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I n  1895 and 1896 Roentgen repor ted  t h e  d i scove ry  of X-rays and Henri  

Becquerel  announced the  d iscovery  of n a t u r a l  r a d i o a c t i v i t y  i n  uranium s a l t s .  

The medical p ro fes s ion  was quick t o  e x p l o i t  t h e s e  d i s c o v e r i e s  i n  t h e  t rea tment  

of  d i s e a s e  wi th  the  r e s u l t  t h a t  w i t h i n  less than  a 10 yea r  per iod  ion iz ing  

r a d i a t i o n  had been produced a r t i f i c i a l l y ,  observed as a n a t u r a l  phenonenon, 

had been used i n  the  d iagnos is  and t rea tment  of  disease--and had caused 

cancer  of t he  skin.  

a p p l i c a t i o n s  of  t hese  r a d i a t i o n s  o u t s i d e  t h e  l a b o r a t o r y  were i n  t h e  f i e l d s  

From then on u n t i l  World War 11, t h e  p r i n c i p a l  

of medical d iagnos is  and therapy, i n d u s t r i a l  radiography,  and t h e  manufacture 

of  luminous d i a l s .  

Following the  war, those  who had been concerned w i t h  the  va r ious  phases 

of atomic energy came t o  apprec i a t e  t h e  t o t a l i t y  of  i t s  p o t e n t i a l  f o r  the 

good of mankind. 

enough t o  b u i l d  and ope ra t e  almost any machine; and subsequent ly  w e  have 

learned t o  use  i t  f o r  space t r a v e l ,  f o r  excavat ion  purposes  and f o r  subsar ine  

They saw i t  a s  a source  of a lmost  un l imi ted  energy, energy 

explora t ion .  

been a hea l thy  r e s p e c t  f o r  i t s  hazards  as a l e t h a l  weapon o f  war and the  

p o s s i b i l i t y  of  harm t o  people  who use  i t  c a r e l e s s l y  o r  unwisely i n  the  

labora tory ,  i n  indus t ry ,  o r  i n  the  p r a c t i c e  of medicine. 

Concurrent wi th  t h i s  expanding r ecogn i t ion ,  however, t h e r e  has  
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During t h e  f i r s t  40 yea r s  a f t e r  t h e  d iscovery  of X-rays and radium, 

atomic energy was used i n  medical p r a c t i c e  f o r  two g e n e r a l  PurPOSeS. 

F i r s t ,  t h e r e  developed very  r a p i d l y  a widespread u s e  of t h e  pene t r a t ing  

p r o p e r t i e s  of  X-rays f o r  d i a g n o s t i c  purposes,  whereas g radua l ly ,  and t o  

a cons iderably  lesser e x t e n t ,  t h e  d i r e c t  damaging e f f e c t  on l i v i n g  c e l l s  

of i o n i z i n g  r a d i a t i o n s  from radium and from X-ray machines was taken 

advantage of i n  t h e  t reatment  of cancer.  I n  a d d i t i o n ,  t h e r e  were a f e w  

a p p l i c a t i o n s  of i on iz ing  r a d i a t i o n s  i n  o t h e r  f i e l d s  of  medicine, a s  f o r  

example, t h e  t reatment  of acne v u l g a r i s  o r  t h e  i n d i r e c t  t rea tment  of 

ringworm of t h e  s c a l p  i n  ch i ldren .  

I n  t h e  research  l abora to ry  these  r a d i a t i o n s  were used as experimental  

too ls .  

t o  the  g r e a t  advance of t h e  sc i ence  of  gene t ics .  

something q u i t e  d i f f e r e n t ;  he  d i d  n o t  u t i l i z e  the  damaging e f f e c t s  of  

i on iz ing  r a d i a t i o n s  a s  Muller  was about  t o  do. 

r a d i o a c t i v e  elements behaved chemical ly  l i k e  t h e i r  non-rad ioac t ive  counter-  

p a r t s ,  bu t  i n  a d d i t i o n  he  r e a l i z e d  they  could r e v e a l  t h e i r  presence by the  

very  f a c t  t h a t  they  were rad ioac t ive .  

For example, i n  t h e  middle 1920s, Hersann Muller  exp lo i t ed  X-rays 

Hevesy i n  Denmark d id  

Hevesy understood t h a t  

Thus, one could  u s e  r ad io i so topes  

t o  trace t h e  movement o f  chemical e lements  i n  a l i v i n g  organism. 

known t o  behave i n  many ways much l i k e  calcium i n  p l a n t s  and animals and 

SO Hevesy employed a n a t u r a l l y  occur r ing  r a d i o a c t i v e  i s o t o p e  of lead  t o  

s tudy  by analogy c e r t a i n  f a c e t s  of calcium metabolism i n  p lan t s .  

Lead was 

H e  thus 
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e s t a b l i s h e d  i n  1923 t h e  b a s i c  p r i n c i p l e s  fo r  t h e  use of r a d i o a c t i v e  elements 

as tracers i n  t h e  e l u c i d a t i o n  of b i o l o g i c a l  processes .  

w i th  the  wide v a r i e t y  of a r t i f i c i a l l y  produced r a d i o i s o t o p e s  a v a i l a b l e ,  

Today, of  course,  

he would select  r a d i o a c t i v e  calcium-45 o r  calcium-47 f o r  such a study. 

I n c i d e n t a l l y ,  both Hevesy and Muller rece ived  Nobel P r i z e s  f o r  t h e i r  work 

wi th  r ad ia t ion .  

I n  1934, J o l i o t  and Cur ie  r epor t ed  t h e  f i rs t  s u c c e s s f u l  a r t i f i c i a l  

product ion of r a d i o a c t i v e  elements.  They bombarded boron and aluminun 

wi th  t h e  a lpha  p a r t i c l e s  from a n a t u r a l l y  occurr ing  radioelement ,  polonium-210, 

t o  produce ni t rogen-13 and phosphorus-30 r e s p e c t i v e l y ;  both a r e  rad io iso topes  

having very  s h o r t  h a l f - l i v e s ,  11 minutes and 2.5 minutes ,  r e spec t ive ly ,  bu t  

long enough t o  be  de t ec t ed  conclus ive ly .  

Beginning about 1930, E rnes t  Lawrence began t o  develop the  p r i n c i p l e  

of t he  cyc lo t ron  i n t o  a machine t h a t  provided a much more powerful and 

f l e x i b l e  source  of high-energy p a r t i c l e s  than had h i t h e r t o  been ava i l ab le .  

Soon t h e r e  was a cyc lo t ron  which produced r a d i o a c t i v e  i so topes  of  sodium, 

iod ine ,  and phosphorus i n  q u a n t i t i e s  s u f f i c i e n t  f o r  exp lo r ing  t h e i r  p o t e n t i a l  

va lue  i n  medicine as t h e r a p e u t i c  agen t s  and as t o o l s  f o r  s tudy  of l i f e  

processes ;  i t  was f o r t u n a t e  t h a t  t h e s e  r ad io i so topes  had reasonably long 

h a l f - l i v e s  and were important  components of t i s s u e  cells .  

a medical team a t  t h e  Univers i ty  of C a l i f o r n i a ,  Berkeley, under D r .  John 

Lawrence, Ernes t  Lawrence's b ro the r ,  f i r s t  adminis te red  an a r t i f i c i a l l y  

And so, i n  1936, 

produced r a d i o a c t i v e  i so tope ,  phosphorus-32, t o  a s i c k  human being wi th  the  

express  purpose of  t r e a t i n g  h i s  d i sease .  

t h e  p r a c t i c e  of medicine. 

This  even t  marked a milestone i n  



- 4 -  

. .  
_._ . . .  .. .-  ' 

- 1  
. .  

. . .  
~ I 

Since then t h e  the rapeu t i c  uses of a r t i f ic ia l ly  produced r ad io i so topes  

have been i n  t h e  medical s p o t l i g h t ;  they  have been adminis te red  i n t e r n a l l y ,  

used l i k e  X-ray therapy machines as sources  of high  energy ganma-rays, and 

as needles  much a s  radium has  been used. The preoccupat ion  of t h e  medical 

p ro fes s ion  and t h e  pub l i c  a t  l a r g e  w i t h  t h e  u rgen t  need f o r  more e f f e c t i v e  

ways t o  t r e a t  cancer  has  l a r g e l y  been r e s p o n s i b l e  f o r  t h i s .  However, i t  

has turned o u t  t h a t  t h e  d i a g n o s t i c  u s e s  of r a d i o i s o t o p e s  are o u t s t r i p p i n g  

t h e  the rapeu t i c  uses.  

r a d i o a c t i v e  t r a c e r s  i n  fundamental r e sea rch  i n t o  t h e  n a t u r e  and causa t ion  

of d i s e a s e  have f a r  exceed Ln v a r i e t y  and i n  even tua l  importance t h e  

immediate d i agnos t i c  and t h e r a p e u t i c  app l i ca t ions .  

A t  the  same t i m e ,  t h e  unpubl ic ized  day-to-day uses  of  

P r i o r  t o  World War I1 only  a f e w  biomedical s c i e n t i s t s  were p r i v i l e g e d  

t o  have r ad io i so topes ,  those  who were f o r t u n a t e  enough t o  be a s soc ia t ed  

wi th  u n i v e r s i t i e s  a t  which t h e r e  were h igh  energy a c c e l e r a t o r s .  

a b l e  t o  secure  only small q u a n t i t i e s  because only  ve ry  l imi t ed  amounts of 

cyc lo t ron  t i n e  could be made a v a i l a b l e  by t h e  p h y s i c i s t s  t o  produce i so topes  

f o r  t h e i r  medical col leagues.  

They were 

With t h e  c l o s e  of World War I1 and t h e  ready  a v a i l a b i l i t y  of l a r g e  

q u a n t i t i e s  of  neutrons i n  o u r  nuc lea r  r e a c t o r s ,  t h e  s t a g e  was set f o r  

t h e  product ion and f u l l  e x p l o i t a t i o n  of r a d i o i s o t o p e s  i n  medicine, biology,  

a g r i c u l t u r e  and industry.  
_ .  
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On August 2, 1946, t h e  f i r s t  shipment of  r ad io i so topes  was d ispa tched  

from Oak Ridge, Tennessee. This  s igna led  the  p r e s e n t  era of f r e e l y  ava i l ab le ,  

a r t i f i c i a l l y  produced r a d i o i s o t o p e s  a t  reasonable  c o s t  t o  a l l  persons who 

could demonstrate t h a t  they could u s e  t hese  new t o o l s  s a fe ly .  By August 1, 

1966, t h e r e  had been 205,793 shipments of  r ad io i so topes  by the  Oak Ridge 

Nat iona l  Laboratory,  amounting t o  a lmost  54 m i l l i o n  c u r i e s  of r a d i o a c t i v i t y .  

Although ORNL i s  our  primary Laboratory f o r  t h i s  func t ion ,  a d d i t i o n a l  

q u a n t i t i e s  (about 24 m i l l i o n  cur ies  of mainly cobal t -60)  have been furnished 

d i r e c t l y  t o  customers by t h e  Brookhaven Nat ional  Laboratory,  Mall inckrodt  

Laboratory,  Savannah River  P r o j e c t  and Idaho Operations.  

Today j u s t  about every medical s p e c i a l t y  has found a use  f o r  rad io iso topes .  

The i n t e r n i s t s  a r e  us ing  phosphorus-32 and o t h e r  r ad io i so topes  t o  t r e a t  a 

v a r i e t y  of blood d i s e a s e s  such as  polycythemia rub ra  ve ra ,  and c e r t a i n  of 

t h e  leukemias. 

va r ious  thyro id  cond i t ions  and t o  t r e a t  hyperthyroidism and appropr i a t e  cases  

of thyro id  cancer.  They use  iodine-131 t o  des t roy  t h e  thyro id  gland i n  order  

t o  c o n t r o l  s e l e c t e d  cases  of i n t r a c t a b l e  angina p e c t o r i s  and chronic  h e a r t  

failure.  Radioiodinated human serum albumen i s  f i n d i n g  d a i l y  use  i n  blood 

volume and c a r d i a c  ou tpu t  s tud ie s .  Radioac t ive  i r o n ,  iron-59, is  used t o  

measure t h e  r a t e  of r e d  blood c e l l  formation wh i l e  chromium-51 i s  used t o  

t a g  red blood cel ls  for  measuring t h e  r e d  c e l l  mass. 

test  for pern ic ious  anemia c o n s i s t s  of adminis te r ing  by mouth v i tamin  B-12 

l abe led  wi th  r ad iocoba l t  and subsequent ly  checking for r a d i o a c t i v i t y  i n  the  

They u s e  r a d i o a c t i v e  i o d i n e  and radiotechnet ium t o  diagnose 

A very s imple d i agnos t i c  
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ur ine ;  i f  t h e  " i n t r i n s i c  fac tor"  is l ack ing ,  comparat ively l i t t l e  of 

t he  l a b e l e d  B-12 i s  absorbed sys temica l ly .  Exc re t ion  of the  iodine-  

l abe led  dye, Rose Bengal-1-131, appears t o  be  many times more s e n s i t i v e  

as a tes t  f o r  l iver  func t ion  than  many of t he  o l d e r  tests.  

-. 

The neurosurgeons have found r a d i o a c t i v e  iod ine ,  r ad ioa r sen ic ,  and 

more r e c e n t l y  rad io technet ium important a i d s  i n  t h e  d iagnos is  and 

l o c a l i z a t i o n  of b r a i n  tumors. They are a l s o  us ing  r ad io i so topes  t o  

s tudy t h e  dynamics of t h e  ce reb rosp ina l  f l u i d .  

I n  ophthalmology r ad ios t ron t ium a p p l i c a t o r s  have proved va luable  

i n  t r e a t i n g  benign growths on t h e  s c l e r a  and phosphorus-32 has been found 

he lp fu l  in  some c l i n i c s  f o r  l o c a l i z i n g  and d iagnos ing  tumors wi th in  the 

bulb of t h e  eye i t s e l f .  

P l a s t i c  surgeons may u s e  r ad io i so topes  of sodium o r  ch lo r ine  t o  

determine the  adequacy of blood supply i n  p e d i c l e  s k i n  g r a f t s .  

Radioiodine and radiomercury are  used s u c c e s s f u l l y  f o r  a v a r i e t y  

of kidney func t ion  t e s t s ;  radioselenium has been proposed as a d i agnos t i c  

t o o l  f o r  cancer  of t h e  pancreas .  

Technetium-99m has i n  r e c e n t  years  proved a most v e r s a t i l e  too l .  

It i s  used f o r  t h e  d i agnos i s  of t hy ro id  d i sease ,  l i v e r  d i sease ,  b r a i n  

d i s e a s e  and kidney d i sease ,  depending on i t s  p h y s i c a l  and chemical 

s ta te .  Technetium-99m i s  obta ined  from a " rad io i so tope  cow." The 

"cow" c o n s i s t s  of  a tube  of ion  exchange r e s i n  upon which has been 

depos i ted  molybdenum-99 w i t h  i t s  43 day h a l f - l i f e .  As t h e  molybdenum- 

99 decays technitium-99m i s  formed and can r e a d i l y  b e  "milked" o f f  
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by an a p p r o p r i a t e  chemical process  whenever t h e r e  i s  need f o r  t h e  

i so tope .  Other "cows" have been developed t o  p rov ide  iodine-132, 

s trontium-87m, indium-l13rn, yttr ium-90, e t c .  

I n  experimental  s u r g i c a l  s t u d i e s ,  aimed a t  c o n t r o l l i n g  c e r t a i n  

cases  of  disseminated cancer  , malignant  d i a b e t e s  m e l l i t u s ,  o r  Gushing's 

syndrome, implanta t ion  of r a d i o a c t i v e  p e l l e t s  o f  ceramic yt t r ium-90 

i n  t h e  p i t u i t a r y  gland has  been used by some as a s u b s t i t u t e  f o r  

s u r g i c a l  hypophysectomy. A t  t h e  Lawrence Radia t ion  Laboratory,  Berkeley, 

a pro ton  beam from t h e  l a r g e  cyc lo t ron  has been a b l e  t o  accomplish the  

same r e s u l t  wi thout  surgery  of any kind. 
_ _  

This  by no means exhausts  the  uses  t o  which r ad io i so topes  have been 

pu t  i n  t h e  p r a c t i c e  of medicine, b u t  I t r u s t  you now have some idea  of  

t h e i r  v e r s a t i l i t y .  At t h e  r e c e n t  annual meeting of t he  Socie ty  f o r  

Nuclear Medicine, t he  program ranged from p a p e r s  on how t o  use whole 

body counters  f o r  d i agnos t i c  s t u d i e s  s o  as t o  minimize the  r a d i a t i o n  

exposure t o  the  p a t i e n t ,  t o  t h e  u s e  of a compound con ta in ing  mercury-197 

f o r  sc in t iencephaloscanning  f o r  t he  d e t e c t i o n 0  f non-neoplas t ic  i n t r a -  

c r a n i a l  d i sease .  You w i l l  n o t e  t h a t  nuc lear  medicine has a l r eady  

developed a j a rgon  of i t s  own. 

Before moving on t o  o the r  ways i n  which atomic energy a c t i v i t i e s  a re  

modifying medical r e sea rch ,  I would l i k e  t o  say  a few words about  

p o s s i b l e  f u t u r e  a p p l i c a t i o n s  of r a d i o a c t i v e  tracer s t u d i e s  i n  i n t e r -  

mediary metabolism and the  promise they  hold f o r  t h e  fu tu re .  Based 

on the  Hevesy theorem t h a t  a r a d i o a c t i v e  element d i f f e r s  from i t s  s t a b l e  
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sis ters .  on ly  i n  i t s  r a d i a t i v e  emission of p a r t i c l e s ,  t h e r e  now e x i s t s  

a l a r g e  body of information on biochemical t ransformat ions ,  metabol ic  

cyc le s ,  drug metabolism, etc., which i s  fundamental t o  modern bio-  

chemistry.  

depends on it.) 

o r  compound, l abe led  wi th  a r a d i o a c t i v e  i so tope ,  i n t o  the  body and 

then  fol lows i t s  subsequent course.  If i t  is  ca t abo l i zed  by t h e  body, 

one can determine wi th  the  a i d  of chemical s e p a r a t i o n s  the  r o u t e s  by 

which i t  w a s  broken down and a l s o  d iscover  t h e  pathways of exc re t ion  

of t he  fragments. The r e v e r s e  can a l s o  be  c a r r i e d  out .  For in s t ance ,  

r a d i o a c t i v e  sodium a c e t a t e  can b e  f e d  and a f t e r  a t i m e  i t  w i l l  be  found 

t h a t  complex compounds such as f a t  a c i d s ,  c h o l e s t e r o l ,  and c e r t a i n  of 

t h e  sex  hormones have been b u i l t  up wi th in  the  body us ing  the  a c e t y l  

group as one of the  b u i l d i n g  blocks.  By such techniques t h e  whole f i e l d  

of in te rmediary  metabolism i s  moving forward wi th  tremendous s t r i d e s .  As 

t hese  s t u d i e s  have grown more s o p h i s t i c a t e d ,  t h e  u s e  of  e l e c t r o n i c  d a t a  

process ing  techniques has become more and more e s s e n t i a l  t o  t h e i r  success.  

(We t r u s t  t h a t  the Hevesy theorem is  t rue- -a  g r e a t  d e a l  

I n  t h e  s imples t  t r a c e r  s tudy  one in t roduces  a drug 

Whereas f ew b a s i c  s c i ence  departments i n  medical schools  were using 

r a d i o a c t i v e  i so topes  f o r  r e s e a r c h  i n  1950, i t  i s  now r a re  t o  f i n d  a 

department which does n o t  have a t  least  one d e t e c t o r  system f o r  r ad io -  

i so topes .  A department t h a t  does n o t  use  r a d i o i s o t o p e s  i n  some way o r  

o the r  Probably i s  c a r r y i n g  on ve ry  l i t t l e  research .  

Metabol ic  t r a c e r  techniques are equa l ly  important  t o  t h e  c l i n i c i a n  

because he must take  c a r e  of  a g r e a t e r  frequency of "d iseases  of maturity." 

Now t h a t  t he  i n f e c t i o u s  d i seases  have been brought  under con t ro l ,  the  
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mean l i f e  span has  lengthened and wi th  t h i s  come a v a r i e t y  of d i s -  

turbances of metabolism t h a t  b u l k  l a r g e  i n  our e f f o r t s  t o  c o n t r o l  

hardening of t he  arteries,  hypertension,  and perhaps even neuroPsY- 

c h i a t r i c  d i so rde r s .  Many l a b o r a t o r i e s  today are w e l l  a long i n  such 

s t u d i e s  us ing  r a d i o a c t i v e  i so topes  incorpora ted  i n t o  organic  compounds. 

As t he  metabol ic  d e f e c t s  are p inpoin ted ,  t h e r e  i s  r eason  t o  hope t h a t  

d i agnos t i c  t e s t s  w i l l  be  devised,  us ing  r e l a t e d  techniques ,  which w i l l  

permi t  e a r l i e r  r ecogn i t ion  and c o r r e c t i o n  of t he  d e f e c t s  be fo re  irre- 

pa rab le  damage has occurred.  

The use  of iodine-131 a l o n e  o r  i n  l abe led  compounds t o  d e t e c t  aber- 

r a t i o n s  of t hy ro id  gland a c t i v i t y  i s  commonplace. 

14 and t r i t i u m  (hydrogen-3) are t h e  i so topes  most l i k e l y  t o  be use fu l .  

Unfortunately,  t h e i r  b e t a  r a d i a t i o n s  a r e  of r e l a t i v e l y  low energy and 

consequent ly  are n o t  as r e a d i l y  de t ec t ed  as the  gamma-rays from iodine-  

131.. Furthermore, f a r  such s t u d i e s  and t e s t s  t o  be  undertaken s a f e l y  

i n  r e l a t i v e l y  normal people,  t h e  amount of t hese  i s o t o p e s  introduced i n t o  

the  body f o r  any one s tudy  w i l l  have t o  be  s t r i c t l y  l imi ted .  

t h a t  t he  convent ional ,  low s e n s i t i v i t y  methods of count ing  are be ing  

superseded i n  medical r e s e a r c h  by much more s e n s i t i v e  methods such as 

were developed by Dr. W. F. Libby a decade ago f o r  d e t e c t i n g  t r a c e s  of  

r a d  i o  c ar b on. 

I n  t h e  f u t u r e ,  carbon- 

This means 

Ac t iva t ion  a n a l y s i s  has proved h e l p f u l  t o  s c i e n t i s t s  i n t e r e s t e d  i n  

p r e c i s e  measurements of v e r y  small q u a n t i t i e s  of  c e r t a i n  elements. 

Material f o r  a n a l y s i s  i s  p laced  i n  a nuc lea r  r e a c t o r  and bombarded wi th  

neutrons s o  as t o  cause t h e  element of  i n t e r e s t  t o  become r a d i o a c t i v e  
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i n  a h igh ly  s p e c i f i c  and i d e n t i f i a b l e  way. 

elements a l s o  p re sen t  i n  any sample become r a d i o a c t i v e  as wel l ,  SO 

Unfor tuna te ly ,  many o the r  

only those  which g ive  r i s e  t o  a r a d i o i s o t o p e  w i t h  e s p e c i a l l y  d i s t i n c t i v e  

c h a r a c t e r i s t i c s  can be measured i n  t h i s  way. On t h e  o t h e r  hand, 

appropr i a t e ly  timed, convent ional  chemistry has proved of g r e a t  he lp  

by s e p a r a t i n g  out  many elements w i t h  competing r a d i a t i o n  spec t r a .  In  

t h i s  way, t he  hours of computer t i m e  r equ i r ed  f o r  gamma-ray s p e c t r a l  

a n a l y s i s  are g r e a t l y  reduced. What would r e a l l y  move t h i s  technique 

forward would be the  development o f  inexpensive,  r e l a t i v e l y  high 

i n t e n s i t y  sources  of monoenergetic pro tons  o r  neut rons .  

the  emission from unwanted r a d i o i s o t o p e s  induced i n  t h e  sample could be 

reduced t o  a mere t r a c e .  I n  time i t  i s  c e r t a i n  t h a t  many elements w i l l  

be  e f f e c t i v e l y  measured by t h i s  technique. 

In  t h i s  way, 

Meanwhile our  d e t e c t i o n  techniques a r e  be ing  s i g n i f i c a n t l y  improved 

Multi-dimensional gamma-spectroscopy, developed w i t h i n  the  p a s t  t h r e e  

years ,  has  increased  the s e n s i t i v i t y  by one t o  two o r d e r s  of magnitude 

f o r  gamma-emitting isotopes.  The l i t h i u m - d r i f t e d  s i l i c o n  d e t e c t o r  w i l l  

be a very  major s t r i d e  forward when i t  i s  pe r fec t ed .  

These th ings  which w e  have been t a l k i n g  about  up t o  now c o n s t i t u t e  

some of t h e  more r e a d i l y  i d e n t i f i a b l e  c o n t r i b u t i o n s  of t h e  atomic age 

t o  medicine and medical research .  But t he re  are a l s o  a number of 

i n d i r e c t  c o n t r i b u t i o n s  r e s u l t i n g  from t h e  demand f o r  more and more 

p r e c i s e  information about r a d i a t i o n  e f f e c t s  on b i o l o g i c a l  systems. 
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- Take the  problem of whole-body r a d i a t i o n  i n j u r y  such a s  was 

incu r red  by thousands of Japanese a t  Hiroshima and Nagasaki. 

the  most important  e f f e c t s  of a s i n g l e  l a r g e  exposure o f  the whole 

body t o  atomic r a d i a t i o n  is  prompt, b u t  temporary, suppress ion  of 

p r o l i f e r a t i o n  of c e l l s  i n  the  bone marrow and lymphoid t i s s u e .  The 

body f o r  a mat te r  of days i s  incapable  of forming new blood c e l l s  and 

One of 

t h i s  response has proved t o  be an e x c e l l e n t  one f o r  f ind ing  methods 

of ame l io ra t ing  r a d i a t i o n  e f f e c t s  when the  t rea tment  i s  i n s t i t u t e d  p r i o r  

t o  exposure. 

exposure can reduce the  e f f e c t  by about a h a l f .  Chemicals which i n j u r e  

the  bone marrow, i f  given 7 t o  10 days prev ious ly  s o  t h a t  the exposure 

occurs j u s t  when the marrow is beginning t o  r ecove r  i t s  func t ion ,  have 

a similar spa r ing  e f f e c t .  I r r a d i a t i o n  a t  a t i m e  when the animal’s 

t i s s u e s  are temporar i ly  deprived of an adequate oxygen supply permits  

increased  chances of recovery.  

a f t e r  a l a r g e  exposure have a l s o  been e f f e c t i v e  i n  promoting recovery  

and i t  was l a r g e l y  the  s t imulus  of t h i s  work on marrow t r a n s p l a n t a t i o n  

which l e d  t o  a renewed i n t e r e s t  i n  and some success wi th  human organ 

t r ansp lan ta t ion .  A l l  t he se  observa t ions  add t o  t h e  gene ra l  s t o r e  of 

I n  r a t s ,  t he  amino a c i d  c y s t e i n e  g iven  a few minutes before  

Bone marrow t r a n s p l a n t s  adminis tered 

knowledge about  t he  f a c t o r s  which c o n t r o l  t he  format ion  of blood c e l l s .  

Each success fu l  procedure f o r  promoting prompt r ecove ry  of the  marrow 

w i l l  some day be of  va lue  i n  c o n t r o l l i n g  t h e  anemias encountered i n  

ord inary  medical p r a c t i c e .  For example, some of t h e  same s c i e n t i s t s ,  

who have worked on t h i s  r a d i a t i o n  problem, have s e p a r a t e d  from blood 
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and u r i n e  a hormone-like material c a l l e d  "e ry th ropo ie t in"  which can 

s t i m u l a t e  t h e  formation of r e d  blood c e l l s .  

For ty  yea r s  ago t h e  problem of t h e  hazards of r a d i o a c t i v e  ma te r i a l s ,  

which may b e  inges t ed  and even tua l ly .  depos i ted  i n  v a r i o u s  t i s s u e s  of 

t he  body, was dramatized by t h e  t ragedy of t he  women radium d i a l  

p a i n t e r s  of New J e r s e y  who d ied  of r ad ia t ion - induced  a p l a s t i c  anemia. 

Now, a s  a r e s u l t  of t h a t  exper ience ,  e l a b o r a t e  and expensive precaut ions  

i n  t h e  atomic energy i n d u s t r y  are taken a g a i n s t  t h i s  type of hazard. 

Never the less ,  t h e  i n t e r n a l l y  depos i t ed  r a d i o a c t i v e  i s o t o p e  i s  a cons t an t  

t h r e a t .  Plutonium, used i n  making atomic weapons; thorium, which w i l l  

b e  used some day i n  atomic r e a c t o r s ;  and r a d i o a c t i v e  s t ront ium,  which, 

a s  f a l l o u t  from nuclear  weapons t e s t i n g ,  has been t h e  source  of s o  much 

worry; A l l  resemble radium i n  t h a t  they  tend t o  l o c a l i z e  i n  bone, and 

thus they have presented  us  wi th  a common cha l lenge .  Two l i n e s  of 

i n v e s t i g a t i o n  a r e  be ing  pursued. 

r e d i r e c t  t h e  radioelement t o  the  k idneys ,  and thus  permi t  i t s  exc re t ion  

b e f o r e  it can be depos i ted  i n  the  bone. 

along t h i s  l i n e  w i t h  r e s p e c t  t o  wounds contaminated w i t h  plutonium. 

o t h e r  response  has been t o  l e a r n  more and more abou t  t h e  physiology and 

b iochemis t ry  of bone. 

of t h e  mechanisms by which bone mine ra l s  a r e  depos i t ed  and removed, a 

process  which is c o n t i n u a l l y  going on throughout our l i v e s .  

w e  ever  come up wi th  a method f o r  removing r a d i o s t r o n t i u m  from bone 

wi thout  a t  t h e  same time t ak ing  o u t  t h e  calcium remains t o  be  seen. 

One i s  by use  o f  c h e l a t i n g  agents  t o  

We have a l r e a d y  made progress  

Our 
' 

The r e s u l t  i s  a major i n c r e a s e  i n  our knowledge 

B u t  whether 
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Meanwhile, what w e  are l ea rn ing  about  bone formation w i l l  c e r t a i n l y  

l ead  t o  a b e t t e r  understanding of many bone d i seases .  

Another a spec t  of  t h i s  i n t e r n a l  e m i t t e r  problem l ies  i n  t r y i n g  t o  

e s t ima te  how much of a given r a d i o i s o t o p e  i s  p r e s e n t  i n  t h e  body and, 

equa l ly  important ,  how much is  depos i t ed  i n  bone. Two approaches a r e  

a v a i l a b l e :  One, t o  be discussed l a t e r ,  is whole body count ing of 

the  gamma-radiation; t he  o ther  i s  t o  c a l c u l a t e  on t h e  b a s i s  of  exc re t ion  

ra tes  how much ought t o  be present .  

models p l ay  an extremely important  r o l e .  

I n  the  l a t e r  c a s e  mathematical  

Shortening of the l i f e  span i s  one of the  long-term e f f e c t s  of t o t a l  

body i r r a d i a t i o n .  It  i s  non- spec i f i c  i n  the  sense  t h a t  no s i n g l e  cause 

of dea th  seems t o  be r e spons ib l e  f o r  l i f e  sho r t en ing .  So f a r  a s  can be 

determined, t h i s  l i f e  shor ten ing  p a r a l l e l s  t he  n a t u r a l  aging processes  

and it fol lows t h a t  what w e  l e a r n  about  r ad ia t ion - induced  aging should 

apply t o  n a t u r a l  aging. In  t h i s  way, r a d i a t i o n  may h e l p  us t o  answer 

the  b a f f l i n g  ques t ion :  "What p r e c i s e l y  i s  aging?" O r  the  very p r a c t i c a l  

ques t ion :  " I r r e s p e c t i v e  of chronologica l  c o n s i d e r a t i o n s ,  how o l d  i s  

Doctor Bruner?" 

w i l l  be  based on something more meaningful than an  a r b i t r a r y  number of 

years  a f t e r  b i r t h s .  These obse rva t ions ,  l i k e  t h e  g e n e t i c  s t u d i e s  t o  

be  mentioned i n  a moment, involve  d a t a  on many thousands of i nd iv idua l s .  

To cope wi th  them wi thout  modern d a t a  process ing  equipment would be  an 

almost hopeless  task.  

Perhaps, w e  can look forward t o  t h e  day when r e t i r emen t  

The Atomic Energy Commission spends each year  s e v e r a l  m i l l i o n s  of 

d o l l a r s  of i t s  r e sea rch  funds on cancer  r e s e a r c h ;  t h a t  i s ,  f o r  
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researches  i n t o  the  cause,  d iagnos is  and t rea tment  of cancer ,  making 

use of the unique t o o l s  and by-products of atomic energy a c t i v i t i e s - -  

r ad io i so topes ,  high-energy a c c e l e r a t o r s ,  b e t a t r o n s ,  cyc lo t rons ,  and 

- 

even nuc lear  r e a c t o r s .  

The Oak Ridge I n s t i t u t e  o f  Nuclear S tudies  played a major r o l e  i n  

developing t h e  use of cobal t -60  and cesium-137 i n  t e l e t h e r a p y  devices  

as a s u b s t i t u t e  o r  supplement t o  h igh  vo l t age  X-ray machines. 

who use  these  t e l e the rapy  machines claim e x c e l l e n t  t h e r a p e u t i c  r e s u l t s ,  

Those 

and c e r t a i n l y  they have a very  h igh  ope ra t iona l  r e l i a b i l i t y .  

Radiocesium, l i k e  r ad ios t ron t ium,  i s  one of t h e  longer - l ived  

byproducts of f i s s i o n  i n  atomic r e a c t o r s ,  and hence t h e r e  i s  p o t e n t i a l l y  

an almost l imit less  supply o f  the material. 

The Argonne Cancer Research Hospi ta l  a t  t h e  Un ive r s i ty  o f  Chicago, 

School of  Medicine, i s  explor ing  a v a r i e t y  of moda l i t i e s  fo r  t r e a t i n g  

cancer.  

a 3,000 c u r i e  high s p e c i f i c  a c t i v i t y  cobal t -60 r o t a t i o n a l  t e l e the rapy  

These inc lude  a 60 MeV f ly ing - spo t  l i n e a r  a c c e l e r a t o r  and 

device. 

A t  many l a b o r a t o r i e s ,  e s p e c i a l l y  the  Argonne Cancer Research 

Hospi ta l ,  Brookhaven Nat ional  Laboratory,  and t h e  Un ive r s i ty  of Rochester,  

w e  are sponsoring e f f o r t s  designed t o  l e a r n  how t o  concen t r a t e  r ad io -  

. .  

- -  . 

elements more e f f e c t i v e l y  i n  tumor t i s s u e ;  t h a t  i s ,  t o  secure  s e l e c t i v e  

l o c i l i z a t i o n .  Two approaches a r e  be ing  used: One method a t tempts  t o  

develop an t ibod ie s  a g a i n s t  cancer  c e l l s  (or t h e i r  ma t r ix )  s imilar  t o  

t he  n a t u r a l  an t ibod ie s  t h a t  w e  produce a g a i n s t  b a c t e r i a .  I f  t h i s  can 

be accomplished, i t  may then be  p o s s i b l e  t o  inco rpora t e  r ad io i so topes  
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i n  the  an t ibod ie s  i n  amounts s u f f i c i e n t  t o  des t roy  t h e  cancer  c e l l s  

t o  which they become a t t ached .  
- 

Another method of approach i s  t o  

search  f o r  s p e c i a l  a f f i n i t i e s  t h a t  cancer  c e l l s  may have f o r  c e r t a i n  

r a d i o a c t i v e  elements o r  chemical compounds; t hese  would then be  taken 

up and concent ra ted  by the  c e l l s ,  and so  lead  t o  t h e i r  death.  This ,  

of course,  i s  simply an ex tens ion  of t h e  p r i n c i p l e  employed i n  the  

use of r a d i o a c t i v e  iod ine  t o  t r e a t  hyperthyroidism; al though no 

. . . .  
. .  . .  

, . .  

. .. 

. .  

o the r  t i s s u e  may show a h igh  s p e c i f i c i t y  such as t h e  thy ro id  f o r  iod ine ,  

even a 10-fold concen t r a t ion  might prove use fu l .  

Cancer i s  t h e  most dramatic ,  and f o r  t h e  i n d i v i d u a l ,  t he  most d e f i n i -  

t i v e  consequence of over-exposure t o  r a d i a t i o n .  It  may occur i n  the form 

of leukemia, as has occurred among a number of t h e  su rv ivo r s  of  the 

atomic weapon i n  Japan; i t  may occur  a s  bone cancer ,  as happened t o  a 

number of radium d i a l  workers many yea r s  a f t e r  exposure;  o r  i t  may occur 

as  cancer of the  s k i n ,  as happened t o  a number of pioneer  r a d i o l o g i s t s .  

Consequently, a major p a r t  of our work i n  r ad iob io logy  uses  cancer-  

induct ion  as i t s  end po in t ,  o r  uses  experimental  cancer  and c u l t u r e s  of 

cancer c e l l s  a s  t h e  b i o l o g i c a l  sys t em under s tudy .  A l l  of t hese  s t u d i e s  

a r e  c o n t r i b u t i n g  t o  a b e t t e r  understanding of  cancer  and w i l l  make t h e i r  

unique c o n t r i b u t i o n  i n  vary ing  degree t o  the  even tua l  s o l u t i o n  of  the 

cancer problem. 

While w e  are on t h e  s u b j e c t  of cancer ,  r e c e n t  developments i n  zonal 

c e n t r i f u g e  technology a t  Oak Ridge Nat iona l  Laboratory have been of s p e c i a l  

i n t e r e s t  t o  t he  Nat ional  Cancer I n s t i t u t e  and v i r o l o g i s t s  i n  gene ra l .  

I 1 0 1 2 1 0  
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A modified v e r s i o n  of t h e  c l a s s i f i e d  gas  c e n t r i f u g e  development 

program has made i t  p o s s i b l e  t o  produce c e n t r i f u g e  heads capable  

of q u a n t i t a t i v e l y  s e p a r a t i n g  p a r t i c l e s  as small as v i r u s e s  from 

t h e i r  b i o l o g i c a l  m a t r i c e s ;  f o r  example, v i r u s - l i k e  p a r t i c l e s  can 

be  sepa ra t ed  from t h e  serum of human leukemia p a t i e n t s .  

The g e n e t i c  e f f e c t s  of r a d i a t i o n  are another  of our concerns. 

We have a ve ry  broad r e s e a r c h  program i n  t h i s  f i e l d ,  b o t h  wi th in  our  

s p e c i a l  major l a b o r a t o r i e s  and p r o j e c t s ,  and g e n e r a l l y  a t  u n i v e r s i t i e s ,  

medical schools ,  c o l l e g e s  of a g r i c u l t u r e  and a g r i c u l t u r a l  experiment 

s t a t i o n s .  

D r .  W i l l i a m  R u s s e l l ' s  s t u d i e s  a t  Oak Ridge have now involved 

hundreds of  thousands of mice i n  demonstrating conc lus ive ly  t h a t  t h e  

r a t e  a t  which exposure occurs makes a ve ry  r e a l  d i f f e r e n c e  i n  t h e  

amount of g e n e t i c  damage'incurred from a given dose o f  r a d i a t i o n .  

observa t ion  i s  of g r e a t  importance t o  those concerned w i t h  formulating 

r a d i a t i o n  p r o t e c t i o n  guides.  

This 

We may a l s o  p o i n t  t o  t h e  g e n e t i c  r e sea rch  

conducted a t  t h e  Atomic Bomb Casual ty  Commission i n  Japan a s  c o n s t i -  

t u t i n g  t h e  f i r s t  t r u l y  large s c a l e  human g e n e t i c s  s t u d y  ever undertaken, 

and it has provided a base  l i n e  f o r  a l l  f u t u r e  s t u d i e s  of human gene t i c s .  

It was n o t  p o s s i b l e ,  a s  i t  turned o u t ,  t o  d e f i n e  p r e c i s e l y  t h e  g e n e t i c  

e f f e c t  of t h e  atomic bomb r a d i a t i o n s  on t h e  popu la t ions  of t h e  two 

c i t i e s .  The e f f e c t  w a s  too  small. Never the less ,  what was l ea rned  

from t h i s  under tak ing  i s  a l r eady  l ead ing  t o  improved methods of 

approaching t h a t  most d i f f i c u l t  of a l l  a r eas  of g e n e t i c  research--human 

gene t i c s .  The he ightened  i n t e r e s t  i n  gene t i c s  brought  about  by atomic 



. 

- 17 - 

energy a c t i v i t i e s  has r e s u l t e d  i n  new knowledge r e l e v a n t  t o  t h e  so -ca l l ed  

c o n s t i t u t i o n a l  d i seases  and leukemias, and e s p e c i a l l y  the  r o l e  which 

chromosome abnorma l i t i e s  may p lay  i n  the l a t t e r  condi t ion .  

- 

. I n  c l o s i n g ,  I would l i k e  t o  make a p l e a  f o r  more widespread under- 

s t and ing  of r a d i a t i o n  e f f e c t s  i n  man on t h e  p a r t  of t h e  public--and 

p a r t i c u l a r l y  wi th  r e s p e c t  t o  the  long-term o r  delayed e f f e c t s .  

A few years  ago, only a r e l a t i v e l y  few persons ,  r a d i o l o g i s t s  and 

a small number of  p h y s i c i s t s ,  were i n  a p o s i t i o n  t o  be in ju red  by r a d i a t i o n .  

B u t  now t h e  rapidly-growing atomic energy i n d u s t r y  has swelled t h a t  

number t o  many thousands. Although remarkably few r a d i a t i o n  i n j u r i e s  have 

been recorded t o  d a t e ,  d e s p i t e  t h i s  expansion and the huge q u a n t i t i e s  o f  

r a d i o a c t i v i t y  being handled, i t  has become e s s e n t i a l  t h a t  every phys ic ian  

and medical s t u d e n t  become conversant  wi th  t h e  b i o l o g i c a l  e f f e c t s  of 

i o n i z i n g  r a d i a t i o n  and wi th  t h e  d i agnos i s  and t rea tment  o f  a l l  the 

va r ious  man i fe s t a t ions  of r a d i a t i o n  i n j u r y .  This ,  of course,  pu t s  

another  s t r a i n  on the  a l r eady  over-burdened medical school  curriculum. 

It  is  important  f o r  t he  phys ic ian  t o  be a b l e  t o  recognize and g ive  

appropr i a t e  t rea tment  f o r  r a d i a t i o n  i n j u r y  when i t  occurs ,  b u t  i t  

i s  equa l ly  important  t h a t  he be a b l e  t o  r e a s s u r e  a p a t i e n t  t h a t  h i s  

symptoms are n o t  due t o  r a d i a t i o n  i f  indeed no over-exposure has  

occurred. 

a t t r i b u t e  a lmost ' any  i l l n e s s  t o  h i s  p r i o r  o r  p r e s e n t  occupation. 

S imi l a r ly ,  i f  he l i v e s  i n  the  neighborhood of  an atomic energy p l a n t  

There i s  a q u i t e  n a t u r a l  tendency today f o r  a person t o  

o r  a r e a c t o r ,  he may a t t r i b u t e  any i l l n e s s  t o  be the  r e s u l t  of r a d i a t i o n  

f 1 0 1 2 1 2  
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presumably emanating from the  p l an t .  

t o  g i v e  h i s  p a t i e n t  sound guidance i n  such cases ,  and t o  determine 

The phys ic i an  mus t  be  prepared 
-. 

f o r  him whether o r  n o t  h i s  i l l n e s s  is a t  a l l  l i k e l y  t o  b e  a manifes- 

t a t i o n  of r a d i a t i o n  i n j u r y .  We have had every th ing  from German measles 

t o  a s imple  e x f o l i a t i v e  d e r m a t i t i s  brought t o  our a t t e n t i o n  a s  supposed 

man i fe s t a t ions  of r a d i a t i o n  i n j u r y .  

The oppos i t e  may occur,  however: A t  Lockport, New York, i n  1960, 

n ine  c i v i l i a n  employees working on radar t r a n s m i t t i n g  u n i t s  a t  a m i l i t a r y  

i n s t a l l a t i o n  were unwi t t i ng ly  exposed t o  i o n i z i n g  r a d i a t i o n .  Two w e r e  

.. , 

. .  

. .  

s e r i o u s l y  in ju red .  They had symptoms t h a t  evening, and one was seen  

by h i s  phys ic ian  who, unaware of p o s s i b l e  occupat iona l  r a d i a t i o n  exposure 

and because of a swe l l ing  o f  t h e  p a r o t i d  gland, diagnosed mumps. I 

c i t e  t h i s  i n c i d e n t  on ly  t o  p o i n t  o u t  t h a t  our p r o f e s s i o n  must become 

more aware of r a d i a t i o n  a s  a p o s s i b l e  cause of a c u t e  i l l n e s s  f o r ,  t h e  

p a t i e n t  probably w i l l  n o t  d i r e c t  t he  doc to r ' s  a t t e n t i o n  t o  p o s s i b l e  

r a d i a t i o n  exposure. 

To sum up t h e  impact of  nuc lear  energy thus f a r  on Medical Research: 

It has been tremendous, perhaps comparable t o  t h e  impact of  the  l i g h t  

microscope. 

has brought heavy r e s p o n s i b i l i t i e s  a long  wi th  i t  f o r  those concerned 

wi th  guarding a n a t i o n ' s  hea l th .  

It promises t o  become even g r e a t e r  w i t h  time, b u t  i t  a l s o  

. .  . .  


