refer-
Ting physician who must take the respansibulicy of denying to Ins
patients examsnations which, m his upmion, are unnecessary

T was mterested in what Dr Camphell had o say about
peliimetry 1t was splendid 1o see what can be done to reduce
the dose when pel imetry has to be done but the imporiant thing
1% to vecognize that not often does 1t have 1o be done N

Meducal students have been taught manual pelvmetry for a
bundred years 1t 1t were an accurate means of determsning 1he
\_l\xc of the pelvis, of course one shonld never do x-ray pelumerry
T e e ey i

ety 1 the melhy| 0 measure the peluts accusately Xy pel
0d to be emploged  Fortanately, it w seldom



necessary to have this information and the trial of labor usually is
a dependable guide. In our hands, pelvimetry has been used less
and less in the past deeade, not because we fear to use it but
hecause we consider it necessary only in exceptional cases

Dr. Campbell and others have told you the advantages of
high svoltage, heavy filtration, fast screens and fast films, Dr.
Friedell and I were discussing thus matter of fast screens and
films and we wonder whether the gencticists know what has hap-
pened in this field.

Radiologists have long hnown that the tissue dose could be
reduced by using faster films and screens but the price we paid
was deterioration in detal and mose of us were not nave enough
to apologrze for what we comsidered relatvely poor-quality films
i order to reduce tissue dose.  Today we are re-educating o
selves and our am 15 imeally satisfactory fitms with mmunal
trsue dose vather than {ibus of maximum technieal qualiey e
gardless of dose

It is strange that no one has talked of mage amplification
Ten years ago we would have bubbled aver with cuthusiasm as
to what mmage amphiiers were going to do toward 1weduemg the
tissue dose I wish that the predictions (and some ol them were
mine} had come true, but they have not.  Almost all of us are
working with émage amplifters of ane sart or anather  They have
a lmited usefulness but in ther present stage of development
have not accomphshed the tung that we thought they would
We would have hard work gettng along without dhem but they
have not deanced up the problem on a large scale

What are ather steps we can take to further reduce 1acha-
tion dose?  Probably the most nmportant thing is the restriction
of the size of the madent beam  For many years we have done
all of our fluorosopy aud spot filming with a screen that meav
ures 41,4 by 7 imnches  Fvery visitng radialogut who looks at it
shakes his head and says, “You can’t do an adequate examination
with such a smail screen ™ OF comse you can’t unul you have
When we built the unttument. we provided 1t with 2

tried it
and were gomg to use the httle soreen only far spot

large screent
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tms, but after a year or su we discovered that the big screen was
athering dust and so we never use it any I.llllit‘-

Shielding of the gonads is extremely m\pm’tnm'. 1 thought
jou might be interested in seeing one of the devices we I\:\\rc
developed (for destription and Mustrations, see J.AM Ao July :
1638, pp. 12391240y The shield is placed hetween the patient’s
tegs, the techmician locates the pubic symphysis. places the tip of
the lucite at that level, and then Jowers the shicld untsl # i in
conact with the sheet corering the patient  The distance
bewween the up of the luaite and the lead is such that in the com.
pleted pelvic film the lead, though covering the 1esticles, does
not ohscure any of the peluc bones

Phantom measurements wdicate that m pelvic himing done
at 80 KV, {00 MA with 2 MM al filter, a rarget-film distance
of 40 mches and a 16 to 1 gnid the dose 1o the testes protected by
the shaeld is approvsmately 5%, of what 1t would be without 1t

Dr Scott Thank you, Dr Hodges. [ am sure you will all
agree that Dr Hodges 18 a master at summanzing  Furthermore,
your testicutar shield 15 a pracucal and ingenmous device. You
always manage to produce something construcne

T want to emphasize the pont brought owt by Dr Therhard
that the decision as to what 1s best for the patient must remain
the responsininty of the auendmg physician 1t 1s he who must
make the decision a5 to what is best for the patient and whas he
mist have i the way of examinatons  Any other basis destroys
the proper relattonstup between the patient and the attending
physician This means all physicians must be more intelligently
wiormed abom genencs, radiobiotozy and the proper indua-
tons and wse of diagnosue vadwlogy and the possible hazavds,
Furthermore, the formaton the genencists and radiobiologists

have presented here 1s not the voice of gloam and deom for dan-
font vadwology - 1t s helpful knowledge tat will enable s :n
do a hietter and more careful b It 1s a chatlenge and a stmutny
ot ws w wipre our techmiques, to dex c]oi) new protectne
devices, and 10 assist our referting physicans 1o make a bett
selection of the patients for radiographic exammations ’ “
The geneticist might ask, “What 13 organized radiolagy domg
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necessary to have this information and the trial of labor usually is
a dependable guide. 1n our hands, pelvimetry has been used less
and less in the past decade, not because we fear to use it but
because we consider it necessary only in exceptional cases.

Dr. Campbell and others have told you the advantages of
high voltage, heavy filtration, fast screens and fast films. Dr.
Friedell and 1 were discussmg this matter of fast screens and
fdms aud we wonder whether the geneticists Lnow what lias hap-
pened in this field.

Radiologists have long known that the ussue dose could be
reduced by using faster films and screens but the price we pad
was deterioration in detail and most of us were not brave enough
10 apologize for what we considered relatively poor-quality films
m order to reduce tissue dose  Today we are re-educating our-
selves aud our aim 1s chinically satisfactory filns with minimal
tissue dose racher than [ilms of maxiam techneal quality re-
gardless of dose

It is stange that ua one has talhed of image amplilication,
Ten years ago we would have bubbled over with enthusiasm as
to what nnage amplifiers were gomng to do toward reducig the
tissue dose I wish that the predictions (and some of them were
mine) had come true, but they have not  Almost all of us are
working with mmage amplifiers of one sort or another  They have
a lunited wsefluluess bue w their present stage of development
have not accomplished the thung that we thought they would
We would have hard work getting along without them but they
have not cleaned up the problem on a large wale

What are other steps we can take to further reduce radia-
tion dase?  Probably the most important thig 1s the restrichion
of the size of the meident beam,  For many years ne have done
all of our flustoscopy and spot {ilmung with a screen that meas-
wes 4-174 by 7 mches  Every visiting sadiologist who Jooks at it
shakes lus hicad and says, “You can’t do an adequate examination
with such a small screen”  OFf course you can’t until you have
aied 1. When we budt the untrument, we provided st wih a
reen and were gomng to use the hitle screen only for spat

Jarge s¢
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port is decreased When they are interested and crowd around,
e hold the screen over their gonadal region.  When the fomt
sutteh 1s actuated and the screen glows, they are astounded and
move back quickly, Also, in Lowsille, so far as T know, there is
not a peduatrician who owns an X-ray machine or a fluoroscope.
D, Mickey:  In respect to reaching the students carly in the
suge of their traming, 1 should like to propose that we geneti-
aists get a shot at them in pre:medical school with (ourses
genetcs 1 think that it ought to be a required subject. AW
pre-medical students should have an elementary course in genet-
1cs and all medical schools ought to have a vequired course in
advanced genetics.
Dr Brues: 1would just like 1o pronounce a plague on bath
houses 1 don't think that medical students get enough geaetics
an the whole, but a few get it very well in some places. T ako
think PhD.'s 1n biology don’t know enough about pathology
and cancer hecause cancer 15 too often not considered as a broad
hiolomcal problem 1 think we have to correct both of these
defictencies

Dr. Tice. Dr Scott, I want to thank you and your Com-
mittee for your excellent program 1 think 1t has heen a wonder-

ful thing for us to get together and discuss these problems I
have been thinking about the hook lammagraph Dr Gould men-
tioned  We have had aurs for about exght months  We take a

Yot of lammagraphs, whereas previously we were taking about
seven expostres, now we make only one

I nould Whe to ask
two or three questions of Dr. Paul Hodges

N {1} Do you thank an
pron type of girdle that goes aronnd the patient’s waist 15 effec-

e n protecung the patent's gopads®  {2) Do you thnk that it
W prancal® {3} The premature aging process from radiation as
duscussed by the geneticists and the repore of Dr Stuelds Warren
:‘:::‘c“:\lr;Y:e';;(‘ hlc; span af radiofogists, can we overlook these
SN t :nd: 1];:3;; 10 worry abowt 2% {xr as e radsofogsts
o }\;P\mg‘“‘v’ ast, § have heard nothing mentioned about

ork with which you are all familiar. Dr Kap-

Yan, To i
% OMT a period of over twenty-mine years rrradiated 660
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about this problem?”  For over fifty years, they have been and
still are very seriously concerned about it. The American College
of Radiology, through their Commission on Units, Standards and
Protection, of which Dr. Richard H. Chamberlain is Chairman,
just produced a booklet, “A Practical Manual on the Medical and
Dental Use ol X-rays With the Control ol Radiation Hazards.”
Miss Sampley wil) give a copy to each of you. This mannal is
bemg distributed to all practicing dentists, physicians, internes
and 1esidents in the United States as an act of public service,
The Amencan Roentgen Ray Society, the Radiological Society of
North America and the Section on Radiology of the American
Medical Association all have symposia and Instructional Courses
on this subject at thetr annual meetings  Special bulletins and re-
prits of various articles are circulated to thewr members, My
Commisston on Public Relattons of the American College of Radi-
alogy 15 now preparing an educational motion picture on racia-
tion hazards and their control for the medical profession These
are some of the active programs that are now underway

D1, Paul Hodges' discussion and sumimary is now opent for
acneral discussion

1. Pukey: Thete s one point that hasn't been brought out
today and that has to do with the teaching of medical students
They ate the group we as radiologists have a chance to moculate
with the newer ideas and knowledge about geneties and the
propet use of dragnostic radiology  In our teaching program, 1
often state that any time a physician luoroscopes a pient with
out having his eyes adequately dark adapted, it 1s malpractice
Tt 1s just ltke starting to operate on a pattent without bothing your
mstrpments for ewenty minates if you don't prepare your eyes for
the twenty minutes. Another effective means for impressing the
importatce of using hmtted fluoroscopic tields on medical st
dents is to use a small fluorescent screen. Bring the students m
groups of eight to ten o the fuoroscopic 10om and tajk o them
in the dark until their eyes are dark adapted It 1s amazing how
one can demounstrate scatter rachation around the side ol the
fluorestent saecn with a prece of fluoiescopic screen  With the
port npcucd, ¢the screen 15 brghter and dims as the sire of the
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pout is decreased.  When they are imcn:s(c(.l and crond around.
we hald the screen over their gonadal region. When the foot
switch is actuated and the screen glows, they are astounded and
moye back quickly. Also, in Louisville, so far as 1 know, there is
not a pediatrician who owns an x-ray maching ot a flnososcope.

Dr. Mickey. In respect to reaching the students carly in lhf:
stage of thetr training, [ should like to prapose that we pencti-
csts get a shot at them in pre-medical school with courses in
genetics. 1 think that it ought (o0 be a required subject. Al
pre-medical students should have an elementary course in genet-
1s and all medical schools ought to have a required course w
advanced genetics !

Dr Brues. 1would just like to pronounce a plague on both
houses, T don't thank that medical students get enough genetcs
on the whale, but a lew get it very well in some places ) also
think PAD’s in biology don't know enough about pathology
and cancer because cancer 1s 100 often not considered as a hroad

brafogical problem 1 think we have to correct both of these
defictencies

br Twe Dr Scott, T want to thank you and your Com-

mittee for your excelient program  { than, 1t has been a wonder.
ful thing for us to get together and discuss these problems 1
have been thmking about the book lamnagraph Dr Gauld men-
tioned  We have had ours for about eight months.  We take a
lat of fanwmagraphs, whereas previously we were talmng about
seten expasures, now we make only one

1 would like 10 ask
two or three questions of Dr. Pani Hodges

{1} Do you think an
2pran type of girdle that goes around the pattent's wast 15 effec-

tive n protecting the patient’s gonady’  (2) Do you thnk that 1t
s practical> (3} The premature amng process from radiation as
discussed by the geneticists and the report of Dr Sluelds Warven
;:::f\;‘,hn;:;ﬁ :(ffz span of radiologists, can we overlook these
are congerned? And\;;‘s":’ ‘IQI::\“:L:X“ “:] e me—
Dr Ira Kaplan's work. \u’d\ which y e Al e a"'om
T ¢ ! whuch you are all famibar, Dr Kap-

07 0ver 2 pertod of over twenty-nine years wradiated 66O
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aboutt this problem?”  For over {ifty years, thiey have been and
still ate very seriously concerned about it, The Amencan College
of Radiology, through their Comnussion on Units, Standards and
Pratection, of which Dr. Richard H. Chamberlain is Chairman,
just produced a booklet, “A Practical Manual on the Medical and
Dentat Use of Xerays With the Coutrol of Radiation Hazards ™
Mrsy Sampley will give a copy to each of you. This manual is
heing distributed to all practicing dentists, physicians, internes
and 1esidents in the Umted States as an act of public service.
The American Roentgen Ray Society, the Radiological Socicty of
Noith America and the Section on Radiology of the American
Medical Association all have symposia and Iistiactrional Courses
on this subject at their annual meetings.  Special bulletins and re-
prints of vavious atticles are cuculated to thor members, My
Commisston on Public Relations of the Ameritan College of Rade
ology is now preparing an educatonal motion prctue on radia-
ton hazards and their control for the medical profession  These
are some of the active programs that are now undeiway.

D1, Paut Hodges' discussion and summary is now open for
general discussion,

. Pukey. There is ane pomt that hasn't been brought ont
today and that has to do with the teaching of medical students.
They ate the group we as radiologits have a chance to inoculate
with the newer wdeas and knowledge about genetics and the
proper use of diagnostic radiology.  In our teaching program, 1
often state that any time a physician fluoroscopsy a parent with-
out having his eyes adequately dark adapted, it 1s malpracuee
Tt ts just like starung to operate on a patient without botling yout
nastssssenses for cwenty rinaees of you dou't grepate your eyes for
the twenty minutes.  Another effectnve means for mmpressing the
imponance of using limited flumoscopc frekds on medical sin-
dents s to nse a small Muorestent screen Bring the students
LIoups ol erghe to ten mto the fluoroscoprc toom and talk to them
i the dark until thetr eyes are dark adapted It s amazing how
one can demonstrate scatter rachation around the side of the
flumescent screen with a piece of fluorescopre screen. Wit the
np\-nc(l, the screen 1s brighter and dums ay the si7e of the

p ni



i - R oy
ing i S a year,
other group of specialists by something in the order of 1lyc‘ 1,
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To go back to the question of direct radiation of the evaries
to induce ovulation. A\ tough computation, using mouse data
2nd making several assumptions, would give about half a percent

2 the mumber of gross abnonmalities w the first generation chit-
dren from a dose of 100 7.

Dr Panl Hodges: Would this be added to the natural 19,2
Dr. Groun Yes.

Dr. Scotr: Would thus alse apply 10 radation doses accu
mulfated over a thinty year period:

Dr Crow, Yes Furthermore, you would evpeat about the
same number in each of the following generations, the number
gnduallydxmin\shmg over a few dozen generations  But, remem-
ber that gross abnormalities are probably a mmor pant of the
total genetsc effect |

should thunk that heavy radsation of the
Ranes 15 ahout as dubnous as anything a radiologist 1s called on
todo

Dr. Scott. In the December 1sue of the American Journal
of ROEnIgtuo[agy, Raduim Thrm,:\ and Nucleay Medicine you
will hind the reports by I, Cail Braestrup and Dr G Fally

where both approached tlis problem from different ew points
and concluded that the shortening of the hfe span of radiwlogists
Was not ap 2ppreciable factor

Dr. Tue: wond

ler how that figure of 15 days per roentgen
€VeT ot credence any;

way”
Dr Scopt, Well, T don't know Does anybody have that
Teferences
Di Brues,

Somebody took some figures for consderable
amaoy i
. s of life shonemng and drew the usual straight line 10
e
Ly mes Thy ™ay or may wiot be legitimate.
figure YOU come

. O wih af you make the assum
Pentgen does an equnnalent thing.

This 15 the
ption that each
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women for sterility.  As I understand, he delivered a dose of
about 75 r to the ovaries which is a big dose as compared with
the doses we have been talking about today. His last 1cport
showed at Ieast fourteen grandchildren from these women who
had been irradiated.  OF the 441 he followed, 270 became preg-
nant and had 247 children and 14 grandchildren. There were
no abnormalities i any of these children. 1 would like to hear
some discussion about these studies.

Dy, Crow: With reference to Dr. Kaplan’s studics, 1 was told
there were three with detectable abnormalities among the off-
spring. That’s not large even for people who are not rrradiated,
since the total number mvolved was over 400, and the normal ate
15 about 19,

. Ticer When you take a chest film of a patient wearing
a protective apron, do you think it lowers the gonadal dose?

D1, Paul Hodges: We haven't been doing that.  We have
been limiting the size of our port very sharply to the size of the
film. We are not ustng the apron

Dr. Tice: But the aprons are available?

Dr. Paul Hodges: Yes.

In. Tiwee They seem to create a mental hazard in the
patient.  We use sumalar size aprons for childien We had a sim-
lar experience to yours A porter in a hospual had to have a
chest film at yearly intervals or not get a salary check because 1t
was required  He refused without having a full length lead
apron from his neck to his ankles  OF course, he d dn't reahize
how silly the request was becawse under ths situation no radiation
conld reach the hlm.  We limally convinced lum that he didn't
necd the long aprom.

Dr Scatt- Would anybody Iike to talk about Shiclds War-
ren's report for Dr. Tier Dr Crow?

Dr. Crow 1 don't think T can say anymore than | sad
earlier. The diffienlty 15 m the lack of the proper age correc:
tions. In fact, Dr. Warren's was not the first study of thrs Jand
The first was done by a group from the Metropoinan Life Insur
ance Company. They did mdude the age correction  They
jonnd, 1f I rememmber corvectly, that radiologists differed from the
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means that we get 2 fair number of 11 and 12year-alds but the
3,4, and 5 year-olds that wed to gise us so much trouble do not
come iy

Dr Scott: That would apply also ta the surveys made by
the mobile tuberculosis units. 10 the statement from the national
office they recommend that the mohile units he used only in
areas and among groups 1n wluch they expecta high yietd. They
no longer recommend its use for grade school and high school
groups and prefer to have them subjected to wherculin tests

Dr. Friedell 1 want to hatk back to the fact that one had
better know whether there is a threshold or not. Ths, in my
opituon, 1> a function of understanding the mechamsm and the
dose respomse cune The decisions that one will have 10 make
are gomng ta depend on how one interprets the dose vesponse
cune, because this tells you whether there is a threshold and
whether the effects are camulative

1 would hie 1o reiterate that the data for muatens lvol
better than the data for somatic effects, but are not canclusive,
1 a threshold does exist, 3t ameliorates the whole problem of
radiation protection considerably. 1 suppose from the pont of
view of how one proceeds, 1t 1s probably moest (avtions and most
judtcious 10 assume that perhaps none exsts.  But of this in any
way seriously embarrasses the use of x-ray for the diagnosis and

tettment of disease, more carelul seruting of the whole problem
will be netessary

Dr Scort Dr Francs, we have not heard from you

Dy Herbeit Franas: 1 thunk one of the big problems ue
hate at owr hospital is at the “polio” center 1 am Qistressed
over the large amount of x-ray diagnostic wark that 15 necessary
o these patients  They have bone malformations and deformi.
ves which 1equire a Yot of orthopedic work, They have urinmy
cafeujt commanty, fung and chest conditions. and frequendy h"n
mlhlpsws‘u( vertebrae 1 hase wned for a long ume 10 )il";lt:
out how best we f H
we have uw‘(\ “\:’:‘P:“::E‘ ::;2\:‘;::? e For aduls

er the hidneys with pro-
tection of the lower part of the tract by lead shields. "

For the
chest fitms of course, there 1s always protection below their belt
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In. Scott:  Furthermore, wasn't that extrapolated  from
studies on mice?

D1, Byues: This was extrapolated largely from mice, with a
factor — one obviously has to put a factor in — encompassing the
different Itfe spans of the species. Could T comment on one other
thing? In case there has been a musunderstanding. There is no
question but that radiologists have shown a very much higher
incidence of leukemia.  We've been talking about life span —
that’s another thing.

Dr. Scott:  You're satisfied that the statement that racholo-
gists do have a higher incidence of leukemia 1s a solid observa-
tion?

D1, Bines: This is a solid obscrvation, yes  This represents
beaveen a six and tenfold increase over the general leukenua
rate  The current guess as to the dose 1ecerved by the merage
radiologtst during his years of work s about 2,000 roentgens
This would not be umiform total body radiation — atthough
their exposure is considerably more diffuse than that of the
patients. Incidentally, a little calculation will show that this in
wself, would throw doubt on the figures that have heen put out
1egarding bife shortenmng per roemgen in man.

Dr. Peterson: Do you feel we should eliminate all unneces-
smy exanmunations and does this apply to the photofluorograms
ot the chest?

Dr Hodges: 1 certanly don’t think thar chest microfilins are
unnecessary except i the case of chikdren but for several reasons
1t is unwise to mucrolilm clnldren  On one hand, they arc amen-
able to shin testing as a prehminary screen and, on the other
hand, they are poor subjects  Frequently they are unwiihing or
unable to cooperate and hold up the line by crymg. suting down
on the floor, twisting and faling to hold their breath as the
exposure 1s being made. Even under the hest ol condittons 1t 1
ufficult to avoud administering unnecessary radiation, sometimes
directly to the gonads We have stopped examnnng children

and have the cooperation of aur peduatrictans i the decision
Only when the examming physican beheves that a child has

about the build of a small adult 1s he sent for mucroftiming  This
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wmeam that we get a fair number of 11 and 12qearolds hmt the
3, 4, ad Saeacolds that used to give us 5o much trouble do not
come to U

Dr Scol. That would apply also tw the sunveys und.c by
the otnte wbercnloss units. In the statement frow the muun.ai
office they recommend that the mobile units be used only in
areas and among groups m which they expect a tngh ypeld. They
no lonmer recommend its use for grade school and high schoal
groups and prefer to have them subjected to tubercutin wsts,

Dr Fredeff: 1 want 10 hath back to the fact that one had
better Muow whether there 15 3 threshald or not. This, in my
opinion, 1 a function of understandmg the mechanism and the
dase respuse cune  The decisions that one will have 1o make
are going to depend on how one mterprets the dose response
cure, betawe this tells you whetber these 15 a threshold and
whether 1he effects are cumulative

I would file to rexterate thar the data for mutations loak
beuter than the data for somaug effects, bt are not ronchusne
1 2 threshold does exnst, it amclorates the whale problem of
radiation procection onsderably 1 suppose from the point of
view of how one proceeds, 1@ ss probably most cautious and mmy
judiciots to avsume that perhaps none exsis. But if this in any
way senowly embarrasses the use of %-ray for the diagnous and

weatment of disease, more carefu) scratmy of the whale problem
will be necessary.

Dr Sconr Dir. Francss, we have not heard from yaur,

Dr Hetbest Franers. 1 think one of the g prablems we
have at our hospital is at the “poho” center { am distressed
over the large smount of X-ray dngnosue worl, that is necessary
on these panents  They have bone malformauans and deform.
ties windh tequire a jot of orthopedic work. They have utinan
eakuli commonty, Wung and chest conditians, and frequently have
('(&“ilpyts of vertebrae 1 have tned for 2 long ume to figure
out how best we can protect them during pyel
we have wed two or three exposures Oif)‘h::’;:?:(‘:“q:"‘ i

techior of the Jower part of the tract by

with pro.
chiest filmos,

lead shields  For the
o course, there 15 always protection below their hele
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Many ol these are very small chuldren,  The doctors in attendance
leel these are important examinations and they need them.  We
have changed some of the time intervals where they did rontine
examinations every month or so to sec the progress of this o that
— changed those to every two, three, or four months and with
more clear cut indicacions for them. Overall I'm sure that these
cluldren are getting a considerable amount of 1adiacion. It will
be an interesting group m the long run to study. [ think tis
would be uue in ail polio centers,

Iy, Wilsen:  No comments, except to express appreciation
to these geneticists who have come here to grve us a background
m genetics in which some ol us are seriously lacking, T am vay
gratelul for the opportinuty of hstenung ta then,

Dy, Scoff: We certainly me giateful to the geneticnts and
radiobtologists for coming here and giving us so much of ther
time I sccond everything Di. Wilson saud.

Dr, Sante.  Could 1 speak just a moment about something
that has always concerned me from the time I fremd of it many
years ago?  With all this talent here mayhe we can have some
suggestions. Many years ago, 1t was reported from the Cracker
Institute by 1ts representative, Francis Carter Woad, T think, of a
very interesting reactton of laboratory tumors ta the effects of
radiation.

Laboratory amimals injected with a laboraty twmor (Jan-
sen Rat Sarcoma) could be stccessfully transplanted 10074, of
the moculations  After growth was well established. subjection
to an adequate known dosage of \-aadiation would ame com-
plete regression.  Now, tf a cancerocadal dose of xradution were
given to well-established tumor uansplants and one-half of them
were excised after thiee o1 four days, emubihed and 1eanjected
into another group of rats, there would be about 87¢, takes,  And
consistently the tumor halves which were left m vivo and m st
went on to spontancous desttuction This has always been 2 veny

intriguing thing to me and I can’t quute higure it out \1e there
any thoughts?

D1 Scott: Do we bave any help for Dr Sante*

Dr. Brues. 1 believe that experiment has been venfied in
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o or 1w other laburatories since then,  In other words, 1 thint.
Wisconeut to sy that the state of sascularization at Jeast atonnd
a tamplated tumor is an important factor.

Dr. Sante: - Always Imorable? O s it sowmetimes wnfaon-
ble to have vascularity? What are the facton?

Dr Brues; At least w the case of a transplanted thmor it
seenns to be. Anyay, that's the way it tomes out.

Dr Tice 1 woukd just like to commient on the pseudo-
scientists 1 had an expenence just 3 couple of months ago. )
recened a telephone call from a doctor i northern Ransas. The
gatient was Lewg teated by another radiologist  The pariem
was very dustuthed because the radiologist had indicated he was
gotug, to give her 2400 roentgens  She told a phystast who was 3
telative abous this and the physicist saud that nas ternble, that
400 r was the dose toral a person should have and such a dese
nould be entirely impossible to give and shouldn't be given This
physicst 15 ome example of the type of prople who ase paswng
out misinformation

Dy Scatt* There s no doubt about that, and the purpoe of

this Conference 1s 1 dibsermnate sccurate information to asod
such miscomceptions

I Crow  There 15 some hope to learn more about the

Aenetie problem, although all of our discussions thus far may
lave sounded preity futile [rom the standpomt of human heings
i you expect 1t tn he learned from direct sturdy of human p(.di-
avee thar pessitsih 15 pretty vineh justified 1 wanted o point
Putn aaswer to powts you made this morming, that tissie cul-
ture does atfer some hope, at least  We can study mutation of
somatte vells to blood groupng to compatabnlity antigeny or to
charactenistics which influence gronth of fusne mlnny i one
here alle to memure a rariety of himan tsas o a variety ni
I:\l\\\sc Boue i those would wem ot to bie comparabile, that w:)m\ﬁ
s O th e o st o he

‘ > he total

arable, ty ¢
o henn 1 think we are pretty much lost 1

D Paut

ly mmcomp-
any ammeiate

The question of whar constituces a nec essary X-ray
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Many of these are very small children.  The doctors in attendance
lecl these are important examinations and they nced them. We
have changed some of the time intervals where they did routine
exanunations every month or so to see the progress of this ov that
— changed those to every two, three, or four months and with
more clear cut indications for them, Overall I'm sure that these
children are getting a considerable amount of radiation 1t will
be an interesting group in the long run to study. I think this
would be true in all polio centers.

Di. Wilson:  No comments, except to express apptediation
to these geneticists who have come here to give us a background
m genetics in which some of us are seriously lacking, I am very
grateful for the opportunity of hstening to them.

Dy, Scott- We certainly ae grateful to the genenasts aud
radiobiologists for coming here and giving us so mnch of their
ume 1 second everything Dr. Wilson saxd

Dr. Sante: Could  speak just a moment about something
that has always conceined me from the tme I heard of 1t mamny
years ago? With all this talent here maybe we can have some
suggestions. Many years ago, 1t was reported ftam the Crocker
Institute by 1ts representative, Francis Carter Wood. T think, of a
very interesting reaction of laboratory tumors to the effects of
radation.

Laboratory amimals mjected with a laboratory nimor (Jan-
sen Rat Sarcoma) could be stccessfully transplanted m 100% of
the inoculations.  After growth was well established. subjection
to an adequate known dosage of x-radiation would canse com-
plete regression.  Now, if a cancerocidal dose of \aadiauon nere
given o well-established tumor transplants and one-half of them
were excised after three or fow days. emulsified and icamjected
nto another group of rats, there would be about 87%, takes. And
consistently the tumor halves which were left i vivo and m situ
went on to spontaneous destruction  This has always been a very
intriguing thing to me and T can’t quite figure st out  \re there
any thoughts? .

Dr. Scott: Do we have any help for Dr Sante”

Dy, Brues: 1 believe that experiment has been verified in
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all the time. Dr. Hodges touched on that business of exclusion.
but 1 beliese that we have to be not only considerate, but at the
ame nme adamant as Tegands the we of xrays As hag been
sated before, we have 1o inform them a linle more stromgly lhn.n
we hate in the past.  We are atrempting 1o do that, and that is
why I use the term, “a voice i the wilderness.” It is a difficult
fob, but it can be done, pnmnmﬂy when you insst that the
ehmcians consuit with you w sequesting that this er thay be done
on 2 requisttion. We have got to go out and do a hnle b more
consulting, even (f it means leaving our seat i the siewing Toom
or fluoroscopre roorm, and going to the wards and talking o them
This is what we have to do, and 1 think it is gomg 10 pay off, bus
it is going 1o tale time.

Dr, Scott.  That » the trend i radiology The day of the
“Bim readers” 15 gone.

Dr Esans, we are indebted to yon for serving as Co-Chair-
sman of the Conference and 1 helping me build this program,
Wotld you Itle ta close the discussion?

Dr. Lvanss § would just tike to say that from the standpoint
af the biologusts and genetiosts that we don’t mnd associating
with you radiolomists at 21 We wowld ke to have the oppor-
wny agan some twe, and as Dr Drues indicated, Wiologists
can Jearn 2 lot aboue tumors and abnormal conditions, ete, bt
we cannot attempt to wark with phyaicans about radiation.
tond we are gring to tirn more and more to the racltologists and
“Weare gy 1o expect the radislogists to pass the snformation on
toother physicrans  \Maybe we are adding a titde more hurden
them, but now 1 beheve even the chagnosue radologist 15 poing
:‘(ﬁz‘i ;: ;:r(“h:"?::?:';ﬁ“a)mm tiotagical effects of raduation

AT 1t fre can talk about them ta other

]]:hk\sxcmm as well as t0 students  When yot g0 bach we would
‘; i;z‘: :\”e[’;’-‘:i:‘i :“:;1! \;): has\e :prevscnllcd the other radiologasts
disusons Any one of us \r:w;!r‘i ljc“lm; long and et A\htm "
by torrespondence Yo B o camy on }hc discussion
Iem E"[:o?ﬂ“ e ':[:::’l:\p)e. s Dr. Sante mentioned, 1 think,
wadntion, etc e u-ﬂaml\'clcs ey papers o tumar bed,
have learnied a Iot and hate enjnyed
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exammation 1 think is a very difficult ouc to make. Gerainly
in the conduct of progiess examinations, one can space them at
proper intervals and one can suggest to the patient’s physicians
the best interval. 1 have had the expetience and am e you
have had the same sort of experience in examining a patent. This
happened 10 be a woman 1 her emly forties whose mother had
died of a carcmoma of the stomach about six weeks previously.
She came in and stated she had the same symptams as her mother.
She feht she too way gening carcinoma of the womach.  Ner
physician didn't think so, but had her gastroantestmal tract
examined and she had a carcinoma of the stomach It shook him
very badly. That is not an isolated observation 1 thmk that one
has 1o be very cautious abour deciding that any given patient
shouldn’t have an seray examination merely because the symp-
toms are not definite.

Dy, Scoti: 1 agree with you. I believe the decision for an
examnation remains the responsibility of the attending physi-
cian  ‘That 15 his night and his duty  We can help most by sup-
plying him wuh the necessmy information and background so
that he can exerase proper judgment.

Dr. Lodwick  To me this has been a very wformatne and
usetul conference and I appreciate very nusch the oppoisunity (o
be here.

Dr Van Epps. 1 think that radiologssts, although they may
be thought of as voices crymg in the wilderness at present, must
go back to the fundamental concept thas they are first of all
physictans 1 feel that I hanve just as much mformation and Anowl-
edge m regad to med ane as other physicans 1 realize. Di
Paul, the pmblem that some physiaans may present 1 feel very
strongly that 1t should be up to us to not only get the studlents,
as Dr, Prrhey mentioned, but abko the resrdents and the staff of
all our departments to go back to the old philosophy of clinecal
medictne. I don’t thk the philosophy of dimical medicne today
pervades m many departments  It’s 2 matter, m my opmion, of
being an interpreter of rerurned requisitions and consnitations
Clinicians haven't gone back to the matter of trymg to canjim

i : go to the pomnt of trying to exclude somethin,
a diagnosts. They g p ying I
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it, and I think I speak for the otheis.

Dr. Scott:  Thank you, Dr. Evans, We agree with you.
Radiofogy has never had a basic science group as a foundation.
It §s by our close association with the radiobiologists, the radio-
chemists, the radiophysicists and the geneticists that radiology can
have 2 basic science group to back it up and from which we can
make progress. By working together, we can go further and
aster.  The Conlerence is adjourned.
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